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MULTISPECIFIC AND MULTIFUNCTIONAL MOLECULES AND USES THEREOF

This application claims priority to U.S. Serial No. 62/310,929 filed March 21, 2016,

and U.S. Serial No. 62/310,899 filed March 21, 2016, the contents of each of which is

incorporated herein by reference in its entirety.

BACKGROUND

Multispecific molecules that include a tumor-targeting moiety; and one, two or all of: an

immune cell engager, a cytokine molecule or a stromal modifier, and methods of using the same,

are disclosed. Also disclosed herein are multifunctional molecules that include a stromal

modifying moiety and a tumor-targeting moiety; and methods of using the same, are disclosed.

SUMMARY OF THE INVENTION

The disclosure relates, inter alia, to novel multispecific or multifunctional molecules that

include (i) a tumor- targeting moiety; and one, two or all of: (ii) an immune cell engager (e.g.,

chosen from an NK cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager); (iii) a cytokine molecule; and/or (iv) a stromal modifying moiety. In

some embodiments, the multispecific molecules include (i) a stromal modifying moiety and (ii) a

tumor-targeting moiety (e.g., an antibody molecule, a ligand molecule, or a receptor molecule)

that binds to a tumor antigen or a stromal antigen. The terms "multispecific" or

"multifunctional" are used interchangeably herein.

Without wishing to be bound by theory, the multispecific or multifunctional molecules

disclosed herein are expected to target (e.g., localize, bridge and/or activate) an immune cell

(e.g., an immune effector cell chosen form an NK cell, a T cell, a B cell, a dendritic cell or a

macrophage), at a cancer cell and/or alter the tumor stroma, e.g., alter the tumor

microenvironment near the cancer site. Increasing the proximity and/or activity of the immune

cell using the multispecific molecules described herein is expected to enhance an immune

response against the cancer cell, thereby providing a more effective cancer therapy. Without

being bound by theory, a targeted, localized immune response against the cancer cell is believed

to reduce the effects of systemic toxicity of the multispecific molecules described herein.



Accordingly, provided herein are, inter alia, multispecific molecules (e.g., multispecific or

multifunctional antibody molecules) that include the aforesaid moieties, nucleic acids encoding

the same, methods of producing the aforesaid molecules, and methods of treating a cancer using

the aforesaid molecules.

Accordingly, in one aspect, the disclosure features a multispecific or multispecific

molecule (e.g., polypeptide or nucleic acid encoding the same) that includes:

(i) a tumor-targeting moiety, e.g., a first tumor-targeting moiety, that binds to a cancer

antigen; and

one, two or all of:

(ii) an immune cell engager chosen from an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager;

(iii) a cytokine molecule; and

(iv) a stromal modifying moiety.

In some embodiments of the aforesaid molecules:

if (ii) and (iii) are absent, then (i) and (iv) are present,

if one (i) and one (ii) are present, then (iii) or (iv) or both are present, or

if one (i) and one (iii) are present, then (ii) or (iv) or both are present.

In some embodiments, the multispecific or multifunctional molecule includes (i), (ii) and

one or both of (iii) and (iv).

In some embodiments, the multispecific or multifunctional molecule includes (i), (iii) and

one or both of (ii) and (iv).

In some embodiments, the multispecific or multifunctional molecule includes (i), (ii) and

(iii). In other embodiments, the multispecific or multifunctional molecule includes (i), (ii) and

(iv).

In yet another embodiment, the multispecific or multifunctional molecule polypeptide

includes (i), (ii), (iii) and (iv).



In another aspect, provided herein is a multispecific or multifunctional molecule

polypeptide that includes:

(i) at least two tumor targeting moieties, e.g., a first and second tumor-targeting moiety,

that bind to one or more cancer antigens; and

one, two or all of:

(ii) an immune cell engager chosen from an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager;

(iii) a stromal modifying moiety; and

(iv) a cytokine molecule, e.g., that includes at least two non-contiguous polypeptides

(e.g., a multichain cytokine). In some embodiments, the cytokine molecule comprises two

chains, e.g., an alpha and beta chain (e.g., IL-12).

In some embodiments, the at least two tumor targeting moieties, e.g., the first and second

tumor-targeting moieties, bind to the same or a different cancer antigen.

In some embodiments, the multispecific or multifunctional molecule includes one or two

immune cell engagers as described herein. In one embodiment, the one or two immune cell

engagers include an antibody molecule that binds to and/or inhibits a checkpoint molecule

chosen from one or two of CTLA4, PD1, PD-L1, PD-L2, TIM3, LAG3, CD160, 2B4, CD80,

CD86, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), BTLA, KIR, MHC

class I, MHC class II, GAL9, VISTA, BTLA, TIGIT, LAIRl, or A2aR. In one embodiment, the

multispecific or multifunctional molecule includes two tumor-targeting moieties to one immune

cell engager, e.g., a checkpoint binder. In one embodiment, the multispecific or multifunctional

molecule includes two tumor-targeting moieties to two immune cell engagerd, e.g., two

checkpoint binder (e.g., the same or different checkpoint binder).

In some embodiments, the first tumor-targeting moiety binds to CD123, the second

tumor-targeting moiety binds to CD47 and the T cell engager is or comprises a CD3 agonist.

In yet another aspect, the multifunctional (e.g., bifunctional) molecule includes a stromal

modifying moiety and a tumor-targeting moiety (e.g., an antibody molecule, a ligand molecule,

or a receptor molecule) that binds to a tumor antigen or a stromal antigen.



In embodiments of any of the aforesaid multispecific or multifunctional molecules, the

molecules can further include comprising a second tumor-targeting moiety. In embodiments, the

second tumor-targeting moiety binds to the same or a different cancer antigen as the first tumor-

targeting moiety, e.g., the tumor-targeting moiety in (i). The second tumor-targeting moiety

binds to a different epitope on the same cancer antigen as the first tumor-targeting moiety. In

other embodiments, the second tumor-targeting moiety and the first tumor-targeting moiety bind

to different cancer antigens. The different cancer antigens can be present on the same cell or

tumor tissue, or can be present on different cells or tumor tissues.

Without wishing to be bound by theory, it is believed that systemic toxicity of an immune

therapeutic, such as the multispecific molecules described herein, can be managed, e.g., reduced,

by directing the immune therapeutic primarily to the tumor and/or stroma before eliciting an

immunological response. This effect can be achieved by balancing the affinity of the tumor

targeting moiety/moieties to be higher than the affinity for the immune cell engager(s) and/or

cytokine(s). In some embodiments, the affinity, e.g., combined affinity, of the tumor-targeting

moiety/moieties is at least a 10 fold higher toward the tumor and/or stroma cells compared to the

affinity, e.g., combined affinity, of the multispecific molecule (e.g., the immune cell engager(s)

and/or cytokine(s)) to the corresponding immune effector cells. The combined affinity can be

measured using techniques known in the art. For example, using an SPR-based assay, which

enables assessment of the binding activity of a bivalent-bispecific molecule in a single setup,

e.g., as described in Meschendoerfer, W. et al. (2017) J Pharm Biomed Anal. 5;132: 141-147.

doi: 10.1016/j.jpba.2016.09.028. Epub 2016 Sep 26.

Thus, in some embodiments of the multispecific or multifunctional molecule, the affinity,

e.g., the combined affinity, for the cancer antigens of the first tumor-targeting moiety and the

second tumor-targeting moiety is equal to or greater than the affinity of (ii), (iii) or (iv) (either

alone or as part of the multispecific molecule) for its corresponding binding member. For

example, the affinity, e.g., the combined affinity, for the cancer antigens of the first tumor-

targeting moiety and the second tumor-targeting moiety is at least 2, 5, 10, 20, 30, 40, 50, 75 or

100 times greater than the affinity of (ii), (iii) or (iv) (either alone or as part of the multispecific

molecule) for its corresponding binding member.



In yet other embodiments of the multispecific or multifunctional molecule, the affinity,

e.g., the combined affinity, of the first tumor-targeting moiety in and the second tumor-targeting

moiety for the tumor, e.g., a cancer cell or a stromal cell, is equal to or greater than the affinity of

a similar multispecific or multifunctional molecule polypeptide having only one of the tumor-

targeting moiety or the second tumor-targeting moiety. For example, the affinity, e.g., the

combined affinity, of the first tumor-targeting moiety and the second tumor-targeting moiety for

the tumor, e.g., a cancer cell or a stromal cell, is at least 2, 5, 10, 20, 30, 40, 50, 75 or 100 times

greater than the affinity of a similar multispecific or multifunctional molecule polypeptide

having only one of the tumor-targeting moiety or the second tumor-targeting moiety.

In another aspect, provide herein is a multispecific or multifunctional molecule

polypeptide that includes:

A, B-[dimerization module] -C, -D

wherein:

(1) the dimerization module comprises an immunoglobulin constant domain, e.g., a heavy

chain constant domain (e.g., a homodimeric or heterodimeric heavy chain constant region, e.g.,

an Fc region), or a constant domain of an immunoglobulin variable region (e.g., a Fab region);

and

(2) A, B, C, and D are independently absent; (i) a tumor-targeting moiety, e.g., a first

and/or second tumor-targeting moiety; (ii) an immune cell engager chosen from an NK cell

engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager; (iii) a cytokine molecule; or (iv) a stromal modifying moiety.

In some embodiments, said multispecific or multifunctional molecule polypeptide

includes:

(i) the tumor-targeting moiety, e.g., a first tumor-targeting moiety, that binds to a cancer

antigen; and

one, two or all of:

(ii) an immune cell engager chosen from an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager;

(iii) a cytokine molecule; and



(iv) a stromal modifying moiety. In some embodiments,

if (ii) and (iii) are absent, then (i) and (iv) are present,

if one (i) and one (ii) are present, then (iii) or (iv) or both are present, or

if one (i) and one (iii) are present, then (ii) or (iv) or both are present.

Exemplary multispecific or multifunctional molecules include the following:

(i) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a first immune cell engager, and D comprises a second immune cell

engager (e.g., A and B comprise same or different targeting moieties, and C and D comprise

same or different immune cell engagers);

(ii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a first cytokine molecule, and D comprises a second cytokine molecule

(e.g., A and B comprise same or different targeting moieties, and C and D comprise same or

different cytokine molecules);

(iii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a first stromal modifying moiety, and D comprises a second stromal

modifying moiety (e.g., A and B comprise same or different targeting moieties, and C and D

comprise same or different stromal modifying moieties);

(iv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises an immune cell engager, and D comprises a cytokine molecule (e.g., A and

B comprise same or different targeting moieties);

(v) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a cytokine molecule, and D comprises an immune cell engager (e.g., A and

B comprise same or different targeting moieties);

(vi) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises an immune cell engager, and D comprises a stromal modifying moiety (e.g.,

A and B comprise same or different targeting moieties);

(vii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a stromal modifying moiety, and D comprises an immune cell engager (e.g.,

A and B comprise same or different targeting moieties);



(viii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a cytokine molecule, and D comprises a stromal modifying moiety (e.g., A

and B comprise same or different targeting moieties);

(ix) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a stromal modifying moiety, and D comprises a cytokine molecule (e.g., A

and B comprise same or different targeting moieties);

(x) A comprises a tumor-targeting moiety, and at least one, two, or three of B, C, and D

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;

(xi) B comprises a tumor-targeting moiety, and at least one, two, or three of A, C, and D

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;

(xii) C comprises a tumor-targeting moiety, and at least one, two, or three of A, B, and D

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;

(xiii) D comprises a tumor-targeting moiety, and at least one, two, or three of A, B, and C

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;

(xiv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are an immune cell engager and absent, respectively;

(xv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and an immune cell engager, respectively;

(xvi) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a cytokine molecule and absent, respectively;

(xvii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a cytokine molecule, respectively;



(xviii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a stromal modifying moiety and absent, respectively;

(xix) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a stromal modifying moiety, respectively;

(xx) A comprises a tumor-targeting moiety, and one of B, C or D comprises a stromal

modifying moiety;

(xxi) B comprises a tumor-targeting moiety, and one of A, C or D comprises a stromal

modifying moiety;

(xxii) C comprises a tumor-targeting moiety, and one of A, B or D comprises a stromal

modifying moiety;

(xxiii) D comprises a tumor-targeting moiety, and one of A, B or C comprises a stromal

modifying moiety;

(xiv) A or B comprises a tumor-targeting moiety, and C comprises an immune cell

engager, and D comprises a cytokine molecule;

(xv) A or B comprises a tumor-targeting moiety, and D comprises an immune cell

engager, and C comprises a cytokine molecule;

(xvi) A and/or B comprises one or two immune cell engagers, and D comprises a tumor-

targeting moiety, and C comprises a cytokine molecule;

(xvii) A and/or B comprises one or two immune cell engagers, and C comprises a tumor-

targeting moiety, and B comprises a cytokine molecule;

(xviii) A and/or B comprises one or two cytokines, and D comprises a tumor-targeting

moiety, and C comprises a immune cell engager; or

(xix) A and/or B comprises one or two cytokines, and C comprises a tumor-targeting

moiety, and D comprises a immune cell engager.

A selection of the exemplary molecules includes:

(i) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises an immune cell engager (e.g., dendritic cell engager), and D comprises a

cytokine molecule (e.g., A and B comprise same or different targeting moieties);



(ii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a cytokine molecule, and D comprises an immune cell engager (e.g., A and

B comprise same or different targeting moieties);

(iii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are an immune cell engager and absent, respectively;

(iv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and an immune cell engager, e.g., a T cell engager, respectively;

(v) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a cytokine molecule and absent, respectively;

(vi) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a cytokine molecule, respectively;

(vii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a stromal modifying moiety and absent, respectively;

(viii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a stromal modifying moiety, respectively; or

(ix) A comprises a tumor-targeting moiety, and one of B, C or D comprises a stromal

modifying moiety.

In some embodiments of any of the aforesaid molecules, the first and second tumor

targeting moieties bind to a different epitope on the same cancer antigen or to different cancer

antigens.

In other embodiments, the different cancer antigens are present on the same cell or tumor

tissue or on different cells or tumor tissues.

In other embodiments of any of the aforesaid molecules, the affinity, e.g., the combined

affinity, for the cancer antigens of the first and the second tumor-targeting moiety is equal to or

greater than the affinity of (ii), (iii) or (iv) (either alone or as part of the multispecific molecule)

for its corresponding binding member. For example, the affinity, e.g., the combined affinity, for

the cancer antigens of the first and the second tumor-targeting moiety is at least 2, 5, 10, 20, 30,

40, 50, 75 or 100 times greater than the affinity of (ii), (iii) or (iv) (either alone or as part of the

multispecific molecule) for its corresponding binding member.



In yet other embodiments of any of the aforesaid molecules, the affinity, e.g., the

combined affinity, of the first and the second tumor-targeting moiety for the tumor, e.g., a cancer

cell or a stromal cell, is equal to or greater than the affinity of a similar multispecific or

multifunctional molecule polypeptide having only one of the tumor-targeting moiety or the

second tumor-targeting moiety. For example, the affinity, e.g., the combined affinity, of the first

and the second tumor-targeting moiety for the tumor, e.g., a cancer cell or a stromal cell, is at

least 2, 5, 10, 20, 30, 40, 50, 75 or 100 times greater than the affinity of a similar multispecific or

multifunctional molecule polypeptide having only one of the tumor-targeting moiety or the

second tumor-targeting moiety.

In some embodiments, the tumor-targeting moiety binds to, but does not activate or

modulate the cancer antigen. In other embodiments, the tumor-targeting moiety binds to, and

activates or modulates the cancer antigen.

In other embodiments, the immune cell engager binds to, but does not activate, an

immune cell, e.g., an effector cell. In other embodiments, the immune cell engager binds to and

activates an immune cell, e.g., an effector cell.

In other embodiments, the immune cell engager binds to, but does not activate, an

immune cell, e.g., an effector cell. In other embodiments, the immune cell engager binds to and

activates an immune cell, e.g., an effector cell.

In some embodiments, the immune cell engager comprises a T cell engager that binds to

and activates a T cell. In other embodiments, the immune cell engager comprises a T cell

engager that binds and does not activate a T cell.

In some embodiments, the immune cell engager comprises a dendritic cell engager that

binds to and activates a dendritic cell. In other embodiments, the immune cell engager comprises

a dendritic cell engager that binds and does not activate a dendritic cell.

In some embodiments, the immune cell engager comprises a macrophage cell engager

that binds to and activates a macrophage cell. In other embodiments, the immune cell engager

comprises a macrophage cell engager that binds and does not activate a macrophage cell.



In yet other embodiments, the immune cell engager and/or the tumor-targeting moiety

binds to, but does not inhibit, a checkpoint inhibitor (e.g., a cell, e.g., an immune cell, expressing

a checkpoint inhibitor). In other embodiments, the immune cell engager and/or the tumor-

targeting moiety binds to, and inhibits, a checkpoint inhibitor (e.g., a cell, e.g., an immune cell,

expressing a checkpoint inhibitor). Exemplary checkpoint molecules include, but are not limited

to, CTLA4, PD1, PD-L1, PD-L2, TIM3, LAG3, CD160, 2B4, CD80, CD86, B7-H3 (CD276),

B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), BTLA, KIR, MHC class I, MHC class II,

GAL9, VISTA, BTLA, TIGIT, LAIRl, and A2aR. In one embodiment, the immune cell engager

and/or the tumor-targeting moiety binds to, but does not inhibit, a PD1-PDL1 interaction. In

another embodiment, the immune cell engager and/or the tumor-targeting moiety binds to and

inhibits a PDl-PDLl interaction.

In any of the embodiments disclosed herein, a multispecific molecule disclosed does not

activate an immune cell when a component is presented individually, e.g., outside the context of

the multispecific molecule (or in the context of a multispecific molecule having an individual

component, e.g., an individual immune cell engager); but the multispecific molecule activates the

immune cell when presented in the context of a multispecific molecule comprising two or more

components, e.g., two or more immune cell engagers. For example, the multispecific molecule

can become activated when binding the immune cell when two different receptors are bound by

different moieties of the multispecific molecule or when two different epitopes on the same

receptor of the effector cells are bound by the multispecific molecule (e.g. activation or

inhibition of the corresponding receptor on the immune cell). The activity levels can be

assessed by any of the assays described herein, e.g., by comparing the component presented

individually, e.g., in the multispecific molecule to two or more components presented in

combination in the multispecific molecule. Without wishing to be bound by theory, binding of

two or more different moieties of the multispecific molecule is believed to trigger a change in

physical state, e.g., conformation, clustering, which leads to regulated, targeted, activation of an

immune response against the cancer cell; such regulated activation is believed to reduce the

effects of systemic toxicity of the multispecific molecules described herein.



In other embodiments, the tumor-targeting moiety comprises an antibody molecule, a

receptor molecule (e.g., a receptor, a receptor fragment or functional variant thereof), or a ligand

molecule (e.g., a ligand, a ligand fragment or functional variant thereof), or a combination

thereof, that binds to the cancer antigen. For example, the tumor-targeting moiety can binds to a

cancer antigen present on a hematological cancer, a solid tumor, a metastatic cancer, soft tissue

tumor, metastatic lesion, or a combination thereof. In other embodiments, the cancer antigen is a

tumor antigen or stromal antigen, or a hematological antigen. The tumor antigen or stromal

antigen can be present on a fibrotic or desmoplastic solid tumor. For example, the tumor antigen

or stromal antigen is present on a tumor, e.g., a tumor of a class typified by having one or more

of: limited tumor perfusion, compressed blood vessels, or fibrotic tumor interstitium.

Exemplary cancers that can be targeted include, but are not limited to the tumor, e.g.,

solid tumor, pancreatic (e.g., pancreatic adenocarcinoma), breast, colorectal, lung (e.g., small or

non-small cell lung cancer), skin, ovarian, or liver cancer. The cancer can also be a

hematological cancer including, but not limited to, B-cell or T cell malignancy, e.g., Hodgkin's

lymphoma, Non-Hodgkin's lymphoma (e.g., B cell lymphoma, diffuse large B cell lymphoma,

follicular lymphoma, chronic lymphocytic leukemia, mantle cell lymphoma, marginal zone B-

cell lymphoma, Burkitt lymphoma, lymphoplasmacytic lymphoma, hairy cell leukemia), acute

myeloid leukemia (AML), chronic myeloid leukemia, myelodysplastic syndrome, multiple

myeloma, and acute lymphocytic leukemia.

In some embodiments, the cancer, e.g., solid tumor, antigen is chosen from: PDL1,

CD47, mesothelin, gangloside 2 (GD2), prostate stem cell antigen (PSCA), prostate specific

membrane antigen (PMSA), prostate-specific antigen (PSA), carcinoembryonic antigen (CEA),

Ron Kinase, c-Met, Immature laminin receptor, TAG-72, BING-4, Calcium-activated chloride

channel 2, Cyclin-Bl, 9D7, Ep-CAM, EphA3, Her2/neu, Telomerase, SAP-1, Survivin, NY-

ESO-l/LAGE-1, PRAME, SSX-2, Melan-A/MART- 1, Gpl00/pmell7, Tyrosinase, TRP-1/-2,

MC1R, β-catenin, BRCAl/2, CDK4, CML66, Fibronectin, p53, Ras, TGF-B receptor, AFP,

ETA, MAGE, MUC-1, CA-125, BAGE, GAGE, NY-ESO-1, β-catenin, CDK4, CDC27, CD47,

a actinin-4, TRPl/gp75, TRP2, gplOO, Melan-A/MART 1, gangliosides, WT1, EphA3,

Epidermal growth factor receptor (EGFR), CD20, MART-2, MART-1, MUC1, MUC2, MUM1,



MUM2, MUM3, NA88-1, NPM, OA1, OGT, RCC, RUI1, RUI2, SAGE, TRG, TRP1, TSTA,

Folate receptor alpha, Ll-CAM, CAIX, EGFRvIII, gpA33, GD3, GM2, VEGFR, Intergrins

(Integrin alphaVbeta3, Integrin alpha5Betal), Carbohydrates (Le), IGF1R, EPHA3, TRAILR1,

TRAILR2, or RANKL. In other embodiments, the cancer antigen is a stromal antigen can be

chosen from fibroblast activating protease (FAP), TGF-beta, hyaluronic acid, collagen, e.g.,

collagen IV, tenascin C, or tenascin W. In embodiments where the cancer antigen is a

hematological antigen, the cancer antigen can be chosen from CD19, CD33, CD47, CD123,

CD20, CD99, CD30, BCMA, CD38, CD22, SLAMF7, or NY-ESOl.

In some embodiments of any of the multispecific or multifunctional molecules disclosed

herein, the tumor-targeting moiety is chosen from an antibody molecule to a cancer antigen

chosen from mesothelin, PDLl, HER3, IGF1R, FAP, CD47 or CD123. For example, the tumor-

targeting moiety can include an antibody molecule (e.g., Fab or scFv) that binds to mesothelin or

PDLl. In some embodiments, the tumor-targeting moiety binds to PDLl and inhibits an

interaction of PDLl with PDl. In other embodiments, the tumor-targeting moiety binds to PDLl

and does not inhibit an interaction of PD LI with PDl.

In embodiments, the multispecific or multifunctional molecule can include two or three

antibody molecules to two or three cancer antigens chosen from mesothelin, PDLl, HER3,

IGF1R, FAP, CD123 or CD47. For example, the first and second tumor targeting moieties are

an anti-mesothelin antibody molecule and an anti-PDLl antibody molecule, respectively; or the

second and first tumor targeting moieties are an anti-mesothelin antibody molecule and an anti-

PDLl antibody molecule, respectively. Other combinations include, but are not limited to, the

first and second tumor targeting moieties are an anti-FAP antibody molecule and an anti-PDLl

antibody molecule, respectively; or the second and first tumor targeting moieties are an anti-FAP

antibody molecule and an anti-PDLl antibody molecule, respectively. In other embodiments,

the first and second tumor targeting moieties are an anti-HER3 antibody molecule and an anti-

IGF1R antibody molecule, respectively; or the second and first tumor targeting moieties are an

anti- HER3 antibody molecule and an anti- IGF1R antibody molecule, respectively. In other

embodiments, the first and second tumor targeting moieties are an anti-CD 123 antibody

molecule and an anti-CD47 antibody molecule, respectively; or the second and first tumor



targeting moieties are an anti- CD 123 antibody molecule and an anti- CD47 antibody molecule,

respectively.

In some embodiments, the multispecific or multifunctional molecule can include

an immune cell engager is chosen from an NK cell engager, a T cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager, or a combination thereof. In some

embodiments, the immune cell engager comprises an NK cell engager that mediates binding to

and activation of, an NK cell. In other embodiments, the immune cell engager comprises an NK

cell engager that mediates binding to but not activation of, an NK cell. Exemplary NK cell

engagers can be chosen from an antibody molecule, e.g., an antigen binding domain, or ligand

that binds to (e.g., activates NKp30, NKp40, NKp44, NKp46, NKG2D, DNAMl, DAP10, CD16

(e.g., CD16a, CD16b, or both), CRTAM, CD27, PSGL1, CD96, CD100 (SEMA4D), NKp80,

CD244 (also known as SLAMF4 or 2B4), SLAMF6, SLAMF7, KIR2DS2, KIR2DS4, KIR3DS1,

KIR2DS3, KIR2DS5, KIR2DS1, CD94, NKG2C, NKG2E, or CD160. In some embodiments,

the NK cell engager is an antibody molecule, e.g., an antigen binding domain that binds to

NKp30 or NKp46.

In some embodiments, the immune cell engager comprises a T cell engager that mediates

binding to and activation of, a T cell. In some embodiments, the immune cell engager comprises

a T cell engager that mediates binding to but not activation of, a T cell.

In other embodiments of the multispecific or multifunctional molecule the NK cell

engager is a ligand, optionally, the ligand further comprises an immunoglobulin constant region,

e.g., an Fc region. For example, the ligand of NKp44 or NKp46 is a viral HA; the ligand of

DAP10 is a coreceptor for NKG2D; the ligand of CD16 is a CD16a/b ligand, e.g., a CD16a/b

ligand further comprising an antibody Fc region.

In other embodiments, the immune cell engager mediates binding to, or activation of, or

both of, one or more of a B cell, T cell, a macrophage, and/or a dendritic cell.

In other embodiments of the multispecific or multifunctional molecule, the T cell engager

is an agonist of CD3, TCRa, TCRp, TCRy, TCRC, ICOS, CD28, CD27, HVEM, LIGHT, CD40,

4-lBB, OX40, DR3, GITR, CD30, TIMl, SLAM, CD2, or CD226. In other embodiments, the T

cell engager binds to, but does not CD3, TCRa, TCRp, TCRy, TCRC, ICOS, CD28, CD27,

HVEM, LIGHT, CD40, 4-lBB, OX40, DR3, GITR, CD30, TIMl, SLAM, CD2, or CD226.



In some embodiments, the immune cell engager comprises a B cell, macrophage, and/or

dendritic cell engager chosen from one or more of CD40 ligand (CD40L) or a CD70 ligand; an

antibody molecule that binds to CD40 or CD70; an antibody molecule to OX40; an OX40 ligand

(OX40L); an agonist of a Toll-like receptor (e.g., a TLR4, e.g., a constitutively active TLR4

(caTLR4) or a TLR9 agonist); a 41BB; a CD2 agonist; a CD47; or a STING agonist, or a

combination thereof.

In some embodiments, the B cell engager is a CD40L, an OX40L, or a CD70 ligand, or

an antibody molecule that binds to OX40, CD40 or CD70.

In other embodiments, the macrophage cell engager is a CD2 agonist; a CD40L; an

OX40L; an antibody molecule that binds to OX40, CD40 or CD70; an agonist of a Toll-like

receptor (TLR)(e.g., a TLR4, e.g., a constitutively active TLR4 (caTLR4) or a TLR9 agonist);

CD47; or a STING agonist.

In yet other embodiments, the dendritic cell engager is a CD2 agonist, an OX40 antibody,

an OX40L, 4 IBB agonist, a Toll-like receptor agonist or a fragment thereof (e.g., a TLR4, e.g., a

constitutively active TLR4 (caTLR4)), CD47 agonist, or a STING agonist. For example, the

STING agonist can include a cyclic dinucleotide, e.g., a cyclic di-GMP (cdGMP), a cyclic di-

AMP (cdAMP), or a combination thereof, optionally with 2', 5' or 3',5' phosphate linkages. The

STING agonist can be covalently coupled to the multispecific or multifunctional molecule, e.g.,

by art known techniques.

In other embodiments, the multispecific or multifunctional molecule is chosen from

interleukin-2 (IL-2), interleukin-7 (IL-7), interleukin-12 (IL-12), interleukin-15 (IL-15),

interleukin-18 (IL-18), interleukin-2 1 (IL-21), or interferon gamma, or a fragment or variant

thereof, or a combination of any of the aforesaid cytokines. The cytokine can be a monomer or a

dimer. For example, the cytokine molecule can further include a receptor dimerizing domain,

e.g., an IL15Ralpha dimerizing domain. In other embodiments, the cytokine molecule (e.g., IL-

15) and the receptor dimerizing domain (e.g., an IL15Ralpha dimerizing domain) are not

covalently linked, e.g., are non-covalently associated.



In other embodiments, the multispecific or multifunctional molecule can include a

stromal modifying moiety that causes one or more of: decreases the level or production of a

stromal or extracellular matrix (ECM) component; decreases tumor fibrosis; increases interstitial

tumor transport; improves tumor perfusion; expands the tumor microvasculature; decreases

interstitial fluid pressure (IFP) in a tumor; or decreases or enhances penetration or diffusion of an

agent, e.g., a cancer therapeutic or a cellular therapy, into a tumor or tumor vasculature. For

example, the stromal or ECM component decreased is chosen from a glycosaminoglycan or an

extracellular protein, or a combination thereof. The glycosaminoglycan can be chosen from

hyaluronan (also known as hyaluronic acid or HA), chondroitin sulfate, chondroitin, dermatan

sulfate, heparan sulfate, heparin, entactin, tenascin, aggrecan or keratin sulfate. Exemplary

extracellular proteins include, but are not limited to, from collagen, laminin, elastin, fibrinogen,

fibronectin, or vitronectin.

In some embodiments, the multispecific or multifunctional molecule includes a stromal

modifying moiety that comprises an enzyme molecule that degrades a tumor stroma or

extracellular matrix (ECM). The enzyme molecule can be chosen from a hyaluronidase

molecule, a collagenase molecule, a chondroitinase molecule, a matrix metalloproteinase

molecule- (e.g., macrophage metalloelastase), or a variant (e.g., a fragment) of any of the

aforesaid.

In some embodiments, the stromal modifying moiety decreases the level or production of

hyaluronic acid. For example, the stromal modifying moiety comprises a hyaluronan degrading

enzyme, an agent that inhibits hyaluronan synthesis, or an antibody molecule against hyaluronic

acid.

In yet other embodiments, the hyaluronan degrading enzyme is a hyaluronidase molecule

or a variant (e.g., fragment thereof) thereof. The hyaluronan degrading enzyme can be active in

neutral or acidic pH, e.g., pH of about 4-5. In some embodiments, the hyaluronidase molecule is

a mammalian hyaluronidase molecule, e.g., a recombinant human hyaluronidase molecule, or a

variant thereof (e.g., a truncated form thereof). For example, the hyaluronidase molecule can be

chosen from HYAL1, HYAL2, or PH-20/SPAM1, or a variant thereof (e.g., a truncated form

thereof). In yet other embodiments, the truncated form lacks a C-terminal

glycosylphosphatidylinositol (GPI) attachment site or a portion of the GPI attachment site.



In yet other embodiments, the hyaluronidase molecule is glycosylated, e.g., comprises at

least one N-linked glycan.

In one embodiment, the the hyaluronidase molecule includes the amino acid sequence of

SEQ ID NO:61, or a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 61.

In some embodiments, the hyaluronidase molecule comprises:

(i) the amino acid sequence of 36-464 of SEQ ID NO: 61;

(ii) the amino acid sequence of 36-481, 36-482, or 36-483 of PH20, wherein PH20 has

the sequence of amino acids set forth in SEQ ID NO: 61; or

(iii) an amino acid sequence having at least 95% to 100 % sequence identity to the

polypeptide or truncated form of sequence of amino acids set forth in SEQ ID NO: 61; or

(iv) an amino acid sequence having 30, 20, 10, 5 or fewer amino acid substitutions to the

amino acid sequence set forth in SEQ ID NO:61.

In some embodiments, the hyaluronidase molecule includes an amino acid sequence at

least 95% (e.g., at least 95%, 96%, 97%, 98%, 99%, 100%) identical to the amino acid sequence

of SEQ ID NO: 61; or is encoded by a nucleotide sequence at least 95% (e.g., at least 96%, 97%,

98%, 99%, 100%) identical to the nucleotide sequence of SEQ ID NO: 61.

In other embodiments, the hyaluronidase molecule is PH20, e.g., rHuPH20.

In one embodiment, the hyaluronidase molecule is HYAL1 and comprises the amino acid

sequence:

SEQ ID NO: 62, or a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 62.

In some embodiments, the hyaluronan degrading enzyme, e.g., the hyaluronidase

molecule, further comprises a polymer, e.g., is conjugated to a polymer, e.g., PEG. For example,

the hyaluronan-degrading enzyme can be a PEGylated PH20 enzyme (PEGPH20).



In some embodiments, the multispecific or multifunctional molecule polypeptide the

hyaluronan degrading enzyme, e.g., the hyaluronidase molecule, further comprises an

immunoglobulin chain constant region (e.g., Fc region) chosen from, e.g., the heavy chain

constant regions of IgGl, IgG2, IgG3, and IgG4, more particularly, the heavy chain constant

region of human IgGl, IgG2, IgG3, or IgG4.

In some embodiments, the immunoglobulin constant region (e.g., the Fc region) is

linked, e.g., covalently linked to, the hyaluronan degrading enzyme, e.g., the hyaluronidase

molecule. In some embodiments, the immunoglobulin chain constant region (e.g., Fc region) is

altered, e.g., mutated, to increase or decrease one or more of: Fc receptor binding, antibody

glycosylation, the number of cysteine residues, effector cell function, or complement function. In

some embodiments, the hyaluronan degrading enzyme, e.g., the hyaluronidase molecule, forms a

dimer.

In some embodiments, the stromal modifying moiety comprises an inhibitor of the

synthesis of hyaluronan, e.g., an HA synthase. In some embodiments, the inhibitor comprises a

sense or an antisense nucleic acid molecule against an HA synthase or is a small molecule drug.

In some embodiments, the inhibitor is 4- methylumbelliferone (MU) or a derivative thereof (e.g.,

6,7-dihydroxy-4-methyl coumarin or 5,7-dihydroxy-4-methyl coumarin), or leflunomide or a

derivative thereof. In some embodiments, the stromal modifying moiety comprises a collagenase

molecule, e.g., a mammalian collagenase molecule, or a variant (e.g., fragment) thereof. In some

embodiments, the collagenase molecule is collagenase molecule IV, e.g., comprising the amino

acid sequence ofSEQ ID NO: 63, or a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 63.

In some embodiments, the multispecific or multifunctional molecule polypeptide

comprises two binding specificities or functions, e.g., it is a bispecific or a bifunctional molecule,

e.g., which comprises: i) the tumor-targeting moiety and the immune cell engager, provided that

when the multispecific molecule comprises the tumor-targeting moiety and the immune cell



engager only, the immune cell engager is not an antibody molecule to an NK cell antigen; or ii)

the tumor-targeting moiety and the stromal modifying moiety.

In some embodiments, the multispecific or multifunctional molecule polypeptide

comprises three or four binding specificities or functions, e.g., is a trispecific or a tetraspecific

molecule. In some embodiments, the multispecific or multifunctional molecule polypeptide

comprises (i) at least two tumor-targeting moieties, the immune cell engager, and the cytokine

molecule; (ii) the tumor-targeting moiety, the immune cell engager, and the stromal modifying

moiety; or (iii) at least two tumor-targeting moieties that bind to two cancer antigens chosen

from mesothelin, PDLl, HER3, Fibroblast Activation Protein (FAP), or insulin growth factor 1R

(IGFIR), CD47 or CD123, provided that the two cancer antigens are not FAP and IGFIR; and a

cytokine molecule.

In some embodiments, the multispecific or multifunctional molecule polypeptide

comprises: (i) one tumor-targeting moiety; (ii) two immune cell engagers (e.g., same or different

immune cell engagers); and one or both of: (iii) one cytokine molecule, or (iv) one stromal

modifying moiety.In some embodiments, the multispecific or multifunctional molecule

polypeptide comprises (i) two tumor-targeting moieties (e.g., same or different targeting

moieties); (ii) one immune cell engager; and one or both of: (iii) one cytokine molecule, or (iv)

one stromal modifying moiety. In some embodiments, the multispecific or multifunctional

molecule polypeptide comprises (i) one tumor-targeting moiety; (ii) one immune cell engager;

and one or both of:(iii) two cytokine molecules (e.g., same or different cytokine molecules).

In some embodiments, one of the two tumor targeting moieties binds PDLl; one of the

two tumor targeting moieties binds mesothelin; the immune cell engager binds NKp46 or

NKp30; and the cytokine molecule is IL2.

In some embodiments, the tumor-targeting moiety or the immune cell engager, or both,

comprises (i) an antibody molecule, e.g., at least one immunoglobulin domain; and/or (ii) a

receptor or a ligand, or a fragment thereof.

In some embodiments, the tumor-targeting antibody molecule binds to the solid tumor

antigen and/or the stromal antigen with a dissociation constant of less than about 10 nM, and

more typically, 10 - 100 pM.



In some embodiments, the immune cell engager antibody molecule binds to the NK cell

antigen, the B cell antigen, the dendritic cell antigen, and/or the macrophage cell antigen with a

dissociation constant of less than about 10 nM, and more typically, 10 - 100 pM.

In some embodiments, the tumor-targeting antibody molecule binds to a conformational

or a linear epitope on the tumor antigen or the stromal antigen.

In some embodiments, the immune cell engager antibody molecule binds to a

conformational or a linear epitope on the NK cell antigen, the B cell antigen, the dendritic cell

antigen, and/or the macrophage cell antigen.

In some embodiments, the tumor-targeting antibody molecule is a monospecific antibody

molecule, a bispecific antibody molecule, or a trispecific antibody molecule.

In some embodiments, the tumor-targeting antibody molecule is a monovalent antibody

molecule, a bivalent antibody molecule, or a trivalent antibody molecule.

In some embodiments, the immune cell engager antibody molecule is a monospecific, a

bispecific antibody molecule, or a trispecific antibody.

In some embodiments, the immune cell engager antibody molecule is a monovalent, a

bivalent, or a trivalent antibody.

In some embodiments, the tumor targeting antibody molecule and/or immune cell

engager antibody molecule is a full antibody (e.g., an antibody that includes at least one, and

preferably two, complete heavy chains, and at least one, and preferably two, complete light

chains), or an antigen-binding fragment (e.g., a Fab, F(ab')2, Fv, a single chain Fv, a single

domain antibody, a diabody (dAb), a bivalent antibody, or bispecific antibody or fragment

thereof, a single domain variant thereof, or a camelid antibody).

In some embodiments, the tumor targeting antibody molecule and immune cell engager

antibody molecule are, independently, a full antibody (e.g., an antibody that includes at least one,

and preferably two, complete heavy chains, and at least one, and preferably two, complete light

chains), or an antigen-binding fragment (e.g., a Fab, F(ab')2, Fv, a single chain Fv fragment, a

single domain antibody, a diabody (dAb), a bivalent antibody, or bispecific antibody or fragment

thereof, a single domain variant thereof, or a camelid antibody).



In some embodiments, the tumor targeting antibody molecule and/or immune cell

engager antibody molecule comprises a heavy chain constant region chosen from IgGl, IgG2,

IgG3, or IgG4, or a fragment thereof.

In some embodiments, the tumor targeting antibody molecule and/or immune cell

engager antibody molecule comprises a light chain constant region chosen from the light chain

constant regions of kappa or lambda, or a fragment thereof.

In some embodiments, the tumor-targeting moiety or the immune cell engager, or both,

comprises a receptor or receptor fragment, or a ligand or ligand fragment, that binds to the tumor

antigen and/or the stromal antigen, or the NK cell antigen, the B cell antigen, the dendritic cell

antigen, and/or the macrophage cell antigen.

In some embodiments, the multispecific or multifunctional molecule polypeptide further

comprises an immunoglobulin constant region (e.g., Fc region) chosen from the heavy chain

constant regions of IgGl, IgG2, and IgG4, more particularly, the heavy chain constant region of

human IgGl, IgG2 or IgG4. In some embodiments, the immunoglobulin constant region (e.g., an

Fc region) is linked, e.g., covalently linked to, one or more of the tumor-targeting moiety, the

immune cell engager, or the cytokine molecule. In some embodiments, the immunoglobulin

chain constant region (e.g., Fc region) is altered, e.g., mutated, to increase or decrease one or

more of: Fc receptor binding, antibody glycosylation, the number of cysteine residues, effector

cell function, or complement function.

In some embodiments, the multispecific or multifunctional polypeptide comprises at least

two non-contiguous polypeptide chains.

In some embodiments, the tumor-targeting moiety or immune cell engager comprises a

light chain constant region chosen from the light chain constant region of kappa or lambda, or a

fragment thereof.

In some embodiments, the multispecific or multifunctional polypeptide comprises a first

tumor-targeting moiety and a second tumor-targeting moiety, wherein the first tumor-targeting

moiety comprises a kappa light chain constant region, or a fragment thereof, and the second

tumor-targeting moiety comprises a lambda light chain constant region, or a fragment thereof.



In some embodiments, the multispecific or multifunctional polypeptide comprises a first

tumor moiety and a second tumor-targeting moiety, wherein the first tumor-targeting moiety and

the second tumor-targeting moiety comprise a common light chain variable region.

In some embodiments, the immunoglobulin constant region (e.g., an Fc region) is linked,

e.g., covalently linked to, one or more of tumor-targeting moiety, the immune cell engager, the

cytokine molecule, or the stromal modifying moiety.

In some embodiments, the multispecific or multifunctional polypeptide comprises an

interface of a first and second immunoglobulin chain constant regions (e.g., Fc region) is altered,

e.g., mutated, to increase or decrease dimerization, e.g., relative to a non-engineered interface.

In some embodiments, the dimerization of the immunoglobulin chain constant region

(e.g., Fc region) is enhanced by providing an Fc interface of a first and a second Fc region with

one or more of: a paired cavity-protuberance ("knob-in-a hole"), an electrostatic interaction, or a

strand-exchange, such that a greater ratio of heteromultimenhomomultimer forms, e.g., relative

to a non-engineered interface.

In some embodiments, the immunoglobulin chain constant region (e.g., Fc region)

comprises an amino acid substitution at a position chosen from one or more of 347, 349, 350,

351, 366, 368, 370, 392, 394, 395, 397, 398, 399, 405, 407, or 409, e.g., of the Fc region of

human IgGl.

In some embodiments, the immunoglobulin chain constant region (e.g., Fc region)

comprises an amino acid substitution chosen from: T366S, L368A, or Y407V (e.g.,

corresponding to a cavity or hole), or T366W (e.g., corresponding to a protuberance or knob), or

a combination thereof.

In some embodiments, the multispecific or multifunctional polypeptide further comprises

a linker, e.g., a linker between one or more of: the targeting moiety and the cytokine molecule or

the stromal modifying moiety, the targeting moiety and the immune cell engager, the cytokine

molecule or the stromal modifying moiety, and the immune cell engager, the cytokine molecule

or the stromal modifying moiety and the immunoglobulin chain constant region (e.g., the Fc



region), the targeting moiety and the immunoglobulin chain constant region, or the immune cell

engager and the immunoglobulin chain constant region.

In some embodiments, the linker is selected from: a cleavable linker, a non-cleavable

linker, a peptide linker, a flexible linker, a rigid linker, a helical linker, or a non-helical linker. In

some embodiments, the linker is a peptide linker. In some embodiments, the peptide linker

comprises Gly and Ser.

In some embodiments, the multispecific or multifunctional polypeptide is a bispecific

molecule comprising a first and a second non-contiguous polypeptides, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CH1 of a Fab molecule), that binds to, e.g., a cancer antigen, e.g., a solid tumor, a stromal or a

hematological antigen, connected, optionally via a linker to, a cytokine molecule, a stromal

modifying moiety, or an immune cell engager, e.g., an antibody molecule, e.g., a scFv that binds

to an immune cell antigen; and

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a second portion of the first

antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a cancer antigen, e.g., a solid

tumor, a stromal or a hematological antigen (e.g., the same tumor or stromal antigen bound by

the first VH-CH1).

In some embodiments, the multispecific or multifunctional polypeptide is a bispecific

molecule comprising a first and a second non-contiguous polypeptides, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CH1 of a Fab molecule), that binds to, e.g., a cancer antigen, e.g., a solid tumor, a stromal or a

hematological antigen, connected, optionally, via a linker to, a first domain that promotes

association between the first and the second polypeptide (e.g., a first immunoglobulin constant

domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine molecule,

a stromal modifying moiety, or an immune cell engager (e.g., an antibody molecule, e.g., a scFv,

that binds to an immune cell antigen), connected, optionally, via a linker to, a second domain that



promotes association between the first and the second polypeptide (e.g., a second

immunoglobulin constant domain (e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion of the first

antigen domain, e.g., a first VL-CL of the Fab, that binds to the cancer antigen.

In some embodiments, the multispecific or multifunctional polypeptide is a trispecific

molecule comprising a first, a second and a third non-contiguous polypeptide, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CH1 of a Fab molecule), that binds to, e.g., a cancer antigen, connected, optionally, via a linker

to, a first domain that promotes association between the first and the second polypeptide (e.g., a

first immunoglobulin constant domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine molecule,

a stromal modifying moiety, or an immune cell engager (e.g., an antibody molecule, e.g., a scFv,

that binds to an immune cell antigen), connected, optionally, via a linker to, a second domain that

promotes association between the first and the second polypeptide (e.g., a second

immunoglobulin constant domain (e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion of the

first antigen domain, e.g., a first VL-CL of the Fab, that binds to the cancer antigen,

wherein either the first or the second polypeptide further comprise a cytokine molecule or an

immune cell engager, optionally covalently linked to the C-terminus of the first or second

immunoglobulin constant domain.

In some embodiments, the multispecific or multifunctional polypeptide is is a

tetraspecific molecule comprising a first, a second and a third non-contiguous polypeptide,

wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CH1 of a Fab molecule), that binds to, e.g., a cancer antigen, connected, optionally, via a linker

to, a first domain that promotes association between the first and the second polypeptide (e.g., a

first immunoglobulin constant domain (e.g., a first Fc molecule as described herein);



(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine molecule,

a stromal modifying moiety, or an immune cell engager (e.g., an antibody molecule, e.g., a scFv,

that binds to an immune cell antigen), connected, optionally, via a linker to, a second domain that

promotes association between the first and the second polypeptide (e.g., a second

immunoglobulin constant domain (e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion of the

first antigen domain, e.g., a first VL-CL of the Fab, that binds to the cancer antigen,

wherein the first and the second polypeptide further comprise a cytokine molecule and/or an

immune cell engager, optionally covalently linked to the C-terminus of the first or second

immunoglobulin constant domain.

In some embodiments, the multispecific or multifunctional polypeptide comprises a) a

first polypeptide comprising: a domain that promotes association of the first and second

polypeptide, e.g., an Fc molecule; and two polypeptides selected from: a tumor-targeting

moiety; an immune cell engager; a stromal modifying moiety, and a cytokine molecule b) a

second polypeptide comprising:a domain that promotes association of the first and second

polypeptide, e.g., an Fc molecule; and two polypeptides selected from: a tumor-targeting

moiety; an immune cell engager; and a cytokine molecule, wherein the multispecific or

multifunctional molecule polypeptide comprises a tumor-targeting moiety; an immune cell

engager; a stromal modifying moiety; and a cytokine molecule.

In some embodiments, the multispecific or multifunctional polypeptide comprises

a tumor-targeting moiety; an immune cell engager; and two cytokine molecules or two

stromal modifying moieties;

a tumor-targeting moiety; two immune cell engagers; and a cytokine molecule or a

stromal modifying moiety; or

two tumor targeting moieties; an immune cell engager; and a cytokine molecule or a

stromal modifying moiety.

In some embodiments, the multispecific or multifunctional polypeptide comprises two

tumor targeting moieties; an immune cell engager; and a cytokine molecule, wherein one of the



two tumor-targeting moiety is an antibody molecule that binds PDLl; one of the two tumor-

targeting moiety binds mesothelin; the immune cell engager binds NKp46 or NKp30; and the

cytokine is IL2.

In some embodiments, the multispecific or multifunctional polypeptide comprises

i) a first polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-targeting

moiety; a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and an immune cell engager;

ii) a first polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-targeting

moiety; a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and a cytokine molecule or a stromal modifying moiety; or

iii) a first polypeptide comprises, e.g., in the N-C or C-N direction a cytokine; a domain

that promotes association of the first and second polypeptide, e.g., an Fc molecule; and an

immune cell engager; and

iv) a second polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-targeting

moiety; a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and an immune cell engager;

ii) a second polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-targeting

moiety; a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and a cytokine molecule or a stromal modifying moiety; or

iii) a second polypeptide comprises, e.g., in the N-C or C-N direction a cytokine; a

domain that promotes association of the first and second polypeptide, e.g., an Fc molecule; and

an immune cell engager.

In some embodiments, (i) the tumor-targeting moiety comprises:

(ia) an antibody molecule against a solid tumor antigen chosen from: PDLl, Mesothelin,

HER3, IGF-IR, GD2, PMSA, CEA, Ron Kinase, or c-Met; and/or

(ib) an antibody molecule against a stromal antigen is chosen from: FAP, hyaluronic

acid, collagen IV, tenascin C, or tenascin W; or

a combination of the antibody molecule against the solid tumor antigen and the antibody

molecule against the stromal antigen; and



(ii) one, two or all of :

(iia) the immune cell engager chosen from one, two, three, or all of a CD40L or a CD70

ligand; an antibody molecule that binds to CD40 or CD70; an antibody molecule to OX40; an

OX40L; B7-H6, or a STING agonist, or a combination thereof;

(iib) the cytokine molecule chosen from IL-2, IL-12, IL-15, IL-18, or IL-21, fragment or

variant thereof, or a combination of any of the aforesaid cytokine molecules;

(iic) the stromal modifying moiety chosen from hyaluronidase or gelatinase.

In some embodiments, the multispecific or multifunctional polypeptide comprises an

antibody molecule to mesothelin, e.g., human mesothelin; a CD40L polypeptide; and an IL-15 or

IL-2 molecule.

In some embodiments, the antibody molecule comprises a Fab against mesothelin having

a light and a heavy chain.

In some embodiments, the heavy chain of the Fab against mesothelin further comprises

the IL-15 or IL-2 molecule, e.g., human IL-15 molecule, optionally, wherein the Fab and the IL-

15 or IL-2 molecule are linked, e.g., via a linker comprising Gly and Ser.

In some embodiments, the multispecific or multifunctional polypeptide has the following

configuration: Heavy chain of the Fab (e.g., VH - CHI) against mesothelin to IL-15 or IL-2,

from N- to C-terminus, optionally, comprising a Gly-Ser linker between the Fab and the IL-15 or

IL-2.

In some embodiments, the light chain of the Fab to mesothelin further comprises a

CD40L, optionally, wherein the Fab and the CD40L are linked, e.g., via a linker comprising Gly

and Ser.

In some embodiments, the multispecific or multifunctional polypeptide has the following

configuration: Light chain of the Fab (e.g., VL - CL1) to mesothelin fused to CD40L, from N-

to C-terminus, optionally, comprising a Gly-Ser linker between the Fab and the CD40L.

In some embodiments, the multispecific or multifunctional molecule comprises an

antibody molecule to FAP, e.g., human FAP, and an IL-15 or IL-2 molecule. In some



embodiments, the antibody molecule comprises a Fab against FAP having a light and a heavy

chain. In some embodiments, the heavy chain of the Fab to FAP further comprises a first Fc

region having a member of a paired cavity-protuberance (knob-in-a hole) in the Fc interface of

the first Fc region.

In some embodiments, the multifunctional or multispecific molecule has the following

configuration: Heavy chain of the Fab (e.g., VH - CHI) of FAP fused to First Fc region (e.g.,

CH2 to CH3), from N- to C-terminus.

In some embodiments, the IL-15 or IL-2 molecule, e.g., human IL-15 or IL-2 molecule,

further comprises a second Fc region having a second member of a paired cavity-protuberance

(knob-in-a hole) in the Fc interface of the second Fc region, e.g., connected via a linker

comprising Gly and Ser.

In some embodiments, the multispecific or multifunctional polypeptide has the following

configuration: IL-15 or IL-2 molecule- Second Fc region (e.g., CH2 to CH3), from N- to C-

terminus, e.g., wherein the IL-15 or IL-2 molecule and the second Fc region are connected via a

linker comprising Gly and Ser.

In some embodiments, the multispecific or multifunctional polypeptide further comprises

an immune cell engager. In some embodiments, the immune cell engager comprises a CD40

ligand. In some embodiments, the immune cell enhancer is linked, e.g., covalently linked, to the

second Fc region having the second member of the paired cavity-protuberance (knob-in-a hole)

and the IL-15 or IL-2 molecule, e.g., human IL-15 or IL-2 molecule, optionally comprising a

linker comprising Gly and Ser between the IL-15 or IL-2 molecule and the second Fc region,

and/or between the second Fc region and the immune cell enhancer.

In some embodiments, the multispecific or multifunctional polypeptide has the following

configuration: IL-15 or IL-2 molecule- Second Fc region (e.g., CH2 to CH3) - Immune cell

enhancer, from N- to C-terminus, optionally comprising a linker comprising Gly and Ser

between the IL-15 or IL-2 molecule and the second Fc region, and/or between the second Fc

region and the immune cell enhancer.

In some embodiments the multispecific or multifunctional polypeptide further comprises

a second immune cell enhancer. In some embodiments, the second immune cell enhancer



comprises a B7H6 molecule. In some embodiments, the second immune cell enhancer is linked,

e.g., covalently linked, to the first Fc region having the first member of the paired cavity-

protuberance (knob-in-a hole) in the Fc interface of the first Fc region and the heavy chain of the

Fab, optionally comprising a linker comprising Gly and Ser between the B7H6 molecule and the

first Fc region.

In some embodiments, the multispecific or multifunctional polypeptide comprises a

targeting antibody molecule to a solid tumor antigen or a stromal antigen, and at least two

immune cell enhancers. In some embodiments, the antibody molecule binds to mesothelin or

FAP. In some embodiments, the immune cell enhancers are a TLR agonist (e.g., a TLR9 agonist)

or a STING agonist and an antibody molecule against OX40. In some embodiments, the STING

agonist comprises a cyclic dinucleotide, e.g., a cyclic di-GMP (cdGMP), a cyclic di-AMP

(cdAMP), or a combination thereof, optionally with 2', 5' or 3',5' phosphate linkages, and

optionally, wherein the STING agonist is coupled (e.g., directly conjugated) to the targeting

antibody or the immune cell enhancer. In some embodiments, the TLR agonist comprises an

unmethylated CpG sequences

In some embodiments, the multispecific or multifunctional polypeptide comprises a

bispecific antibody having a first binding specificity for mesothelin or FAP, and a second

binding specificity for OX40.

In some embodiments of any of the aforesaid multispecific molecules, the tumor

targeting moiety is chosen from an antibody molecule to a cancer antigen chosen from

mesothelin, PDL1, HER3, IGF1R or FAP. In some embodiments, the multispecific molecule

comprises two or three antibody molecules to two or three cancer antigens chosen from

mesothelin, PDL1, HER3, IGF1R or FAP. In some embodiments, the tumor targeting moiety

binds to PD LI and inhibits an interaction of PD LI with its ligand, e.g., PD1. In other

embodiments, the tumor targeting moiety binds to PD LI and does not inhibit an interaction of

PD LI with its ligand, e.g., PD1.

In some embodiments, the first and second tumor targeting moieties are an anti-

mesothelin antibody molecule and an anti-PDLl antibody molecule, respectively. In some



embodiments, the second and first tumor targeting moieties are an anti-mesothelin antibody

molecule and an anti-PDLl antibody molecule, respectively.

In some embodiments, the first and second tumor targeting moieties are an anti-FAP

antibody molecule and an anti-PDLl antibody molecule, respectively. In some embodiments,

the second and first tumor targeting moieties are an anti-FAP antibody molecule and an anti-

PDLl antibody molecule, respectively.

In some embodiments, the first and second tumor targeting moieties are an anti-HER3

antibody molecule and an anti-IGFIR antibody molecule, respectively. In some embodiments,

the second and first tumor targeting moieties are an anti- HER3 antibody molecule and an anti-

IGF1R antibody molecule, respectively.

In some embodiments of any of the aforesaid multispecific molecules, the immune cell

engager is chosen from an antibody molecule to NKp30, an antibody molecule to NKp46,

CD40L, or 41BBL.

In some embodiments of any of the aforesaid multispecific molecules, the cytokine

molecule is an IL-2 molecule (e.g., IL-2 or a functional variant thereof), an IL-15 molecule (e.g.,

IL-15 or a functional variant thereof), or an IL-21 molecule (e.g., IL-21 or a functional variant

thereof).

In some embodiments of any of the aforesaid multispecific molecules, the stromal

modifying molecule is chosen from a hyaluronidase (e.g., hyaluronidase 1), or a functional

variant thereof, or gelatinase or a functional variant thereof.

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab) and IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), IL-2 (or functional variant thereof), and an anti-

NKp30 NK cell engager moiety (e.g., an anti-NKp30 Fab or scFv).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab) and an anti-NKp30 NK cell engager moiety (e.g.,

an anti-NKp30 Fab or scFv).



In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab) and an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab)

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab), and IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab), and an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab), an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv), and

IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), and IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv), and IL-2 (or

functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab) and an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab) and hyaluronidase 1 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), IL-2 (or functional variant thereof), and hyaluronidase 1 (or

functional variant thereof).



In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), an anti-PDLl tumor targeting moiety (e.g., an anti-PDLl Fab),

and hyaluronidase 1 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), an anti-PDLl tumor targeting moiety (e.g., an anti-PDLl Fab),

IL-2 (or functional variant thereof), and hyaluronidase 1 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-PDLl tumor targeting

moiety (e.g., an anti-PDLl Fab), an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46

Fab or scFv), IL-2 (or functional variant thereof), and hyaluronidase 1 (or functional variant

thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab) and gelatinase (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), an anti-PDLl tumor targeting moiety (e.g., an anti-PDLl Fab),

IL-2 (or functional variant thereof), and gelatinase (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety, IL-21 or a functional variant thereof, 41BB-L, and CD40L.

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety and CD40L.

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety and IL-15.

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab) and IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), IL-2 (or functional variant thereof), and an anti-

NKp30 NK cell engager moiety (e.g., an anti-NKp30 Fab or scFv).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab) and an anti-NKp30 NK cell engager moiety (e.g.,

an anti-NKp30 Fab or scFv).



In one embodiment, the multispecific molecule comprises IL-2 (or functional variant

thereof).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab) and an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab), and IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab), and an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv).

In one embodiment, the multispecific molecule comprises an anti-mesothelin tumor

targeting moiety (e.g., an anti-mesothelin Fab), an anti-PDLl tumor targeting moiety (e.g., an

anti-PDLl Fab), an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv), and

IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), and IL-2 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), and an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), and an anti-CD3 T cell engager moiety (e.g., an anti-CD3 Fab or scFv).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv), and IL-2 (or

functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR



Fab), an anti-CD3 T cell engager moiety (e.g., an anti-CD3 Fab or scFv), and IL-2 (or functional

variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab) and an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), and IL-7 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), an anti-CD3 T cell engager moiety (e.g., an anti-CD3 Fab or scFv), and IL-7 (or functional

variant thereof).

In one embodiment, the multispecific molecule comprises an anti-HER3 tumor targeting

moiety (e.g., an anti-HER3 Fab), an anti-IGFIR tumor targeting moiety (e.g., an anti-IGFIR

Fab), an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46 Fab or scFv), and IL-7 (or

functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab) and hyaluronidase 1 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), IL-2 (or functional variant thereof), and hyaluronidase 1 (or

functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), an anti-PDLl tumor targeting moiety (e.g., an anti-PDLl Fab),

IL-2 (or functional variant thereof), and hyaluronidase 1 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), an anti-PDLl tumor targeting moiety (e.g., an anti-PDLl Fab),

and hyaluronidase 1 (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-PDLl tumor targeting

moiety (e.g., an anti-PDLl Fab), an anti-NKp46 NK cell engager moiety (e.g., an anti-NKp46



Fab or scFv), IL-2 (or functional variant thereof), and hyaluronidase 1 (or functional variant

thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab) and gelatinase (or functional variant thereof).

In one embodiment, the multispecific molecule comprises an anti-FAP tumor targeting

moiety (e.g., an anti-FAP Fab), an anti-PDLl tumor targeting moiety (e.g., an anti-PDLl Fab),

IL-2 (or functional variant thereof), and gelatinase (or functional variant thereof).

In another aspect, the disclosure provides an isolated nucleic acid molecule encoding any

multispecific or multifunctional molecule polypeptide described herein.

In another aspect, the disclosure provides an isolated nucleic acid molecule, which

comprises the nucleotide sequence encoding any of the multispecific or multifunctional

molecules described herein, or a nucleotide sequence substantially homologous thereto (e.g., at

least 95% to 99.9% identical thereto).

In another aspect, the disclosure provides a vector, e.g., an expression vector, comprising

one or more of any nucleic acid molecules described herein.

In another aspect, the disclosure provides a host cell comprising a nucleic acid molecule

or a vector described herein.

In another aspect, the disclosure provides a method of making, e.g., producing, a

multispecific or multifunctional molecule polypeptide described herein, comprising culturing a

host cell described herein, under suitable conditions, e.g., conditions suitable for gene expression

and/or homo- or heterodimerization.

In another aspect, the disclosure provides an pharmaceutical composition comprising a

multispecific or multifunctional molecule polypeptide described herein and a pharmaceutically

acceptable carrier, excipient, or stabilizer.

In another aspect, the disclosure provides a method of treating a cancer, comprising

administering to a subject in need thereof a multispecific or multifunctional molecule

polypeptide described herein, wherein the multispecific antibody is administered in an amount

effective to treat the cancer.



In some embodiments, the cancer is a solid tumor cancer, or a metastatic lesion. In some

embodiments, the solid tumor cancer is one or more of pancreatic (e.g., pancreatic

adenocarcinoma), breast, colorectal, lung (e.g., small or non-small cell lung cancer), skin,

ovarian, or liver cancer. In some embodiments, the cancer is a hematological cancer.

In some embodiments, the method further comprises administering a second therapeutic

treatment. In some embodiments, second therapeutic treatment comprises a therapeutic agent

(e.g., a chemotherapeutic agent, a biologic agent, hormonal therapy), radiation, or surgery. In

some embodiments, therapeutic agent is selected from: a chemotherapeutic agent, or a biologic

agent.

Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. Although methods and materials similar or equivalent to those described herein can be

used in the practice or testing of the present invention, suitable methods and materials are

described below. All publications, patent applications, patents, and other references mentioned

herein are incorporated by reference in their entirety. In the case of conflict, the present

specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be limiting.

Other features and advantages of the invention will be apparent from the following

detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A-1C depict schematic representations of multispecific molecules that include a

single polypeptide chain, e.g., a scFv-based format. The bispecific and trispecific molecules can

include a scFv core. Partner A can be connected to the N-terminal end of the VH or the C-

terminal end of the VL (FIG. 1A or FIG. IB, respectively), optionally connected by a linker,

wherein partner A corresponds to binding moiety 2 in the bispecific format. Partner A can be an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described

herein. In some embodiments, binding moiety 1 and binding moiety 2 can each be

independently chosen from a tumor targeting moiety, a cytokine molecule, a T cell engager, an

NK cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager. In



some embodiments, binding moiety 1 is a tumor targeting moiety as described herein, e.g., a

scFv that binds to a cancer antigen; and partner A, corresponding to binding moiety 2, can be

chosen from a cytokine molecule, a T cell engager, an NK cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager, e.g., as described herein.

In embodiments of a trispecific format, partners A and B are connected, e.g., via a linker,

to the scFv as binding moieties 2 and 3, respectively (FIG. 1C). Partner A and partner B can be,

independently, an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a

Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule),

e.g., as described herein. In some embodiments, binding moiety 1, binding moiety 2 and binding

moiety 3 can each be independently chosen from a tumor targeting moiety, a cytokine molecule,

a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a macrophage

cell engager. In some embodiments, binding moiety 1 is a tumor targeting moiety as described

herein, e.g., a scFv that binds to a cancer antigen; and partners A and B are each independently

chosen from a cytokine molecule, a T cell engager, an NK cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager, e.g., as described herein.

Partner A can be a stromal modifying moiety, e.g., as described herein. In some

embodiments, binding moiety 1 is a tumor targeting moiety and binding moiety 2 is a stromal

modifying moiety. In some embodiments, binding moiety 1 is a tumor targeting moiety as

described herein, e.g., a scFv that binds to a cancer antigen; and partner A, corresponding to

binding moiety 2, is a stromal modifying moiety, e.g., as described herein. In embodiments of a

trispecific format, partners A and B are connected, e.g., via a linker, to the scFv as binding

moieties 2 and 3, respectively (FIG. 1C). The trispecific molecule adds fusion partner B,

binding moiety 3, which may be a cytokine molecule, a T cell engager, an NK cell engager, a B

cell engager, a dendritic cell engager, or a macrophage cell engager. Fusion partners A and B

may be on the heavy chain and light chain of the Fab or the light chain and heavy chain of the

scFv, respectively. In some embodiments, Partner A is a stromal modifying moiety, e.g., as

described herein. In some embodiments, binding moiety 1 is a tumor targeting moiety and

binding moiety 2 is a stromal modifying moiety.

FIGs. 2A-2C depict schematic representations of multispecific molecules that include a

single polypeptide chain, e.g., a scFv-based format. The bispecific and trispecific molecules can



include a scFv core. Partner A can be connected to the C terminal end of the VH or the N

terminal end of the VL (FIG. 2 or FIG. 2B, respectively), optionally connected by a linker,

wherein partner A corresponds to binding moiety 2 in the bispecific format. Partner A can be an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described

herein. In some embodiments, binding moiety 1 is a tumor targeting moiety as described herein,

e.g., a scFv that binds to a cancer antigen; and partner A, corresponding to binding moiety 2, is

chosen from a cytokine, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager, e.g., as described herein. In some embodiments, binding

moiety 1 and binding moiety 2 can each be independently chosen from a tumor targeting moiety,

a cytokine molecule, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager.

In embodiments of a trispecific format, partners A and B are connected, e.g., via a linker,

to the scFv as binding moieties 2 and 3, respectively (FIG. 1C). Partner A and partner B can be,

independently, an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a

Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule),

e.g., as described herein. In some embodiments, binding moiety 1, binding moiety 2 and binding

moiety 3 can each be independently chosen from a tumor targeting moiety, a cytokine molecule,

a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a macrophage

cell engager. In some embodiments, binding moiety 1 is a tumor targeting moiety as described

herein, e.g., a scFv that binds to a cancer antigen; and partners A and B are each independently

chosen from a cytokine molecule, a T cell engager, an NK cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager, e.g., as described herein.

Partner A can be connected to the C terminal end of the VH or the N terminal end of the

VL (FIG. 2A or FIG. 2B, respectively), optionally connected by a linker, wherein partner A

corresponds to binding moiety 2 in the bispecific format. In some embodiments, binding moiety

1 is a tumor targeting moiety and binding moiety 2 is a stromal modifying moiety. In some

embodiments, binding moiety 1 is a tumor targeting moiety as described herein, e.g., a scFv that

binds to a cancer antigen; and partner A, corresponding to binding moiety 2, is a stromal

modifying moiety, e.g., as described herein. In embodiments of a trispecific format, partners A



and B are connected, e.g., via a linker, to the scFv as binding moieties 2 and 3, respectively (FIG.

2C). The trispecific molecule adds fusion partner B, binding moiety 3, which may be a cytokine

molecule, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager. Fusion partners A and B may be on the heavy chain and light chain of

the Fab or the light chain and heavy chain of the scFv respectively. In some embodiments,

Partner A is a stromal modifying moiety, e.g., as described herein. In some embodiments,

binding moiety 1 is a tumor targeting moiety and binding moiety 2 is a stromal modifying

moiety.

FIGs. 3A-3C depict schematic representations of multispecific molecules that include a

first and second polypeptide chains, e.g., an Fab-based format with a C-terminal fusion. The

bispecific and trispecific molecules can include a Fab core. The VH and VL of the Fab can

function as binding moiety 1 of the molecule. Partner A can be connected to the C-terminal end

of either CL or CHI (FIG. 3A or FIG. 3B, respectively), optionally connected by a linker,

wherein partner A corresponds to binding moiety 2 in the bispecific format. Partner A can be an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described

herein. In some embodiments, binding moiety 1 and binding moiety 2 can each be

independently chosen from a tumor targeting moiety, a cytokine molecule, a T cell engager, an

NK cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager. In

some embodiments, binding moiety 1 is a tumor targeting moiety as described herein, e.g., a Fab

that binds to a cancer antigen; and partner A, corresponding to binding moiety 2, is chosen from

a cytokine, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager, e.g., as described herein.

In embodiments of a trispecific format, partners A and B are connected, e.g., via a linker,

to the C-terminus of the Fab as binding moieties 2 and 3, respectively (FIG. 3C). Partner A and

partner B can each be, independently, an antibody molecule (e.g., a single chain antibody

molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand,

or a cytokine molecule), e.g., as described herein. In some embodiments, binding moiety 1,

binding moiety 2 and binding moiety 3 can each be independently chosen from a tumor targeting

moiety, a cytokine molecule, an NK cell engager, a B cell engager, a dendritic cell engager, or a



macrophage cell engager. In some embodiments, binding moiety 1 is a tumor targeting moiety

as described herein, e.g., a scFv that binds to a cancer antigen; and partners A and B are each

independently chosen from a cytokine molecule, a T cell engager, an NK cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager, e.g., as described herein.

The VH and VL of the Fab function as binding moiety 1 of the molecule. Fusion partner

A, which can be fused to the C-terminal end of either CL or CHI (FIG. 3A and FIG. 3B,

respectively) connected by a linker, is binding moiety 2 in the bispecific format. In some

embodiments of the bispecific format, binding moiety 1 is tumor targeting Fab and fusion partner

A, binding moiety 2, is a stromal modifying molecule. The trispecific format can have fusion

partners A and B on the C-terminus of the Fab as binding moieties 2 and 3 respectively (FIG.

3C). The trispecific molecule adds fusion partner B, binding moiety 3, which may be a cytokine

molecule, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager. Fusion partners A and B may be on the heavy chain and light chain of

the Fab or the light chain and heavy chain of the Fab respectively.

FIGs. 4A-4C depict schematic representations of multispecific molecules that include a

first and second polypeptide chains, e.g., an Fab-based format with an N-terminal fusion. The

bispecific and trispecific molecules depicted include a Fab core. The VH and VL of the Fab can

function as binding moiety 1 of the molecule. Partner A can be connected to the N-terminal end

of either VL or VH (FIG. 4A or FIG. 4B, respectively), optionally connected by a linker,

wherein partner A corresponds to binding moiety 2 in the bispecific format. Partner A can be an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described

herein. In some embodiments, binding moiety 1 and binding moiety 2 can each be

independently chosen from a tumor targeting moiety, a cytokine molecule, a T cell engager, an

NK cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager. In

some embodiments, binding moiety 1 is a tumor targeting moiety as described herein, e.g., a Fab

that binds to a cancer antigen; and partner A, corresponding to binding moiety 2, is chosen from

a cytokine, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager, e.g., as described herein.



In embodiments of a trispecific format, partners A and B are connected, e.g., via a linker,

to the N-terminus of the Fab as binding moieties 2 and 3, respectively (FIG. 4C). Partner A and

partner B can be, independently, an antibody molecule (e.g., a single chain antibody molecule

(e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a

cytokine molecule), e.g., as described herein. In some embodiments, binding moiety 1, binding

moiety 2 and binding moiety 3 can each be independently chosen from a tumor targeting moiety,

a cytokine molecule, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager. In some embodiments, binding moiety 1 is a tumor

targeting moiety as described herein, e.g., a Fab that binds to a cancer antigen; and partner A and

partner B, corresponding to binding moiety 2 and binding moiety 3, are each independently

chosen from a cytokine, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager, e.g., as described herein.

The bispecific and trispecific molecules can include a Fab core. The VH and VL of the

Fab can function as binding moiety 1 of the molecule. Fusion partner A, which can be fused to

the N-terminal end of either CL or CHI (FIG. 4A and FIG. 4B, respectively) connected by a

linker, is binding moiety 2 in the bispecific format. In embodiments of the bispecific format,

binding moiety 1 is tumor targeting Fab and fusion partner A, binding moiety 2, is a stromal

modifying molecule. In embodiments, the trispecific format has fusion partners A and B on the

C-terminus of the Fab as binding moieties 2 and 3 respectively (FIG. 4C). The trispecific

molecule adds fusion partner B, binding moiety 3, which may be a cytokine molecule, a T cell

engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager. Fusion partners A and B may be on the heavy chain and light chain of the Fab or the

light chain and heavy chain of the Fab respectively.

FIGs. 5A-5C depict schematic representations of multispecific molecules that include a

first and a second polypeptide chains, e.g., an Fc-based format. In the embodiments shown, the

multispecific molecules include a heterodimeric Fc core (knob-in-hole (KiH)). The bispecific

molecule can have partner A and B, which are depicted as binding moieties 1 and 2, respectively

(FIG. 5A). Partner A and partner B can be, each independently, an antibody molecule (e.g., a

single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule

(e.g., a receptor ligand or a cytokine molecule), e.g., as described herein. Partner A and partner



B may be connected to either first or second member, or each of the members, of the

heterodimeric Fc core. In one embodiment, partner A is connected to the N-terminal end of a -

CH2-CH3- region of the first Fc molecule, and partner B is connected to the N-terminal end of a

-CH2-CH3- region of the second Fc molecule. Alternatively, partner A is connected to the C-

terminal end of a -CH2-CH3- region of the first Fc molecule, and partner B is connected to the

C-terminal end of a -CH2-CH3- region of the second Fc molecule. Alternatively, partner A may

be connected to N-terminus of the first member of the heterodimeric Fc core, and partner B may

be connected to C-terminus of the second member of the heterodimeric Fc core. In other

embodiments, partner B may be connected to N-terminus of the first member of the

heterodimeric Fc core, and Partner A may be connected to C-terminus of the second member of

the heterodimeric Fc core. In some embodiments, binding moiety 1 and binding moiety 2 can

each be independently chosen from a tumor targeting moiety, a cytokine molecule, a T cell

engager an NK cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager. In some embodiments, binding moiety 1 is a tumor targeting moiety and binding

moiety 2 is chosen from a cytokine molecule, a T cell engager, an NK cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager.

Exemplary trispecific and tetraspecific molecules are depicted in FIGs. 5B and 5C,

respectively. One or two additional partners C and D, respectively, which may be single or

multiple binding moieties 3 and 4, can be added to the aforesaid molecules. Partner A, partner

B, partner C and partner D can each be, independently, an antibody molecule (e.g., a single chain

antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a

receptor ligand, or a cytokine molecule), e.g., as described herein. In some embodiments,

partner C and partner D can be added to the C-terminus of either the first and second member of

the Fc core, thus forming binding specificities 3 and 4, respectively. In some embodiments,

Partners A-D (corresponding to binding specificities 1-4, respectively) are each independently

chosen from a tumor targeting moiety, a cytokine molecule, a T cell engager, an NK cell

engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager, e.g., as

described herein. In one embodiment, partner A. In embodiments, partner A is a tumor targeting

moiety and partner B, partners C and D are each independently chosen from a cytokine



molecule, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager.

The bispecific molecule can have partner A and B, which are depicted as binding

moieties 1 and 2, respectively (FIG. 5A). Partner A and partner B can be, each independently, a

stromal modifying moiety, an enzyme molecule, an antibody molecule (e.g., a single chain

antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a

receptor ligand or a cytokine molecule), e.g., as described herein. Partner A and partner B may

be connected to either first or second member, or each of the members, of the heterodimeric Fc

core. In one embodiment, partner A is connected to the N-terminal end of a -CH2-CH3- region

of the first Fc molecule, and partner B is connected to the N-terminal end of a -CH2-CH3-

region of the second Fc molecule. Alternatively, partner A is connected to the C-terminal end of

a -CH2-CH3- region of the first Fc molecule, and partner B is connected to the C-terminal end

of a -CH2-CH3- region of the second Fc molecule. Alternatively, partner A may be connected

to N-terminus of the first member of the heterodimeric Fc core, and partner B may be connected

to C-terminus of the second member of the heterodimeric Fc core. In other embodiments,

partner B may be connected to N-terminus of the first member of the heterodimeric Fc core, and

Partner A may be connected to C-terminus of the second member of the heterodimeric Fc core.

In some embodiments, binding moiety 1 is a tumor targeting moiety and binding moiety 2 is a

stromal modifying moiety. In other embodiments, binding moiety 2 is a tumor targeting moiety

and binding moiety 1 is a stromal modifying moiety.

Exemplary trispecific and tetraspecific molecules are depicted in FIGs. 5B and 5C,

respectively. One or two additional partners C and D, respectively, which may be single or

multiple binding moieties 3 and 4, can be added to the aforesaid molecules. Partner A, partner

B, partner C and partner D can each be, independently, an antibody molecule (e.g., a single chain

antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a

receptor ligand, or a cytokine molecule), e.g., as described herein. In some embodiments,

partner C and partner D can be added to the C-terminus of either the first and second member of

the Fc core, thus forming binding specificities 3 and 4, respectively. In some embodiments,

Partners A-D (corresponding to binding specificities 1-4, respectively) are each independently

chosen from a tumor targeting moiety, a cytokine molecule, a T cell engager, an NK cell



engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager, or a stromal

modifying moiety, e.g., as described herein. In some embodiment, one of partner A, B, C, or D

is a stromal modifying moiety, one of partner A, B, C, or D is a tumor targeting moiety, and the

two remaining partners are each independently chosen from a tumor targeting moiety, a cytokine

molecule, a T cell engager, an NK cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager.

FIG. 6 depicts an exemplary schematic of a bispecific molecule that includes a Fab

corresponding to binding site # 1 fused to a binding site #2. In embodiments, binding site # 1 is a

tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal antigen; and

binding site #2 is chosen from a cytokine molecule, or a ligand molecule or a scFv that is an

immune cell engager, e.g., binds to an immune cell antigen. In embodiments, the bispecific

molecule comprises two non-contiguous polypeptides, wherein the first polypeptide has the

following configuration from N-to-C: VH-CHl of the Fab that binds to, e.g., a tumor or stromal

antigen, fused optionally, via a linker to, the binding site #2; and the second polypeptide has the

following configuration from N-to-C: VL-CL of the Fab that binds to, e.g., a tumor or stromal

antigen.

FIG. 7 depicts an exemplary schematic of a bispecific molecule that includes a Fab

corresponding to binding site # 1 connected, optionally via a liker, to a first member of an

immunoglobulin constant region, e.g., a first Fc molecule; and a binding site #2 connected,

optionally via a liker, to a second member of the Fc molecule. In embodiments, binding site # 1

is a tumor targeting moiety, e.g., binds to a tumor or stromal antigen; and binding site #2 is

chosen from a cytokine molecule, or an immune cell engager, e.g., a ligand molecule, or a scFv

that binds to an immune cell antigen. In embodiments, the bispecific molecule comprises three

non-contiguous polypeptides, wherein the first polypeptide has the following configuration from

N-to-C: VH-CHl of the Fab that binds to, e.g., a tumor or stromal antigen, optionally connected

via a linker to, the first member of the Fc molecule (e.g., a first CH2-CH3 region, optionally,

comprising a protuberance or knob); the second polypeptide has the following configuration

from N-to-C: VL-CL of the Fab that binds to, e.g., a tumor or stromal antigen; and the third

polypeptide has the following configuration from N-to-C: binding site #2 (e.g., a cytokine

molecule, a ligand molecule, or a scFv that binds to, e.g., an immune cell antigen), connected,



optionally, via a linker to, the second member of the Fc molecule (e.g., a second CH2-CH3

region, optionally, comprising a hole or cavity). In embodiments, the first and second members

of the Fc molecule promote heterodimerization of the bispecific molecule.

FIGs. 8A-8C depict exemplary schematics of a trispecific molecule that includes a Fab

corresponding to binding site # 1 fused to a binding site #2 and a binding site #3. In

embodiments, binding site # 1 is a tumor targeting moiety, e.g., binds to a tumor or stromal

antigen; and binding sites #2 and #3 are independently chosen from a cytokine molecule, or an

immune cell engager, e.g., a ligand molecule or a scFv that binds to an immune cell antigen. In

embodiments, the trispecific molecule comprises two non-contiguous polypeptides in FIG. 8A,

wherein the first polypeptide has the following configuration from N-to-C: VH-CHl of the Fab

that binds to, e.g., a tumor or stromal antigen, connected, optionally, via a linker to, the binding

site #3 (e.g., chosen from a cytokine molecule, a ligand or a scFv); and the second polypeptide

having the following configuration from N-to-C: VL-CL of the Fab that binds to, e.g., a tumor

or stromal antigen, fused to a scFv (e.g., a VH-VL of the scFv from N-to-C) that binds to, e.g.,

an immune cell antigen. FIG. 8B depicts an alternative configuration, wherein the first

polypeptide has the following configuration from N-to-C: VH-CHl of the Fab that binds to, e.g.,

a tumor or stromal antigen, connected, optionally via a linker, to a cytokine molecule; and the

second polypeptide has the following configuration from N-to-C: VL-CL of the Fab that binds

to, e.g., a tumor or stromal antigen, connected to a ligand or a scFv (e.g., a ligand or a scFv that

binds to, e.g., an immune cell). FIG. 8C depicts an alternative configuration, wherein the first

polypeptide has the following configuration from N-to-C: VH-CHl of the Fab that binds to, e.g.,

a tumor or stromal antigen, connected, optionally via a linker to, the ligand or the scFv that binds

to, e.g., a first immune cell; and the second polypeptide has the following configuration from N-

to-C: VL-CL of the Fab that binds to, e.g., a tumor or stromal antigen, connected, optionally via

a linker to, to the ligand or the scFv that binds to, e.g., a second immune cell.

FIGs. 9A-9B depict exemplary schematics of a trispecific molecule that includes a Fab

corresponding to binding site #1, a binding site #2, a binding site #3, each of which is connected,

e.g., via a linker, to a first and second member of an immunoglobulin binding domain, e.g., first

and second Fc molecule. In embodiments, the trispecific molecule comprises three non-

contiguous polypeptides shown in FIGs. 9A-9B. In the embodiments shown in FIG. 9A, the



first polypeptide has the following configuration from N-to-C: VH-CHl of the Fab that binds to,

e.g., a tumor or stromal antigen, connected, e.g., via a linker, to a first member of an Fc molecule

(e.g., the N-terminus of the CH2-CH3 region of the first Fc molecule, optionally, comprising a

protuberance or cavity), which first member can, optionally further include binding site #3

connected, optionally via a linker, to the C-terminus of the first Fc molecule; the second

polypeptide includes from N-to-C orientation a binding site #2 connected, e.g., via a linker, to a

second member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the second Fc

molecule, optionally, comprising a protuberance or cavity); and the third polypeptide includes

from N-to-C: the VL-CL of the Fab that binds to, e.g., a tumor or stromal antigen. In the

embodiments shown in FIG. 9B, the first polypeptide has the following configuration from N-to-

C: VH-CHl of the Fab that binds to, e.g., a tumor or stromal antigen, connected, e.g., via a

linker, to a first member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the

first Fc molecule, optionally, comprising a protuberance or cavity); the second polypeptide

includes from N-to-C orientation a binding site #2 connected, e.g., via a linker, to a second

member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the second Fc

molecule, optionally, comprising a protuberance or cavity) which second member can, optionally

further include binding site #3 connected, optionally via a linker, to the C-terminus of the second

Fc molecule); and the third polypeptide includes from N-to-C: the VL-CL of the Fab that binds

to, e.g., a tumor or stromal antigen. In the aforesaid embodiments, binding site # 1 binds to a

tumor or stromal antigen; and binding sites #2 and #3 are independently chosen from a cytokine

molecule, or an immune cell engager, e.g., a ligand molecule or a scFv that binds to an immune

cell antigen. In embodiments, the first and second members of the Fc molecule promote

heterodimerization of the trispecific molecule.

FIGs. lOA-lOC depict exemplary schematics of a tetraspecific molecule that includes a

Fab corresponding to binding site #1, a binding site #2, a binding site #3, and a binding site #4,

each of which is connected, e.g., via a linker, to a first and second member of an

immunoglobulin constant region, e.g., a first and a second Fc molecule. In embodiments, the

tetrapecific molecule comprises three non-contiguous polypeptides shown in FIGs. lOA-lOC. In

the embodiments shown in FIG. 10A, the first polypeptide has the following configuration from

N-to-C: VH-CHl of the Fab that binds to, e.g., a tumor or stromal antigen, connected, e.g., via a



linker, to a first member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the

first Fc molecule, optionally, comprising a protuberance or cavity), which first member can,

optionally further include binding site #3 connected, optionally via a linker, to the C-terminus of

the first Fc molecule); the second polypeptide includes from N-to-C orientation a binding site #2

connected, e.g., via a linker, to a second member of an Fc molecule (e.g., the N-terminus of the

CH2-CH3 region of the second Fc molecule, optionally, comprising a protuberance or cavity)

which second member can, optionally further include binding site #4 connected, optionally via a

linker, to the C-terminus of the second Fc molecule); and the third polypeptide includes from N-

to-C: the VL-CL of the Fab that binds to, e.g., a tumor or stromal antigen. In the embodiments

depicted in FIG. 10A, binding site # 1 binds to a tumor or stromal antigen; and binding sites #2,

#3 and 4 are independently chosen from a cytokine molecule, a ligand molecule, or a scFv that

binds to, e.g., an immune cell antigen. In the embodiments depicted in FIG. 10A, binding site

# 1 binds to a tumor or stromal antigen; and binding sites #2, #3 and 4 are independently chosen

from a cytokine molecule, a ligand molecule, or a scFv that binds to, e.g., an immune cell

antigen. In the embodiments depicted in FIG. 10B, binding site # 1 binds to a tumor or stromal

antigen; binding site #2 depicts an NK cell engager, e.g., a scFv, e.g., in a VH-VL orientation

from N- to C-terminus, connected to the N-terminus of the second Fc member, e.g., via a linker;

binding site #3 depicts a cytokine molecule or an immune cell engager, e.g., a scFv, connected to

the C-terminus of the first Fc member, e.g., via a linker; and binding site # 4 are depicts a ligand

molecule, or a scFv that binds to, e.g., an immune cell antigen, connected to the C-terminus of

the second Fc member, e.g., via a linker. In the embodiments depicted in FIG. IOC, binding site

# 1 binds to a tumor or stromal antigen; binding site #2 depicts an NK cell engager, e.g., a scFv,

e.g., in a VH-VL orientation from N- to C-terminus, connected to the N-terminus of the second

Fc member, e.g., via a linker; binding site #3 depicts a ligand molecule or an immune cell

engager, e.g., a scFv, connected to the C-terminus of the first Fc member, e.g., via a linker; and

binding site # 4 are depicts a ligand molecule, or a scFv that binds to, e.g., an immune cell

antigen, connected to the C-terminus of the second Fc member, e.g., via a linker. In

embodiments of any of the aforesaid tetraspecific molecules, the first and second members of the

Fc molecule promote heterodimerization of the tetraspecific molecule.



FIGs. 11A-11C depict an exemplary trispecific molecule. FIG. 11A shows a schematic

representation of the trispecific molecule including a Fab molecule directed to the mesothelin

tumor antigen, wherein first polypeptide includes the heavy chain VH-CHl of the Fab connected

via a linker to an IL-15 cytokine, and the second polypeptide of the Fab includes the light chain

VL-CL connected via a linker to CD40 ligand (CD40L). FIG. 11B provides, from N- to C-

orientation, the amino acid sequence of an optional signal peptide (shown in italics), followed by

the heavy chain VH-CHl of the Fab (shown in underline and bold for VH and CHI,

respectively), connected via a Gly-Ser linker (shown in dashed underline), to a human IL-15

cytokine (shown in regular font). FIG. 11C provides, from N- to C- orientation, the amino acid

sequence of an optional signal peptide (shown in italics), followed by the kappa light chain VL-

CL of the Fab (shown in underline and bold for VL and CL, respectively), connected via a Gly-

Ser linker (shown in dashed underline), to a human CD40L (shown in regular font).

FIGs. 12A-12D depict an exemplary bispecific molecule that includes a Fab to a stromal

target and a cytokine molecule, each of which is connected, e.g., via a linker, to a first and

second member of an immunoglobulin constant region, e.g., a first and a second Fc molecule.

FIG. 12A shows a schematic representation of the bispecific molecule including a Fab molecule

directed to the stromal antigen, wherein the first polypeptide includes the heavy chain VH-CHl

of the Fab to the stromal antigen connected to the first Fc molecule having a cavity; the second

polypeptide includes the IL-15 cytokine connected to the second Fc molecule having a

protuberance; and the third polypeptide includes a light chain VL-CL of the Fab to the stromal

antigen. FIG. 12B provides, from N- to C- orientation, the amino acid sequence of an optional

signal peptide (shown in italics), followed by the human IL-15 cytokine (shown in underline),

and further including an optional Gly-Ser linker (shown in dashed underline) connected to the

second Fc molecule having a protuberance (shown in regular font). FIG. 12C provides, from N-

to C- orientation, the amino acid sequence of an optional signal peptide (shown in italics),

followed by the followed by the heavy chain VH-CHl of the Fab to the stromal antigen FAP

(shown in underline and bold for VH and CHI, respectively), connected to the first Fc molecule

having a cavity (shown in regular font). FIG. 12D provides, from N- to C- orientation, the

amino acid sequence of an optional signal peptide (shown in italics), followed by the kappa light



chain VL-CL of the Fab to the stromal antigen FAP (shown in underline and bold for VL and

CL, respectively).

FIGs. 13A-13D depict an exemplary tetraspecific molecule that includes a Fab to a

stromal target two immune cell engagers, and a cytokine molecule, each of which is connected,

e.g., via a linker, to a first and second member of an immunoglobulin constant region, e.g., a first

and a second Fc molecule. FIG. 13A shows a schematic representation of the tetraspecific

molecule including a Fab molecule directed to the stromal antigen, wherein the first polypeptide

includes the heavy chain VH-CH1 of the Fab to the stromal antigen connected to the first Fc

molecule having a cavity, and further includes a first immune cell engager, e.g., B7H6; the

second polypeptide includes the IL-15 cytokine connected, optionally via a Gly-Ser linker, to the

second Fc molecule having a protuberance, and further includes, e.g., via a Gly-Ser linker, a

second immune cell engager, e.g., CD40L; and the third polypeptide includes a light chain VL-

CL of the Fab to the stromal antigen. FIG. 13B provides, from N- to C- orientation, the amino

acid sequence of an optional signal peptide (shown in italics), followed by the human IL-15

cytokine (shown in underline), further including an optional Gly-Ser linker (shown in dashed

underline) connected to the second Fc molecule having a protuberance (shown in bold), which

further includes, e.g., an optional Gly-Ser linker (shown in dashed underline, connected to the

human CD40L amino acid sequence (shown in regular font). FIG. 13C provides, from N- to C-

orientation, the amino acid sequence of an optional signal peptide (shown in italics), followed by

the followed by the heavy chain VH-CH1 of the Fab to the stromal antigen FAP (shown in

underline and bold for VH and CHI, respectively), connected to the first Fc molecule having a

cavity (shown in regular font), which further includes, e.g., an optional Gly-Ser linker (shown in

dashed underline, connected to the human B7H6 amino acid sequence (shown in underline).

FIG. 13D provides, from N- to C- orientation, the amino acid sequence of an optional signal

peptide (shown in italics), followed by the kappa light chain VL-CL of the Fab to the stromal

antigen FAP (shown in underline and regular font for VL and CL, respectively).

FIG. 14A-14B depicts an exemplary tetraspecific molecule that includes a Fab to a

mesothelin (molecule A), two immune cell engagers, 41BB-ligand (molecule C) and CD40

ligand (molecule D), and a cytokine molecule (molecule B), each of which is connected, e.g., via

a linker, to a first and second member of an immunoglobulin constant region, e.g., a first and a



second Fc molecule (knob-in-hole, KiH, Fc first member and Fc hole second member). FIG.

14A-14B shows a schematic representation of the tetraspecific molecule including a Fab

molecule directed to the mesothelin antigen, wherein the first polypeptide includes the heavy

chain VH-CH1 of the Fab to the mesothelin antigen connected to the first Fc molecule having a

protuberance (knob) in the CH3 region, and further includes a first immune cell engager, e.g.,

41BB-ligand; the second polypeptide includes the IL-21 cytokine connected, optionally via a

Gly-Ser linker, to the second Fc molecule having a cavity (hole), and further includes, e.g., via a

Gly-Ser linker, a second immune cell engager, e.g., CD40L; and the third polypeptide includes a

light chain VL-CL of the Fab to the mesothelin antigen (molecule A). The following amino acid

sequences are shown:

(i) Molecule A corresponding to the heavy chain and light chain, respectively, of the

mesothelin binding Fab (a_hMeso_SSl_Fab);

(ii) Molecule B corresponding to human IL-21;

(iii) Linker between the Molecule B and second Fc region (Molecule B to KiH_Fc

linker);

(iv) Linker between the first Fc region and Molecule C (KiH_Fc to Molecule C linker);

(v) Molecule C corresponding to human 4IBB ligand;

(vi) Linker between the second Fc region and Molecule D (KiH_Fc to Molecule D

linker);

(vii) Molecule C corresponding to human CD40L;

(viii) first member Fc region (Fc Knob), including from N to C orientation, the VH of the

mesothelin Fab, the CH2-CH3 amino acid sequence including a substitution of S for C at

position 354 and W for T at position 366, followed by a Gly-Ser linker and the human 4IBB

ligand; and

(ix) second member Fc region (Fc Hole), including from N to C orientation, the human

IL-21, a Gly-Ser linker, the CH2-CH3 amino acid sequence including a substitution of C for Y at

position 349, S for T at position 366, A for L at position 368, V for Y at position 407, followed

by a Gly-Ser linker and the human CD40L.

FIGs. 15A-15J are schematic representations of exemplary bispecific antibody

molecules. FIG. 15A is a schematic representation of a bispecific antibody utilizing "knob-in-



hole" heterodimerization. FIG. 15B is a schematic representation of a bispecific antibody

utilizing a common light chain. FIG. 15C is a schematic representation of an IgG-Fab bispecific

antibody. FIG. 15D is a schematic representation of an IgG-dsscFv2 bispecific antibody. FIG.

15E is a schematic representation of a DVD bispecific antibody. FIG. 15F is a schematic

representation of a diabody. FIG. 15G is a schematic representation of a DART bispecific

antibody. FIG. 15H is a schematic representation of a TandAb bispecific antibody. FIG. 151 is a

schematic representation of a Fab-scFv2 bispecific antibody. FIG. 15J is a schematic

representation of a Fab-scFv bispecific antibody. The corresponding mRNA that encode each of

the building blocks for molecules depicted in Fig. 15A-15J are depicted below the antibody

molecule.

FIG. 16 depicts an exemplary schematic of a bispecific molecule that includes a Fab

corresponding to binding site # 1 fused to a binding site #2. In embodiments, binding site # 1 is a

tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal antigen; and

binding site #2 is a stromal modifying moiety. In embodiments, the bispecific molecule

comprises two non-contiguous polypeptides, wherein the first polypeptide has the following

configuration from N-to-C: VH-CH1 of the Fab that binds to, e.g., a cancer antigen, fused

optionally, via a linker to, the binding site #2; and the second polypeptide has the following

configuration from N-to-C: VL-CL of the Fab that binds to, e.g., a cancer antigen, e.g., a tumor

or stromal antigen.

FIG. 17 depicts an exemplary schematic of a bispecific molecule that includes a Fab

corresponding to binding site # 1 connected, optionally via a liker, to a first member of an

immunoglobulin constant region, e.g., a first Fc molecule; and a binding site #2 connected,

optionally via a liker, to a second member of the Fc molecule. In embodiments, binding site # 1

is a tumor targeting moiety, e.g., binds to a tumor or stromal antigen; and binding site #2 is a

stromal modifying moiety. In embodiments, the bispecific molecule comprises three non

contiguous polypeptides, wherein the first polypeptide has the following configuration from N-

to-C: VH-CH1 of the Fab that binds to, e.g., a tumor or stromal antigen, optionally connected

via a linker to, the first member of the Fc molecule (e.g., a first CH2-CH3 region, optionally,

comprising a protuberance or knob); the second polypeptide has the following configuration

from N-to-C: VL-CL of the Fab that binds to, e.g., a tumor or stromal antigen; and the third



polypeptide has the following configuration from N-to-C: binding site #2 (a stromal modifying

moiety), connected, optionally, via a linker to, the second member of the Fc molecule (e.g., a

second CH2-CH3 region, optionally, comprising a hole or cavity). In embodiments, the first and

second members of the Fc molecule promote heterodimerization of the bispecific molecule.

FIG. 18 depict exemplary schematics of a trispecific molecule that includes a Fab

corresponding to binding site # 1 fused to a binding site #2 and a binding site #3. In

embodiments, binding site # 1 is a tumor targeting moiety, e.g., binds to a tumor or stromal

antigen; binding sites #2 is chosen from a cytokine molecule, or an immune cell engager, e.g., a

ligand molecule or a scFv that binds to an immune cell antigen; and binding site 3 is a stromal

modifying moiety. In embodiments, the trispecific molecule comprises two non-contiguous

polypeptides in FIG. 18, wherein the first polypeptide has the following configuration from N-

to-C: VH-CHl of the Fab that binds to, e.g., a tumor or stromal antigen, connected, optionally,

via a linker to, the binding site #3 (a stromal modifying moiety); and the second polypeptide

having the following configuration from N-to-C: VL-CL of the Fab that binds to, e.g., a tumor

or stromal antigen, fused to a scFv (e.g., a VH-VL of the scFv from N-to-C) that binds to, e.g.,

an immune cell antigen.

FIGs. 19A-19B depict exemplary schematics of a trispecific molecule that includes a Fab

corresponding to binding site #1, a binding site #2, a binding site #3, each of which is connected,

e.g., via a linker, to a first and second member of an immunoglobulin binding domain, e.g., first

and second Fc molecule. In embodiments, the trispecific molecule comprises three non

contiguous polypeptides shown in FIGs. 19A-19B. In the embodiments shown in FIG. 19A, the

first polypeptide has the following configuration from N-to-C: VH-CHl of the Fab that binds to,

e.g., a tumor or stromal antigen, connected, e.g., via a linker, to a first member of an Fc molecule

(e.g., the N-terminus of the CH2-CH3 region of the first Fc molecule, optionally, comprising a

protuberance or cavity), which first member can, optionally further include binding site #3

connected, optionally via a linker, to the C-terminus of the first Fc molecule; the second

polypeptide includes from N-to-C orientation a binding site #2 connected, e.g., via a linker, to a

second member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the second Fc

molecule, optionally, comprising a protuberance or cavity); and the third polypeptide includes

from N-to-C: the VL-CL of the Fab that binds to, e.g., a tumor or stromal antigen. In the



embodiments shown in FIG. 19B, the first polypeptide has the following configuration from N-

to-C: VH-CHl of the Fab that binds to, e.g., a tumor or stromal antigen, connected, e.g., via a

linker, to a first member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the

first Fc molecule, optionally, comprising a protuberance or cavity); the second polypeptide

includes from N-to-C orientation a binding site #2 connected, e.g., via a linker, to a second

member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the second Fc

molecule, optionally, comprising a protuberance or cavity) which second member can, optionally

further include binding site #3 connected, optionally via a linker, to the C-terminus of the second

Fc molecule); and the third polypeptide includes from N-to-C: the VL-CL of the Fab that binds

to, e.g., a tumor or stromal antigen. In the aforesaid embodiments, binding site # 1 binds to a

tumor or stromal antigen; binding site # 2 is chosen from a cytokine molecule, or an immune cell

engager, e.g., a ligand molecule or a scFv that binds to an immune cell antigen; and binding site

# 3 is a stromal modifying moiety. In embodiments, the first and second members of the Fc

molecule promote heterodimerization of the trispecific molecule.

FIG. 20 depict an exemplary schematic of a tetraspecific molecule that includes a Fab

corresponding to binding site #1, a binding site #2, a binding site #3, and a binding site #4, each

of which is connected, e.g., via a linker, to a first and second member of an immunoglobulin

constant region, e.g., a first and a second Fc molecule. In embodiments, the tetrapecific

molecule comprises three non-contiguous polypeptides. In the embodiments, the first

polypeptide has the following configuration from N-to-C: VH-CHl of the Fab that binds to, e.g.,

a tumor or stromal antigen, connected, e.g., via a linker, to a first member of an Fc molecule

(e.g., the N-terminus of the CH2-CH3 region of the first Fc molecule, optionally, comprising a

protuberance or cavity), which first member can, optionally further include binding site #3

connected, optionally via a linker, to the C-terminus of the first Fc molecule); the second

polypeptide includes from N-to-C orientation a binding site #2 connected, e.g., via a linker, to a

second member of an Fc molecule (e.g., the N-terminus of the CH2-CH3 region of the second Fc

molecule, optionally, comprising a protuberance or cavity) which second member can, optionally

further include binding site #4 connected, optionally via a linker, to the C-terminus of the second

Fc molecule); and the third polypeptide includes from N-to-C: the VL-CL of the Fab that binds

to, e.g., a tumor or stromal antigen. In the embodiments depicted in FIG. 10, binding site # 1



binds to a tumor or stromal antigen; binding sites #2 and # 4 are independently chosen from a

cytokine molecule, a ligand molecule, or a scFv that binds to, e.g., an immune cell antigen; and

binding site # 3 is a stromal modifying moiety.

FIG. 21. Gel of multispecific molecule 1.

FIG. 22. Gel of multispecific molecule 2 .

FIG. 23. Gel of multispecific molecule 3 .

FIG. 24. Gel of multispecific molecule 4 .

FIG. 25. Gel of multispecific molecule 5 .

FIG. 26. Gel of multispecific molecule 6 .

FIG. 27. Gel of multispecific molecule 7 .

FIG. 28. Gel of multispecific molecule 8.

FIG. 29. Gel of multispecific molecule 9 .

FIG. 30. Gel of multispecific molecule 10.

FIG. 31. Gel of multispecific molecule 11.

FIG. 32. Gel of multispecific molecule 12.

FIG.33. Gel of multispecific molecule 13.

FIG. 34. Gel of multispecific molecule 14.

FIG. 35. Gel of multispecific molecule 15.

FIG. 36. Gel of multispecific molecule 16.

FIG. 37. Gel of multispecific molecule 17.

FIG. 38. Gel of multispecific molecule 18.

FIG. 39. Gel of multispecific molecule 19.

FIG. 40. Gel of multispecific molecule 20.

FIG. 41. Gel of multispecific molecule 21.

FIG. 42. Gel of multispecific molecule 22.

FIG. 43. Size exclusion chromatogram of multispecific molecule 1.

FIG. 44. Size exclusion chromatogram of multispecific molecule 5 .

FIG. 45. Size exclusion chromatogram of multispecific molecule 11.

FIG. 46. Size exclusion chromatogram of multispecific molecule 12.

FIG. 47. Size exclusion chromatogram of multispecific molecule 13.



FIG. 48. ELISA of multispecific molecule 1 (circles, solid line), multispecific molecule

2 (diamonds, dashed line), and multispecific molecule 3 (squares, dotted line) binding to human

mesothelin (generated from SEQ ID NO: 181).

FIG. 49. ELISA of multispecific molecule 5 (circles, solid line), multispecific molecule 6

(diamonds, short dash line), multispecific molecule 7 (squares, dotted line), and multispecific

molecule 8 (triangles, long dash line) binding to human mesothelin (generated from SEQ ID NO:

181) .

FIG. 50. ELISA of multispecific molecule 9 (circles, solid line), multispecific molecule

11 (diamonds, short dash line), multispecific molecule 10 (squares, dotted line), and

multispecific molecule 12 (triangles, long dash line) binding to human mesothelin (generated

from SEQ ID NO: 181).

FIG. 51.ELISA of multispecific molecule 5 (circles, solid line), multispecific molecule 6

(diamonds, long dash line), multispecific molecule 7 (squares, dotted line), and multispecific

molecule 9 (triangles, short dash line) binding to human PD1L1 (generated from SEQ ID NO:

178).

FIG. 52. ELISA of multispecific molecule 11 (circles, solid line), multispecific molecule

8 (diamonds, long dash line), multispecific molecule 10 (squares, dotted line), and multispecific

molecule 12 (triangles, short dash line) binding to human PD1L1 (generated from SEQ ID NO:

178).

FIG. 53. ELISA of multispecific molecule 1 (circles, solid line), multispecific molecule 2

(diamonds, dashed line), and multispecific molecule 4 (squares, dotted line) binding to human

IL2Ra (generated from SEQ ID NO: 182).

FIG. 54. ELISA of multispecific molecule 6 (circles, solid line), multispecific molecule 8

(diamonds, long dash line), multispecific molecule 10 (squares, dotted line), and multispecific

molecule 12 (triangles, short dash line) binding to human IL2Ra (generated from SEQ ID NO:

182) .

FIG. 55. ELISA of multispecific molecule 2 (circles, solid line) and multispecific

molecule 3 (diamonds, dashed line) with human NKp30 (generated from SEQ ID NO: 180).



FIG. 56. ELISA of multispecific molecule 7 (circles, solid line), multispecific molecule 9

(diamonds, dashed line), and multispecific molecule 11 (squares, dotted line) with human

NKp46 (generated from SEQ ID NO: 179).

FIG. 57. ELISA of multispecific molecule 8 (circles, solid line), multispecific molecule

10 (diamonds, dashed line), and multispecific molecule 11 (squares, dotted line) with human

NKp46 (generated from SEQ ID NO: 179).

FIG.58. Cell-killing curves for multispecific molecule 1 (circles, solid line), multispecific

molecule 2 (diamonds, dotted line), multispecific molecule 3 (squares, dashed line), and

multispecific molecule 4 (triangles, dashed and dotted line).

FIG. 59. Cytokine release of IFN for multispecific molecule 1 (solid black),

multispecific molecule 2 (diagonal line), multispecific molecule 3 (white), and multispecific

molecule 4 (dotted).

FIG. 60. Cell-killing curves for multispecific molecule 5 (circles), multispecific molecule

6 (diamonds, short dash line), multispecific molecule 7 (squares, dotted line), and multispecific

molecule 8 (triangles, long dash line).

FIG. 61. Cell-killing curves for multispecific molecule 5 (circles), multispecific molecule

6 (diamonds, short dash line), multispecific molecule 9 (squares, dotted line), and multispecific

molecule 10 (triangles, long dash line).

FIG. 62. Cell-killing curves for multispecific molecule 5 (circles), multispecific molecule

6 (diamonds, short dash line), multispecific molecule 11 (squares, dotted line), and multispecific

molecule 12 (triangles, long dash line).

FIG. 63. Binding of multispecific molecule 22 to human mesothelin (from SEQ ID NO:

181).

FIG. 64. Binding of multispecific molecule 22 to human PD1L1 (from SEQ ID NO:

178).

FIG. 65. ELISA of multispecific molecule 13 (circles, solid line), multispecific molecule

16 (diamonds, short dash line), multispecific molecule 17 (squares, dotted line), and

multispecific molecule 22 (triangles, long dash line) binding to human IL2Ra (generated from

SEQ ID NO: 182).



FIG. 66. ELISA of multispecific molecule 14 (circles, solid line), multispecific molecule

2 1 (diamonds, short dash line), and multispecific molecule 22 (squares, dotted line) binding to

human NKp46 (generated from SEQ ID NO: 179).

FIG. 67. Cell-killing curves for multispecific molecule 18 (circles, solid line),

multispecific molecule 13 (diamonds, short dash line), multispecific molecule 14 (squares, dotted

line), and multispecific molecule 16 (triangles, long dash line).

FIG. 68. Cytokine release of IFNy for multispecific molecule 18 (solid black),

multispecific molecule 13 (dotted), multispecific molecule 14 (white), and multispecific

molecule 16 (diagonal lines).

FIG. 69. Cell-killing curves for multispecific molecule 18 (circles, solid line),

multispecific molecule 13 (diamonds, short dash line), multispecific molecule 15 (squares, dotted

line), and multispecific molecule 17 (triangles, long dash line).

FIG. 70. Cytokine release of IFNy for multispecific molecule 18 (solid black),

multispecific molecule 13 (dotted), multispecific molecule 15 (white), and multispecific

molecule 17 (diagonal lines).

FIG. 71. Cell-killing curves for multispecific molecule 18 (circles, solid line),

multispecific molecule 15 (squares, dotted line), and multispecific molecule 20 (triangles, long

dash line).

FIG. 72. Cytokine release of IFNy for multispecific molecule 18 (solid black),

multispecific molecule 15 (white), and multispecific molecule 20 (diagonal lines).

FIG. 73. Cell-killing curves for multispecific molecule 18 (circles, solid line),

multispecific molecule 14 (squares, dotted line), and multispecific molecule 2 1 (triangles, long

dash line).

FIG. 74. Cytokine release of IFNy for multispecific molecule 18 (solid black),

multispecific molecule 14 (white), and multispecific molecule 2 1 (diagonal lines).

FIG. 75. Cell-killing curves for multispecific molecule 23 (circles, solid line) and

multispecific molecule 22 (diamonds, dashed line).

FIG. 76. Cytokine release of IFNy for multispecific molecule 23 (solid black) and

multispecific molecule 22 (diagonal lines).

FIG. 77. Gel of multispecific molecule 24.



FIG. 78. Gel of multispecific molecule 25.

FIG. 79. Gel of multispecific molecule 26.

FIG. 80. Gel of multispecific molecule 27.

FIG. 81.Gel of multispecific molecule 28.

FIG. 82. Gel of multispecific molecule 29.

FIG. 83. Gel of multispecific molecule 30.

FIG. 84. Gel of multispecific molecule 31.

FIG. 85. Gel of multispecific molecule 32.

FIG. 86. Size exclusion chromatogram of multispecific molecule 24.

FIG. 87. Size exclusion chromatogram of multispecific molecule 25.

FIG. 88. Size exclusion chromatogram of multispecific molecule 26.

FIG. 89. Size exclusion chromatogram of multispecific molecule 28.

FIG. 90. Size exclusion chromatogram of multispecific molecule 29.

FIG. 91. Size exclusion chromatogram of multispecific molecule 30.

FIG. 92. Size exclusion chromatogram of multispecific molecule 31.

FIG. 93. ELISA of multispecific molecule 27 (circles, solid line), multispecific molecule

28 (diamonds, short dash line), multispecific molecule 29 (squares, dotted line), and

multispecific molecule 32 (triangles, long dash line) with human PDLl from SEQ ID NO: 178.

FIG. 94. ELISA of multispecific molecule 24 (circles, solid line), multispecific molecule

25 (diamonds, short dash line), multispecific molecule 26 (squares, dotted line), and

multispecific molecule 27 (triangles, long dash line) with human FAP from SEQ ID NO: 225.

FIG. 95. ELISA of multispecific molecule 28 (circles, solid line), multispecific molecule

30 (diamonds, short dash line), multispecific molecule 3 1 (squares, dotted line), and

multispecific molecule 32 (triangles, long dash line) with human FAP from SEQ ID NO: 225.

FIG. 96. Binding of multispecific molecule 29 to human NKp46 generated from SEQ ID

NO: 179.

FIG. 97. ELISA of multispecific molecule 25 (circles, solid line), multispecific molecule

28 (diamonds, short dash line), multispecific molecule 29 (squares, dotted line), and

multispecific molecule 32 (triangles, long dash line) with human IL2Ra from SEQ ID NO: 182.



FIG. 98. Turbidimetric enzyme assay for hyaluronidase activity of multispecific

molecule 24 (circles), multispecific molecule 25 (diamonds), and multispecific molecule 26

(squares), where degradation of hyaluronic acid results in a decrease in absorbance.

FIG. 99. Turbidimetric enzyme assay for hyaluronidase activity of multispecific

molecule 27 (circles), multispecific molecule 28 (diamonds), and multispecific molecule 29

(squares), where degradation of hyaluronic acid results in a decrease in absorbance.

FIG. 100. Gel-based assay for hyaluronidase activity, where the white bands represent

degraded hyaluronic acid. Lane 1 is the ladder, lane 2 is multispecific molecule 24, lane 3 is

multispecific molecule 25, lane 4 is multispecific molecule 26, lane 5 is multispecific molecule

27, lane 6 is multispecific molecule 28, and lane 7 is multispecific molecule 29.

FIG. 101. Type IV collagenase activity of multispecific molecule 30 (circles),

multispecific molecule 3 1 (diamonds), and multispecific molecule 32 (squares), where

degradation of gelatinase results in an increase in the fluorescence.

DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein are multispecific molecules (also referred to herein as "multifunctional

molecules") that include a plurality (e.g., two or more) binding specificities (or functionalities),

wherein a first binding specificity selectively localizes to a cancer cell, e.g., it includes a tumor-

targeting moiety; and the second (or third, or fourth) binding specificity includes one or both of:

an immune cell engager (e.g., chosen from one, two, three, or all of a a T cell engager, NK cell

engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager); and/or a

cytokine molecule. In an embodiment, the multispecific molecule is a bispecific (or

bifunctional) molecule, a trispecific (or trifunctional) molecule, or a tetraspecific (or

tetrafunctional) molecule. Without being bound by theory, the multispecific molecules disclosed

herein are expected to localize (e.g., bridge) and/or activate an immune cell (e.g., an immune

effector cell chosen from an NK cell, a B cell, a dendritic cell or a macrophage), in the presence

of the cancer cell. Increasing the proximity and/or activity of the immune cell, in the presence of

the cancer cell, using the multispecific molecules described herein is expected to enhance an

immune response against the target cancer cell, thereby providing a more effective cancer

therapy. Accordingly, provided herein are, inter alia, multispecific molecules (e.g., multispecific



antibody molecules) that include the aforesaid moieties, nucleic acids encoding the same,

methods of producing the aforesaid molecules, and methods of treating a cancer using the

aforesaid molecules.

Novel multifunctional, e.g., multispecific, molecules that include (i) a stromal modifying

moiety and (ii) a tumor-targeting moiety (e.g., an antibody molecule, a ligand molecule, or a

receptor molecule) are disclosed. Without being bound by theory, the multifunctional molecules

disclosed herein are believed to inter alia target (e.g., localize to) a cancer site, and alter the

tumor stroma, e.g., alter the tumor microenvironment near the cancer site. The multifunctional

molecules can further include one or both of: an immune cell engager (e.g., chosen from one,

two, three, or all of a a T cell engager, NK cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager); and/or a cytokine molecule. Accordingly, provided

herein are, inter alia, multifunctional, e.g., multispecific molecules, that include the aforesaid

moieties, nucleic acids encoding the same, methods of producing the aforesaid molecules, and

methods of treating a cancer using the aforesaid molecules.

Also disclosed herein are Novel multifunctional, e.g., multispecific, molecules that

include (i) a stromal modifying moiety and (ii) a tumor-targeting moiety (e.g., an antibody

molecule, a ligand molecule, or a receptor molecule) are disclosed. Without being bound by

theory, the multifunctional molecules disclosed herein are believed to inter alia target (e.g.,

localize to) a cancer site, and alter the tumor stroma, e.g., alter the tumor microenvironment near

the cancer site. The multifunctional molecules can further include one or both of: an immune

cell engager (e.g., chosen from one, two, three, or all of a T cell engager, an NK cell engager, a B

cell engager, a dendritic cell engager, or a macrophage cell engager); and/or a cytokine molecule.

Accordingly, provided herein are, inter alia, multifunctional, e.g., multispecific molecules, that

include the aforesaid moieties, nucleic acids encoding the same, methods of producing the

aforesaid molecules, and methods of treating a cancer using the aforesaid molecules.

Definitions

In some embodiments, the multispecific molecule includes a tumor-targeting moiety. A

"tumor- targeting moiety," as used herein, refers to a binding agent that recognizes or associates

with, e.g., binds to, a target in a cancer cell. The tumor- targeting moiety can be an antibody



molecule, a receptor molecule (e.g., a full length receptor, receptor fragment, or fusion thereof

(e.g., a receptor-Fc fusion)), or a ligand molecule (e.g., a full length ligand, ligand fragment, or

fusion thereof (e.g., a ligand-Fc fusion)) that binds to the cancer antigen (e.g., the tumor and/or

the stromal antigen). In embodiments, the tumor- targeting moiety specifically binds to the

target tumor, e.g., binds preferentially to the target tumor. For example, when the tumor-

targeting moiety is an antibody molecule, it binds to the cancer antigen (e.g., the tumor antigen

and/or the stromal antigen) with a dissociation constant of less than about 10 nM, and more

typically, 10 - 100 pM.

In some embodiments, the multispecific molecule includes an immune cell engager. "An

immune cell engager" refers to one or more binding specificities that bind and/or activate an

immune cell, e.g., a cell involved in an immune response. In embodiments, the immune cell is

chosen from a T cell, an NK cell, a B cell, a dendritic cell, and/or the macrophage cell. The

immune cell engager can be an antibody molecule, a receptor molecule (e.g., a full length

receptor, receptor fragment, or fusion thereof (e.g., a receptor-Fc fusion)), or a ligand molecule

(e.g., a full length ligand, ligand fragment, or fusion thereof (e.g., a ligand-Fc fusion)) that binds

to the immune cell antigen (e.g., the NK cell antigen, the B cell antigen, the dendritic cell

antigen, and/or the macrophage cell antigen). In embodiments, the immune cell engager

specifically binds to the target immune cell, e.g., binds preferentially to the target immune cell.

For example, when the immune cell engager is an antibody molecule, it binds to the immune cell

antigen (e.g., the NK cell antigen, the B cell antigen, the dendritic cell antigen, and/or the

macrophage cell antigen) with a dissociation constant of less than about 10 nM, and more

typically, 10 - 100 pM.

In some embodiments, the multispecific molecule includes a cytokine molecule. As used

herein, a "cytokine molecule" refers to full length, a fragment or a variant of a cytokine; a

cytokine further comprising a receptor domain, e.g., a cytokine receptor dimerizing domain; or

an agonist of a cytokine receptor, e.g., an antibody molecule (e.g., an agonistic antibody) to a

cytokine receptor, that elicits at least one activity of a naturally-occurring cytokine. In some

embodiments the cytokine molecule is chosen from interleukin-2 (IL-2), interleukin-7 (IL-7),

interleukin-12 (IL-12), interleukin-15 (IL-15), interleukin-18 (IL-18), interleukin-21 (IL-21), or

interferon gamma, or a fragment or variant thereof, or a combination of any of the aforesaid



cytokines. The cytokine molecule can be a monomer or a dimer. In embodiments, the cytokine

molecule can further include a cytokine receptor dimerizing domain. In other embodiments, the

cytokine molecule is an agonist of a cytokine receptor, e.g., an antibody molecule (e.g., an

agonistic antibody) to a cytokine receptor chosen from an IL-15Ra or IL-21R.

As used herein, the term "molecule" as used in, e.g., antibody molecule, cytokine

molecule, receptor molecule, includes full-length, naturally-occurring molecules, as well as

variants, e.g., functional variants (e.g., truncations, fragments, mutated (e.g., substantially similar

sequences) or derivatized form thereof), so long as at least one function and/or activity of the

unmodified (e.g., naturally-occurring) molecule remains.

In some embodiments, the multifunctional molecule includes a stromal modifying

moiety. A "stromal modifying moiety," as used herein refers to an agent, e.g., a protein (e.g., an

enzyme), that is capable of altering, e.g., degrading a component of, the stroma. In

embodiments, the component of the stroma is chosen from, e.g., an ECM component, e.g., a

glycosaminoglycan, e.g., hyaluronan (also known as hyaluronic acid or HA), chondroitin sulfate,

chondroitin, dermatan sulfate, heparin sulfate, heparin, entactin, tenascin, aggrecan and keratin

sulfate; or an extracellular protein, e.g., collagen, laminin, elastin, fibrinogen, fibronectin, and

vitronectin.

The term "functional variant" refers to polypeptides that have a substantially identical

amino acid sequence to the naturally-occurring sequence, or are encoded by a substantially

identical nucleotide sequence, and are capable of having one or more activities of the naturally-

occurring sequence.

Certain terms are defined below.

As used herein, the articles "a" and "an" refer to one or more than one, e.g., to at least

one, of the grammatical object of the article. The use of the words "a" or "an" when used in

conjunction with the term "comprising" herein may mean "one," but it is also consistent with the

meaning of "one or more," "at least one," and "one or more than one."

As used herein, "about" and "approximately" generally mean an acceptable degree of

error for the quantity measured given the nature or precision of the measurements. Exemplary



degrees of error are within 20 percent ( ), typically, within 10%, and more typically, within 5%

of a given range of values.

"Antibody molecule" as used herein refers to a protein, e.g., an immunoglobulin chain or

fragment thereof, comprising at least one immunoglobulin variable domain sequence. An

antibody molecule encompasses antibodies (e.g., full-length antibodies) and antibody fragments.

In an embodiment, an antibody molecule comprises an antigen binding or functional fragment of

a full length antibody, or a full length immunoglobulin chain. For example, a full-length

antibody is an immunoglobulin (Ig) molecule (e.g., an IgG antibody) that is naturally occurring

or formed by normal immunoglobulin gene fragment recombinatorial processes). In

embodiments, an antibody molecule refers to an immunologically active, antigen-binding portion

of an immunoglobulin molecule, such as an antibody fragment. An antibody fragment, e.g.,

functional fragment, is a portion of an antibody, e.g., Fab, Fab', F(ab')2, F(ab)2, variable fragment

(Fv), domain antibody (dAb), or single chain variable fragment (scFv). A functional antibody

fragment binds to the same antigen as that recognized by the intact (e.g., full-length) antibody.

The terms "antibody fragment" or "functional fragment" also include isolated fragments

consisting of the variable regions, such as the "Fv" fragments consisting of the variable regions

of the heavy and light chains or recombinant single chain polypeptide molecules in which light

and heavy variable regions are connected by a peptide linker ("scFv proteins"). In some

embodiments, an antibody fragment does not include portions of antibodies without antigen

binding activity, such as Fc fragments or single amino acid residues. Exemplary antibody

molecules include full length antibodies and antibody fragments, e.g., dAb (domain antibody),

single chain, Fab, Fab', and F(ab') 2 fragments, and single chain variable fragments (scFvs).

As used herein, an "immunoglobulin variable domain sequence" refers to an amino acid

sequence which can form the structure of an immunoglobulin variable domain. For example, the

sequence may include all or part of the amino acid sequence of a naturally-occurring variable

domain. For example, the sequence may or may not include one, two, or more N- or C-terminal

amino acids, or may include other alterations that are compatible with formation of the protein

structure.

In embodiments, an antibody molecule is monospecific, e.g., it comprises binding

specificity for a single epitope. In some embodiments, an antibody molecule is multispecific,



e.g., it comprises a plurality of immunoglobulin variable domain sequences, where a first

immunoglobulin variable domain sequence has binding specificity for a first epitope and a

second immunoglobulin variable domain sequence has binding specificity for a second epitope.

In some embodiments, an antibody molecule is a bispecific antibody molecule. "Bispecific

antibody molecule" as used herein refers to an antibody molecule that has specificity for more

than one (e.g., two, three, four, or more) epitope and/or antigen.

"Antigen" (Ag) as used herein refers to a molecule that can provoke an immune response,

e.g., involving activation of certain immune cells and/or antibody generation. Any

macromolecule, including almost all proteins or peptides, can be an antigen. Antigens can also

be derived from genomic recombinant or DNA. For example, any DNA comprising a nucleotide

sequence or a partial nucleotide sequence that encodes a protein capable of eliciting an immune

response encodes an "antigen." In embodiments, an antigen does not need to be encoded solely

by a full length nucleotide sequence of a gene, nor does an antigen need to be encoded by a gene

at all. In embodiments, an antigen can be synthesized or can be derived from a biological

sample, e.g., a tissue sample, a tumor sample, a cell, or a fluid with other biological components.

As used, herein a "tumor antigen" or interchangeably, a "cancer antigen" includes any molecule

present on, or associated with, a cancer, e.g., a cancer cell or a tumor microenvironment that can

provoke an immune response. As used, herein an "immune cell antigen" includes any molecule

present on, or associated with, an immune cell that can provoke an immune response.

The "antigen-binding site," or "binding portion" of an antibody molecule refers to the

part of an antibody molecule, e.g., an immunoglobulin (Ig) molecule, that participates in antigen

binding. In embodiments, the antigen binding site is formed by amino acid residues of the

variable (V) regions of the heavy (H) and light (L) chains. Three highly divergent stretches

within the variable regions of the heavy and light chains, referred to as hypervariable regions, are

disposed between more conserved flanking stretches called "framework regions," (FRs). FRs are

amino acid sequences that are naturally found between, and adjacent to, hypervariable regions in

immunoglobulins. In embodiments, in an antibody molecule, the three hypervariable regions of

a light chain and the three hypervariable regions of a heavy chain are disposed relative to each

other in three dimensional space to form an antigen-binding surface, which is complementary to

the three-dimensional surface of a bound antigen. The three hypervariable regions of each of the



heavy and light chains are referred to as "complementarity-determining regions," or "CDRs."

The framework region and CDRs have been defined and described, e.g., in Kabat, E.A., et al.

(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of

Health and Human Services, NIH Publication No. 91-3242, and Chothia, C. et al. (1987) J . Mol.

Biol. 196:901-917. Each variable chain (e.g., variable heavy chain and variable light chain) is

typically made up of three CDRs and four FRs, arranged from amino-terminus to carboxy-

terminus in the amino acid order: FR1, CDR1, FR2, CDR2, FR3, CDR3, and FR4.

"Cancer" as used herein can encompass all types of oncogenic processes and/or

cancerous growths. In embodiments, cancer includes primary tumors as well as metastatic

tissues or malignantly transformed cells, tissues, or organs. In embodiments, cancer

encompasses all histopathologies and stages, e.g., stages of invasiveness/severity, of a cancer. In

embodiments, cancer includes relapsed and/or resistant cancer. The terms "cancer" and "tumor"

can be used interchangeably. For example, both terms encompass solid and liquid tumors. As

used herein, the term "cancer" or "tumor" includes premalignant, as well as malignant cancers

and tumors.

As used herein, an "immune cell" refers to any of various cells that function in the

immune system, e.g., to protect against agents of infection and foreign matter. In embodiments,

this term includes leukocytes, e.g., neutrophils, eosinophils, basophils, lymphocytes, and

monocytes. Innate leukocytes include phagocytes (e.g., macrophages, neutrophils, and dendritic

cells), mast cells, eosinophils, basophils, and natural killer cells. Innate leukocytes identify and

eliminate pathogens, either by attacking larger pathogens through contact or by engulfing and

then killing microorganisms, and are mediators in the activation of an adaptive immune

response. The cells of the adaptive immune system are special types of leukocytes, called

lymphocytes. B cells and T cells are important types of lymphocytes and are derived from

hematopoietic stem cells in the bone marrow. B cells are involved in the humoral immune

response, whereas T cells are involved in cell-mediated immune response. The term "immune

cell" includes immune effector cells.

"Immune effector cell," as that term is used herein, refers to a cell that is involved in an

immune response, e.g., in the promotion of an immune effector response. Examples of immune



effector cells include, but are not limited to, T cells, e.g., alpha/beta T cells and gamma/delta T

cells, B cells, natural killer (NK) cells, natural killer T (NK T) cells, and mast cells.

The term "effector function" or "effector response" refers to a specialized function of a

cell. Effector function of a T cell, for example, may be cytolytic activity or helper activity

including the secretion of cytokines.

The compositions and methods of the present invention encompass polypeptides and

nucleic acids having the sequences specified, or sequences substantially identical or similar

thereto, e.g., sequences at least 85%, 90%, 95% identical or higher to the sequence specified. In

the context of an amino acid sequence, the term "substantially identical" is used herein to refer to

a first amino acid that contains a sufficient or minimum number of amino acid residues that are i)

identical to, or ii) conservative substitutions of aligned amino acid residues in a second amino

acid sequence such that the first and second amino acid sequences can have a common structural

domain and/or common functional activity. For example, amino acid sequences that contain a

common structural domain having at least about 85%, 90%. 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98% or 99% identity to a reference sequence, e.g., a sequence provided herein.

In the context of nucleotide sequence, the term "substantially identical" is used herein to

refer to a first nucleic acid sequence that contains a sufficient or minimum number of nucleotides

that are identical to aligned nucleotides in a second nucleic acid sequence such that the first and

second nucleotide sequences encode a polypeptide having common functional activity, or encode

a common structural polypeptide domain or a common functional polypeptide activity. For

example, nucleotide sequences having at least about 85%, 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98% or 99% identity to a reference sequence, e.g., a sequence provided herein.

Calculations of homology or sequence identity between sequences (the terms are used

interchangeably herein) are performed as follows.

To determine the percent identity of two amino acid sequences, or of two nucleic acid

sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be

introduced in one or both of a first and a second amino acid or nucleic acid sequence for optimal

alignment and non-homologous sequences can be disregarded for comparison purposes). In a

preferred embodiment, the length of a reference sequence aligned for comparison purposes is at

least 30%, preferably at least 40%, more preferably at least 50%, 60%, and even more preferably



at least 70%, 80%, 90%, 100% of the length of the reference sequence. The amino acid residues

or nucleotides at corresponding amino acid positions or nucleotide positions are then compared.

When a position in the first sequence is occupied by the same amino acid residue or nucleotide

as the corresponding position in the second sequence, then the molecules are identical at that

position (as used herein amino acid or nucleic acid "identity" is equivalent to amino acid or

nucleic acid "homology").

The percent identity between the two sequences is a function of the number of identical

positions shared by the sequences, taking into account the number of gaps, and the length of each

gap, which need to be introduced for optimal alignment of the two sequences.

The comparison of sequences and determination of percent identity between two

sequences can be accomplished using a mathematical algorithm. In a preferred embodiment, the

percent identity between two amino acid sequences is determined using the Needleman and

Wunsch ((1970) J. Mol. Biol. 48:444-453 ) algorithm which has been incorporated into the GAP

program in the GCG software package (available at http://www.gcg.com), using either a

Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a

length weight of 1, 2, 3, 4, 5, or 6 . In yet another preferred embodiment, the percent identity

between two nucleotide sequences is determined using the GAP program in the GCG software

package (available at http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight

of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6 . A particularly preferred set of

parameters (and the one that should be used unless otherwise specified) are a Blossum 62 scoring

matrix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty of 5 .

The percent identity between two amino acid or nucleotide sequences can be determined

using the algorithm of E. Meyers and W . Miller ((1989) CABIOS, 4:11-17) which has been

incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table, a gap

length penalty of 12 and a gap penalty of 4 .

The nucleic acid and protein sequences described herein can be used as a "query

sequence" to perform a search against public databases to, for example, identify other family

members or related sequences. Such searches can be performed using the NBLAST and

XBLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST

nucleotide searches can be performed with the NBLAST program, score = 100, wordlength = 12



to obtain nucleotide sequences homologous to a nucleic acid (e.g., SEQ ID NO: 1) molecules of

the invention. BLAST protein searches can be performed with the XBLAST program, score =

50, wordlength = 3 to obtain amino acid sequences homologous to protein molecules of the

invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can be

utilized as described in Altschul et a , (1997) Nucleic Acids Res. 25:3389-3402. When utilizing

BLAST and Gapped BLAST programs, the default parameters of the respective programs {e.g.,

XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.

It is understood that the molecules of the present invention may have additional

conservative or non-essential amino acid substitutions, which do not have a substantial effect on

their functions.

The term "amino acid" is intended to embrace all molecules, whether natural or synthetic,

which include both an amino functionality and an acid functionality and capable of being

included in a polymer of naturally-occurring amino acids. Exemplary amino acids include

naturally-occurring amino acids; analogs, derivatives and congeners thereof; amino acid analogs

having variant side chains; and all stereoisomers of any of any of the foregoing. As used herein

the term "amino acid" includes both the D- or L- optical isomers and peptidomimetics.

A "conservative amino acid substitution" is one in which the amino acid residue is

replaced with an amino acid residue having a similar side chain. Families of amino acid residues

having similar side chains have been defined in the art. These families include amino acids with

basic side chains {e.g., lysine, arginine, histidine), acidic side chains {e.g., aspartic acid, glutamic

acid), uncharged polar side chains {e.g., glycine, asparagine, glutamine, serine, threonine,

tyrosine, cysteine), nonpolar side chains {e.g., alanine, valine, leucine, isoleucine, proline,

phenylalanine, methionine, tryptophan), beta-branched side chains {e.g., threonine, valine,

isoleucine) and aromatic side chains {e.g., tyrosine, phenylalanine, tryptophan, histidine).

The terms "polypeptide", "peptide" and "protein" (if single chain) are used

interchangeably herein to refer to polymers of amino acids of any length. The polymer may be

linear or branched, it may comprise modified amino acids, and it may be interrupted by non-

amino acids. The terms also encompass an amino acid polymer that has been modified; for

example, disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or any

other manipulation, such as conjugation with a labeling component. The polypeptide can be



isolated from natural sources, can be a produced by recombinant techniques from a eukaryotic or

prokaryotic host, or can be a product of synthetic procedures.

The terms "nucleic acid," "nucleic acid sequence," "nucleotide sequence," or

"polynucleotide sequence," and "polynucleotide" are used interchangeably. They refer to a

polymeric form of nucleotides of any length, either deoxyribonucleotides or ribonucleotides, or

analogs thereof. The polynucleotide may be either single-stranded or double-stranded, and if

single-stranded may be the coding strand or non-coding (antisense) strand. A polynucleotide

may comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs. The

sequence of nucleotides may be interrupted by non-nucleotide components. A polynucleotide

may be further modified after polymerization, such as by conjugation with a labeling component.

The nucleic acid may be a recombinant polynucleotide, or a polynucleotide of genomic, cDNA,

semisynthetic, or synthetic origin which either does not occur in nature or is linked to another

polynucleotide in a non-natural arrangement.

The term "isolated," as used herein, refers to material that is removed from its original or

native environment (e.g., the natural environment if it is naturally occurring). For example, a

naturally-occurring polynucleotide or polypeptide present in a living animal is not isolated, but

the same polynucleotide or polypeptide, separated by human intervention from some or all of the

co-existing materials in the natural system, is isolated. Such polynucleotides could be part of a

vector and/or such polynucleotides or polypeptides could be part of a composition, and still be

isolated in that such vector or composition is not part of the environment in which it is found in

nature.

Various aspects of the invention are described in further detail below. Additional

definitions are set out throughout the specification.

Antibody Molecules

In one embodiment, the antibody molecule binds to a cancer antigen, e.g., a tumor

antigen or a stromal antigen. In some embodiments, the cancer antigen is, e.g., a mammalian,

e.g., a human, cancer antigen. In other embodiments, the antibody molecule binds to an immune

cell antigen, e.g., a mammalian, e.g., a human, immune cell antigen. For example, the antibody



molecule binds specifically to an epitope, e.g., linear or conformational epitope, on the cancer

antigen or the immune cell antigen.

In an embodiment, an antibody molecule is a monospecific antibody molecule and binds

a single epitope. E.g., a monospecific antibody molecule having a plurality of immunoglobulin

variable domain sequences, each of which binds the same epitope.

In an embodiment an antibody molecule is a multispecific antibody molecule, e.g., it

comprises a plurality of immunoglobulin variable domains sequences, wherein a first

immunoglobulin variable domain sequence of the plurality has binding specificity for a first

epitope and a second immunoglobulin variable domain sequence of the plurality has binding

specificity for a second epitope. In an embodiment the first and second epitopes are on the same

antigen, e.g., the same protein (or subunit of a multimeric protein). In an embodiment the first

and second epitopes overlap. In an embodiment the first and second epitopes do not overlap. In

an embodiment the first and second epitopes are on different antigens, e.g., the different proteins

(or different subunits of a multimeric protein). In an embodiment a multispecific antibody

molecule comprises a third, fourth or fifth immunoglobulin variable domain. In an embodiment,

a multispecific antibody molecule is a bispecific antibody molecule, a trispecific antibody

molecule, or a tetraspecific antibody molecule.

In an embodiment a multispecific antibody molecule is a bispecific antibody molecule. A

bispecific antibody has specificity for no more than two antigens. A bispecific antibody

molecule is characterized by a first immunoglobulin variable domain sequence which has

binding specificity for a first epitope and a second immunoglobulin variable domain sequence

that has binding specificity for a second epitope. In an embodiment the first and second epitopes

are on the same antigen, e.g., the same protein (or subunit of a multimeric protein). In an

embodiment the first and second epitopes overlap. In an embodiment the first and second

epitopes do not overlap. In an embodiment the first and second epitopes are on different

antigens, e.g., the different proteins (or different subunits of a multimeric protein). In an

embodiment a bispecific antibody molecule comprises a heavy chain variable domain sequence

and a light chain variable domain sequence which have binding specificity for a first epitope and

a heavy chain variable domain sequence and a light chain variable domain sequence which have

binding specificity for a second epitope. In an embodiment a bispecific antibody molecule



comprises a half antibody having binding specificity for a first epitope and a half antibody

having binding specificity for a second epitope. In an embodiment a bispecific antibody

molecule comprises a half antibody, or fragment thereof, having binding specificity for a first

epitope and a half antibody, or fragment thereof, having binding specificity for a second epitope.

In an embodiment a bispecific antibody molecule comprises a scFv or a Fab, or fragment thereof,

have binding specificity for a first epitope and a scFv or a Fab, or fragment thereof, have binding

specificity for a second epitope.

In an embodiment, an antibody molecule comprises a diabody, and a single-chain

molecule, as well as an antigen-binding fragment of an antibody (e.g., Fab, F(ab') 2, and Fv). For

example, an antibody molecule can include a heavy (H) chain variable domain sequence

(abbreviated herein as VH), and a light (L) chain variable domain sequence (abbreviated herein

as VL). In an embodiment an antibody molecule comprises or consists of a heavy chain and a

light chain (referred to herein as a half antibody. In another example, an antibody molecule

includes two heavy (H) chain variable domain sequences and two light (L) chain variable domain

sequence, thereby forming two antigen binding sites, such as Fab, Fab', F(ab') 2, Fc, Fd, Fd', Fv,

single chain antibodies (scFv for example), single variable domain antibodies, diabodies (Dab)

(bivalent and bispecific), and chimeric (e.g., humanized) antibodies, which may be produced by

the modification of whole antibodies or those synthesized de novo using recombinant DNA

technologies. These functional antibody fragments retain the ability to selectively bind with their

respective antigen or receptor. Antibodies and antibody fragments can be from any class of

antibodies including, but not limited to, IgG, IgA, IgM, IgD, and IgE, and from any subclass

(e.g., IgGl, IgG2, IgG3, and IgG4) of antibodies. The a preparation of antibody molecules can

be monoclonal or polyclonal. An antibody molecule can also be a human, humanized, CDR-

grafted, or in vitro generated antibody. The antibody can have a heavy chain constant region

chosen from, e.g., IgGl, IgG2, IgG3, or IgG4. The antibody can also have a light chain chosen

from, e.g., kappa or lambda. The term "immunoglobulin" (Ig) is used interchangeably with the

term "antibody" herein.

Examples of antigen-binding fragments of an antibody molecule include: (i) a Fab

fragment, a monovalent fragment consisting of the VL, VH, CL and CHI domains; (ii) a F(ab')2

fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the



hinge region; (iii) a Fd fragment consisting of the VH and CHI domains; (iv) a Fv fragment

consisting of the VL and VH domains of a single arm of an antibody, (v) a diabody (dAb)

fragment, which consists of a VH domain; (vi) a camelid or camelized variable domain; (vii) a

single chain Fv (scFv), see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al. (1988)

Proc. Natl. Acad. Sci. USA 85:5879-5883); (viii) a single domain antibody. These antibody

fragments are obtained using conventional techniques known to those with skill in the art, and

the fragments are screened for utility in the same manner as are intact antibodies.

Antibody molecules include intact molecules as well as functional fragments thereof.

Constant regions of the antibody molecules can be altered, e.g., mutated, to modify the properties

of the antibody {e.g., to increase or decrease one or more of: Fc receptor binding, antibody

glycosylation, the number of cysteine residues, effector cell function, or complement function).

Antibody molecules can also be single domain antibodies. Single domain antibodies can

include antibodies whose complementary determining regions are part of a single domain

polypeptide. Examples include, but are not limited to, heavy chain antibodies, antibodies

naturally devoid of light chains, single domain antibodies derived from conventional 4-chain

antibodies, engineered antibodies and single domain scaffolds other than those derived from

antibodies. Single domain antibodies may be any of the art, or any future single domain

antibodies. Single domain antibodies may be derived from any species including, but not limited

to mouse, human, camel, llama, fish, shark, goat, rabbit, and bovine. According to another

aspect of the invention, a single domain antibody is a naturally occurring single domain antibody

known as heavy chain antibody devoid of light chains. Such single domain antibodies are

disclosed in WO 9404678, for example. For clarity reasons, this variable domain derived from a

heavy chain antibody naturally devoid of light chain is known herein as a VHH or nanobody to

distinguish it from the conventional VH of four chain immunoglobulins. Such a VHH molecule

can be derived from antibodies raised in Camelidae species, for example in camel, llama,

dromedary, alpaca and guanaco. Other species besides Camelidae may produce heavy chain

antibodies naturally devoid of light chain; such VHHs are within the scope of the invention.

The VH and VL regions can be subdivided into regions of hypervariability, termed

"complementarity determining regions" (CDR), interspersed with regions that are more

conserved, termed "framework regions" (FR or FW).



The extent of the framework region and CDRs has been precisely defined by a number of

methods (see, Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth

Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242;

Chothia, C. et al. (1987) J. Mol. Biol. 196:901-917; and the AbM definition used by Oxford

Molecular's AbM antibody modeling software. See, generally, e.g., Protein Sequence and

Structure Analysis of Antibody Variable Domains. In: Antibody Engineering Lab Manual (Ed.:

Duebel, S. and Kontermann, R., Springer-Verlag, Heidelberg).

The terms "complementarity determining region," and "CDR," as used herein refer to the

sequences of amino acids within antibody variable regions which confer antigen specificity and

binding affinity. In general, there are three CDRs in each heavy chain variable region (HCDRl,

HCDR2, HCDR3) and three CDRs in each light chain variable region (LCDRl, LCDR2,

LCDR3).

The precise amino acid sequence boundaries of a given CDR can be determined using

any of a number of known schemes, including those described by Kabat et al. (1991),

"Sequences of Proteins of Immunological Interest," 5th Ed. Public Health Service, National

Institutes of Health, Bethesda, MD ("Kabat" numbering scheme), Al-Lazikani et al., (1997) JMB

273,927-948 ("Chothia" numbering scheme). As used herein, the CDRs defined according the

"Chothia" number scheme are also sometimes referred to as "hypervariable loops."

For example, under Kabat, the CDR amino acid residues in the heavy chain variable

domain (VH) are numbered 31-35 (HCDRl), 50-65 (HCDR2), and 95-102 (HCDR3); and the

CDR amino acid residues in the light chain variable domain (VL) are numbered 24-34 (LCDRl),

50-56 (LCDR2), and 89-97 (LCDR3). Under Chothia, the CDR amino acids in the VH are

numbered 26-32 (HCDRl), 52-56 (HCDR2), and 95-102 (HCDR3); and the amino acid residues

in VL are numbered 26-32 (LCDRl), 50-52 (LCDR2), and 91-96 (LCDR3).

Each VH and VL typically includes three CDRs and four FRs, arranged from amino-

terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,

FR4.

The antibody molecule can be a polyclonal or a monoclonal antibody.

The terms "monoclonal antibody" or "monoclonal antibody composition" as used herein

refer to a preparation of antibody molecules of single molecular composition. A monoclonal



antibody composition displays a single binding specificity and affinity for a particular epitope.

A monoclonal antibody can be made by hybridoma technology or by methods that do not use

hybridoma technology (e.g., recombinant methods).

The antibody can be recombinantly produced, e.g., produced by phage display or by

combinatorial methods.

Phage display and combinatorial methods for generating antibodies are known in the art

(as described in, e.g., Ladner et al. U.S. Patent No. 5,223,409; Kang et al. International

Publication No. WO 92/18619; Dower et al. International Publication No. WO 91/17271; Winter

et al. International Publication WO 92/20791; Markland et al. International Publication No. WO

92/15679; Breitling et al. International Publication WO 93/01288; McCafferty et al.

International Publication No. WO 92/01047; Garrard et al. International Publication No. WO

92/09690; Ladner et al. International Publication No. WO 90/02809; Fuchs et al. (1991)

Bio/Technology 9:1370-1372; Hay et al. (1992) Hum Antibod Hybridomas 3:81-85; Huse et al.

(1989) Science 246:1275-1281; Griffths et al. (1993) EMBO J 12:725-734; Hawkins et al.

(1992) JMol Biol 226:889-896; Clackson et al. (1991) Nature 352:624-628; Gram et al. (1992)

PNAS 89:3576-3580; Garrad et al. (1991) Bio/Technology 9:1373-1377; Hoogenboom et al.

(1991) Nuc Acid Res 19:4133-4137; and Barbas et al. (1991) PNAS 88:7978-7982, the contents

of all of which are incorporated by reference herein).

In one embodiment, the antibody is a fully human antibody (e.g., an antibody made in a

mouse which has been genetically engineered to produce an antibody from a human

immunoglobulin sequence), or a non-human antibody, e.g., a rodent (mouse or rat), goat, primate

(e.g., monkey), camel antibody. Preferably, the non-human antibody is a rodent (mouse or rat

antibody). Methods of producing rodent antibodies are known in the art.

Human monoclonal antibodies can be generated using transgenic mice carrying the

human immunoglobulin genes rather than the mouse system. Splenocytes from these transgenic

mice immunized with the antigen of interest are used to produce hybridomas that secrete human

mAbs with specific affinities for epitopes from a human protein (see, e.g., Wood et al.

International Application WO 91/00906, Kucherlapati et al. PCT publication WO 91/10741;

Lonberg et al. International Application WO 92/03918; Kay et al. International Application

92/03917; Lonberg, N. et al. 1994 Nature 368:856-859; Green, L.L. et al. 1994 Nature Genet.

14



7:13-21; Morrison, S.L. et al. 1994 Proc. Natl. Acad. Sci. USA 81:6851-6855; Bruggeman et al.

1993 Year Immunol 7:33-40; Tuaillon et al. 1993 PNAS 90:3720-3724; Bruggeman et al. 1991

Eur J Immunol 21:1323-1326).

An antibody molecule can be one in which the variable region, or a portion thereof, e.g.,

the CDRs, are generated in a non-human organism, e.g., a rat or mouse. Chimeric, CDR-grafted,

and humanized antibodies are within the invention. Antibody molecules generated in a non-

human organism, e.g., a rat or mouse, and then modified, e.g., in the variable framework or

constant region, to decrease antigenicity in a human are within the invention.

An "effectively human" protein is a protein that does substantially not evoke a

neutralizing antibody response, e.g., the human anti-murine antibody (HAMA) response.

HAMA can be problematic in a number of circumstances, e.g., if the antibody molecule is

administered repeatedly, e.g., in treatment of a chronic or recurrent disease condition. A HAMA

response can make repeated antibody administration potentially ineffective because of an

increased antibody clearance from the serum {see, e.g., Saleh et α1. Cancer Immunol.

Immunother., 32:180-190 (1990)) and also because of potential allergic reactions (see, e.g.,

LoBuglio et al., Hybridoma, 5:5117-5123 (1986)).

Chimeric antibodies can be produced by recombinant DNA techniques known in the art

(see Robinson et al., International Patent Publication PCT/US86/02269; Akira, et al., European

Patent Application 184,187; Taniguchi, M., European Patent Application 171,496; Morrison et

al., European Patent Application 173,494; Neuberger et al., International Application WO

86/01533; Cabilly et al. U.S. Patent No. 4,816,567; Cabilly et al., European Patent Application

125,023; Better et al. (1988 Science 240:1041-1043); Liu et al. (1987) PNAS 84:3439-3443; Liu

et al., 1987, J. Immunol. 139:3521-3526; Sun et al. (1987) PNAS 84:214-218; Nishimura et al.,

1987, Cane. Res. 47:999-1005; Wood et al. (1985) Nature 314:446-449; and Shaw et al., 1988,

J. Natl Cancer Inst. 80:1553-1559).

A humanized or CDR-grafted antibody will have at least one or two but generally all

three recipient CDRs (of heavy and or light immuoglobulin chains) replaced with a donor CDR.

The antibody may be replaced with at least a portion of a non-human CDR or only some of the

CDRs may be replaced with non-human CDRs. It is only necessary to replace the number of

CDRs required for binding to the antigen. Preferably, the donor will be a rodent antibody, e.g., a



rat or mouse antibody, and the recipient will be a human framework or a human consensus

framework. Typically, the immunoglobulin providing the CDRs is called the "donor" and the

immunoglobulin providing the framework is called the "acceptor." In one embodiment, the

donor immunoglobulin is a non-human (e.g., rodent). The acceptor framework is a naturally-

occurring (e.g., a human) framework or a consensus framework, or a sequence about 85% or

higher, preferably 90%, 95%, 99% or higher identical thereto.

As used herein, the term "consensus sequence" refers to the sequence formed from the most

frequently occurring amino acids (or nucleotides) in a family of related sequences (See e.g.,

Winnaker, From Genes to Clones (Verlagsgesellschaft, Weinheim, Germany 1987). In a family of

proteins, each position in the consensus sequence is occupied by the amino acid occurring most

frequently at that position in the family. If two amino acids occur equally frequently, either can be

included in the consensus sequence. A "consensus framework" refers to the framework region in

the consensus immunoglobulin sequence.

An antibody molecule can be humanized by methods known in the art (see e.g.,

Morrison, S. L., 1985, Science 229:1202-1207, by Oi et al., 1986, BioTechniques 4:214, and by

Queen et al. US 5,585,089, US 5,693,761 and US 5,693,762, the contents of all of which are

hereby incorporated by reference).

Humanized or CDR-grafted antibody molecules can be produced by CDR-grafting or

CDR substitution, wherein one, two, or all CDRs of an immunoglobulin chain can be replaced.

See e.g., U.S. Patent 5,225,539; Jones et al. 1986 Nature 321:552-525; Verhoeyan et al. 1988

Science 239:1534; Beidler et al. 1988 J. Immunol. 141:4053-4060; Winter US 5,225,539, the

contents of all of which are hereby expressly incorporated by reference. Winter describes a

CDR-grafting method which may be used to prepare the humanized antibodies of the present

invention (UK Patent Application GB 2188638A, filed on March 26, 1987; Winter US

5,225,539), the contents of which is expressly incorporated by reference.

Also within the scope of the invention are humanized antibody molecules in which

specific amino acids have been substituted, deleted or added. Criteria for selecting amino acids

from the donor are described in US 5,585,089, e.g., columns 12-16 of US 5,585,089, e.g.,

columns 12-16 of US 5,585,089, the contents of which are hereby incorporated by reference.



Other techniques for humanizing antibodies are described in Padlan et al. EP 519596 Al,

published on December 23, 1992.

The antibody molecule can be a single chain antibody. A single-chain antibody (scFV)

may be engineered (see, for example, Colcher, D. et al. (1999) Ann N Y Acad Sci 880:263-80;

and Reiter, Y. (1996) Clin Cancer Res 2:245-52). The single chain antibody can be dimerized or

multimerized to generate multivalent antibodies having specificities for different epitopes of the

same target protein.

In yet other embodiments, the antibody molecule has a heavy chain constant region

chosen from, e.g., the heavy chain constant regions of IgGl, IgG2, IgG3, IgG4, IgM, IgAl,

IgA2, IgD, and IgE; particularly, chosen from, e.g., the {e.g., human) heavy chain constant

regions of IgGl, IgG2, IgG3, and IgG4. In another embodiment, the antibody molecule has a

light chain constant region chosen from, e.g., the {e.g., human) light chain constant regions of

kappa or lambda. The constant region can be altered, e.g., mutated, to modify the properties of

the antibody {e.g., to increase or decrease one or more of: Fc receptor binding, antibody

glycosylation, the number of cysteine residues, effector cell function, and/or complement

function). In one embodiment the antibody has: effector function; and can fix complement. In

other embodiments the antibody does not; recruit effector cells; or fix complement. In another

embodiment, the antibody has reduced or no ability to bind an Fc receptor. For example, it is a

isotype or subtype, fragment or other mutant, which does not support binding to an Fc receptor,

e.g. , it has a mutagenized or deleted Fc receptor binding region.

Methods for altering an antibody constant region are known in the art. Antibodies with

altered function, e.g. altered affinity for an effector ligand, such as FcR on a cell, or the C I

component of complement can be produced by replacing at least one amino acid residue in the

constant portion of the antibody with a different residue {see e.g., EP 388,151 Al, U.S. Pat. No.

5,624,821 and U.S. Pat. No. 5,648,260, the contents of all of which are hereby incorporated by

reference). Similar type of alterations could be described which if applied to the murine, or other

species immunoglobulin would reduce or eliminate these functions.

An antibody molecule can be derivatized or linked to another functional molecule {e.g.,

another peptide or protein). As used herein, a "derivatized" antibody molecule is one that has

been modified. Methods of derivatization include but are not limited to the addition of a



fluorescent moiety, a radionucleotide, a toxin, an enzyme or an affinity ligand such as biotin.

Accordingly, the antibody molecules of the invention are intended to include derivatized and

otherwise modified forms of the antibodies described herein, including immunoadhesion

molecules. For example, an antibody molecule can be functionally linked (by chemical coupling,

genetic fusion, noncovalent association or otherwise) to one or more other molecular entities,

such as another antibody (e.g., a bispecific antibody or a diabody), a detectable agent, a cytotoxic

agent, a pharmaceutical agent, and/or a protein or peptide that can mediate association of the

antibody or antibody portion with another molecule (such as a strep tavidin core region or a

polyhistidine tag).

One type of derivatized antibody molecule is produced b y crosslinking two or more

antibodies (of the same type or of different types, e.g., to create bispecific antibodies). Suitable

crosslinkers include those that are heterobifunctional, having two distinctly reactive groups

separated b y an appropriate spacer (e.g., m-maleimidobenzoyl-N-hydroxysuccinimide ester) or

homobifunctional (e.g., disuccinimidyl suberate). Such linkers are available from Pierce

Chemical Company, Rockford, 111.

Multispecific antibody molecules

Exemplary structures of multispecific and multifunctional molecules defined herein are

described throughout. Exemplary structures are further described in: Weidle U et al. (2013) The

Intriguing Options of Multispecific Antibody Formats for Treatment of Cancer. Cancer

Genomics & Proteomics 10: 1-18 (2013); and Spiess C et al. (2015) Alternative molecular

formats and therapeutic applications for bispecific antibodies. Molecular Immunology 67: 95-

106; the full contents of each of which is incorporated b y reference herein).

In embodiments, multispecific antibody molecules can comprise more than one antigen-

binding site, where different sites are specific for different antigens. In embodiments,

multispecific antibody molecules can bind more than one (e.g., two or more) epitopes on the

same antigen. In embodiments, multispecific antibody molecules comprise an antigen-binding

site specific for a target cell (e.g., cancer cell) and a different antigen-binding site specific for an

immune effector cell. In one embodiment, the multispecific antibody molecule is a bispecific

antibody molecule. Bispecific antibody molecules can be classified into five different structural



groups: (i) bispecific immunoglobulin G (BsIgG); (ii) IgG appended with an additional antigen-

binding moiety; (iii) bispecific antibody fragments; (iv) bispecific fusion proteins; and (v)

bispecific antibody conjugates.

BsIgG is a format that is monovalent for each antigen. Exemplary BsIgG formats include

but are not limited to crossMab, DAF (two-in-one), DAF (four-in-one), DutaMab, DT-IgG,

knobs-in-holes common LC, knobs-in-holes assembly, charge pair, Fab-arm exchange,

SEEDbody, triomab, LUZ-Y, Fcab, κλ -body, orthogonal Fab. See Spiess et al. Mol. Immunol.

67(2015):95-106. Exemplary BsIgGs include catumaxomab (Fresenius Biotech, Trion Pharma,

Neopharm), which contains an anti-CD3 arm and an anti-EpCAM arm; and ertumaxomab

(Neovii Biotech, Fresenius Biotech), which targets CD3 and HER2. In some embodiments,

BsIgG comprises heavy chains that are engineered for heterodimerization. For example, heavy

chains can be engineered for heterodimerization using a "knobs-into-holes" strategy, a SEED

platform, a common heavy chain (e.g., in κλ -bodies), and use of heterodimeric Fc regions. See

Spiess et al. Mol. Immunol. 67(2015):95-106. Strategies that have been used to avoid heavy

chain pairing of homodimers in BsIgG include knobs-in-holes, duobody, azymetric, charge pair,

HA-TF, SEEDbody, and differential protein A affinity. See Id. BsIgG can be produced by

separate expression of the component antibodies in different host cells and subsequent

purification/assembly into a BsIgG. BsIgG can also be produced by expression of the

component antibodies in a single host cell. BsIgG can be purified using affinity

chromatography, e.g., using protein A and sequential pH elution.

IgG appended with an additional antigen-binding moiety is another format of bispecific

antibody molecules. For example, monospecific IgG can be engineered to have bispecificity by

appending an additional antigen-binding unit onto the monospecific IgG, e.g., at the N- or C-

terminus of either the heavy or light chain. Exemplary additional antigen-binding units include

single domain antibodies (e.g., variable heavy chain or variable light chain), engineered protein

scaffolds, and paired antibody variable domains (e.g., single chain variable fragments or variable

fragments). See Id. Examples of appended IgG formats include dual variable domain IgG

(DVD-Ig), IgG(H)-scFv, scFv-(H)IgG, IgG(L)-scFv, scFv-(L)IgG, IgG(L,H)-Fv, IgG(H)-V,

V(H)-IgG, IgG(L)-V, V(L)-IgG, KIH IgG-scFab, 2scFv-IgG, IgG-2scFv, scFv4-Ig, zybody, and

DVI-IgG (four-in-one). See Spiess et al. Mol. Immunol. 67(2015):95- 106. An example of an



IgG-scFv is MM- 141 (Merrimack Pharmaceuticals), which binds IGF-1R and HER3. Examples

of DVD-Ig include ABT-981 (AbbVie), which binds IL-la and IL- Ι β ; and ABT-122 (AbbVie),

which binds TNF and IL-17A.

Bispecific antibody fragments (BsAb) are a format of bispecific antibody molecules that

lack some or all of the antibody constant domains. For example, some BsAb lack an Fc region.

In embodiments, bispecific antibody fragments include heavy and light chain regions that are

connected by a peptide linker that permits efficient expression of the BsAb in a single host cell.

Exemplary bispecific antibody fragments include but are not limited to nanobody, nanobody-

HAS, BiTE, Diabody, DART, TandAb, scDiabody, scDiabody-CH3, Diabody-CH3, triple body,

miniantibody, minibody, TriBi minibody, scFv-CH3 KIH, Fab-scFv, scFv-CH-CL-scFv, F(ab')2,

F(ab')2-scFv2, scFv-KIH, Fab-scFv-Fc, tetravalent HCAb, scDiabody-Fc, Diabody-Fc, tandem

scFv-Fc, and intrabody. See Id. For example, the BiTE format comprises tandem scFvs, where

the component scFvs bind to CD3 on T cells and a surface antigen on cancer cells

Bispecific fusion proteins include antibody fragments linked to other proteins, e.g., to add

additional specificity and/or functionality. An example of a bispecific fusion protein is an

immTAC, which comprises an anti-CD3 scFv linked to an affinity-matured T-cell receptor that

recognizes HLA-presented peptides. In embodiments, the dock-and-lock (DNL) method can be

used to generate bispecific antibody molecules with higher valency. Also, fusions to albumin

binding proteins or human serum albumin can be extend the serum half-life of antibody

fragments. See Id.

In embodiments, chemical conjugation, e.g., chemical conjugation of antibodies and/or

antibody fragments, can be used to create BsAb molecules. See Id. An exemplary bispecific

antibody conjugate includes the CovX-body format, in which a low molecular weight drug is

conjugated site-specifically to a single reactive lysine in each Fab arm or an antibody or

fragment thereof. In embodiments, the conjugation improves the serum half-life of the low

molecular weight drug. An exemplary CovX-body is CVX-241 (NCT01004822), which

comprises an antibody conjugated to two short peptides inhibiting either VEGF or Ang2. See Id.

The antibody molecules can be produced by recombinant expression, e.g., of at least one

or more component, in a host system. Exemplary host systems include eukaryotic cells (e.g.,

mammalian cells, e.g., CHO cells, or insect cells, e.g., SF9 or S2 cells) and prokaryotic cells



(e.g., E. coli). Bispecific antibody molecules can be produced by separate expression of the

components in different host cells and subsequent purification/assembly. Alternatively, the

antibody molecules can be produced by expression of the components in a single host cell.

Purification of bispecific antibody molecules can be performed by various methods such as

affinity chromatography, e.g., using protein A and sequential pH elution. In other embodiments,

affinity tags can be used for purification, e.g., histidine-containing tag, myc tag, or streptavidin

tag.

CDR-grafted scaffolds

In embodiments, the antibody molecule is a CDR-grafted scaffold domain. In

embodiments, the scaffold domain is based on a fibronectin domain, e.g., fibronectin type III

domain. The overall fold of the fibronectin type III (Fn3) domain is closely related to that of the

smallest functional antibody fragment, the variable domain of the antibody heavy chain. There

are three loops at the end of Fn3; the positions of BC, DE and FG loops approximately

correspond to those of CDR1, 2 and 3 of the VH domain of an antibody. Fn3 does not have

disulfide bonds; and therefore Fn3 is stable under reducing conditions, unlike antibodies and

their fragments (see, e.g., WO 98/56915; WO 01/64942; WO 00/34784). An Fn3 domain can be

modified (e.g., using CDRs or hypervariable loops described herein) or varied, e.g., to select

domains that bind to an antigen/marker/cell described herein.

In embodiments, a scaffold domain, e.g., a folded domain, is based on an antibody, e.g., a

"minibody" scaffold created by deleting three beta strands from a heavy chain variable domain

of a monoclonal antibody (see, e.g., Tramontano et al., 1994, J Mol. Recognit. 7:9; and Martin et

al., 1994, EMBO J . 13:5303-5309). The "minibody" can be used to present two hypervariable

loops. In embodiments, the scaffold domain is a V-like domain (see, e.g., Coia et al. WO

99/451 10) or a domain derived from tendamistatin, which is a 74 residue, six-strand beta sheet

sandwich held together by two disulfide bonds (see, e.g., McConnell and Hoess, 1995, J Mol.

Biol. 250:460). For example, the loops of tendamistatin can be modified (e.g., using CDRs or

hypervariable loops) or varied, e.g., to select domains that bind to a marker/antigen/cell

described herein. Another exemplary scaffold domain is a beta-sandwich structure derived from

the extracellular domain of CTLA-4 (see, e.g., WO 00/60070).



Other exemplary scaffold domains include but are not limited to T-cell receptors; MHC

proteins; extracellular domains (e.g., fibronectin Type III repeats, EGF repeats); protease

inhibitors (e.g., Kunitz domains, ecotin, BPTI, and so forth); TPR repeats; trifoil structures; zinc

finger domains; DNA-binding proteins; particularly monomeric DNA binding proteins; RNA

binding proteins; enzymes, e.g., proteases (particularly inactivated proteases), RNase;

chaperones, e.g., thioredoxin, and heat shock proteins; and intracellular signaling domains (such

as SH2 and SH3 domains). See, e.g., US 20040009530 and US 7,501,121, incorporated herein by

reference.

In embodiments, a scaffold domain is evaluated and chosen, e.g., by one or more of the

following criteria: (1) amino acid sequence, (2) sequences of several homologous domains, (3) 3-

dimensional structure, and/or (4) stability data over a range of pH, temperature, salinity, organic

solvent, oxidant concentration. In embodiments, the scaffold domain is a small, stable protein

domain, e.g., a protein of less than 100, 70, 50, 40 or 30 amino acids. The domain may include

one or more disulfide bonds or may chelate a metal, e.g., zinc.

Antibody-Based Fusions

A variety of formats can be generated which contain additional binding entities attached

to the N or C terminus of antibodies. These fusions with single chain or disulfide stabilized Fvs

or Fabs result in the generation of tetravalent molecules with bivalent binding specificity for each

antigen. Combinations of scFvs and scFabs with IgGs enable the production of molecules which

can recognize three or more different antigens.

Antibody-Fab Fusion

Antibody-Fab fusions are bispecific antibodies comprising a traditional antibody to a first

target and a Fab to a second target fused to the C terminus of the antibody heavy chain.

Commonly the antibody and the Fab will have a common light chain. Antibody fusions can be

produced by (1) engineering the DNA sequence of the target fusion, and (2) transfecting the

target DNA into a suitable host cell to express the fusion protein. It seems like the antibody-scFv

fusion may be linked by a (Gly)-Ser linker between the C-terminus of the CH3 domain and the

N-terminus of the scFv, as described by Coloma, J. et al. (1997) Nature Biotech 15:159.



Antibody-scFv Fusion

Antibody-scFv Fusions, are bispecific antibodies comprising a traditional antibody and a

scFv of unique specificity fused to the C terminus of the antibody heavy chain. The scFv can be

fused to the C terminus through the Heavy Chain of the scFv either directly or through a linker

peptide. Antibody fusions can be produced by (1) engineering the DNA sequence of the target

fusion, and (2) transfecting the target DNA into a suitable host cell to express the fusion protein.

It seems like the antibody-scFv fusion may be linked by a (Gly)-Ser linker between the C-

terminus of the CH3 domain and the N-terminus of the scFv, as described by Coloma, J . et al.

(1997) Nature Biotech 15:159.

Variable Domain Immunoglobulin DVD

A related format is the dual variable domain immunoglobulin (DVD), which are

composed of VH and VL domains of a second specificity place upon the N termini of the V

domains by shorter linker sequences.

Other exemplary multispecific antibody formats include, e.g., those described in the

following US20160114057A1, US20130243775A1, US20140051833, US20 130022601,

US20150017187A1, US20120201746A1, US20150133638A1, US20130266568A1,

US20160145340A1, WO2015127158A1, US20150203591A1, US20140322221A1,

US20130303396A1, US201 10293613, US20130017200A1, US20160102135A1,

WO2015197598A2, WO2015197582A1, US9359437, US20150018529, WO20161 15274Al,

WO20160874 16A1, US20080069820A1, US9145588B, US7919257, and US20150232560A1.

Exemplary multispecific molecules utilizing a full antibody-Fab/scFab format include those

described in the following, US9382323B2, US20140072581A1, US20140308285A1,

US20130165638A1, US20130267686A1, US20140377269A1, US7741446B2, and

WO1995009917A1. Exemplary multispecific molecules utilizing a domain exchange format

include those described in the following, US20150315296A1, WO2016087650A1,

US20160075785A1, WO2016016299A1, US20160130347A1, US20150166670, US8703132B2,

US201003 16645, US8227577B2, US20130078249.



Fc-containing entities (mini-antibodies)

Fc-containing entities, also known as mini-antibodies, can be generated by fusing scFv to

the C-termini of constant heavy region domain 3 (CH3-scFv) and/or to the hinge region (scFv-

hinge-Fc) of an antibody with a different specificity. Trivalent entities can also be made which

have disulfide stabilized variable domains (without peptide linker) fused to the C-terminus of

CH3 domains of IgGs.

Fc-containing multispecific molecules

In some embodiments, the multispecific molecules disclosed herein includes an

immunoglobulin constant region (e.g., an Fc region). Exemplary Fc regions can be chosen from

the heavy chain constant regions of IgGl, IgG2, IgG3 or IgG4; more particularly, the heavy

chain constant region of human IgGl, IgG2, IgG3, or IgG4.

In some embodiments, the immunoglobulin chain constant region (e.g., the Fc region) is

altered, e.g., mutated, to increase or decrease one or more of: Fc receptor binding, antibody

glycosylation, the number of cysteine residues, effector cell function, or complement function.

In other embodiments, an interface of a first and second immunoglobulin chain constant

regions (e.g., a first and a second Fc region) is altered, e.g., mutated, to increase or decrease

dimerization, e.g., relative to a non-engineered interface, e.g., a naturally-occurring interface.

For example, dimerization of the immunoglobulin chain constant region (e.g., the Fc region) can

be enhanced by providing an Fc interface of a first and a second Fc region with one or more of: a

paired protuberance-cavity ("knob-in-a hole"), an electrostatic interaction, or a strand-exchange,

such that a greater ratio of heteromultimer to homomultimer forms, e.g., relative to a non-

engineered interface.

In some embodiments, the multispecific molecules include a paired amino acid

substitution at a position chosen from one or more of 347, 349, 350, 351, 366, 368, 370, 392,

394, 395, 397, 398, 399, 405, 407, or 409, e.g., of the Fc region of human IgGl For example, the

immunoglobulin chain constant region (e.g., Fc region) can include a paired an amino acid

substitution chosen from: T366S, L368A, or Y407V (e.g., corresponding to a cavity or hole), and

T366W (e.g., corresponding to a protuberance or knob).



In other embodiments, the multifunctional molecule includes a half-life extender, e.g., a

human serum albumin or an antibody molecule to human serum albumin.

Heterodimerized Antibody Molecules &Methods of Making

Various methods of producing multispecific antibodies have been disclosed to address

the problem of incorrect heavy chain pairing. Exemplary methods are described below.

Exemplary multispecific antibody formats and methods of making said multispecific antibodies

are also disclosed in e.g., Speiss et al. Molecular Immunology 67 (2015) 95-106; and Klein et al

mAbs 4:6, 653-663; November/December 2012; the entire contents of each of which are

incorporated by reference herein.

Heterodimerized bispecific antibodies are based on the natural IgG structure, wherein the

two binding arms recognize different antigens. IgG derived formats that enable defined

monovalent (and simultaneous) antigen binding are generated by forced heavy chain

heterodimerization, combined with technologies that minimize light chain mispairing (e.g.,

common light chain). Forced heavy chain heterodimerization can be obtained using, e.g., knob-

in-hole OR strand exchange engineered domains (SEED).

Knob-in-Hole

Knob-in-Hole as described in US 5,731,116, US 7,476,724 and Ridgway, J . et al. (1996)

Prot. Engineering 9(7): 617-621, broadly involves: (1) mutating the CH3 domain of one or both

antibodies to promote heterodimerization; and (2) combining the mutated antibodies under

conditions that promote heterodimerization. "Knobs" or "protuberances" are typically created by

replacing a small amino acid in a parental antibody with a larger amino acid (e.g., T366Y or

T366W); "Holes" or "cavities" are created by replacing a larger residue in a parental antibody

with a smaller amino acid (e.g., Y407T, T366S, L368A and/or Y407V).

For bispecific antibodies including an Fc domain, introduction of specific mutations into

the constant region of the heavy chains to promote the correct heterodimerization of the Fc

portion can be utilized. Several such techniques are reviewed in Klein et al. (mAbs (2012) 4:6, 1-

11), the contents of which are incorporated herein by reference in their entirety. These techniques

include the "knobs-into-holes" (KiH) approach which involves the introduction of a bulky



residue into one of the CH3 domains of one of the antibody heavy chains. This bulky residue fits

into a complementary "hole" in the other CH3 domain of the paired heavy chain so as to promote

correct pairing of heavy chains (see e.g., US7642228).

Exemplary KiH mutations include S354C, T366W in the "knob" heavy chain and

Y349C, T366S, L368A, Y407V in the "hole" heavy chain. Other exemplary KiH mutations are

provided in Table 1, with additional optional stabilizing Fc cysteine mutations.

Table 19. Exemplary Fc KiH mutations and optional Cysteine mutations

Other Fc mutations are provided by Igawa and Tsunoda who identified 3 negatively

charged residues in the CH3 domain of one chain that pair with three positively charged residues

in the CH3 domain of the other chain. These specific charged residue pairs are: E356-K439,

E357-K370, D399-K409 and vice versa. By introducing at least two of the following three

mutations in chain A : E356K, E357K and D399K, as well as K370E, K409D, K439E in chain B,

alone or in combination with newly identified disulfide bridges, they were able to favor very

efficient heterodimerization while suppressing homodimerization at the same time (Martens T et

al. A novel one-armed antic- Met antibody inhibits glioblastoma growth in vivo. Clin Cancer Res

2006; 12:6144-52; PMID: 17062691). Xencor defined 4 1 variant pairs based on combining

structural calculations and sequence information that were subsequently screened for maximal

heterodimerization, defining the combination of S364H, F405A (HA) on chain A and Y349T,

T394F on chain B (TF) (Moore GL et al. A novel bispecific antibody format enables



simultaneous bivalent and monovalent co-engagement of distinct target antigens. MAbs 2011;

3:546-57; PMID: 22123055).

Other exemplary Fc mutations to promote heterodimerization of multispecific antibodies

include those described in the following references, the contents of each of which is incorporated

by reference herein, WO2016071377A1, US20140079689A1, US20 1601 943 89A1,

US20 160257763, WO2016071376A2, WO2015107026A1, WO2015107025A1,

WO2015107015A1, US20150353636A1, US20140199294A1, US7750128B2,

US20160229915A1, US20150344570A1, US8003774A1, US20150337049A1,

US20150175707A1, US20140242075A1, US20130195849A1, US20120149876A1,

US20140200331A1, US9309311B2, US8586713, US20140037621A1, US20130178605A1,

US20140363426A1, US20140051835A1 and US20110054151A1.

Stabilizing cysteine mutations have also been used in combination with KiH and other Fc

heterodimerization promoting variants, see e.g., US7183076. Other exemplary cysteine

modifications include, e.g., those disclosed in US20140348839A1, US7855275B2, and

US9000130B2.

Strand Exchange Engineered Domains (SEED)

Heterodimeric Fc platform that support the design of bispecific and asymmetric fusion

proteins by devising strand-exchange engineered domain (SEED) C(H)3 heterodimers are

known. These derivatives of human IgG and IgA C(H)3 domains create complementary human

SEED C(H)3 heterodimers that are composed of alternating segments of human IgA and IgG

C(H)3 sequences. The resulting pair of SEED C(H)3 domains preferentially associates to form

heterodimers when expressed in mammalian cells. SEEDbody (Sb) fusion proteins consist of

[IgGl hinge] -C(H)2- [SEED C(H)3], that may be genetically linked to one or more fusion

partners (see e.g., Davis JH et al. SEEDbodies: fusion proteins based on strand exchange

engineered domain (SEED) CH3 heterodimers in an Fc analogue platform for asymmetric

binders or immunofusions and bispecific antibodies. Protein Eng Des Sel 2010; 23:195-202;

PMID:20299542 and US8871912. The contents of each of which are incorporated by reference

herein).



Duobody

"Duobody" technology to produce bispecific antibodies with correct heavy chain pairing

are known. The DuoBody technology involves three basic steps to generate stable bispecific

human IgGl antibodies in a post-production exchange reaction. In a first step, two IgGls, each

containing single matched mutations in the third constant (CH3) domain, are produced separately

using standard mammalian recombinant cell lines. Subsequently, these IgGl antibodies are

purified according to standard processes for recovery and purification. After production and

purification (post-production), the two antibodies are recombined under tailored laboratory

conditions resulting in a bispecific antibody product with a very high yield (typically >95 ) (see

e.g., Labrijn et al, PNAS 2013;1 10(13):5145-5150 and Labrijn et al. Nature Protocols

2014;9(10):2450-63, the contents of each of which are incorporated by reference herein).

Electrostatic Interactions

Methods of making multispecific antibodies using CH3 amino acid changes with charged

amino acids such that homodimer formation is electrostatically unfavorable are disclosed.

EP1870459 and WO 2009089004 describe other strategies for favoring heterodimer formation

upon co-expression of different antibody domains in a host cell. In these methods, one or more

residues that make up the heavy chain constant domain 3 (CH3), CH3-CH3 interfaces in both

CH3 domains are replaced with a charged amino acid such that homodimer formation is

electrostatically unfavorable and heterodimerization is electrostatically favorable. Additional

methods of making multispecific molecules using electrostatic interactions are described in the

following references, the contents of each of which is incorporated by reference herein, include

US20100015133, US8592562B2, US9200060B2, US20140154254A1, and US9358286A1.

Common Light Chain

Light chain mispairing needs to be avoided to generate homogenous preparations of

bispecific IgGs. One way to achieve this is through the use of the common light chain principle,

i.e. combining two binders that share one light chain but still have separate specificities. An

exemplary method of enhancing the formation of a desired bispecific antibody from a mixture of

monomers is by providing a common variable light chain to interact with each of the heteromeric



variable heavy chain regions of the bispecific antibody. Compositions and methods of producing

bispecific antibodies with a common light chain as disclosed in, e.g., US7183076B2,

US20110177073A1, EP2847231A1, WO2016079081A1, and EP3055329A1, the contents of

each of which is incorporated by reference herein.

CrossMab

Another option to reduce light chain mispairing is the CrossMab technology which

avoids non-specific L chain mispairing by exchanging CHI and CL domains in the Fab of one

half of the bispecific antibody. Such crossover variants retain binding specificity and affinity, but

make the two arms so different that L chain mispairing is prevented. The CrossMab technology

(as reviewed in Klein et al. Supra) involves domain swapping between heavy and light chains so

as to promote the formation of the correct pairings. Briefly, to construct a bispecific IgG-like

CrossMab antibody that could bind to two antigens by using two distinct light chain-heavy chain

pairs, a two-step modification process is applied. First, a dimerization interface is engineered into

the C-terminus of each heavy chain using a heterodimerization approach, e.g., Knob-into-hole

(KiH) technology, to ensure that only a heterodimer of two distinct heavy chains from one

antibody (e.g., Antibody A) and a second antibody (e.g., Antibody B) is efficiently formed. Next,

the constant heavy 1 (CHI) and constant light (CL) domains of one antibody are exchanged

(Antibody A), keeping the variable heavy (VH) and variable light (VL) domains consistent. The

exchange of the CHI and CL domains ensured that the modified antibody (Antibody A) light

chain would only efficiently dimerize with the modified antibody (antibody A) heavy chain,

while the unmodified antibody (Antibody B) light chain would only efficiently dimerize with the

unmodified antibody (Antibody B) heavy chain; and thus only the desired bispecific CrossMab

would be efficiently formed (see e.g., Cain, C. SciBX 4(28); doi: 10. 1038/scibx.201 1.783, the

contents of which are incorporated by reference herein).

Common Heavy Chain

An exemplary method of enhancing the formation of a desired bispecific antibody from a

mixture of monomers is by providing a common variable heavy chain to interact with each of the

heteromeric variable light chain regions of the bispecific antibody. Compositions and methods of



producing bispecific antibodies with a common heavy chain are disclosed in, e.g.,

US20120184716, US201303 17200, and US20160264685A1, the contents of each of which is

incorporated by reference herein.

Amino Acid Modifications

Alternative compositions and methods of producing multispecific antibodies with correct

light chain pairing include various amino acid modifications. For example, Zymeworks describes

heterodimers with one or more amino acid modifications in the CHI and/or CL domains, one or

more amino acid modifications in the VH and/or VL domains, or a combination thereof, which

are part of the interface between the light chain and heavy chain and create preferential pairing

between each heavy chain and a desired light chain such that when the two heavy chains and two

light chains of the heterodimer pair are co-expressed in a cell, the heavy chain of the first

heterodimer preferentially pairs with one of the light chains rather than the other (see e.g.,

WO2015181805). Other exemplary methods are described in WO20 16026943 (Argen-X),

US20150211001, US20140072581A1, US20160039947A1, and US20150368352.

Lambda/Kappa Formats

Multispecific molecules (e.g., multispecific antibody molecules) that include the lambda

light chain polypeptide and a kappa light chain polypeptides, can be used to allow for

heterodimerization. Methods for generating bispecific antibody molecules comprising the

lambda light chain polypeptide and a kappa light chain polypeptides are disclosed in USSN

62/399,319 filed on September 23, 2016, incorporated herein by reference in its entirety.

In embodiments, the multispecific molecules includes a multispecific antibody molecule,

e.g., an antibody molecule comprising two binding specificities, e.g., a bispecific antibody

molecule. The multispecific antibody molecule includes:

a lambda light chain polypeptide 1 (LLCP1) specific for a first epitope;

a heavy chain polypeptide 1 (HCP1) specific for the first epitope;

a kappa light chain polypeptide 2 (KLCP2) specific for a second epitope; and

a heavy chain polypeptide 2 (HCP2) specific for the second epitope.



"Lambda light chain polypeptide 1 (LLCPl)", as that term is used herein, refers to a

polypeptide comprising sufficient light chain (LC) sequence, such that when combined with a

cognate heavy chain variable region, can mediate specific binding to its epitope and complex

with an HCPl. In an embodiment it comprises all or a fragment of a CHI region. In an

embodiment, an LLCPl comprises LC-CDRl, LC-CDR2, LC-CDR3, FRl, FR2, FR3, FR4, and

CHI, or sufficient sequence therefrom to mediate specific binding of its epitope and complex

with an HCPl. LLCPl, together with its HCPl, provide specificity for a first epitope (while

KLCP2, together with its HCP2, provide specificity for a second epitope). As described

elsewhere herein, LLCPl has a higher affinity for HCPl than for HCP2.

"Kappa light chain polypeptide 2 (KLCP2)", as that term is used herein, refers to a

polypeptide comprising sufficient light chain (LC) sequence, such that when combined with a

cognate heavy chain variable region, can mediate specific binding to its epitope and complex

with an HCP2. In an embodiments it comprises all or a fragment of a CHI region. In an

embodiment, a KLCP2 comprises LC-CDRl, LC-CDR2, LC-CDR3, FRl, FR2, FR3, FR4, and

CHI, or sufficient sequence therefrom to mediate specific binding of its epitope and complex

with an HCP2. KLCP2, together with its HCP2, provide specificity for a second epitope (while

LLCPl, together with its HCPl, provide specificity for a first epitope).

"Heavy chain polypeptide 1 (HCPl)", as that term is used herein, refers to a polypeptide

comprising sufficient heavy chain (HC) sequence, e.g., HC variable region sequence, such that

when combined with a cognate LLCPl, can mediate specific binding to its epitope and complex

with an HCPl. In an embodiments it comprises all or a fragment of a CHlregion. In an

embodiment, it comprises all or a fragment of a CH2 and/or CH3 region. In an embodiment an

HCPl comprises HC-CDRl, HC-CDR2, HC-CDR3, FRl, FR2, FR3, FR4, CHI, CH2, and CH3,

or sufficient sequence therefrom to: (i) mediate specific binding of its epitope and complex with

an LLCPl, (ii) to complex preferentially, as described herein to LLCPl as opposed to KLCP2;

and (iii) to complex preferentially, as described herein, to an HCP2, as opposed to another

molecule of HCPl. HCPl, together with its LLCPl, provide specificity for a first epitope (while

KLCP2, together with its HCP2, provide specificity for a second epitope).

"Heavy chain polypeptide 2 (HCP2)", as that term is used herein, refers to a polypeptide

comprising sufficient heavy chain (HC) sequence, e.g., HC variable region sequence, such that



when combined with a cognate LLCP1, can mediate specific binding to its epitope and complex

with an HCPl. In an embodiments it comprises all or a fragment of a CHlregion. In an

embodiments it comprises all or a fragment of a CH2 and/or CH3 region. In an embodiment an

HCPl comprises HC-CDRl, HC-CDR2, HC-CDR3, FRl, FR2, FR3, FR4, CHI, CH2, and CH3,

or sufficient sequence therefrom to: (i) mediate specific binding of its epitope and complex with

an KLCP2, (ii) to complex preferentially, as described herein to KLCP2 as opposed to LLCP1;

and (iii) to complex preferentially, as described herein, to an HCPl, as opposed to another

molecule of HCP2. HCP2, together with its KLCP2, provide specificity for a second epitope

(while LLCP1, together with its HCPl, provide specificity for a first epitope).

In some embodiments of the multispecific antibody molecule disclosed herein:

LLCP1 has a higher affinity for HCPl than for HCP2; and/or

KLCP2 has a higher affinity for HCP2 than for HCPl.

In embodiments, the affinity of LLCP1 for HCPl is sufficiently greater than its affinity

for HCP2, such that under preselected conditions, e.g., in aqueous buffer, e.g., at pH 7, in saline,

e.g., at pH 7, or under physiological conditions, at least 75%, 80, 90, 95, 98, 99, 99.5, or 99.9 %

of the multispecific antibody molecule molecules have a LLCPlcomplexed, or interfaced with, a

HCPl.

In some embodiments of the multispecific antibody molecule disclosed herein:

the HCPl has a greater affinity for HCP2, than for a second molecule of HCPl; and/or

the HCP2 has a greater affinity for HCPl, than for a second molecule of HCP2.

In embodiments, the affinity of HCPl for HCP2 is sufficiently greater than its affinity for

a second molecule of HCPl, such that under preselected conditions, e.g., in aqueous buffer, e.g.,

at pH 7, in saline, e.g., at pH 7, or under physiological conditions, at least 75%, 80, 90, 95, 98, 99

99.5 or 99.9 % of the multispecific antibody molecule molecules have a HCPlcomplexed, or

interfaced with, a HCP2.

In another aspect, disclosed herein is a method for making, or producing, a multispecific

antibody molecule. The method includes:



(i) providing a first heavy chain polypeptide (e.g., a heavy chain polypeptide comprising

one, two, three or all of a first heavy chain variable region (first VH), a first CHI, a first heavy

chain constant region (e.g., a first CH2, a first CH3, or both));

(ii) providing a second heavy chain polypeptide (e.g., a heavy chain polypeptide

comprising one, two, three or all of a second heavy chain variable region (second VH), a second

CHI, a second heavy chain constant region (e.g., a second CH2, a second CH3, or both));

(iii) providing a lambda chain polypeptide (e.g., a lambda light variable region (VIA), a

lambda light constant chain (VIA), or both) that preferentially associates with the first heavy

chain polypeptide (e.g., the first VH); and

(iv) providing a kappa chain polypeptide (e.g., a lambda light variable region (VLK ), a

lambda light constant chain (VLK ), or both) that preferentially associates with the second heavy

chain polypeptide (e.g., the second VH),

under conditions where (i)-(iv) associate.

In embodiments, the first and second heavy chain polypeptides form an Fc interface that

enhances heterodimerization.

In embodiments, (i)-(iv) (e.g., nucleic acid encoding (i)-(iv)) are introduced in a single

cell, e.g., a single mammalian cell, e.g., a CHO cell. In embodiments, (i)-(iv) are expressed in

the cell.

In embodiments, (i)-(iv) (e.g., nucleic acid encoding (i)-(iv)) are introduced in different

cells, e.g., different mammalian cells, e.g., two or more CHO cell. In embodiments, (i)-(iv) are

expressed in the cells.

In one embodiments, the method further comprises purifying a cell-expressed antibody

molecule, e.g., using a lambda- and/or- kappa-specific purification, e.g., affinity

chromatography.

In embodiments, the method further comprises evaluating the cell-expressed

multispecific antibody molecule. For example, the purified cell-expressed multispecific antibody

molecule can be analyzed by techniques known in the art, include mass spectrometry. In one

embodiment, the purified cell-expressed antibody molecule is cleaved, e.g., digested with papain

to yield the Fab moieties and evaluated using mass spectrometry.



In embodiments, the method produces correctly paired kappa/lambda multispecific, e.g.,

bispecific, antibody molecules in a high yield, e.g., at least 75%, 80, 90, 95, 98, 99 99.5 or 99.9

%.

In other embodiments, the multispecific, e.g., a bispecific, antibody molecule that

includes:

(i) a first heavy chain polypeptide (HCP1) (e.g., a heavy chain polypeptide comprising

one, two, three or all of a first heavy chain variable region (first VH), a first CHI, a first heavy

chain constant region (e.g., a first CH2, a first CH3, or both)), e.g., wherein the HCP1 binds to a

first epitope;

(ii) a second heavy chain polypeptide (HCP2) (e.g., a heavy chain polypeptide

comprising one, two, three or all of a second heavy chain variable region (second VH), a second

CHI, a second heavy chain constant region (e.g., a second CH2, a second CH3, or both)), e.g.,

wherein the HCP2 binds to a second epitope;

(iii) a lambda light chain polypeptide (LLCPl) (e.g., a lambda light variable region

(VL1), a lambda light constant chain (VL1), or both) that preferentially associates with the first

heavy chain polypeptide (e.g., the first VH), e.g., wherein the LLCPl binds to a first epitope; and

(iv) a kappa light chain polypeptide (KLCP2) (e.g., a lambda light variable region (VLk),

a lambda light constant chain (VLk), or both) that preferentially associates with the second heavy

chain polypeptide (e.g., the second VH), e.g., wherein the KLCP2 binds to a second epitope.

In embodiments, the first and second heavy chain polypeptides form an Fc interface that

enhances heterodimerization. In embodiments, the multispecific antibody molecule has a first

binding specificity that includes a hybrid VLl-CLl heterodimerized to a first heavy chain variable

region connected to the Fc constant, CH2-CH3 domain (having a knob modification) and a

second binding specificity that includes a hybrid VLk-CLk heterodimerized to a second heavy

chain variable region connected to the Fc constant, CH2-CH3 domain (having a hole

modification).

Exemplary Multispecific Configurations:

In some embodiments, the multispecific molecule includes a first and a second non-contiguous

polypeptide, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor targeting moiety,



e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-CHl of

a Fab molecule), that binds to, e.g., a cancer antigen, e.g., a solid tumor, a stromal or a

hematological antigen, connected, optionally, via a linker to, a cytokine molecule or an immune

cell engager, e.g., an antibody molecule, e.g., a scFv that binds to an immune cell antigen; and

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a second portion of

the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal

antigen (e.g., the same tumor or stromal antigen bound by the first VH-CHl). In some

embodiments, the multispecific molecule includes a Fab molecule connected, optionally, via a

linker to, a scFv. In embodiments, the multispecific molecule is a bispecific molecule.

In other embodiments, the multispecific molecule includes a first, a second and a third

non-contiguous polypeptide, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor targeting moiety,

e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-CHl of

a Fab molecule), that binds to, e.g., a tumor or a stromal antigen, connected, optionally, via a

linker to, a first domain that promotes association between the first and the second polypeptide

(e.g., a first immunoglobulin constant domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine molecule or

an immune cell engager (e.g., an antibody molecule, e.g., a scFv, that binds to an immune cell

antigen), connected, optionally, via a linker to, a second domain that promotes association

between the first and the second polypeptide (e.g., a second immunoglobulin constant domain

(e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion of the

first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal antigen

(e.g., the same tumor or stromal antigen bound by the first VH-CHl). In some embodiments, the

multispecific molecule includes a Fab molecule connected, optionally, via a linker to, a first Fc

molecule, a cytokine or immune cell engager (e.g., a scFv), connected, optionally, via a linker to,

a second Fc molecule. In embodiments, the multispecific molecule is a bispecific molecule.

In other embodiments, the multispecific molecule includes a first, a second and a third

non-contiguous polypeptide, wherein:



(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor targeting moiety,

e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-CH1 of

a Fab molecule), that binds to, e.g., a cancer antigen, connected, optionally, via a linker to, a first

domain that promotes association between the first and the second polypeptide (e.g., a first

immunoglobulin constant domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine molecule or

an immune cell engager (e.g., an antibody molecule, e.g., a scFv, that binds to an immune cell

antigen), connected, optionally, via a linker to, a second domain that promotes association

between the first and the second polypeptide (e.g., a second immunoglobulin constant domain

(e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion of the

first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal antigen

(e.g., the same tumor or stromal antigen bound by the first VH-CH1). In some embodiments, the

multispecific molecule includes a Fab molecule connected, optionally, via a linker to, a first Fc

molecule, a cytokine or immune cell engager (e.g., a scFv), connected, optionally, via a linker to,

a second Fc molecule,

wherein either the first or the second polypeptide further comprise a cytokine molecule or an

immune cell engager, optionally covalently linked to the C-terminus of the first or second

immunoglobulin constant domain. In embodiments, the multispecific molecule is a trispecific

molecule.

In other embodiments, the multispecific molecule includes a first, a second and a third

non-contiguous polypeptide, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor targeting moiety,

e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-CH1 of

a Fab molecule), that binds to, e.g., a tumor or a stromal antigen, connected, optionally, via a

linker to, a first domain that promotes association between the first and the second polypeptide

(e.g., a first immunoglobulin constant domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine molecule or

an immune cell engager (e.g., an antibody molecule, e.g., a scFv, that binds to an immune cell



antigen), connected, optionally, via a linker to, a second domain that promotes association

between the first and the second polypeptide (e.g., a second immunoglobulin constant domain

(e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion of the

first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal antigen

(e.g., the same tumor or stromal antigen bound by the first VH-CH1). In some embodiments, the

multispecific molecule includes a Fab molecule connected, optionally, via a linker to, a first Fc

molecule, a cytokine or immune cell engager (e.g., a scFv), connected, optionally, via a linker to,

a second Fc molecule,

wherein either the first and the second polypeptide further comprise a cytokine molecule, an

immune cell engager or both, optionally covalently linked to the C-terminus of the first or second

immunoglobulin constant domain. In embodiments, the multispecific molecule is a tetraspecific

molecule.

In other embodiments, the multispecific molecule comprises a first and a second

polypeptide, wherein the first polypeptide comprises, e.g., in the N to C direction:

a tumor targeting moiety;

(optionally) a domain that promotes association of the first and second

polypeptide, e.g., an Fc molecule; and

a first polypeptide comprising an immune cell engager or a cytokine molecule;

and, wherein the second polypeptide comprises, e.g., in the N to C direction:

a tumor targeting moiety, or subunit thereof;

(optionally) a domain that promotes association of the first and second

polypeptide, e.g., an Fc molecule; and

a second polypeptide comprising an immune cell engager or a cytokine molecule,

wherein the first and second polypeptide are different.

In embodiments, the tumor targeting moiety of the first polypeptide comprises a light

chain variable domain of a tumor targeting molecule (e.g., Fab); and the tumor targeting moiety

of the second polypeptide comprises a heavy chain variable domain of a tumor targeting

molecule (e.g., Fab).



In other embodiments, the first tumor targeting moiety of the first polypeptide comprises

a heavy chain variable domain of a tumor targeting molecule (e.g., Fab); and the second tumor

targeting moiety of the second polypeptide comprises a light chain variable domain of a tumor

targeting molecule (e.g., Fab).

In other embodiments, the first tumor targeting moiety of the first polypeptide comprises

a light chain variable domain of a tumor targeting molecule (e.g., Fab); and the second tumor

targeting moiety of the second polypeptide comprises a heavy chain variable domain of a tumor

targeting molecule (e.g., Fab).

In other embodiments, the tumor targeting moiety of the first polypeptide comprises a

tumor targeting scFv; and the tumor targeting moiety of the second polypeptide comprises a

tumor targeting scFv.

In other embodiments, the multispecific molecule comprises:

a) a first polypeptide comprising:

a first domain that promotes association of the first and second polypeptide, e.g., a first

Fc molecule; and

two polypeptides chosen from: a tumor targeting moiety; an immune cell engager; or a

cytokine molecule; and

b) a second polypeptide comprising:

a second domain that promotes association of the first and second polypeptide, e.g., an

second Fc molecule; and

two polypeptides chosen from: a tumor targeting moiety; an immune cell engager; or a

cytokine molecule,

wherein the multispecific molecule comprises a tumor targeting moiety; an immune cell

engager; and a cytokine molecule. In embodiments, the multispecific molecule includes one of

the following:

(i) a tumor targeting moiety; an immune cell engager; and two cytokine molecules;

(ii) a tumor targeting moiety; two immune cell engagers; and a cytokine molecules; or

(iii) two tumor targeting moieties; an immune cell engager; and a cytokine molecule.



In other embodiments, the multispecific molecule includes a first polypeptide and a

second polypeptide, wherein:

i) the first polypeptide comprises, e.g., in the N-C or C-N direction, a tumor targeting

moiety; a first domain that promotes association of the first and second polypeptide, e.g., a first

Fc molecule; and an immune cell engager;

ii) a first polypeptide comprises, e.g., in the N-C or C-N direction, a tumor targeting

moiety; a first domain that promotes association of the first and second polypeptide, e.g., a first

Fc molecule; and a cytokine molecule; or

iii) a first polypeptide comprises, e.g., in the N-C or C-N direction a cytokine; a first

domain that promotes association of the first and second polypeptide, e.g., a first Fc molecule;

and an immune cell engager; and

iv) the second polypeptide comprises, e.g., in the N-C or C-N direction, a tumor targeting

moiety; a second domain that promotes association of the first and second polypeptide, e.g., a

second Fc molecule; and an immune cell engager;

ii) the second polypeptide comprises, e.g., in the N-C or C-N direction, a tumor targeting

moiety; a second domain that promotes association of the first and second polypeptide, e.g., a

second Fc molecule; and a cytokine molecule; or

iii) a second polypeptide comprises, e.g., in the N-C or C-N direction a cytokine; a

second domain that promotes association of the first and second polypeptide, e.g., a second Fc

molecule; and an immune cell engager.

Additional features and embodiments of the application include one or more of the

following.

In another aspect, the invention features a multispecific (e.g., bi- or trispecific) molecule

comprising the following formula in an N terminal to C terminal orientation:

Rl-(optionally Ll)-R2-(optionally L2)-R3;

Rl-(optionally Ll)-R3-(optionally L2)-R2;

R2-(optionally Ll)-Rl-(optionally L2)-R3;

R2-(optionally Ll)-R3-(optionally L2)-R1;

R3-(optionally Ll)-Rl-(optionally L2)-R2; or

R3-(optionally Ll)-R2-(optionally L2)-R1;



wherein:

(i) R l is an tumor targeting moiety as described herein, wherein Rl can be 0 only when

R2 and R3 are present, or R l comprises 1, 2 or more tumor targeting moieties (e.g., the same or

different tumor targeting moieties);

(ii) R2 is an immune cell engager as described herein, wherein R2 can be 0 only when Rl

and R3 are present, or R2 comprises 1, 2 or more immune cell engagers (e.g., the same or

different immune cell engagers);

(iii) R3 is a cytokine molecule as described herein, wherein R3 can be 0 only when R l

and R2 are present, or R3 comprises 1, 2 or more cytokine molecules (e.g., the same or different

cytokine molecules); and

(iv) optionally, LI and/or L2 are any of the linkers described herein.

In some embodiments, R l and/or R2 is a full antibody (e.g., an antibody that includes at

least one, and preferably two, complete heavy chains, and at least one, and preferably two,

complete light chains), or an antigen-binding fragment (e.g., a Fab, F(ab')2, Fv, a single chain Fv

fragment, a single domain antibody, a diabody (dAb), a bivalent antibody, or bispecific antibody

or fragment thereof, a single domain variant thereof, or a camelid antibody)

In other embodiments, R l and R2 is chosen from a common light chain bispecific IgG; a

dual acting Fab (DAF), a CrossMab, an IgG-dssc-Fv2, a DVD (dual variable domain), an IgG-

dsFv, an IgG-scFab, a scFab-dsscFv, an Fv2-Fc, a Fab-scFv2, a Fab-scFv, a scFv-scFv, a whole

antibody-Fab, a whole antibody-scFv, a diabody, a DART (dual affinity retargeting molecule), or

a TandAb.

In other embodiments, the multispecific molecule further includes R4, wherein R4 is a

second tumor targeting moiety; a second immune cell engager (e.g., an NK cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager); or a second cytokine molecule.

In other embodiments, the multispecific molecule can further include L3, wherein L3 is a

linker (e.g., a linker described herein).

In some embodiments, R4 is a full antibody (e.g., an antibody that includes at least one,

and preferably two, complete heavy chains, and at least one, and preferably two, complete light

chains), or an antigen-binding fragment (e.g., a Fab, F(ab')2, Fv, a single chain Fv fragment, a



single domain antibody, a diabody (dAb), a bivalent antibody, or bispecific antibody or fragment

thereof, a single domain variant thereof, or a camelid antibody).

In other embodiments, R l and R4 is a common light chain bispecific IgG; a dual acting

Fab (DAF), a CrossMab, an IgG-dssc-Fv2, a DVD (dual variable domain), an IgG-dsFv, an IgG-

scFab, a scFab-dsscFv, an Fv2-Fc, a Fab-scFv2, a Fab-scFv, a scFv-scFv, a whole antibody-Fab,

a whole antibody-scFv, a diabody, a DART (dual affinity retargeting molecule), or a TandAb.

In other embodiments, R2 and R4 is a common light chain bispecific IgG; a dual acting

Fab (DAF), a CrossMab, an IgG-dssc-Fv2, a DVD (dual variable domain), an IgG-dsFv, an IgG-

scFab, a scFab-dsscFv, an Fv2-Fc, a Fab-scFv2, a Fab-scFv, a scFv-scFv, a whole antibody-Fab,

a whole antibody-scFv, a diabody, a DART (dual affinity retargeting molecule), or a TandAb.

In another aspect, the invention features a multispecific molecule, comprising Rl and R2,

wherein:

(i) R l is the tumor targeting moiety described herein, e.g., Rl comprises 1, 2 or more

tumor targeting moieties (e.g., the same or different tumor targeting moieties);

(ii) R2 is the cytokine molecule described herein, e.g., R2 comprises 1, 2 or more

cytokine molecules (e.g., the same or different cytokine molecules); and

(iii) optionally, LI and/or L2 are the linkers described herein.

In some embodiments, R l is an anti-FAP Fab and R2 is an IL-15 polypeptide. In some

embodiments, R l and R2 are dimerized via a knob-in-hole Fc dimer (e.g., as shown in Fig. XA),

e.g., comprising a first and second Fc. In some embodiments, the first Fc comprises an amino

acid substitution selected from: T366S; L368A; or Y407V. In some embodiments, the second Fc

comprises an amino acid substitution selected from: T366W.

In another aspect, the invention features a multispecific molecule comprising Rl, R2, and

R3, wherein:

(i) R l is the tumor targeting moiety described herein, e.g., Rl comprises 1, 2 or more

tumor targeting moieties (e.g., the same or different tumor targeting moieties);

(ii) R2 is the immune cell engager described herein, e.g., R2 comprises 1, 2 or more

immune cell engagers (e.g., the same or different immune cell engagers);



(iii) R3 is the cytokine molecule described herein, e.g., R3 comprises 1, 2 or more

cytokine molecules (e.g., the same or different cytokine molecules); and

(iv) optionally, LI and/or L2 are the linkers described herein.

In some embodiments, R l is an anti-mesothelin Fab, R2 is an IL-15 polypeptide, and R3

is a CD40L polypeptide. In some embodiments, R l and R2 are dimerized via a knob-in-hole Fc,

e.g., comprising a first and second Fc. In some embodiments, the first Fc comprises an amino

acid substitution at position 366, 368 and/or 407, e.g., selected from: T366S; L368A; or Y407V.

In some embodiments, the second Fc comprises an amino acid substitution at position 366, e.g.,

T366W.

In another aspect, the invention features a multispecific molecule comprising: Rl, R2,

R3, and R4, wherein:

(i) R l is the tumor targeting moiety described herein;

(ii) R2 and R4 are each a first and second immune cell engager described herein;

(iii) R3 is the cytokine molecule described herein; and

(iv) optionally, LI and/or L2 are the linkers described herein.

In some embodiments, R l is an anti-FAP Fab, R3 is an IL-15 polypeptide, R2 is a

CD40L polypeptide, and R4 is a B7H6 polypeptide. In some embodiments, Rl, R2, R3, and R4

are dimerized via an Fc dimer . In some embodiments, the Fc comprises an amino acid

substitution selected from: T366S; L368A; or Y407V. In some embodiments, the Fc comprises

an amino acid substitution selected from: T366W.

Tumor-Targeting Moieties

The present disclosure provides, inter alia, multispecific (e.g., bi-, tri-, tetra- specific)

molecules, that include, e.g., are engineered to contain, one or more tumor specific targeting

moieties that direct the molecule to a tumor cell.

In certain embodiments, the multispecific molecules disclosed herein include a tumor-

targeting moiety. The tumor targeting moiety can be chosen from an antibody molecule (e.g., an

antigen binding domain as described herein), a receptor or a receptor fragment, or a ligand or a

ligand fragment, or a combination thereof. In some embodiments, the tumor targeting moiety

associates with, e.g., binds to, a tumor cell (e.g., a molecule, e.g., antigen, present on the surface



of the tumor cell). In certain embodiments, the tumor targeting moiety targets, e.g., directs the

multispecific molecules disclosed herein to a cancer (e.g., a cancer or tumor cells). In some

embodiments, the cancer is chosen from a hematological cancer, a solid cancer, a metastatic

cancer, or a combination thereof.

In some embodiments, the multispecific molecule, e.g., the tumor-targeting moiety, binds

to a solid tumor antigen or a stromal antigen. The solid tumor antigen or stromal antigen can be

present on a solid tumor, or a metastatic lesion thereof. In some embodiments, the solid tumor is

chosen from one or more of pancreatic (e.g., pancreatic adenocarcinoma), breast, colorectal, lung

(e.g., small or non-small cell lung cancer), skin, ovarian, or liver cancer. In one embodiment, the

solid tumor is a fibrotic or desmoplastic solid tumor. For example, the solid tumor antigen or

stromal antigen can be present on a tumor, e.g., a tumor of a class typified by having one or more

of: limited tumor perfusion, compressed blood vessels, or fibrotic tumor interstitium.

In certain embodiments, the solid tumor antigen is chosen from one or more of: PDL1, CD47,

mesothelin, gangloside 2 (GD2), prostate stem cell antigen (PSCA), prostate specific membrane

antigen (PMSA), prostate-specific antigen (PSA), carcinoembryonic antigen (CEA), Ron Kinase,

c-Met, Immature laminin receptor, TAG-72, BING-4, Calcium-activated chloride channel 2,

Cyclin-Bl, 9D7, Ep-CAM, EphA3, Her2/neu, Telomerase, SAP-1, Survivin, NY-ESO-l/LAGE-

1, PRAME, SSX-2, Melan-A/MART- 1, Gpl00/pmell7, Tyrosinase, TRP-1/-2, MC1R, β-

catenin, BRCAl/2, CDK4, CML66, Fibronectin, p53, Ras, TGF-B receptor, AFP, ETA, MAGE,

MUC-1, CA-125, BAGE, GAGE, NY-ESO-1, β-catenin, CDK4, CDC27, CD47, a actinin-4,

TRPl/gp75, TRP2, gplOO, Melan-A/MART 1, gangliosides, WT1, EphA3, Epidermal growth

factor receptor (EGFR), CD20, MART-2, MART-1, MUC1, MUC2, MUM1, MUM2, MUM3,

NA88-1, NPM, OA1, OGT, RCC, RUI1, RUI2, SAGE, TRG, TRP1, TSTA, Folate receptor

alpha, Ll-CAM, CAIX, EGFRvIII, gpA33, GD3, GM2, VEGFR, Intergrins (Integrin

alphaVbeta3, Integrin alpha5Betal), Carbohydrates (Le), IGFIR, EPHA3, TRAILRl, TRAILR2,

or RANKL.

In some embodiments, the solid tumor antigen is chosen from: PDL1, Mesothelin, CD47,

GD2, PMSA, PSCA, CEA, Ron Kinase, or c-Met.



In one embodiment, the tumor-targeting moiety includes an antibody molecule (e.g., Fab

or scFv) that binds to mesothelin. In some embodiments, the antibody molecule to mesothelin

comprises one, two, three CDRs from the heavy chain variable domain sequence of:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSS (SEQ ID NO: 1), or a closely related CDR, e.g., CDRs which have at least one amino acid

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) from the CDR sequence of SEQ ID NO: 1.

In some embodiments, the antibody molecule to mesothelin comprises one, two, three

CDRs selected from GYSFTGYTMN (SEQ ID NO: 2); LITPYNGASSYNQKFRG (SEQ ID

NO: 3); and GGYDGRGFDY (SEQ ID NO: 4), or a closely related CDR, e.g., CDRs which have

at least one amino acid alteration, but not more than two, three or four alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDR1 comprises GYSFTGYTMN (SEQ ID NO: 2); CDR2 comprises:

LITPYNGASSYNQKFRG (SEQ ID NO: 3); and CDR3 comprises GGYDGRGFDY (SEQ ID

NO: 4), or a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDR1 consists of GYSFTGYTMN (SEQ ID NO: 2); CDR2 consists of

LITPYNGASSYNQKFRG (SEQ ID NO: 3); and CDR3 consists of GGYDGRGFDY (SEQ ID

NO: 4), or a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions).

In embodiments, the antibody molecule to mesothelin includes the heavy chain variable domain

sequence of:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT



VSS (SEQ ID NO: 1), or an amino acid sequence substantially identical thereto (e.g., 95% to

99.9% identical thereto, or having at least one amino acid alteration, but not more than five, ten

or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions)

to the amino acid sequence of SEQ ID NO: 1.

In embodiments, the antibody molecule to mesothelin is a Fab and further comprises a

heavy chain constant region (CHI) having the amino acid sequence:

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT (SEQ ID NO: 5),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 5 . In some embodiments, the antibody molecule further comprises a signal

peptide, e.g., a signal peptide comprising the amino acid sequence:

MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6).

Alternatively, or in combination with the heavy chain to mesothelin disclosed herein, the

antibody molecule to mesothelin comprises one, two, three CDRs from the light chain variable

domain sequence of:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWS GYPLTFGAGTKLEIK (SEQ ID NO: 7), or

a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but not more

than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) from the CDR sequence of SEQ ID NO: 7 .

In some embodiments, the antibody molecule to mesothelin comprises one, two, three

CDRs from SASSSVSYMH (SEQ ID NO: 8); DTSKLAS (SEQ ID NO: 9); and QQWSGYPLT

(SEQ ID NO: 10), or a closely related CDR, e.g., CDRs which have at least one amino acid

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDRl comprises SASSSVSYMH (SEQ ID NO: 8); CDR2 comprises: DTSKLAS (SEQ

ID NO: 9); and CDR3 comprises QQWSGYPLT (SEQ ID NO: 10), or a closely related CDR,



e.g., CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDRl consists of SASSSVSYMH (SEQ ID NO: 8); CDR2 consists of DTSKLAS (SEQ

ID NO: 9); and CDR3 consists of QQWSGYPLT (SEQ ID NO: 10), or a closely related CDR,

e.g., CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin comprises the light chain

variable domain sequence of:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWS GYPLTFGAGTKLEIK (SEQ ID NO: 7), or

an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 7 .

In some embodiments, the antibody molecule to mesothelin is a Fab and further

comprises a light chain constant region (CL1) having the amino acid sequence:

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 11),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 11. In embodiments, the antibody molecule further comprises a signal peptide,

e.g., a signal peptide comprising the amino acid sequence: MKYLLPTAAAGLLLLAAQPAMA

(SEQ ID NO: 12).

In other embodiments, the multispecific molecule, e.g., the tumor-targeting moiety, binds

to a stromal antigen. In embodiments, the stromal antigen is chosen from one or more of:

fibroblast activating protease (FAP), TGF-beta, hyaluronic acid, collagen, e.g., collagen IV,

tenascin C, or tenascin W.



In one embodiment, the tumor-targeting moiety includes an antibody molecule (e.g., Fab

or scFv) that binds to FAP, e.g., human FAP. In some embodiments, the antibody molecule to

FAP comprises one, two, three CDRs from the heavy chain variable domain sequence depicted

in underline in FIG. 12C (SEQ ID NO: 13), or a closely related CDR, e.g., CDRs which have at

least one amino acid alteration, but not more than two, three or four alterations {e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) from the CDR sequence of

SEQ ID NO: 13. In some embodiments, the antibody molecule to FAP includes the heavy chain

variable domain sequence depicted in underline in FIG. 12C (SEQ ID NO: 13), or an amino acid

sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least

one amino acid alteration, but not more than five, ten or fifteen alterations {e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID

NO: 13.

In embodiments, the antibody molecule to FAP is a Fab and further comprises a heavy

chain constant region (CHI) having the amino acid sequence:

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSC (SEQ ID NO: 14), or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations {e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 14. In embodiments, the antibody molecule further comprises a signal peptide,

e.g., a signal peptide comprising the amino acid sequence: MEFGLSWVFLVALFRGVQCEV

(SEQ ID NO: 15).

Alternatively, or in combination with the heavy chain to FAP disclosed herein, the

antibody molecule to FAP comprises one, two, three CDRs from the light chain variable domain

sequence depicted in underline in FIG. 12D (SEQ ID NO: 16), or a closely related CDR, e.g.,

CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations {e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) from the

CDR sequence of SEQ ID NO: 16. In some embodiments, the antibody molecule to FAP

includes the light chain variable domain sequence depicted in underline in FIG. 12D (SEQ ID

NO: 16), or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical



thereto, or having at least one amino acid alteration, but not more than five, ten or fifteen

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to the

amino acid sequence of SEQ ID NO: 16.

In embodiments, the antibody molecule to FAP is a Fab and further comprises a light

chain constant region (CL1) having the amino acid sequence:

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 11),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 11. In some embodiments, the antibody molecule further comprises a signal

peptide, e.g., a signal peptide comprising the amino acid sequence:

MKYLLPTAAAGLLLLAAQPAMA (SEQ ID NO: 12).

In other embodiments, the multispecific molecule, e.g., the tumor-targeting moiety, binds to a

molecule, e.g., antigen, present on the surface of a hematological cancer, e.g., a leukemia or a

lymphoma. In some embodiments, the hematological cancer is a B-cell or T cell malignancy. In

some embodiments, the hematological cancer is chosen from one or more of a Hodgkin's

lymphoma, Non-Hodgkin's lymphoma (e.g., B cell lymphoma, diffuse large B cell lymphoma,

follicular lymphoma, chronic lymphocytic leukemia, mantle cell lymphoma, marginal zone B-

cell lymphoma, Burkitt lymphoma, lymphoplasmacytic lymphoma, hairy cell leukemia), acute

myeloid leukemia (AML), chronic myeloid leukemia, myelodysplastic syndrome (MDS),

multiple myeloma, or acute lymphocytic leukemia. In embodiments, the cancer is other than

acute myeloid leukemia (AML) or myelodysplastic syndrome (MDS). In embodiments, the

hematological antigen is chosen from CD19, CD33, CD123, or CD20. In embodiments, the

hematological antigen is other than CD33. CD19, In embodiments, the hematological antigen is

chosen from CD19, CD20, CD33, CD47, CD123, CD20, CD99, CD30, BCMA, CD38, CD22,

SLAMF7, or NY-ESOl.

Cytokine Molecules



The cytokines are generally polypeptides that influence cellular activity, for example,

through signal transduction pathways. Accordingly, a cytokine of the multispecific or

multifunctional polypeptide is useful and can be associated with receptor-mediated signaling that

transmits a signal from outside the cell membrane to modulate a response within the cell.

Cytokines are proteinaceous signaling compounds that are mediators of the immune response.

They control many different cellular functions including proliferation, differentiation and cell

survival/apoptosis; cytokines are also involved in several pathophysiological processes including

viral infections and autoimmune diseases. Cytokines are synthesized under various stimuli by a

variety of cells of both the innate (monocytes, macrophages, dendritic cells) and adaptive (T- and

B-cells) immune systems. Cytokines can be classified into two groups: pro- and anti

inflammatory. Pro-inflammatory cytokines, including IFNy, IL-1, IL-6 and TNF-alpha, are

predominantly derived from the innate immune cells and Thl cells. Anti-inflammatory

cytokines, including IL-10, IL-4, IL-13 and IL-5, are synthesized from Th2 immune cells.

The present disclosure provides, inter alia, multi- specific (e.g., bi-, tri-, quad- specific)

proteins, that include, e.g., are engineered to contain, one or more cytokine molecules, e.g.,

immunomodulatory (e.g., proinflammatory) cytokines and variants, e.g., functional variants,

thereof. Accordingly, in some embodiments, the cytokine molecule is an interleukin or a variant,

e.g., a functional variant thereof. In some embodiments the interleukin is a proinflammatory

interleukin. In some embodiments the interleukin is chosen from interleukin-2 (IL-2),

interleukin- 12 (IL-12), interleukin- 15 (IL-15), interleukin- 18 (IL-18), interleukin-2 1 (IL-21),

interleukin-7 (IL-7), or interferon gamma. In some embodiments, the cytokine molecule is a

proinflammatory cytokine.

In certain embodiments, the cytokine is a single chain cytokine. In certain embodiments,

the cytokine is a multichain cytokine (e.g., the cytokine comprises 2 or more (e.g., 2) polypeptide

chains. An exemplary multichain cytokine is IL-12.

Examples of useful cytokines include, but are not limited to, GM-CSF, IL-la, IL- Ιβ, IL-2,

IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-21, IFN-a, IFN- β, IFN-γ , MIP-la, ΜΙΡ- Ιβ,

TGF- β, TNF-a, and ΤΝΡβ . In one embodiment the cytokine of the multispecific or

multifunctional polypeptide is a cytokine selected from the group of GM-CSF, IL-2, IL-7, IL-8,

IL-10, IL-12, IL-15, IL-21, IFN-a, IFN-γ , MIP-la, Μ β and TGF- β. In one embodiment the



cytokine of the i the multispecific or multifunctional polypeptide is a cytokine selected from the

group of IL-2, IL-7, IL-10, IL-12, IL-15, IFN-a, and IFN-γ . In certain embodiments the cytokine

is mutated to remove N- and/or O-glycosylation sites. Elimination of glycosylation increases

homogeneity of the product obtainable in recombinant production.

In one embodiment, the cytokine of the multispecific or multifunctional polypeptide is IL-

2 . In a specific embodiment, the IL-2 cytokine can elicit one or more of the cellular responses

selected from the group consisting of: proliferation in an activated T lymphocyte cell,

differentiation in an activated T lymphocyte cell, cytotoxic T cell (CTL) activity, proliferation in

an activated B cell, differentiation in an activated B cell, proliferation in a natural killer (NK)

cell, differentiation in a NK cell, cytokine secretion by an activated T cell or an NK cell, and

NK/lymphocyte activated killer (LAK) antitumor cytotoxicity. In another particular embodiment

the IL-2 cytokine is a mutant IL-2 cytokine having reduced binding affinity to the .alpha.-subunit

of the IL-2 receptor. Together with the .beta.- and .gamma.-subunits (also known as CD 122 and

CD132, respectively), the .alpha.-subunit (also known as CD25) forms the heterotrimeric high-

affinity IL-2 receptor, while the dimeric receptor consisting only of the β- and γ -subunits is

termed the intermediate- affinity IL-2 receptor. As described in PCT patent application number

PCT/EP20 12/05 1991, which is incorporated herein by reference in its entirety, a mutant IL-2

polypeptide with reduced binding to the .alpha.-subunit of the IL-2 receptor has a reduced ability

to induce IL-2 signaling in regulatory T cells, induces less activation-induced cell death (AICD)

in T cells, and has a reduced toxicity profile in vivo, compared to a wild-type IL-2 polypeptide.

The use of such an cytokine with reduced toxicity is particularly advantageous in a multispecific

or multifunctional polypeptide according to the invention, having a long serum half-life due to

the presence of an Fc domain. In one embodiment, the mutant IL-2 cytokine of the multispecific

or multifunctional polypeptide according to the invention comprises at least one amino acid

mutation that reduces or abolishes the affinity of the mutant IL-2 cytokine to the .alpha.-subunit

of the IL-2 receptor (CD25) but preserves the affinity of the mutant IL-2 cytokine to the

intermediate- affinity IL-2 receptor (consisting of the β and γ subunits of the IL-2 receptor),

compared to the non-mutated IL-2 cytokine. In one embodiment the one or more amino acid

mutations are amino acid substitutions. In a specific embodiment, the mutant IL-2 cytokine

comprises one, two or three amino acid substitutions at one, two or three position(s) selected



from the positions corresponding to residue 42, 45, and 72 of human IL-2. In a more specific

embodiment, the mutant IL-2 cytokine comprises three amino acid substitutions at the positions

corresponding to residue 42, 45 and 72 of human IL-2. In an even more specific embodiment, the

mutant IL-2 cytokine is human IL-2 comprising the amino acid substitutions F42A, Y45A and

L72G. In one embodiment the mutant IL-2 cytokine additionally comprises an amino acid

mutation at a position corresponding to position 3 of human IL-2, which eliminates the O-

glycosylation site of IL-2. Particularly, said additional amino acid mutation is an amino acid

substitution replacing a threonine residue by an alanine residue. A particular mutant IL-2

cytokine useful in the invention comprises four amino acid substitutions at positions

corresponding to residues 3, 42, 45 and 72 of human IL-2. Specific amino acid substitutions are

T3A, F42A, Y45A and L72G. As demonstrated in PCT patent application number

PCT/EP20 12/05 1991 and in the appended Examples, said quadruple mutant IL-2 polypeptide

(IL-2 qm) exhibits no detectable binding to CD25, reduced ability to induce apoptosis in T cells,

reduced ability to induce IL-2 signaling in T.sub.reg cells, and a reduced toxicity profile in vivo.

However, it retains ability to activate IL-2 signaling in effector cells, to induce proliferation of

effector cells, and to generate IFN-γ as a secondary cytokine by NK cells.

The IL-2 or mutant IL-2 cytokine according to any of the above embodiments may

comprise additional mutations that provide further advantages such as increased expression or

stability. For example, the cysteine at position 125 may be replaced with a neutral amino acid

such as alanine, to avoid the formation of disulfide-bridged IL-2 dimers. Thus, in certain

embodiments the IL-2 or mutant IL-2 cytokine of the multispecific or multifunctional

polypeptide according to the invention comprises an additional amino acid mutation at a position

corresponding to residue 125 of human IL-2. In one embodiment said additional amino acid

mutation is the amino acid substitution C125A.

In a specific embodiment the IL-2 cytokine of the multispecific or multifunctional

polypeptide comprises the polypeptide sequence of SEQ ID NO: 227

[APTSSSTKKTQLQLEHLLLDLQMILNGINN

YKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPLEEVLNLAQSKNFHL

RPRDLIS NINVIVLELKGS ETTFMCE YADETATIVEFLNRWITF AQSIISTLT] . In another

specific embodiment the IL-2 cytokine of the multispecific or multifunctional polypeptide



comprises the polypeptide sequence of SEQ ID NO: 228 [APASSSTKKT QLQLEHLLLD

LQMILNGINN YKNPKLTRMLTAKFAMPKKATELKHLQCLE

EELKPLEEVLNGAQSKNFHL RPRDLISNIN

VIVLELKGSETTFMCEYADETATIVEFLNRWITFAQSIISTLT].

In another embodiment the cytokine of the multispecific or multifunctional polypeptide is

IL-12. In a specific embodiment said IL-12 cytokine is a single chain IL-12 cytokine. In an even

more specific embodiment the single chain IL-12 cytokine comprises the polypeptide sequence

of SEQ ID NO: 229

[IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVK

EFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGR

FTCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSA

CPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNS RQVEVSWEY

PDTWSTPHSYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSS

SWSEWASVPCSGGGGSGGGGSGGGGSRNLPVATPDPGMFPCLHHSQNLLRAVSNMLQ

KARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRK

TSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDQNMLAVIDELMQALNFN

SETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNAS]. In one embodiment,

the IL-12 cytokine can elicit one or more of the cellular responses selected from the group

consisting of: proliferation in a NK cell, differentiation in a NK cell, proliferation in a T cell, and

differentiation in a T cell.

In another embodiment the cytokine of the multispecific or multifunctional polypeptide is

IL-10. In a specific embodiment said IL-10 cytokine is a single chain IL-10 cytokine. In an even

more specific embodiment the single chain IL-10 cytokine comprises the polypeptide sequence

of SEQ ID NO: 230

[SPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTFFQMKDQLDNLLLKESLLEDFKG

YLGCQALSEMIQFYLEEVMPQAENQDPDIKAHVNSLGENLKTLRLRLRRCHRFLPCENK

SKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEA YMTMKIRNGGGGS GGGGSGGGGS

GGGGSSPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTFFQMKDQLDNLLLKESLLE

DFKGYLGCQALSEMIQFYLEEVMPQAENQDPDIKAHVNSLGENLKTLRLRLRRCHRFLP

CENKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN]. In another



specific embodiment the IL-10 cytokine is a monomeric IL-10 cytokine. In a more specific

embodiment the monomeric IL-10 cytokine comprises the polypeptide sequence of SEQ ID NO:

231

[SPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTFFQMKDQLDNLLLKESLLEDFKG

YLGCQALSEMIQFYLEEVMPQAENQDPDIKAHVNSLGENLKTLRLRLRRCHRFLPCENG

GGSGGKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN]. In one

embodiment, the IL-10 cytokine can elicit one or more of the cellular responses selected from the

group consisting of: inhibition of cytokine secretion, inhibition of antigen presentation by

antigen presenting cells, reduction of oxygen radical release, and inhibition of T cell

proliferation. A multispecific or multifunctional polypeptide according to the invention wherein

the cytokine is IL-10 is particularly useful for downregulation of inflammation, e.g. in the

treatment of an inflammatory disorder.

In another embodiment, the cytokine of the multispecific or multifunctional polypeptide is

IL-15. In a specific embodiment said IL-15 cytokine is a mutant IL-15 cytokine having reduced

binding affinity to the a-subunit of the IL-15 receptor. Without wishing to be bound by theory, a

mutant IL-15 polypeptide with reduced binding to the .alpha.-subunit of the IL-15 receptor has a

reduced ability to bind to fibroblasts throughout the body, resulting in improved

pharmacokinetics and toxicity profile, compared to a wild-type IL-15 polypeptide. The use of an

cytokine with reduced toxicity, such as the described mutant IL-2 and mutant IL-15 effector

moieties, is particularly advantageous in a multispecific or multifunctional polypeptide according

to the invention, having a long serum half-life due to the presence of an Fc domain. In one

embodiment the mutant IL-15 cytokine of the multispecific or multifunctional polypeptide

according to the invention comprises at least one amino acid mutation that reduces or abolishes

the affinity of the mutant IL-15 cytokine to the .alpha.-subunit of the IL-15 receptor but

preserves the affinity of the mutant IL-15 cytokine to the intermediate-affinity IL-15/IL-2

receptor (consisting of the .beta.- and .gamma.-subunits of the IL-15/IL-2 receptor), compared to

the non-mutated IL-15 cytokine. In one embodiment the amino acid mutation is an amino acid

substitution. In a specific embodiment, the mutant IL-15 cytokine comprises an amino acid

substitution at the position corresponding to residue 53 of human IL-15. In a more specific

embodiment, the mutant IL-15 cytokine is human IL-15 comprising the amino acid substitution



E53A. In one embodiment the mutant IL-15 cytokine additionally comprises an amino acid

mutation at a position corresponding to position 79 of human IL-15, which eliminates the N-

glycosylation site of IL-15. Particularly, said additional amino acid mutation is an amino acid

substitution replacing an asparagine residue by an alanine residue. In an even more specific

embodiment the IL-15 cytokine comprises the polypeptide sequence of SEQ ID NO: 232

[NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLASGDASIH

DTVENLIILANNS LSSNGAVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS ]. In one

embodiment, the IL-15 cytokine can elicit one or more of the cellular responses selected from the

group consisting of: proliferation in an activated T lymphocyte cell, differentiation in an

activated T lymphocyte cell, cytotoxic T cell (CTL) activity, proliferation in an activated B cell,

differentiation in an activated B cell, proliferation in a natural killer (NK) cell, differentiation in

a NK cell, cytokine secretion by an activated T cell or an NK cell, and NK/lymphocyte activated

killer (LAK) antitumor cytotoxicity.

Mutant cytokine molecules useful as effector moieties in the multispecific or

multifunctional polypeptide can be prepared by deletion, substitution, insertion or modification

using genetic or chemical methods well known in the art. Genetic methods may include site-

specific mutagenesis of the encoding DNA sequence, PCR, gene synthesis, and the like. The

correct nucleotide changes can be verified for example by sequencing. Substitution or insertion

may involve natural as well as non-natural amino acid residues. Amino acid modification

includes well known methods of chemical modification such as the addition or removal of

glycosylation sites or carbohydrate attachments, and the like.

In one embodiment, the cytokine, particularly a single-chain cytokine, of the multispecific

or multifunctional polypeptide is GM-CSF. In a specific embodiment, the GM-CSF cytokine can

elicit proliferation and/or differentiation in a granulocyte, a monocyte or a dendritic cell. In one

embodiment, the cytokine, particularly a single-chain cytokine, of the multispecific or

multifunctional polypeptide is IFN-a. In a specific embodiment, the IFN-a cytokine can elicit

one or more of the cellular responses selected from the group consisting of: inhibiting viral

replication in a virus-infected cell, and upregulating the expression of major histocompatibility

complex I (MHC I). In another specific embodiment, the IFN-a cytokine can inhibit proliferation

in a tumor cell. In one embodiment the cytokine, particularly a single-chain cytokine, of the



multispecific or multifunctional polypeptide is IFNy. In a specific embodiment, the IFN-γ

cytokine can elicit one or more of the cellular responses selected from the group of: increased

macrophage activity, increased expression of MHC molecules, and increased NK cell activity. In

one embodiment the cytokine, particularly a single-chain cytokine, of the multispecific or

multifunctional polypeptide is IL-7. In a specific embodiment, the IL-7 cytokine can elicit

proliferation of T and/or B lymphocytes. In one embodiment, the cytokine, particularly a single-

chain cytokine, of the multispecific or multifunctional polypeptide is IL-8. In a specific

embodiment, the IL-8 cytokine can elicit chemotaxis in neutrophils. In one embodiment, the

cytokine, particularly a single-chain cytokine, of the multispecific or multifunctional

polypeptide, is ΜΙΡ - Ι . In a specific embodiment, the MlP-la cytokine can elicit chemotaxis in

monocytes and T lymphocyte cells. In one embodiment, the cytokine, particularly a single-chain

cytokine, of the multispecific or multifunctional polypeptide is MIP- Ι β. In a specific

embodiment, the MIP- Ι β cytokine can elicit chemotaxis in monocytes and T lymphocyte cells.

In one embodiment, the cytokine, particularly a single-chain cytokine, of the multispecific or

multifunctional polypeptide is TGF-β. In a specific embodiment, the TGF-β cytokine can elicit

one or more of the cellular responses selected from the group consisting of: chemotaxis in

monocytes, chemotaxis in macrophages, upregulation of IL-1 expression in activated

macrophages, and upregulation of IgA expression in activated B cells.

In one embodiment, the multispecific or multifunctional polypeptide of the invention binds

to an cytokine receptor with a dissociation constant (K ) that is at least about 1, 1.5, 2, 2.5, 3,

3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5 or 10 times greater than that for a control cytokine.

In another embodiment, the multispecific or multifunctional polypeptide binds to an cytokine

receptor with a K that is at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 times greater than that for a

corresponding multispecific or multifunctional polypeptide comprising two or more effector

moieties. In another embodiment, the multispecific or multifunctional polypeptide binds to an

cytokine receptor with a dissociation constant K that is about 10 times greater than that for a

corresponding the multispecific or multifunctional polypeptide comprising two or more

cytokines.

In some embodiments, the multispecific molecules disclosed herein include a cytokine

molecule. In embodiments, the cytokine molecule includes a full length, a fragment or a variant



of a cytokine; a cytokine receptor domain, e.g., a cytokine receptor dimerizing domain; or an

agonist of a cytokine receptor, e.g., an antibody molecule (e.g., an agonistic antibody) to a

cytokine receptor.

In some embodiments the cytokine molecule is chosen from IL-2, IL-12, IL-15, IL-18,

IL-7, IL-21, or interferon gamma, or a fragment or variant thereof, or a combination of any of the

aforesaid cytokines. The cytokine molecule can be a monomer or a dimer. In embodiments, the

cytokine molecule can further include a cytokine receptor dimerizing domain.

In other embodiments, the cytokine molecule is an agonist of a cytokine receptor, e.g., an

antibody molecule (e.g., an agonistic antibody) to a cytokine receptor chosen from an IL-15Ra or

IL-21R.

In one embodiment, the cytokine molecule is IL-15, e.g., human IL-15 (e.g., comprising

the amino acid sequence:

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS (SEQ ID

NO: 17), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95%

to 99.9% identical thereto, or having at least one amino acid alteration, but not more than five,

ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 17.

In some embodiments, the cytokine molecule comprises a receptor dimerizing domain,

e.g., an IL15Ralpha dimerizing domain. In one embodiment, the IL15Ralpha dimerizing domain

comprises the amino acid sequence:

MAPRRARGCRTLGLP ALLLLLLLRPPATRGITCPPPMS VEHADIWVKSYSLYSRERYICN

SGFKRKAGTSSLTECVL (SEQ ID NO: 18), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 18. In

some embodiments, the cytokine molecule (e.g., IL-15) and the receptor dimerizing domain

(e.g., an IL15Ralpha dimerizing domain) of the multispecific molecule are covalently linked,

e.g., via a linker (e.g., a Gly-Ser linker, e.g., a linker comprising the amino acid sequence

SGGSGGGGSGGGSGGGGSLQ (SEQ ID NO: 19). In other embodiments, the cytokine



molecule (e.g., IL-15) and the receptor dimerizing domain (e.g., an IL15Ralpha dimerizing

domain) of the multispecific molecule are not covalently linked, e.g., are non-covalently

associated.

In other embodiments, the cytokine molecule is IL-2, e.g., human IL-2 (e.g., comprising

the amino acid sequence:

APTSSSTKKTQLQLEHLLLDLQMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCL

EEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNR

WITFCQSIISTLT (SEQ ID NO: 20), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO:20).

In other embodiments, the cytokine molecule is IL-18, e.g., human IL-18 (e.g.,

comprising the amino acid sequence:

YFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMTDSDCRDNAPRTIFIISMYKDSQPRGM

AVTISVKCEKISTLSCENKIISFKEMNPPDNIKDTKSDIIFFQRSVPGHDNKMQFESSSY

EGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED (SEQ ID NO: 21), a fragment

thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical

thereto, or having at least one amino acid alteration, but not more than five, ten or fifteen

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to the

amino acid sequence of SEQ ID NO: 21).

In other embodiments, the cytokine molecule is IL-21, e.g., human IL-21 (e.g.,

comprising the amino acid sequence:

QGQDRHMIRMRQLIDIVDQLKN YVNDLVPEFLPAPEDVETNCEWSAFSCFQKAQLKSA

NTGNNERIINVSIKKLKRKPPS TNAGRRQKHRLTCPS CDSYEKKPPKEFLERFKS LLQKMI

HQHLSSRTHGSEDS (SEQ ID NO: 22), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 22).

In yet other embodiments, the cytokine molecule is interferon gamma, e.g., human

interferon gamma (e.g., comprising the amino acid sequence:



QDPYVKEAENLKKYFNAGHSDVADNGTLFLGILKNWKEESDRKIMQSQIVSFYFKLFK

NFKDDQSIQKSVETIKEDMNVKFFNSNKKKRDDFEKLTNYSVTDLNVQRKAIHELIQVM

AELSPAAKTGKRKRSQMLFRG (SEQ ID NO: 23), a fragment thereof, or an amino acid

sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least

one amino acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID

NO: 23).

Immune Cell Engagers

The immune cell engagers of the multispecific molecules disclosed herein can mediate

binding to, and/or activation of, an immune cell, e.g., an immune effector cell. In some

embodiments, the immune cell is chosen from an NK cell, a B cell, a dendritic cell, or a

macrophage cell engager, or a combination thereof. In some embodiments, the immune cell

engager is chosen from one, two, three, or all of a a T cell engager, NK cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager, or a combination thereof. The

immune cell engager can be an agonist of the immune system. In some embodiments, the

immune cell engager can be an antibody molecule, a ligand molecule (e.g., a ligand that further

comprises an immunoglobulin constant region, e.g., an Fc region), a small molecule, a nucleotide

molecule.

Natural Killer Cell Engagers

Natural Killer (NK) cells recognize and destroy tumors and virus-infected cells in an

antibody-independent manner. The regulation of NK cells is mediated by activating and

inhibiting receptors on the NK cell surface. One family of activating receptors is the natural

cytotoxicity receptors (NCRs) which include NKp30, NKp44 and NKp46. The NCRs initiate

tumor targeting by recognition of heparan sulfate on cancer cells. NKG2D is a receptor that

provides both stimulatory and costimulatory innate immune responses on activated killer (NK)

cells, leading to cytotoxic activity. DNAM1 is a receptor involved in intercellular adhesion,

lymphocyte signaling, cytotoxicity and lymphokine secretion mediated by cytotoxic T-

lymphocyte (CTL) and NK cell. DAP10 (also known as HCST) is a transmembrane adapter



protein which associates with KLRKl to form an activation receptor KLRKl-HCST in lymphoid

and myeloid cells; this receptor plays a major role in triggering cytotoxicity against target cells

expressing cell surface ligands such as MHC class I chain-related MICA and MICB, and

U(optionally Ll)6-binding proteins (ULBPs); it KLRKl-HCST receptor plays a role in immune

surveillance against tumors and is required for cytolysis of tumors cells; indeed, melanoma cells

that do not express KLRKl ligands escape from immune surveillance mediated by NK cells.

CD 16 is a receptor for the Fc region of IgG, which binds complexed or aggregated IgG and also

monomeric IgG and thereby mediates antibody-dependent cellular cytotoxicity (ADCC) and

other antibody-dependent responses, such as phagocytosis.

In some embodiments, the NK cell engager is a viral hemagglutinin (HA), HA is a

glycoprotein found on the surface of influenza viruses. It is responsible for binding the virus to

cells with sialic acid on the membranes, such as cells in the upper respiratory tract or

erythrocytes. HA has at least 18 different antigens. These subtypes are named H I through H I 8.

NCRs can recognize viral proteins. NKp46 has been shown to be able to interact with the HA of

influenza and the HA-NA of Paramyxovirus, including Sendai virus and Newcastle disease virus.

Besides NKp46, NKp44 can also functionally interact with HA of different influenza subtypes.

The present disclosure provides, inter alia, multi- specific (e.g., bi-, tri-, quad- specific)

proteins, that are engineered to contain one or more NK cell engager that mediate binding to

and/or activation of an NK cell. Accordingly, in some embodiments, the NK cell engager is

selected from an antigen binding domain or ligand that binds to (e.g., activates): NKp30, NKp40,

NKp44, NKp46, NKG2D, DNAM1, DAP10, CD16 (e.g., CD16a, CD16b, or both), CRTAM,

CD27, PSGL1, CD96, CD 100 (SEMA4D), NKp80, CD244 (also known as SLAMF4 or 2B4),

SLAMF6, SLAMF7, KIR2DS2, KIR2DS4, KIR3DS1, KIR2DS3, KIR2DS5, KIR2DS1, CD94,

NKG2C, NKG2E, or CD 160.

In one embodiment, the NK cell engager is a ligand of NKp30 is a B7-6, e.g., comprises

the amino acid sequence of:

DLKVEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWKSLTFDKEVKVFEFFGD

HQEAFRPGAIVSPWRLKSGDASLRLPGIQLEEAGEYRCEVVVTPLKAQGTVQLEVVASP

ASRLLLDQVGMKENEDKYMCESSGFYPEAINITWEKQTQKFPHPIEISEDVITGPTIKNM



DGTFNVTSCLKLNSSQEDPGTVYQCVVRHASLHTPLRSNFTLTAARHSLSETEKTDNFS

(SEQ ID NO: 24), a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 24.

In other embodiments, the NK cell engager is a ligand of NKp44 or NKp46, which is a

viral HA. Viral hemagglutinins (HA) are glyco proteins which are on the surface of viruses. HA

proteins allow viruses to bind to the membrane of cells via sialic acid sugar moieties which

contributes to the fusion of viral membranes with the cell membranes (see e.g., Eur J Immunol.

2001 Sep;31(9):2680-9 "Recognition of viral hemagglutinins by NKp44 but not by NKp30"; and

Nature. 2001 Feb 22;409(6823): 1055-60 "Recognition of haemagglutinins on virus-infected cells

by NKp46 activates lysis by human NK cells" the contents of each of which are incorporated by

reference herein).

In other embodiments, the NK cell engager is a ligand of NKG2D chosen from MICA,

MICB, or ULBP1, e.g., wherein:

(i) MICA comprises the amino acid sequence:

EPHSLRYNLTVLSWDGSVQSGFLTEVHLDGQPFLRCDRQKCRAKPQGQWAEDVLGNK

TWDRETRDLTGNGKDLRMTLAHIKDQKEGLHSLQEIRVCEIHEDNSTRSSQHFYYDGEL

FLSQNLETKEWTMPQSSRAQTLAMNVRNFLKEDAMKTKTHYHAMHADCLQELRRYLK

SGVVLRRTVPPMVNVTRSEASEGNITVTCRASGFYPWNITLSWRQDGVS LSHDTQQWG

DVLPDGNGTYQTWVATRICQGEEQRFTCYMEHSGNHSTHPVPSGKVLVLQSHW (SEQ

ID NO: 25), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 25;

(ii) MICB comprises the amino acid sequence:

AEPHSLRYNLMVLSQDESVQSGFLAEGHLDGQPFLRYDRQKRRAKPQGQWAED VLGA

KTWDTETEDLTENGQDLRRTLTHIKDQKGGLHS LQEIRVCEIHEDS STRGSRHFYYDGEL

FLS QNLETQESTVPQS SRAQTLAMNVTNFWKEDAMKTKTHYRAMQADCLQKLQRYLK



SGVAIRRTVPPMVNVTCSEVSEGNITVTCRASSFYPRNITLTWRQD GVSLSHNTQQWGD

VLPDGNGTYQTWVATRIRQGEEQRFTC YMEHSGNHGTHPVPSGKVLVLQSQRTD (SEQ

ID NO: 26), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 26; or

(iii) ULBP1 comprises the amino acid sequence:

GWVDTHCLCYDFIITPKSRPEPQWCEVQGLVDERPFLHYDCVNHKAKAFASLGKKVNV

TKTWEEQTETLRDVVDFLKGQLLDIQVENLIPIEPLTLQARMSCEHEAHGHGRGSWQFL

FNGQKFLLFDSNNRKWTALHPGAKKMTEKWEKNRDVTMFFQKISLGDCKMWLEEFL

YWEQMLDPTKPPS LAPG (SEQ ID NO: 27), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 27.

In other embodiments, the NK cell engager is a ligand of DNAM1 chosen from

NECTIN2 or NECL5, e.g., wherein:

(i) NECTIN2 comprises the amino acid sequence:

QDVRVQVLPEVRGQLGGTVELPCHLLPPVPGLYISLVTWQRPDAPANHQNVAAFHPKM

GPSFPSPKPGSERLSFVSAKQSTGQDTEAELQDATLALHGLTVEDEGNYTCEFATFPKGS

VRGMTWLRVIAKPKNQAE AQKVTFSQDPTTVALCISKEGRPPARISWLSSLDWEAKETQ

VSGTLAGTVTVTSRFTLVPSGRADGVTVTCKVEHESFEEPALIPVTLSVRYPPEVSISGYD

DNWYLGRTDATLSCDVRSNPEPTGYDWSTTSGTFPTSAVAQGSQLVIHAVDSLFNTTFV

CTVTNAVGMGRAEQVIFVRETPNTAGAGATGG (SEQ ID NO: 28), a fragment thereof, or

an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 28; or

(ii) NECL5 comprises the amino acid sequence:

WPPPGTGDVVVQAPTQVPGFLGDSVTLPCYLQVPNMEVTHVSQLTWARHGESGSMAV

FHQTQGPSYSESKRLEFVAARLGAELRNASLRMFGLRVEDEGNYTCLFVTFPQGSRSVD



IWLRVLAKPQNTAEVQKVQLTGEPVPMARCVSTGGRPPAQITWHSDLGGMPNTSQVPG

FLS GTVTVTSLWILVPS SQVDGKNVTCKVEHESFEKPQLLT VNLTVYYPPEVSISGYDNN

WYLGQNEATLTCDARSNPEPTGYNWSTTMGPLPPFAVAQGAQLLIRPVDKPINTTLICN

VTNALGARQAELTVQVKEGPPS EHSGISRN (SEQ ID NO: 29), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 29.

In yet other embodiments, the NK cell engager is a ligand of DAP10, which is an adapter

for NKG2D (see e.g., Proc Natl Acad Sci U S A. 2005 May 24; 102(21): 7641-7646; and Blood,

15 September 201 1 Volume 118, Number 11, the full contents of each of which is incorporated

by reference herein).

In other embodiments, the NK cell engager is a ligand of CD 16, which is a CD16a/b

ligand, e.g., a CD16a/b ligand further comprising an antibody Fc region (see e.g., Front

Immunol. 2013; 4 : 76 discusses how antibodies use the Fc to trigger NK cells through CD16,the

full contents of which are incorporated herein).

In other embodiments, the NK cell engager is a ligand of CRTAM, which is NECL2, e.g.,

wherein NECL2 comprises the amino acid sequence:

QNLFTKDVTVIEGEVATISCQVNKSDDSVIQLLNPNRQTIYFRDFRPLKDSRFQLLNFSSS

ELKVSLTNVSISDEGRYFCQLYTDPPQES YTTITVLVPPRNLMIDIQKDT AVEGEEIE VNC

TAMASKPATTIRWFKGNTELKGKSEVEEWSDMYTVTSQLMLKVHKEDDGVPVICQVE

HPAVTGNLQTQRYLEVQYKPQVHIQMTYPLQGLTREGDALELTCEAIGKPQPVMVTWV

RVDDEMPQH AVLSGPNLFINNLNKTDNGT YRCEASNIVGKAHS DYMLYVYDPPTTIPPP

TTTTTTTTTTTTTILTIITDSRAGEEGSIRAVDH (SEQ ID NO: 30), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 30.



In other embodiments, the NK cell engager is a ligand of CD27, which is CD70, e.g.,

wherein CD70 comprises the amino acid sequence:

QRFAQAQQQLPLESLGWDVAELQLNHTGPQQDPRLYWQGGPALGRSFLHGPELDKGQ

LRIHRDGIYMVHIQVTLAICSSTTASRHHPTTLAVGICSPASRSISLLRLSFHQGCTIASQR

LTPLARGDTLCTNLTGTLLPSRNTDETFFGVQWVRP (SEQ ID NO: 31), a fragment thereof,

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 31.

In other embodiments, the NK cell engager is a ligand of PSGL1, which is L-selectin

(CD62L), e.g., wherein L-selectin comprises the amino acid sequence:

WTYHYSEKPMNWQRARRFCRDNYTDLVAIQNKAEIEYLEKTLPFSRSYYWIGIRKIGGI

WTWVGTNKSLTEEAENWGDGEPNNKKNKEDCVEIYIKRNKDAGKWNDDACHKLKAA

LCYTASCQPWSCSGHGECVEIINNYTCNCDVGYYGPQCQFVIQCEPLEAPELGTMDCTH

PLGNFSFSSQCAFSCSEGTNLTGIEETTCGPFGNWSSPEPTCQVIQCEPLSAPDLGIMNCSH

PLASFSFTSACTFICSEGTELIGKKKTICESSGIWSNPSPICQKLDKSFSMIKEGDYN (SEQ

ID NO: 32), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 32.

In other embodiments, the NK cell engager is a ligand of CD96, which is NECL5, e.g.,

wherein NECL5 comprises the amino acid sequence:

WPPPGTGDVVVQAPTQVPGFLGDSVTLPCYLQVPNMEVTHVSQLTWARHGESGSMAV

FHQTQGPSYSESKRLEFVAARLGAELRNASLRMFGLRVEDEGNYTCLFVTFPQGSRSVD

rWLRVLAKPQNTAEVQKVQLTGEPVPMARCVSTGGRPPAQITWHSDLGGMPNTSQVPG

FLS GTVTVTSLWILVPSSQVDGKNVTCKVEHESFEKPQLLT VNLTVYYPPEVSISGYDNN

WYLGQNEATLTCDARSNPEPTGYNWSTTMGPLPPFAVAQGAQLLIRPVDKPINTTLICN

VTNALGARQAELTVQVKEGPPSEHSGISRN (SEQ ID NO: 29), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,



substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 30.

In other embodiments, the NK cell engager is a ligand of CD 100 (SEMA4D), which is

CD72, e.g., wherein CD72 comprises the amino acid sequence:

RYLQVSQQLQQTNRVLEVTNSSLRQQLRLKITQLGQSAEDLQGSRRELAQSQEALQVEQ

RAHQAAEGQLQACQADRQKTKETLQSEEQQRRALEQKLSNMENRLKPFFTCGSADTCC

PSGWIMHQKSCFYISLTSKNWQESQKQCETLSSKLATFSEIYPQSHSYYFLNSLLPNGGS

GNSYWTGLSSNKDWKLTDDTQRTRTYAQSSKCNKVHKTWSWWTLESESCRSSLPYICE

MTAFRFPD (SEQ ID NO: 33), a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 33.

In other embodiments, the NK cell engager is a ligand of NKp80, which is CLEC2B

(AICL), e.g., wherein CLEC2B (AICL) comprises the amino acid sequence:

KLTRDSQSLCPYDWIGFQNKCYYFSKEEGDWNSSKYNCSTQHADLTIIDNIEEMNFLRR

YKCSSDHWIGLKMAKNRTGQWVDGATFTKSFGMRGSEGCAYLSDDGAATARCYTER

KWICRKRIH (SEQ ID NO: 34), a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 34.

In other embodiments, the NK cell engager is a ligand of CD244, which is CD48, e.g.,

wherein CD48 comprises the amino acid sequence:

QGHLVHMTVVSGSNVTLNISESLPENYKQLTWFYTFDQKIVEWDSRKSKYFESKFKGR

VRLDPQSGALYISKVQKEDNSTYIMRVLKKTGNEQEWKIKLQVLDPVPKPVIKIEKIEDM

DDNCYLKLSCVIPGESVNYTWYGDKRPFPKELQNSVLETTLMPHNYSRCYTCQVSNSVS

SKNGTVCLSPPCTLARS (SEQ ID NO: 35), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 35.



T Cell Engagers

The present disclosure provides, inter alia, multi- specific (e.g., bi-, tri-, quad- specific)

proteins, that are engineered to contain one or more T cell engager that mediate binding to and/or

activation of a T cell. Accordingly, in some embodiments, the T cell engager is selected from an

antigen binding domain or ligand that binds to (e.g., and in some embodiments activates) one or

more of CD3, TCRa, TCRp, TCRy, TCRC, ICOS, CD28, CD27, HVEM, LIGHT, CD40, 4-lBB,

OX40, DR3, GITR, CD30, TIMl, SLAM, CD2, or CD226. In other embodiments, the T cell

engager is selected from an antigen binding domain or ligand that binds to and does not activate

one or more of CD3, TCRa, TCRp, TCRy, TCRC, ICOS, CD28, CD27, HVEM, LIGHT, CD40,

4-lBB, OX40, DR3, GITR, CD30, TIMl, SLAM, CD2, or CD226. In some embodiments, the T

cell engager binds to CD3.

B Cell, Macrophage & Dendritic Cell Engagers

Broadly, B cells, also known as B lymphocytes, are a type of white blood cell of the

lymphocyte subtype. They function in the humoral immunity component of the adaptive immune

system by secreting antibodies. Additionally, B cells present antigen (they are also classified as

professional antigen-presenting cells (APCs)) and secrete cytokines. Macrophages are a type of

white blood cell that engulfs and digests cellular debris, foreign substances, microbes, cancer

cells via phagocytosis. Besides phagocytosis, they play important roles in nonspecific defense

(innate immunity) and also help initiate specific defense mechanisms (adaptive immunity) by

recruiting other immune cells such as lymphocytes. For example, they are important as antigen

presenters to T cells. Beyond increasing inflammation and stimulating the immune system,

macrophages also play an important anti-inflammatory role and can decrease immune reactions

through the release of cytokines. Dendritic cells (DCs) are antigen-presenting cells that function

in processing antigen material and present it on the cell surface to the T cells of the immune

system.

The present disclosure provides, inter alia, multi- specific (e.g., bi-, tri-, quad- specific)

proteins, that include, e.g., are engineered to contain, one or more B cell, macrophage, and/or

dendritic cell engager that mediate binding to and/ or activation of a B cell, macrophage, and/or

dendritic cell.



Accordingly, in some embodiments, the immune cell engager comprises a B cell,

macrophage, and/or dendritic cell engager chosen from one or more of CD40 ligand (CD40L) or

a CD70 ligand; an antibody molecule that binds to CD40 or CD70; an antibody molecule to

OX40; an OX40 ligand (OX40L); an agonist of a Toll-like receptor (e.g., as described herein,

e.g., a TLR4, e.g., a constitutively active TLR4 (caTLR4), or a TLR9 agonists); a 41BB; a CD2;

a CD47; or a STING agonist, or a combination thereof.

In some embodiments, the B cell engager is a CD40L, an OX40L, or a CD70 ligand, or

an antibody molecule that binds to OX40, CD40 or CD70.

In some embodiments, the macrophage engager is a CD2 agonist. In some embodiments,

the macrophage engager is an antigen binding domain that binds to: CD40L or antigen binding

domain or ligand that binds CD40, a Toll like receptor (TLR) agonist (e.g., as described herein),

e.g., a TLR9 or TLR4 (e.g., caTLR4 (constitutively active TLR4), CD47, or a STING agonist. In

some embodiments, the STING agonist is a cyclic dinucleotide, e.g., cyclic di-GMP (cdGMP) or

cyclic di-AMP (cdAMP). In some embodiments, the STING agonist is biotinylated.

In some embodiments, the dendritic cell engager is a CD2 agonist. In some embodiments,

the dendritic cell engager is a ligand, a receptor agonist, or an antibody molecule that binds to

one or more of: OX40L, 41BB, a TLR agonist (e.g., as described herein) (e.g., TLR9 agonist,

TLR4 (e.g., caTLR4 (constitutively active TLR4)), CD47, or and a STING agonist. In some

embodiments, the STING agonist is a cyclic dinucleotide, e.g., cyclic di-GMP (cdGMP) or cyclic

di-AMP (cdAMP). In some embodiments, the STING agonist is biotinylated.

In other embodiments, the immune cell engager mediates binding to, or activation of, one

or more of a B cell, a macrophage, and/or a dendritic cell. Exemplary B cell, macrophage,

and/or dendritic cell engagers can be chosen from one or more of CD40 ligand (CD40L) or a

CD70 ligand; an antibody molecule that binds to CD40 or CD70; an antibody molecule to OX40;

an OX40 ligand (OX40L); a Toll-like receptor agonist (e.g., a TLR4, e.g., a constitutively active

TLR4 (caTLR4) or a TLR9 agonist); a 41BB agonist; a CD2; a CD47; or a STING agonist, or a

combination thereof.

In some embodiments, the B cell engager is chosen from one or more of a CD40L, an

OX40L, or a CD70 ligand, or an antibody molecule that binds to OX40, CD40 or CD70.



In other embodiments, the macrophage cell engager is chosen from one or more of a CD2

agonist; a CD40L; an OX40L; an antibody molecule that binds to OX40, CD40 or CD70; a Toll

like receptor agonist or a fragment thereof (e.g., a TLR4, e.g., a constitutively active TLR4

(caTLR4)); a CD47 agonist; or a STING agonist.

In other embodiments, the dendritic cell engager is chosen from one or more of a CD2

agonist, an OX40 antibody, an OX40L, 4 IBB agonist, a Toll-like receptor agonist or a fragment

thereof (e.g., a TLR4, e.g., a constitutively active TLR4 (caTLR4)), CD47 agonist, or a STING

agonist.

In one embodiment, the OX40L comprises the amino acid sequence:

QVSHRYPRIQSIKVQFTEYKKEKGFILTSQKEDEIMKVQNNSVIINCDGFYLISLKGYFSQ

EVNISLHYQKDEEPLFQLKKVRSVNSLMVASLTYKDKVYLNVTTDNTSLDDFHVNGGE

LILIHQNPGEFCVL (SEQ ID NO: 36), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 36.

In another embodiment, the CD40L comprises the amino acid sequence:

MQKGDQNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQGLY

YIYAQVTFCSNREAS SQAPFIAS LCLKSPGRFERILLRAANTHS SAKPCGQQS IHLGGVFE

LQPGASVFVNVTDPS QVSHGTGFTS FGLLKL (SEQ ID NO: 37), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 37.

In yet other embodiments, the STING agonist comprises a cyclic dinucleotide, e.g., a

cyclic di-GMP (cdGMP), a cyclic di-AMP (cdAMP), or a combination thereof, optionally with

2', 5' or 3', 5' phosphate linkages.

In one embodiment, the immune cell engager includes 4 IBB ligand, e.g., comprising the

amino acid sequence:

ACPWAVSGARASPGSAASPRLREGPELSPDDPAGLLDLRQGMFAQLVAQNVLLIDGPLS

WYSDPGLAG VSLTGGLSYKEDTKELV VAKAGVYYVFFQLELRR VVAGEGS GSVSLALH



LQPLRSAAGAAALALTVDLPPASSEARNSAFGFQGRLLHLS AGQRLGVHLHTEARARH

AWQLTQGATVLGLFRVTPEIPAGLPSPRSE (SEQ ID NO: 38), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 38.

Toll-Like Receptors

Toll-Like Receptors (TLRs) are evolutionary conserved receptors are homologues of the

Drosophila Toll protein, and recognize highly conserved structural motifs known as pathogen-

associated microbial patterns (PAMPs), which are exclusively expressed by microbial pathogens,

or danger-associated molecular patterns (DAMPs) that are endogenous molecules released from

necrotic or dying cells. PAMPs include various bacterial cell wall components such as

lipopolysaccharide (LPS), peptidoglycan (PGN) and lipopeptides, as well as flagellin, bacterial

DNA and viral double-stranded RNA. DAMPs include intracellular proteins such as heat shock

proteins as well as protein fragments from the extracellular matrix. Stimulation of TLRs by the

corresponding PAMPs or DAMPs initiates signaling cascades leading to the activation of

transcription factors, such as AP-1, NF-κΒ and interferon regulatory factors (IRFs). Signaling by

TLRs results in a variety of cellular responses, including the production of interferons (IFNs),

pro-inflammatory cytokines and effector cytokines that direct the adaptive immune response.

TLRs are implicated in a number of inflammatory and immune disorders and play a role in

cancer (Rakoff-Nahoum S. & Medzhitov R., 2009. Toll-like receptors and cancer. Nat Revs

Cancer 9:57- 63.)

TLRs are type I transmembrane proteins characterized by an extracellular domain

containing leucine-rich repeats (LRRs) and a cytoplasmic tail that contains a conserved region

called the Toll/IL-1 receptor (TIR) domain. Ten human and twelve murine TLRs have been

characterized, TLR1 to TLR10 in humans, and TLR1 to TLR9, TLR11, TLR12 and TLR13 in

mice, the homolog of TLR10 being a pseudogene. TLR2 is essential for the recognition of a

variety of PAMPs from Gram-positive bacteria, including bacterial lipoproteins, lipomannans

and lipoteichoic acids. TLR3 is implicated in virus-derived double-stranded RNA. TLR4 is



predominantly activated by lipopolysaccharide. TLR5 detects bacterial flagellin and TLR9 is

required for response to unmethylated CpG DNA. Finally, TLR7 and TLR8 recognize small

synthetic antiviral molecules, and single-stranded RNA was reported to be their natural ligand.

TLR1 1 has been reported to recognize uropathogenie E.coli and a profilin-like protein from

Toxoplasma gondii. The repertoire of specificities of the TLRs is apparently extended by the

ability of TLRs to heterodimerize with one another. For example, dimers of TLR2 and TLR6 are

required for responses to diacylated lipoproteins while TLR2 and TLR1 interact to recognize

triacylated lipoproteins. Specificities of the TLRs are also influenced by various adapter and

accessory molecules, such as MD-2 and CD 14 that form a complex with TLR4 in response to

LPS.

TLR signaling consists of at least two distinct pathways: a MyD88-dependent pathway

that leads to the production of inflammatory cytokines, and a MyD88-independent pathway

associated with the stimulation of IFN-β and the maturation of dendritic cells. The MyD88-

dependent pathway is common to all TLRs, except TLR3 (Adachi O. et al., 1998. Targeted

disruption of the MyD88 gene results in loss of IL-1- and IL- 18-mediated function. Immunity.

9(1): 143-50). Upon activation by PAMPs or DAMPs, TLRs hetero- or homodimerize inducing

the recruitment of adaptor proteins via the cytoplasmic TIR domain. Individual TLRs induce

different signaling responses by usage of the different adaptor molecules. TLR4 and TLR2

signaling requires the adaptor TIRAP/Mal, which is involved in the MyD88-dependent pathway.

TLR3 triggers the production of IFN-β in response to double- stranded RNA, in a MyD88-

independent manner, through the adaptor TRIF/TICAM-1. TRAM/TIC AM-2 is another adaptor

molecule involved in the MyD88-independent pathway which function is restricted to the TLR4

pathway.

TLR3, TLR7, TLR8 and TLR9 recognize viral nucleic acids and induce type I IFNs. The

signaling mechanisms leading to the induction of type I IFNs differ depending on the TLR

activated. They involve the interferon regulatory factors, IRFs, a family of transcription factors

known to play a critical role in antiviral defense, cell growth and immune regulation. Three IRFs

(IRF3, IRF5 and IRF7) function as direct transducers of virus-mediated TLR signaling. TLR3

and TLR4 activate IRF3 and IRF7, while TLR7 and TLR8 activate IRF5 and IRF7 (Doyle S. et

al., 2002. IRF3 mediates a TLR3/TLR4-specific antiviral gene program. Immunity. 17(3):251-



63). Furthermore, type I IFN production stimulated by TLR9 ligand CpG-A has been shown to

be mediated by PI(3)K and mTOR (Costa-Mattioli M. & Sonenberg N. 2008. RAPping

production of type I interferon in pDCs through mTOR. Nature Immunol. 9 : 1097-1099).

TLR-9

TLR9 recognizes unmethylated CpG sequences in DNA molecules. CpG sites are

relatively rare (-1%) on vertebrate genomes in comparison to bacterial genomes or viral DNA.

TLR9 is expressed by numerous cells of the immune system such as B lymphocytes, monocytes,

natural killer (NK) cells, and plasmacytoid dendritic cells. TLR9 is expressed intracellularly,

within the endosomal compartments and functions to alert the immune system of viral and

bacterial infections by binding to DNA rich in CpG motifs. TLR9 signals leads to activation of

the cells initiating pro-inflammatory reactions that result in the production of cytokines such as

type-1interferon and IL-12.

TLR Agonists

A TLR agonist can agonize one or more TLR, e.g., one or more of human TLR- 1, 2, 3,

4, 5, 6, 7, 8, 9, or 10. In some embodiments, an adjunctive agent described herein is a TLR

agonist. In some embodiments, the TLR agonist specifically agonizes human TLR-9. In some

embodiments, the TLR-9 agonist is a CpG moiety. As used herein, a CpG moiety, is a linear

dinucleotide having the sequence: 5'—C—phosphate —G—3', that is, cytosine and guanine

separated by only one phosphate.

In some embodiments, the CpG moiety comprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more CpG

dinucleotides. In some embodiments, the CpG moiety consists of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 CpG dinucleotides. In

some embodiments, the CpG moiety has 1-5, 1-10, 1-20, 1-30, 1-40, 1-50, 5-10, 5-20, 5-30, 10-

20, 10-30, 10-40, or 10-50 CpG dinucleotides.

In some embodiments, the TLR-9 agonist is a synthetic ODN (oligodeoxynucleotides).

CpG ODNs are short synthetic single-stranded DNA molecules containing unmethylated CpG

dinucleotides in particular sequence contexts (CpG motifs). CpG ODNs possess a partially or



completely phosphorothioated (PS) backbone, as opposed to the natural phosphodiester (PO)

backbone found in genomic bacterial DNA. There are three major classes of CpG ODNs: classes

A, B and C, which differ in their immuno stimulatory activities. CpG-A ODNs are characterized

by a PO central CpG-containing palindromic motif and a PS-modified 3' poly-G string. They

induce high IFN -a production from pDCs but are weak stimulators of TLR9-dependent NF-KB

signaling and pro-inflammatory cytokine (e.g. IL-6) production. CpG-B ODNs contain a full PS

backbone with one or more CpG dinucleotides. They strongly activate B cells and TLR9-

dependent N F-κΒ signaling but weakly stimulate IFN -a secretion. CpG-C ODNs combine

features of both classes A and B. They contain a complete PS backbone and a CpG-containing

palindromic motif. C-Class CpG ODNs induce strong IFN -a production from pDC as well as B

cell stimulation.

Stromal Modifying Moieties

Solid tumors have a distinct structure that mimics that of normal tissues and comprises

two distinct but interdependent compartments: the parenchyma (neoplastic cells) and the stroma

that the neoplastic cells induce and in which they are dispersed. All tumors have stroma and

require stroma for nutritional support and for the removal of waste products. In the case of

tumors which grow as cell suspensions (e.g., leukemias, ascites tumors), the blood plasma serves

as stroma (Connolly JL et al. Tumor Structure and Tumor Stroma Generation. In: Kufe DW et

al., editors. Holland-Frei Cancer Medicine. 6th edition. Hamilton: BC Decker; 2003). The stroma

includes a variety of cell types, including fibroblasts/myofibroblasts, glial, epithelial, fat,

vascular, smooth muscle, and immune cells along with extracellular matrix (ECM) and

extracellular molecules (Li Hanchen et al. Tumor Microenvironment: The Role of the Tumor

Stroma in Cancer. J of Cellular Biochemistry 101: 805-815 (2007)).

Stromal modifying moieties described herein include moieties (e.g., proteins, e.g.,

enzymes) capable of degrading a component of the stroma, e.g., an ECM component, e.g., a

glycosaminoglycan, e.g., hyaluronan (also known as hyaluronic acid or HA), chondroitin sulfate,

chondroitin, dermatan sulfate, heparin sulfate, heparin, entactin, tenascin, aggrecan and keratin

sulfate; or an extracellular protein, e.g., collagen, laminin, elastin, fibrinogen, fibronectin, and

vitronectin.



Stromal Modifying Enzymes

In some embodiments, the stromal modifying moiety is an enzyme. For example, the

stromal modifying moiety can include, but is not limited to a hyaluronidase, a collagenase, a

chondroitinase, a matrix metalloproteinase (e.g., macrophage metalloelastase).

Hyaluronidases

Hyaluronidases are a group of neutral- and acid-active enzymes found throughout the

animal kingdom. Hyaluronidases vary with respect to substrate specificity, and mechanism of

action. There are three general classes of hyaluronidases: (1) Mammalian-type hyaluronidases,

(EC 3.2.1.35) which are endo-beta-N-acetylhexosaminidases with tetrasaccharides and

hexasaccharides as the major end products. They have both hydrolytic and transglycosidase

activities, and can degrade hyaluronan and chondroitin sulfates; (2) Bacterial hyaluronidases (EC

4.2.99.1) degrade hyaluronan and, and to various extents, chondroitin sulfate and dermatan

sulfate. They are endo-beta-N-acetylhexosaminidases that operate by a beta elimination reaction

that yields primarily disaccharide end products; (3) Hyaluronidases (EC 3.2.1.36) from leeches,

other parasites, and crustaceans are endo-beta-glucuronidases that generate terrasaccharide and

hexasaccharide end products through hydrolysis of the beta 1-3 linkage.

Mammalian hyaluronidases can be further divided into two groups: (1) neutral active and

(2) acid active enzymes. There are six hyaluronidase-like genes in the human genome, HYAL1,

HYAL2, HYAL3 HYAL4 HYALPl and PH20/SPAM1. HYALPl is a pseudogene, and HYAL3

has not been shown to possess enzyme activity toward any known substrates. HYAL4 is a

chondroitinase and lacks activity towards hyaluronan. HYAL1 is the prototypical acid-active

enzyme and PH20 is the prototypical neutral-active enzyme. Acid active hyaluronidases, such as

HYAL1 and HYAL2 lack catalytic activity at neutral pH. For example, HYAL1 has no catalytic

activity in vitro over pH 4.5 (Frost and Stern, "A Microtiter-Based Assay for Hyaluronidase

Activity Not Requiring Specialized Reagents", Analytical Biochemistry, vol. 251, pp. 263-269

(1997). HYAL2 is an acid active enzyme with a very low specific activity in vitro.

In some embodiments the hyaluronidase is a mammalian hyaluronidase. In some

embodiments the hyaluronidase is a recombinant human hyaluronidase. In some embodiments,



the hyaluronidase is a neutral active hyaluronidase. In some embodiments, the hyaluronidase is a

neutral active soluble hyaluronidase. In some embodiments, the hyaluronidase is a recombinant

PH20 neutral-active enzyme. In some embodiments, the hyaluronidase is a recombinant PH20

neutral-active soluble enzyme. In some embodiments the hyaluronidase is glycosylated. In some

embodiments, the hyaluronidase possesses at least one N-linked glycan. A recombinant

hyaluronidase can be produced using conventional methods known to those of skill in the art,

e.g., US7767429, the entire contents of which are incorporated by reference herein.

In some embodiments the hyaluronidase is rHuPH20 (also referred to as Hylenex®;

presently manufactured by Halozyme; approved by the FDA in 2005 (see e.g., Scodeller P

(2014) Hyaluronidase and other Extracellular Matrix Degrading Enzymes for Cancer Therapy:

New Uses and Nano- Formulations. Carcinog Mutage 5:178; US7767429; US8202517;

US7431380; US8450470; US8772246; US8580252, the entire contents of each of which is

incorporated by reference herein). rHuPH20 is produced by genetically engineered CHO cells

containing a DNA plasmid encoding for a soluble fragment of human hyaluronidase PH20. In

some embodiments the hyaluronidase is glycosylated. In some embodiments, the hyaluronidase

possesses at least one N-linked glycan. A recombinant hyaluronidase can be produced using

conventional methods known to those of skill in the art, e.g., US7767429, the entire contents of

which are incorporated by reference herein. In some embodiments, rHuPH20 has a sequence at

least 95% (e.g., at least 96%, 97%, 98%, 99%, 100%) identical to the amino acid sequence of

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGQGVTIFYVDRL

GYYPYIDSITGVTVNGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTW

ARNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP

NHLWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDDLSWLWNESTALYPSIYLNTQQS

PVAATLYVRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDELVYTFGETVA

LGASGIVrWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLCQEQGVCIRK

NWNSSDYLHLNPDNF AIQLEKGGKFT VRGKPTLEDLEQFS EKFYCSCYSTLSCKEKADV

KDTDAVDVCIADGVCIDAFLKPPMETEEPQIFYNASPSTLS (SEQ ID NO: 39).

In any of the methods provided herein, the anti-hyaluronan agent can be an agent that

degrades hyaluronan or can be an agent that inhibits the synthesis of hyaluronan. For example,

the anti-hyaluronan agent can be a hyaluronan degrading enzyme. In another example, the anti-



hyaluronan agent or is an agent that inhibits hyaluronan synthesis. For example, the anti-

hyaluronan agent is an agent that inhibits hyaluronan synthesis such as a sense or antisense

nucleic acid molecule against an HA synthase or is a small molecule drug. For example, an anti-

hyaluronan agent is 4- methylumbelliferone (MU) or a derivative thereof, or leflunomide or a

derivative thereof. Such derivatives include, for example, a derivative of 4-methylumbelliferone

(MU) that is 6,7-dihydroxy-4-methyl coumarin or 5,7-dihydroxy-4-methyl coumarin.

In further examples of the methods provided herein, the hyaluronan degrading enzyme is

a hyaluronidase. In some examples, the hyaluronan-degrading enzyme is a PH20 hyaluronidase

or truncated form thereof to lacking a C-terminal glycosylphosphatidylinositol (GPI) attachment

site or a portion of the GPI attachment site. In specific examples, the hyaluronidase is a PH20

selected from a human, monkey, bovine, ovine, rat, mouse or guinea pig PH20. For example, the

hyaluronan- degrading enzyme is a human PH20 hyaluronidase that is neutral active and N-

glycosylated and is selected from among (a) a hyaluronidase polypeptide that is a full- length

PH20 or is a C-terminal truncated form of the PH20, wherein the truncated form includes at least

amino acid residues 36-464 of SEQ ID NO: 39, such as 36-481 , 36-482, 36-483, where the full-

length PH20 has the sequence of amino acids set forth in SEQ ID NO: 39; or (b) a hyaluronidase

polypeptide comprising a sequence of amino acids having at least 85 , 86 , 87 , 88 , 89

, 90 , 9 1 , 92 , 93 , 94 , 95 , 96 , 97 , 98 , 99 % or more sequence identity

with the polypeptide or truncated form of sequence of amino acids set forth in SEQ ID NO: 39;

or (c) a hyaluronidase polypeptide of (a) or (b) comprising amino acid substitutions, whereby the

hyaluronidase polypeptide has a sequence of amino acids having at least 85 , 86 , 87 , 88

, 89 , 90 , 9 1 , 92 , 93 , 94 , 95 , 96 , 97 , 98 , 99 % or more sequence

identity with the polypeptide set forth in SEQ ID NO: 39 or the with the corresponding truncated

forms thereof. In exemplary examples, the hyaluronan- degrading enzyme is a PH20 that

comprises a composition designated rHuPH20.

In other examples, the anti-hyaluronan agent is a hyaluronan degrading enzyme that is

modified by conjugation to a polymer. The polymer can be a PEG and the anti-hyaluronan agent

a PEGylated hyaluronan degrading enzyme. Hence, in some examples of the methods provided

herein the hyaluronan-degrading enzyme is modified by conjugation to a polymer. For example,

the hyaluronan-degrading enzyme is conjugated to a PEG, thus the hyaluronan degrading



enzyme is PEGylated. In an exemplary example, the hyaluronan-degrading enzyme is a

PEGylated PH20 enzyme (PEGPH20). In the methods provided herein, the corticosteroid can be

a glucocorticoid that is selected from among cortisones, dexamethasones, hydrocortisones,

methylprednisolones, prednisolones and prednisones.

Chondroitinases

Chondroitinases are enzymes found throughout the animal kingdom which degrade

glycosaminoglycans, specifically chondroitins and chondroitin sulfates, through an

endoglycosidase reaction. In some embodiments the chondroitinase is a mammalian

chondroitinase. In some embodiments the chondroitinase is a recombinant human

chondroitinase. In some embodiments the chondroitinase is HYAL4. Other exemplary

chondroitinases include chondroitinase ABC (derived from Proteus vulgaris; Japanese Patent

Application Laid-open No 6-153947, T. Yamagata et al. J . Biol. Chem., 243, 1523 (1968), S.

Suzuki et al, J . Biol. Chem., 243, 1543 (1968)), chondroitinase AC (derived from

Flavobacterium heparinum; T. Yamagata et al., J . Biol. Chem., 243, 1523 (1968)),

chondroitinase AC II (derived from Arthrobacter aurescens; K. Hiyama, and S. Okada, J . Biol.

Chem., 250, 1824 (1975), K. Hiyama and S. Okada, J . Biochem. (Tokyo), 80, 1201 (1976)),

Hyaluronidase ACIII (derived from Flavobacterium sp. Hpl02; Hirofumi Miyazono et al.,

Seikagaku, 61, 1023 (1989)), chondroitinase B (derived from Flavobacterium heparinum; Y. M.

Michelacci and C. P. Dietrich, Biochem. Biophys. Res. Commun., 56, 973 (1974), Y. M.

Michelacci and C. P. Dietrich, Biochem. J., 151, 121 (1975), Kenichi Maeyama et al,

Seikagaku, 57, 1189 (1985)), chondroitinase C (derived from Flavobacterium sp. Hpl02;

Hirofumi Miyazono et al, Seikagaku, 61, 1023 (1939)), and the like.

Matrix Metalloproteinases

Matrix metalloproteases (MMPs) are zinc-dependent endopeptidases that are the major

proteases involved in extracellular matrix (ECM) degradation. MMPs are capable of degrading a

wide range of extracellular molecules and a number of bioactive molecules. Twenty-four MMP

genes have been identified in humans, which can be organized into six groups based on domain

organization and substrate preference: Collagenases (MMP-1, -8 and -13), Gelatinases (MMP-2



and MMP-9), Stromelysins (MMP-3, -10 and -11), Matrilysin (MMP-7 and MMP-26),

Membrane-type (MT)-MMPs (MMP-14, -15, -16, -17, -24 and -25) and others (MMP-12, -19, -

20, -21, -23, -27 and -28). In some embodiments, the stromal modifying moiety is a human

recombinant MMP (e.g., MMP -1, -2, -3, -4, -5, -6, -7, -8, -9, 10, -11, -12, -13, -14, 15, -15, -17,

-18, -19, 20, -21, -22, -23, or -24).

CoUagenases

The three mammalian coUagenases (MMP-1, -8, and -13) are the principal secreted

endopeptidases capable of cleaving collagenous extracellular matrix. In addition to fibrillar

collagens, coUagenases can cleave several other matrix and non-matrix proteins including growth

factors. CoUagenases are synthesized as inactive pro-forms, and once activated, their activity is

inhibited by specific tissue inhibitors of metalloproteinases, TIMPs, as well as by non-specific

proteinase inhibitors (Ala-aho R et al. Biochimie. CoUagenases in cancer. 2005 Mar-Apr;87(3-

4):273-86). In some embodiments, the stromal modifying moiety is a coUagenase. In some

embodiments, the coUagenase is a human recombinant coUagenase. In some embodiments, the

coUagenase is MMP-1. In some embodiments, the coUagenase is MMP-8. In some embodiments,

the coUagenase is MMP- 13.

Macrophage metalloelastase

Macrophage metalloelastase (MME), also known as MMP-12, is a member of the

stromelysin subgroup of MMPs and catalyzes the hydrolysis of soluble and insoluble elastin and

a broad selection of matrix and nonmatrix substrates including type IV collagen, fibronectin,

laminin, vitronectin, entactin, heparan, and chondroitin sulfates (Erja Kerkela et al. Journal of

Investigative Dermatology (2000) 114, 1113-1119; doi:10.1046/j. 1523-1747.2000.00993). In

some embodiments, the stromal modifying moiety is a MME. In some embodiments, the MME

is a human recombinant MME. In some embodiments, the MME is MMP-12.

Exemplary Multispecific Molecules

The disclosure relates, inter alia, to novel multispecific molecules that include (i) a

tumor- targeting moiety; and one or both of: (ii) an immune cell engager (e.g., chosen from one,



two, three, or all of an NK cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager); and/or (iii) a cytokine molecule. Without being bound by theory, the

multispecific molecules disclosed herein are expected to target (e.g., localize, bridge and/or

activate) an immune cell (e.g., an immune effector cell chosen form an NK cell, a B cell, a

dendritic cell or a macrophage), at a cancer cell. Increasing the proximity and/or activity of the

immune cell using the multispecific molecules described herein is expected to enhance an

immune response against the cancer cell, thereby providing a more effective cancer therapy.

Accordingly, provided herein are, inter alia, multispecific molecules (e.g., multispecific antibody

molecules) that include the aforesaid moieties, nucleic acids encoding the same, methods of

producing the aforesaid molecules, and methods of treating a cancer using the aforesaid

molecules.

Accordingly, in one aspect, the disclosure features a multispecific molecule that includes:

(i) a tumor- targeting moiety, e.g., that binds to a cancer antigen (e.g., a solid tumor

antigen, a stromal antigen, or a hematological antigen); and

one or two of the following:

(ii) an immune cell engager, e.g., chosen from one, two, three, or all of an NK cell

engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager; or

(iii) a cytokine molecule.

In one embodiment, the multispecific molecule includes two binding specificities or

functions, e.g., it is a bispecific or a bifunctional molecule, e.g., which includes:

i) the tumor-targeting moiety and the cytokine molecule; or

ii) the tumor-targeting moiety and the immune cell engager.

In other embodiments, the multispecific molecule includes three or four binding

specificities or functions, e.g., it is a trispecific or a tetraspecific molecule. Exemplary trispecific

and tetraspecific molecules include:

(i) one tumor-targeting moiety, one immune cell engager, and one cytokine molecule;

(ii) one tumor-targeting moiety and two immune cell engagers (e.g., same or different

immune cell engagers);



(iii) one tumor-targeting moiety and two cytokines (e.g., same or different cytokines);

(iv) one tumor-targeting moiety, two immune cell engagers (e.g., same or different

immune cell engagers), and one cytokine molecule;

(v) one tumor-targeting moiety, one immune cell engager, and two cytokine molecules

(e.g., same or different cytokine molecules);

(vi) one tumor-targeting moiety and three immune cell engagers (e.g., same or different

immune cell engagers);

(vii) one tumor-targeting moiety and three cytokine molecules (e.g., same or different

cytokine molecules);

(viii) two tumor-targeting moieties (e.g., same or different targeting moieties) and one

immune cell engager;

(ix) two tumor-targeting moieties (e.g., same or different targeting moieties) and one

cytokine molecule; and

(ix) two tumor-targeting moieties (e.g., same or different targeting moieties), one immune

cell engager, and one cytokine molecule.

In some embodiments, the multispecific molecule includes a single chain antibody

molecule, e.g., a single domain antibody, a scFv, a camelid, or a shark antibody, and a second

moiety. In some embodiments, the multispecific molecule comprises a VH to VL from N to C

orientation, of the scFv connected, optionally via a linker, to the second moiety (e.g., as shown in

FIGs. 1A and IB); the scFv can form the first binding specificity (depicted as binding moiety

"1" in FIGs. 1A-1B). In some embodiments, the second moiety (depicted as partner A in FIGs.

1A-1B) is located before the VH region of the scFv from an N- to C- orientation (e.g., as shown

in FIG. 1A), or after the VL region of the scFv from an N- to C- orientation (e.g., as shown in

FIG. IB); the second moiety can form the second binding specificity (depicted as binding

moiety "2" in FIGs. 1A-1B). In other embodiments, the multispecific molecule comprises a VL

to VH from N to C orientation, of the scFv connected, optionally via a linker, to the second

moiety (e.g., as shown in FIGs. 2A and 2B); the scFv can form the first binding specificity

(depicted as binding moiety "1" in FIGs. 2A-2B). In some embodiments, the second moiety

(depicted as partner A in FIGs. 2A-2B) is located before the VL region of the scFv from an N- to



C- orientation (e.g., as shown in FIG. 2A), or after the VH region of the scFv from an N- to C-

orientation (e.g., as shown in FIG. 2B); the second moiety can form the second binding

specificity (depicted as binding moiety "2" in FIGs. 2A-2B). In embodiments, the scFv can be a

tumor targeting moiety (e.g., binds to a cancer antigen, e.g., a solid tumor, stromal, or

hematological antigen), or can be an immune cell engager (e.g., binds to an immune cell

antigen). In other embodiments, the second moiety (e.g., depicted as partner A in FIGs. 1A-1B

or 2A-2B) is a tumor targeting moiety (e.g., in embodiments where the scFv is not the tumor

targeting moiety), an immune cell engager (e.g., in embodiments where the scFv is not the

immune cell engager), or a cytokine molecule (e.g., as described herein). In embodiments,

partner A can be an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a

Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand or a cytokine molecule), e.g.,

as described herein. In one embodiment, the tumor-targeting moiety is a scFv to a cancer cell

antigen, and the second moiety is chosen from a cytokine molecule or an immune cell engager.

In some embodiments, the second moiety is a second antibody molecule (e.g., a second scFv or

Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand or a cytokine molecule).

In other embodiments, the multispecific molecule is a trispecific or trifunctional that

includes, or consists of, a single chain polypeptide, e.g., a contiguous single polypeptide chain.

For example, the multispecific molecule can include a tumor targeting moiety (e.g., a first

binding specificity to a cancer antigen, e.g., a solid tumor, stromal, or hematological antigen as

described herein), a cytokine molecule as described herein, and an immune cell engager (e.g., a

second binding specificity to an immune cell antigen as described herein), or any combination of

at least 2 of any of the aforesaid.

In some embodiments, the multispecific molecule includes a single chain antibody

molecule, e.g., a single domain antibody, a scFv, a camelid, or a shark antibody, and a second

moiety. In some embodiments, the multispecific molecule comprises a VH to VL from N to C

orientation, of the scFv connected, optionally via a linker, to a second moiety and/or a third

moiety (e.g., as shown in FIG. 1C); the scFv can form the first binding specificity (depicted as

binding moiety "1" in FIG. 1C). In some embodiments, the second or third moieties (depicted

as partners A and B in FIG. 1C) is located before the VH region of the scFv from an N- to C-

orientation (e.g., as shown in FIG. 1C) and the third moiety (partner B) after the VL region of



the scFv from an N- to C- orientation (e.g., as shown in FIG. 1C), respectively; the second and

third moieties can form the second and third binding specificities (depicted as binding moiety

"2" and binding moiety "3," respectively, in FIG. 1C). In other embodiments, the multispecific

molecule comprises a VL to VH from N to C orientation, of the scFv connected, optionally via a

linker, to a second moiety and/or a third moiety (e.g., as shown in FIG. 2C). In some

embodiments, the second moiety (depicted as partner A in FIG. 2C) is located before the VL

region of the scFv from an N- to C- orientation (e.g., as shown in FIG. 2C), and the third moiety

(partner B) after the VH region of the scFv from an N- to C- orientation (e.g., as shown in FIG.

2C); the second and third moieties can form the second and third binding specificities (depicted

as binding moiety "2" and binding moiety "3," respectively, in FIG. 2C). In embodiments, the

scFv of any of the aforesaid multispecific molecules can be a tumor targeting moiety (e.g., bind

to a cancer antigen, e.g., a solid tumor, stromal or hematological antigen) or can be an immune

cell engager (e.g., bind to an immune cell antigen). In embodiments, the second moiety and third

moiety (e.g., depicted as partner A and partner B in FIGs. 1C or 2C) is independently chosen

from a tumor targeting moiety, an immune cell engager, or a cytokine molecule (e.g., as

described herein). In embodiments, partner A and/or partner B can be an antibody molecule

(e.g., a single chain antibody molecule (e.g., a scFv or a Fab), a receptor molecule, or a ligand

molecule (e.g., a receptor ligand or a cytokine molecule), e.g., as described herein. In one

embodiment, the tumor-targeting moiety is a scFv to a cancer cell antigen, and the second moiety

and third moiety is independently chosen from a cytokine molecule or an immune cell engager.

In some embodiments, the second and third moiety is independently chosen from a second

antibody molecule (e.g., a second scFv or Fab), a receptor molecule, or a ligand molecule (e.g., a

receptor ligand or a cytokine molecule).

In some embodiments, the multispecific molecule does not consist of a single chain

polypeptide of an NK cell engager (i.e., a scFv) that binds to CD16 (FcDRIII), and a tumor

targeting moiety, i.e., a scFv targeting CD33. In other embodiments, the multispecific molecule

does not consist of a single chain polypeptide of the scFv that binds to CD16, an IL-15 cytokine,

and the scFv targeting CD33.



In embodiments, the multispecific molecule is a bispecific or bifunctional molecule,

wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two separate

polypeptide chains. In embodiments, the first and second polypeptides have a configuration as

shown in FIGs. 3A-3B or FIGs. 4A-4B. In embodiments, the first and second polypeptides

form a first binding specificity, e.g., an antigen binding domain (e.g., depicted as binding moiety

"1" in FIGs. 3A-3B and FIGs. 4A-4B). In embodiments, a second moiety (depicted as partner

A) is connected, e.g., via a linker, to either the first polypeptide or the second polypeptide. In

embodiments, the second moiety forms a second binding specificity (e.g., depicted as binding

moiety "2" in FIGs. 3A-3B and FIGs. 4A-4B).

In one embodiment depicted in FIGs. 3A-3B, the second moiety (e.g., partner A) is

connected, e.g., via a linker, to the C-terminus of the second polypeptide (e.g., the C-terminus of

the CL region of the second polypeptide) (e.g., as shown in FIG. 3A). In other embodiments,

the second moiety (e.g., partner A) is connected, e.g., via a linker, to the C-terminus of the first

polypeptide (e.g., C-terminus of the CHI region of the first polypeptide) (e.g., as shown in FIG.

3B).

In another embodiment depicted in FIGs. 4A-4B, the second moiety (e.g., partner A) is

connected, e.g., via a linker, to the N-terminus of the second polypeptide (e.g., the N-terminus of

the VL region of the second polypeptide) (e.g., as shown in FIG. 4A). In other embodiments, the

second moiety (e.g., partner A) is connected, e.g., via a linker, to the N-terminus of the first

polypeptide (e.g., the N-terminus of the VH region of the first polypeptide) (e.g., as shown in

FIG. 4B).

In embodiments, the first and second polypeptide (e.g., the VH and VL regions) can form

a binding moiety (e.g., binding moiety 1 in FIGs. 3A-3B and 4A-4B); for example, the first and

second polypeptide can be a tumor targeting moiety (e.g., bind to a cancer antigen, e.g., a solid

tumor, a stromal or hematological antigen) or can be an immune cell engager (e.g., bind to an

immune cell antigen). In embodiments, the second moiety (e.g., depicted as partner A in FIGs.

3A-3B and 4A-4B) forms a second binding moiety, e.g., it is chosen from a tumor targeting

moiety, an immune cell engager, or a cytokine molecule (e.g., as described herein). In

embodiments, the second moiety, e.g., partner A, can be an antibody molecule (e.g., a single

chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a



receptor ligand or a cytokine molecule), e.g., as described herein. In one embodiment, the

multispecific molecule includes a Fab molecule and the second moiety is chosen from a second

antibody molecule (e.g., a scFv or a second Fab), a receptor molecule, or a receptor ligand

molecule, or a cytokine molecule. In one embodiment, the tumor-targeting moiety is a Fab to a

cancer cell antigen, and the second moiety is chosen from a cytokine molecule or an immune cell

engager. In some embodiments, the second moiety is a second antibody molecule (e.g., a second

scFv or Fab), a receptor molecule, or a receptor ligand molecule, or a cytokine molecule.

In embodiments, the multispecific molecule is a bispecific or bifunctional molecule,

wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two separate

polypeptide chains. In embodiments, the first and second polypeptides have a configuration as

shown in FIGs. 3A-3B or FIGs. 4A-4B. In embodiments, a second moiety (depicted as partner

A) is connected, e.g., via a linker, to either the first polypeptide or the second polypeptide (e.g.,

either the N-terminus or the C-terminus of the first polypeptide or the second polypeptide).

In one embodiment of the bispecific or bifunctional molecule depicted in FIGs. 3A-3B,

the second moiety (e.g., partner A) is connected, e.g., via a linker, to the CL region (e.g., C-

terminus of the CL region) of the second polypeptide (e.g., as shown in FIG. 3A). In other

embodiments, the second moiety (e.g., partner A) is connected, e.g., via a linker, to the CHI

region (e.g., C-terminus of the CHI region) of the first polypeptide (e.g., as shown in FIG. 3B).

In another embodiment of the bispecific or bifunctional molecule depicted in FIGs. 4A-

4B, the second moiety (e.g., partner A) is connected, e.g., via a linker, to the VL region (e.g., N-

terminus of the VL region) of the second polypeptide (e.g., as shown in FIG. 4A). In other

embodiments, the second moiety (e.g., partner A) is connected, e.g., via a linker, to the VH

region (e.g., N-terminus of the VH region) of the first polypeptide (e.g., as shown in FIG. 4B).

In embodiments of the bispecific or bifunctional molecule, the first and second

polypeptide (e.g., the VH and VL regions) can form a binding moiety (e.g., binding moiety 1 in

FIGs. 3A-3B and 4A-4B); for example, the first and second polypeptide can be a tumor targeting

moiety (e.g., bind to a cancer antigen, e.g., a tumor, a stromal or a hematological antigen) or can

be an immune cell engager (e.g., bind to an immune cell antigen). In embodiments, the second

moiety (e.g., depicted as partner A in FIGs. 3A-3B and 4A-4B) forms a second binding moiety,

e.g., it is chosen from a tumor targeting moiety, an immune cell engager, or a cytokine molecule



(e.g., as described herein). In embodiments, the second moiety, e.g., partner A, can be an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, or a ligand molecule (e.g., a receptor ligand or a cytokine molecule), e.g., as described

herein. In one embodiment, the multispecific molecule includes a Fab molecule and the second

moiety is chosen from a second antibody molecule (e.g., a scFv or a second Fab), a receptor

molecule, or a ligand molecule (e.g., a cytokine molecule). In one embodiment, the tumor-

targeting moiety is a Fab to a cancer cell antigen, and the second moiety is chosen from a

cytokine molecule or an immune cell engager. In some embodiments, the second moiety is a

second antibody molecule (e.g., a second scFv or Fab), a receptor molecule, a receptor ligand

molecule, or a cytokine molecule.

In other embodiments, the multispecific molecule is a trispecific or a trifunctional

molecule, wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two

separate polypeptide chains. In embodiments, the first and second polypeptides have a

configuration as shown in FIGs. 3C and 4C. In embodiments, a second moiety and a third

moiety (depicted as partners A and B, respectively) are connected, e.g., via a linker, to the C-

terminus, the N-terminus, or both of the first polypeptide and the second polypeptide,

respectively. In one embodiment, the second moiety and third moieties are connected to C-

terminus of the second and first polypeptides (or the first and second polypeptides), respectively.

In another embodiment, the second moiety and third moieties are connected to N-terminus of the

second and first polypeptides (or the first and second polypeptides), respectively. In one

embodiment, the second moiety and third moiety are connected to N- and C-terminus of the

second and first polypeptides (or the first and second polypeptides), respectively. Any

configuration is intended by the present disclosure, including those exemplified in FIGs. 3C and

4C.

In one embodiment of the trispecific or trifunctional molecule depicted in FIGs. 3C-4C,

the second moiety (e.g., partner A corresponding to the second binding specificity "2") is

connected, e.g., via a linker, to the C-terminus of the second polypeptide (e.g., the C-terminus of

the CL region of the second polypeptide) (e.g., as shown in FIG. 3C), and the third moiety (e.g.,

partner B corresponding to the third binding specificity "3") is connected, e.g., via a linker, to the



C-terminus of the first polypeptide (e.g., the C-terminus of the CHI region of the first

polypeptide) (e.g., as shown in FIG. 3C).

In another embodiment of the trispecific or trifunctional molecule depicted in FIGs. 3C-

4C, the second moiety (e.g., partner A corresponding to the second binding specificity "2") is

connected, e.g., via a linker, to the N-terminus of the second polypeptide (e.g., the N-terminus of

the VL region of the second polypeptide) (e.g., as shown in FIG. 4C), and the third moiety (e.g.,

partner B corresponding to the third binding specificity "3") is connected, e.g., via a linker, to the

N-terminus of the first polypeptide (e.g., the N-terminus of the VH region of the first

polypeptide) (e.g., as shown in FIG. 4C).

In another embodiment of the trispecific or trifunctional molecule, the second moiety

(e.g., partner A corresponding to the second binding specificity "2") is connected, e.g., via a

linker, to the N-terminus of the second polypeptide (e.g., the N-terminus of the VL region of the

second polypeptide), and the third moiety (e.g., partner B corresponding to the third binding

specificity "3") is connected, e.g., via a linker, to the C-terminus of the first polypeptide (e.g., the

C-terminus of the CHI region of the first polypeptide).

In another embodiment of the trispecific or trifunctional molecule, the second moiety

(e.g., partner A corresponding to the second binding specificity "2") is connected, e.g., via a

linker, to the C-terminus of the second polypeptide (e.g., the N-terminus of the CL region of the

second polypeptide), and the third moiety (e.g., partner B corresponding to the third binding

specificity "3") is connected, e.g., via a linker, to the N-terminus of the first polypeptide (e.g., the

N-terminus of the VH region of the first polypeptide).

In embodiments of the trispecific or trifunctional molecule, the first and second

polypeptides (e.g., the VH and VL regions) can form a first binding specificity (e.g., binding

moiety "1" in FIGs. 3C and 4C); for example, the first and second polypeptide can be a tumor

targeting moiety (e.g., bind to a cancer antigen, e.g., a solid tumor, a stromal or a hematological

antigen) or can be an immune cell engager (e.g., bind to an immune cell antigen). In

embodiments, the second moiety and the third moiety (e.g., depicted as partners A and B in

FIGs. 3C and 4C) form a second and a third binding specificity, e.g., it is independently chosen

from a tumor targeting moiety, an immune cell engager, or a cytokine molecule (e.g., as

described herein). In embodiments, the second and a third binding specificity, e.g., partners A



and B, can be, independently, an antibody molecule (e.g., a single chain antibody molecule (e.g.,

a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand or a cytokine

molecule), e.g., as described herein. In one embodiment, the multispecific molecule includes a

Fab molecule and the second moiety and third moiety is, independently, chosen from a second

antibody molecule (e.g., a scFv or a second Fab), a receptor molecule, or a ligand molecule (e.g.,

a receptor ligand or a cytokine molecule). In some embodiments, the first binding specificity,

the second binding specificity and the third binding specificity can each be independently chosen

from a tumor targeting moiety, a cytokine molecule, an NK cell engager, a T cell engager, a B

cell engager, a dendritic cell engager, or a macrophage cell engager. In one embodiment, the

tumor-targeting moiety is a Fab to a cancer cell antigen, and the second and third moiety is

independently chosen from a cytokine molecule or an immune cell engager. In one embodiment,

the tumor-targeting moiety is a Fab to a cancer cell antigen; the second moiety is a cytokine

molecule; and the third moiety is an immune cell engager.

In one embodiment, the multispecific molecule includes at least two or at least three or at

least four non-contiguous polypeptides, wherein:

(i) the first polypeptide includes from N- to C- orientation a first immunoglobulin

constant region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region); and

(ii) the second polypeptide includes from N- to C- orientation a second immunoglobulin

constant region (e.g., a CH2 connected to a CH3 region) (e.g., a second Fc region).

In embodiments, the multispecific molecule is a bispecific or bifunctional molecule,

wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two separate

polypeptide chains. In some embodiments, the first and second polypeptides (i) and (ii) include

a paired amino acid substitution at a position chosen from one or more of 347, 349, 350, 351,

366, 368, 370, 392, 394, 395, 397, 398, 399, 405, 407, or 409, e.g., of the Fc region of human

IgGl For example, the first immunoglobulin chain constant region (e.g., the first Fc region) can

include an amino acid substitution chosen from: T366S, L368A, or Y407V (e.g., corresponding

to a cavity or hole), and the second immunoglobulin chain constant region (e.g., the second Fc

region) includes a T366W (e.g., corresponding to a protuberance or knob). In some



embodiments, the first and second polypeptides are a first and second member of a heterodimeric

first and second Fc region.

In embodiments, the first and second polypeptides form a bispecific molecule. In some

embodiments, the first polypeptide includes a first binding specificity (e.g., partner A or binding

specificity 1 in FIG. 5A), and the second polypeptide includes a second binding specificity (e.g.,

partner B or binding specificity 2 in FIG. 5A). In embodiments, the first and second binding

specificities (partner A and partner B, respectively) is each independently chosen from an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand or a cytokine molecule), e.g., as described

herein. In embodiments, the first and second binding specificities are connected to either the

first or the second polypeptide, or each of the polypeptides, (e.g., one or both members of a

heterodimeric Fc molecule). In one embodiment, the first binding specificity (e.g., partner A) is

connected to the N-terminal end of the first polypeptide (e.g., a -CH2-CH3- region of the first Fc

molecule), and the second binding specificity (e.g., partner B) is connected to the N-terminal end

of the second polypeptide (e.g., a -CH2-CH3- region of the second Fc molecule). Alternatively,

the first binding specificity (e.g., partner A) is connected to the C-terminal end of the first

polypeptide (e.g., a -CH2-CH3- region of the first Fc molecule), and the second binding

specificity (e.g., partner B) is connected to the C-terminal end of the second polypeptide (e.g., a

-CH2-CH3- region of the second Fc molecule). Alternatively, the first binding specificity (e.g.,

partner A) is connected to the N-terminal end of the first polypeptide (e.g., a -CH2-CH3- region

of the first Fc molecule), and the second binding specificity (e.g., partner B) is connected to the

C-terminal end of the second polypeptide (e.g., a -CH2-CH3- region of the second Fc molecule).

In other embodiments, the second binding specificity (e.g., partner B) is connected to N-terminus

of the first polypeptide (e.g., the -CH2-CH3- region of the first Fc molecule), and the first

binding specificity (e.g., partner A) is connected to the C-terminal end of the second polypeptide

(e.g., a -CH2-CH3- region of the second Fc molecule). In one embodiment, the first -CH2-CH3

region includes a protuberance or knob, and the second -CH2-CH3 region includes a cavity or

hole, e.g., as depicted in FIG. 5A).

In some embodiments, the first and second binding specificities (binding moiety 1 and

binding moiety 2) of the bispecific molecule can each be independently chosen from a tumor



targeting moiety, a cytokine molecule, a T cell engager, an NK cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager. In some embodiments, the first binding

specificity is a tumor targeting moiety and the second binding specificity is chosen from a

cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager.

In some embodiments shown in FIG. 5A, the bispecific molecule can have partner A and

B, which are depicted as first and second binding specificities (binding moieties 1 and 2),

respectively (FIG. 5A). The first and second binding specificities can be, each independently, an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand or a cytokine molecule), e.g., as described

herein. In some embodiments, the first binding specificity is a tumor targeting moiety and the

second binding specificity is chosen from a cytokine molecule, an NK cell engager, a T cell

engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager.

In embodiments, the first and second polypeptides form a trispecific or tetraspecific

molecule (e.g., as depicted in FIGs. 5B-5C, respectively).

In some embodiments of the trispecific molecule, the first polypeptide includes a first

binding specificity (e.g., partner A or binding moiety 1 in FIG. 5B), and the second polypeptide

includes a second binding specificity (e.g., partner B or binding specificity 2 in FIG. 5B),

wherein either the first or the second polypeptide further includes a third binding specificity

(e.g., partner C or binding moiety 3 in FIG. 5B). In embodiments, the first and second binding

specificities are connected to either the first or the second polypeptide, or each of the

polypeptides, (e.g., one or both members of a heterodimeric Fc molecule). In one embodiment,

the first and second binding specificities are connected, e.g., via a linker, to the N-terminus of the

first and the second polypeptide, respectively, and the third binding specificity is connected, e.g.,

via a linker, to the C-terminal end of either the first or the second polypeptide. In one

embodiment, the third binding specificity is connected, e.g., via a linker, to the C-terminal end of

the first polypeptide (e.g., the C-terminal end of the first -CH2-CH3 region depicted in FIG.

5B). In one embodiment, the third binding specificity is connected, e.g., via a linker, to the C-

terminal end of the second polypeptide (e.g., the C-terminal end of the second -CH2-CH3



region). In one embodiment, the first -CH2-CH3 region includes a protuberance or knob, and

the second -CH2-CH3 region includes a hole or cavity, e.g., as depicted in FIG. 5B).

In embodiments, the first, second and third binding specificities (partner A, partner B,

and partner C respectively) is each independently chosen from an antibody molecule (e.g., a

single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule

(e.g., a receptor ligand or a cytokine molecule), e.g., as described herein. In one embodiment,

the first binding specificity (e.g., partner A) is connected to the N-terminal end of the first

polypeptide (e.g., a -CH2-CH3- region of the first Fc molecule); the second binding specificity

(e.g., partner B) is connected to the N-terminal end of the second polypeptide (e.g., a -CH2-

CH3- region of the second Fc molecule); and the third binding specificity (e.g., partner C) is

connected to the C-terminal end of the first polypeptide (e.g., a -CH2-CH3- region of the second

Fc molecule). In other embodiments, the first binding specificity (e.g., partner A) is connected to

the N-terminal end of the first polypeptide (e.g., a -CH2-CH3- region of the first Fc molecule);

the second binding specificity (e.g., partner B) is connected to the N-terminal end of the second

polypeptide (e.g., a -CH2-CH3- region of the first Fc molecule); and the third binding specificity

(e.g., partner C) is connected to the C-terminal end of the second polypeptide (e.g., a -CH2-

CH3- region of the second Fc molecule). The first, second and third binding specificities can

each be, independently, an antibody molecule (e.g., a single chain antibody molecule (e.g., a

scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine

molecule), e.g., as described herein. In some embodiments, the first, second and third binding

specificities (partners A-C, corresponding to binding moieties 1-3, respectively) are each

independently chosen from a tumor targeting moiety, a cytokine molecule, an NK cell engager, a

T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager, e.g., as

described herein. In embodiments, the first binding specificity is a tumor targeting moiety and

the second and third binding specificity are each independently chosen from a cytokine

molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager.

In some embodiments of the tetraspecific molecule, the first polypeptide includes a first

binding specificity (e.g., partner A or binding moiety 1 in FIG. 5C) and a third binding



specificity (e.g., partner C or binding moiety 3 in FIG. 5C), and the second polypeptide includes

a second binding specificity (e.g., partner B or binding specificity 2 in FIG. 5C) and a fourth

binding specificity (e.g., partner D or binding moiety 4 in FIG. 5C). In one embodiment, the

first and second binding specificities are connected, e.g., via a linker, to the N-terminus of the

first and the second polypeptide, respectively, and the third and fourth binding specificities are

connected, e.g., via a linker, to the C-terminal end of the first and the second polypeptide,

respectively. Any permutation of binding specificity to the N- or C-terminus of the first or

second polypeptide is encompassed by the present disclosure. In one embodiment, the first

binding specificity (e.g., partner A) is connected, e.g., via a linker, to the N-terminal end of the

first polypeptide (e.g., the N-terminal end of the first -CH2-CH3 region depicted in FIG. 5C);

the second binding specificity (e.g., partner B) is connected, e.g., via a linker, to the N-terminal

end of the second polypeptide (e.g., the N-terminal end of the second -CH2-CH3 region depicted

in FIG. 5C); the third binding specificity (e.g., partner C) is connected, e.g., via a linker, to the

C-terminal end of the first polypeptide (e.g., the C-terminal end of the first -CH2-CH3 region

depicted in FIG. 5C); and the fourth binding specificity (e.g., partner D) is connected, e.g., via a

linker, to the C-terminal end of the second polypeptide (e.g., the C-terminal end of the second -

CH2-CH3 region). In one embodiment, the first -CH2-CH3 region includes a protuberance or

knob, and the second -CH2-CH3 region includes a cavity or hole, e.g., as depicted in FIG. 5C).

In embodiments, the first, second, third and fourth binding specificities (partner A, partner B,

partner C and partner D, respectively) is each independently chosen from an antibody molecule

(e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand

molecule (e.g., a receptor ligand or a cytokine molecule), e.g., as described herein. The first,

second, third and fourth binding specificities can each be, independently, an antibody molecule

(e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand

molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described herein. In some

embodiments, the first, second, third and fourth binding specificities (partners A-D,

corresponding to binding moieties 1-4, respectively) are each independently chosen from a tumor

targeting moiety, a cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager, e.g., as described herein. In embodiments,

the first binding specificity is a tumor targeting moiety and the second, third and fourth binding



specificities are each independently chosen from a cytokine molecule, an NK cell engager, a T

cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager.

In one embodiment, the multispecific molecule is a bispecific molecule that includes two

non-contiguous first and second polypeptides. In embodiments, the first and second

polypeptides, include, respectively, a first and a second binding sites, which are independently

chosen from an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a

Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule),

e.g., as described herein. In some embodiments, the first and second binding specificities

(binding sites 1-2, respectively) are each independently chosen from a tumor targeting moiety, a

cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager, e.g., as described herein. In some embodiments, the first

polypeptide has the following configuration from N-to-C: a first portion of a first antigen

domain, e.g., a first VH-CH1 of a Fab molecule, that binds to, e.g., a tumor or stromal antigen

(e.g., binding site #1), connected, optionally, via a linker to, a second binding specificity (e.g., a

binding site #2); and the second polypeptide has the following configuration from N-to-C: a

second portion of a first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a

cancer antigen (e.g., the same cancer antigen bound by the first VH-CH1, e.g., binding site #1)

(e.g., an example of this configuration is depicted in FIG. 6). In one embodiment, the bispecific

molecule that includes a Fab corresponding to the first binding specificity (binding site #1)

connected, optionally via a linker, to the second binding specificity (e.g., binding site #2). In

some embodiments, the first binding specificity (e.g., binding site # 1 in FIG. 6) is a tumor

targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal antigen; and the second

binding specificity (e.g., binding site #2 in FIG. 6) is chosen from a cytokine molecule, or an

immune cell engager, e.g., chosen from a receptor, a receptor ligand molecule or an antibody

molecule (e.g., a scFv) that binds to an immune cell antigen. In embodiments where the

antibody molecule is a scFV, the scFv may be connected to the C-terminus of the first

polypeptide in a VH-VL or a VL-VH configuration.

In another embodiment, the multispecific molecule is a bispecific molecule that includes

two or at least three non-contiguous first and second polypeptides, wherein:



(i) the first polypeptide includes from N- to C- orientation a first binding specificity, e.g.,

a first antibody molecule, connected, optionally via a linker, to a first immunoglobulin constant

region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region);

(ii) the second polypeptide includes from N- to C- orientation a second immunoglobulin

constant region (e.g., a CH2 connected to a CH3 region) (e.g., a second Fc region); and

(optionally) (iii) a third polypeptide comprising a portion of the first antibody molecule

or a second antibody molecule.

In embodiments, the first and second polypeptides, include, respectively, a first and a

second binding specificities (e.g., sites), which are independently chosen from an antibody

molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a

ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described herein. In

some embodiments, the first and second binding specificities (binding sites 1-2, respectively) are

each independently chosen from a tumor targeting moiety, a cytokine molecule, an NK cell

engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager, e.g., as described herein.

In some embodiments, the first polypeptide has the following configuration from N-to-C:

(a) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a cancer antigen, e.g., a solid tumor, stromal or hematological antigen (e.g.,

binding site #1), connected, optionally, via a linker to, the first immunoglobulin constant region

(e.g., the CH2 connected to the CH3 region) (e.g., a first Fc region);

(b) a second binding specificity (e.g., a second binding site), which is chosen from a

cytokine molecule, or an immune cell engager, connected, optionally, via a linker to, the second

immunoglobulin constant region (e.g., the CH2 connected to the CH3 region) (e.g., the second

Fc region); and

(c) the third polypeptide has the following configuration from N-to-C: a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a cancer antigen,

e.g., a solid tumor, stromal or hematological antigen (e.g., the same cancer antigen bound by the

first VH-CH1, e.g., binding site #1) (e.g., an example of this configuration is depicted in FIG. 7).

In one embodiment, the bispecific molecule that includes a Fab corresponding to the first

binding specificity (binding site #1) connected, optionally via a linker, to the first Fc region, and



the second binding specificity (e.g., binding site #2) connected, optionally via a linker, to the

second Fc region. In some embodiments, the first binding specificity (e.g., binding site # 1 in

FIG. 7) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal

antigen; and the second binding specificity (e.g., binding site #2 in FIG. 7) is chosen from a

cytokine molecule, or an immune cell engager, e.g., chosen from a receptor, a ligand molecule or

an antibody molecule (e.g., a scFv) that binds to an immune cell antigen. In embodiments where

the antibody molecule is a scFV, the scFv may be connected to the C-terminus of the first

polypeptide in a VH-VL or a VL-VH configuration.

In embodiments, the first immunoglobulin constant region (e.g., the first CH2-CH3

region) includes a protuberance or knob, e.g., as described herein.

In embodiments, the second immunoglobulin constant region (e.g., the second CH2-CH3

region) includes a cavity or hole. In embodiments, the first and second immunoglobulin constant

region promote heterodimerization of the bispecific molecule.

In one embodiment, the multispecific molecule is a trispecific molecule that includes two

non-contiguous first and second polypeptides. In embodiments, the first and second

polypeptides, include, respectively, a first, a second and a third binding specificities, which are

independently chosen from an antibody molecule (e.g., a single chain antibody molecule (e.g., a

scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine

molecule), e.g., as described herein. In some embodiments, the first, second and third binding

specificities (binding sites 1-3, respectively) are each independently chosen from a tumor

targeting moiety, a cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager, e.g., as described herein.

In some embodiments, the first polypeptide has the following configuration from N-to-C:

(i) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a tumor or stromal antigen (e.g., binding site #1), connected, optionally, via a

linker to, a second binding specificity (e.g., a binding site #3, e.g., a cytokine, a ligand or a

second antibody molecule, e.g., a scFv); and

(ii) the second polypeptide has the following configuration from N-to-C: a second

portion of a first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or



stromal antigen (e.g., the same tumor or stromal antigen bound by the first VH-CH1, e.g.,

binding site #1), connected, optionally, via a linker to, a third binding specificity (e.g., a binding

site #2, e.g., a cytokine, a ligand or a second antibody molecule, e.g., a scFv) (e.g., an example of

this configuration is depicted in FIGs. 8A-8C).

In one embodiment, the bispecific molecule that includes a Fab corresponding to the first

binding specificity (binding site #1) connected, optionally via a linker, to the second and third

binding specificities (e.g., binding sites #2 and #3). In some embodiments, the first binding

specificity (e.g., binding site # 1 in FIGs. 8A-8C) is a tumor targeting moiety, e.g., binds to a

cancer antigen, e.g., a tumor, stromal or hematological antigen; and the second and third binding

specificity (e.g., binding sites #2 and #3 in FIGs. 8A-8C) are independently chosen from a

cytokine molecule, or an immune cell engager, e.g., chosen from a receptor, a ligand molecule or

an antibody molecule (e.g., a scFv) that binds to an immune cell antigen. In one embodiment,

the first binding specificity (e.g., binding site # 1 in FIG. 8A) is a tumor targeting moiety, e.g.,

binds to a cancer antigen, e.g., a tumor, stromal or hematological antigen; the second binding

specificity (e.g., binding site #3 in FIG. 8A) is chosen from a cytokine molecule, or an immune

cell engager, e.g., chosen from a receptor, a ligand molecule or an antibody molecule (e.g., a

scFv) that binds to an immune cell antigen; and the third binding specificity (e.g., binding site #2

in FIG. 8A) is an antibody molecule (e.g., a scFv) that binds to an immune cell antigen. In other

embodiments, the first binding specificity (e.g., binding site # 1 in FIG. 8B) is a tumor targeting

moiety, e.g., binds to a cancer antigen, e.g., a tumor, stromal or hematological antigen; the

second binding specificity (e.g., binding site #3 in FIG. 8B) is chosen from a cytokine molecule,

or an immune cell engager, e.g., chosen from a receptor, a ligand molecule or an antibody

molecule (e.g., a scFv) that binds to an immune cell antigen; and the third binding specificity

(e.g., binding site #2 in FIGs. 8B) is a ligand or an antibody molecule (e.g., a scFv) that binds to

an immune cell antigen. In other embodiments, the first binding specificity (e.g., binding site # 1

in FIGs. 8C) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor, stromal or

hematological antigen; the second binding specificity (e.g., binding site #3 in FIGs. 8C) is an

immune cell engager, e.g., chosen from a receptor, a ligand molecule or an antibody molecule

(e.g., a scFv) that binds to an immune cell antigen; and the third binding specificity (e.g., binding

site #2 in FIGs. 8C) is a ligand or an antibody molecule (e.g., a scFv) that binds to an immune



cell antigen. In embodiments where the antibody molecule is a scFV, the scFv may be connected

to the C-terminus of the first polypeptide in a VH-VL or a VL-VH configuration.

In another embodiment, the multispecific molecule is a trispecific molecule that includes

two or at least three non-contiguous first and second polypeptides, wherein:

(i) the first polypeptide includes from N- to C- orientation a first binding specificity, e.g.,

a first antibody molecule, connected, optionally via a linker, to a first immunoglobulin constant

region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region);

(ii) the second polypeptide includes from N- to C- orientation a second binding

specificity connected, optionally via a linker, to a second immunoglobulin constant region (e.g.,

a CH2 connected to a CH3 region) (e.g., a second Fc region); and

(optionally) (iii) a third polypeptide comprising a portion of the first antibody molecule

or a second antibody molecule,

wherein either the first or the second polypeptide further includes a third binding

specificity.

In embodiments, the first and second polypeptides, include, respectively, a first, a second,

and a third binding specificities (e.g., sites), which are independently chosen from an antibody

molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a

ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described herein. In

some embodiments, the first, second and third binding specificities (binding sites 1-3,

respectively) are each independently chosen from a tumor targeting moiety, a cytokine molecule,

an NK cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage

cell engager, e.g., as described herein.

In some embodiments, the first polypeptide has the following configuration from N-to-C:

(a) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a tumor or stromal antigen (e.g., binding site #1), connected, optionally, via a

linker to, the first immunoglobulin constant region (e.g., the CH2 connected to the CH3 region)

(e.g., a first Fc region);

(b) a second binding specificity (e.g., a second binding site), which is chosen from a

cytokine molecule, or an immune cell engager, connected, optionally, via a linker to, the second



immunoglobulin constant region (e.g., the CH2 connected to the CH3 region) (e.g., the second

Fc region); and

(c) the third polypeptide has the following configuration from N-to-C: a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal

antigen (e.g., the same tumor or stromal antigen bound by the first VH-CH1, e.g., binding site

# ,

wherein either the first or the second polypeptide further includes a third binding

specificity, which is connected, optionally, via a linker to, the first or second immunoglobulin

constant region (e.g., the CH2 connected to the CH3 region) (e.g., the first or second Fc region).

In one embodiment, the third binding specificity is connected, optionally, via a linker to, the first

immunoglobulin constant region (e.g., the CH2 connected to the CH3 region) (e.g., the first Fc

region). In another embodiment, the third binding specificity is connected, optionally, via a

linker to, the second immunoglobulin constant region (e.g., the CH2 connected to the CH3

region) (e.g., the second Fc region). Examples of these configurations are depicted in FIGs. 9A-

9B.

In one embodiment, the trispecific molecule includes a Fab corresponding to the first

binding specificity (binding site #1) connected, optionally via a linker, to the first Fc region; and

the second binding specificity (e.g., binding site #2) connected, optionally via a linker, to the

second Fc region, which further includes the third binding specificity (e.g., binding site #3) (e.g.,

as depicted in FIG. 9A). In other embodiments, the trispecific molecule includes a Fab

corresponding to the first binding specificity (binding site #1) connected, optionally via a linker,

to the first Fc region, which further includes the third binding specificity (e.g., binding site #3);

and the second binding specificity (e.g., binding site #2) connected, optionally via a linker, to the

second Fc region (e.g., as depicted in FIG. 9B).

In some embodiments, (a) the first binding specificity (e.g., binding site # 1 in FIGs. 9A-

9B) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal antigen;

(b) the second binding specificity (e.g., binding site #2 in FIGs. 9A-9B) is chosen from a

cytokine molecule, or an immune cell engager, e.g., chosen from a receptor, a ligand molecule or

an antibody molecule (e.g., a scFv) that binds to an immune cell antigen; and (c) the third

binding specificity (e.g., binding site #3 in FIGs. 9A-9B) is chosen from a cytokine molecule, or



an immune cell engager, e.g., chosen from a receptor, a ligand molecule or an antibody molecule

(e.g., a scFv) that binds to an immune cell antigen. In embodiments where the antibody

molecule is a scFV, the scFv may be connected to the C-terminus of the first polypeptide in a

VH-VL or a VL-VH configuration.

In embodiments, the first immunoglobulin constant region (e.g., the first CH2-CH3

region) includes a protuberance or knob, e.g., as described herein.

In embodiments, the second immunoglobulin constant region (e.g., the second CH2-CH3

region) includes a cavity or hole. In embodiments, the first and second immunoglobulin constant

region promote heterodimerization of the bispecific molecule.

In another embodiment, the multispecific molecule is a tetraspecific molecule that

includes two or at least three non-contiguous first and second polypeptides, wherein:

(i) the first polypeptide includes from N- to C- orientation a first binding specificity, e.g.,

a first antibody molecule, connected, optionally via a linker, to a first immunoglobulin constant

region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region);

(ii) the second polypeptide includes from N- to C- orientation a second binding

specificity connected, optionally via a linker, to a second immunoglobulin constant region (e.g.,

a CH2 connected to a CH3 region) (e.g., a second Fc region); and

(optionally) (iii) a third polypeptide comprising a portion of the first antibody molecule

or a second antibody molecule,

wherein the first or the second polypeptide further includes a third and a fourth binding

specificities.

In embodiments, the first and second polypeptides, include, respectively, a first, a second,

a third and a fourth binding specificities (e.g., sites), which are independently chosen from an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described

herein. In some embodiments, the first, second, third and fourth binding specificities (binding

sites 1-4, respectively) are each independently chosen from a tumor targeting moiety, a cytokine

molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager, e.g., as described herein.



In some embodiments, the first polypeptide has the following configuration from N-to-C:

(a) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a tumor or stromal antigen (e.g., binding site #1), connected, optionally, via a

linker to, the first immunoglobulin constant region (e.g., the CH2 connected to the CH3 region)

(e.g., a first Fc region);

(b) a second binding specificity (e.g., a second binding site), which is chosen from a

cytokine molecule, or an immune cell engager, connected, optionally, via a linker to, the second

immunoglobulin constant region (e.g., the CH2 connected to the CH3 region) (e.g., the second

Fc region); and

(c) the third polypeptide has the following configuration from N-to-C: a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal

antigen (e.g., the same tumor or stromal antigen bound by the first VH-CH1, e.g., binding site

# ,

wherein the first and the second polypeptide further includes a third and a fourth binding

specificity, respectively, each of which is connected, optionally, via a linker to, the first and

second immunoglobulin constant region (e.g., the CH2 connected to the CH3 region) (e.g., the

first and second Fc region). In one embodiment, the third binding specificity is connected,

optionally, via a linker to, the second immunoglobulin constant region (e.g., the CH2 connected

to the CH3 region) (e.g., the second Fc region); and the fourth binding specificity is connected,

optionally, via a linker to, the first immunoglobulin constant region (e.g., the CH2 connected to

the CH3 region) (e.g., the firstFc region). Examples of these configurations are depicted in

FIGs. lOA-lOC.

In one embodiment, the tetraspecific molecule includes a Fab corresponding to the first

binding specificity (binding site #1) connected, optionally via a linker, to the first Fc region,

which further includes a fourth binding specificity (e.g., binding site #4); and the second binding

specificity (e.g., binding site #2) connected, optionally via a linker, to the second Fc region,

which further includes the third binding specificity (e.g., binding site #3) (e.g., as depicted in

FIG. 10A). In other embodiments, the tetraspecific molecule includes a Fab corresponding to

the first binding specificity (binding site #1) connected, optionally via a linker, to the first Fc

region, which further includes a third binding specificity (e.g., binding site #3); and the second



binding specificity (e.g., binding site #2) connected, optionally via a linker, to the second Fc

region, which further includes the fourth binding specificity (e.g., binding site #4).

In some embodiments, (a) the first binding specificity (e.g., binding site # 1 in FIGs. 10A-

10C) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor, stromal or

hematological antigen; and the second, third and fourth binding specificities (e.g., binding sites

#2-4 in FIGs. 10A) are each independently chosen from a cytokine molecule, or an immune cell

engager, e.g., chosen from a receptor, a ligand molecule or an antibody molecule (e.g., a scFv)

that binds to an immune cell antigen. In embodiments where the antibody molecule is a scFV,

the scFv may be connected to the C-terminus of the first polypeptide in a VH-VL or a VL-VH

configuration.

In one embodiment, (a) the first binding specificity (e.g., binding site # 1 in FIG. 10B) is

a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor, stromal or hematological

antigen; (b) the second binding specificity (e.g., binding site #2 in FIG. 10B) is an immune cell

engager (e.g., an NK cell engager) chosen from a receptor, a ligand molecule or an antibody

molecule (e.g., a scFv) that binds to an immune cell antigen; (c) the third binding specificity

(e.g., binding site #3 in FIG. 10B) is a cytokine molecule or an immune cell engager; and (d) the

fourth binding specificity (e.g., binding site #4 in FIG. 10B) is an immune cell engager (e.g., a

macrophage or a dendritic cell engager) chosen from a ligand molecule or an antibody molecule

(e.g., a scFv) that binds to an immune cell antigen. In embodiments where the antibody

molecule is a scFV, the scFv may be connected to the C-terminus of the first polypeptide in a

VH-VL or a VL-VH configuration.

In one embodiment, (a) the first binding specificity (e.g., binding site # 1 in FIG. IOC) is

a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal antigen; (b) the

second binding specificity (e.g., binding site #2 in FIG. IOC) is an immune cell engager (e.g., an

NK cell engager) chosen from a receptor, a ligand molecule or an antibody molecule (e.g., a

scFv) that binds to an immune cell antigen; (c) the third binding specificity (e.g., binding site #3

in FIG. IOC) is an immune cell engager (e.g., a macrophage or a dendritic cell engager) chosen

from a ligand molecule or an antibody molecule (e.g., a scFv) that binds to an immune cell

antigen; and (d) the fourth binding specificity (e.g., binding site #4 in FIG. IOC) is an immune

cell engager (e.g., a macrophage or a dendritic cell engager) chosen from a ligand molecule or an



antibody molecule (e.g., a scFv) that binds to an immune cell antigen. In embodiments where

the antibody molecule is a scFV, the scFv may be connected to the C-terminus of the first

polypeptide in a VH-VL or a VL-VH configuration.

In embodiments, the first immunoglobulin constant region (e.g., the first CH2-CH3

region) includes a protuberance or knob, e.g., as described herein.

In embodiments, the second immunoglobulin constant region (e.g., the second CH2-CH3

region) includes a cavity or hole. In embodiments, the first and second immunoglobulin constant

region promote heterodimerization of the bispecific molecule.

Tumor-targeting moieties

In one embodiment, the tumor-targeting moiety includes an antibody molecule (e.g., Fab

or scFv) that binds to mesothelin. In some embodiments, the antibody molecule to mesothelin

comprises one, two, three CDRs from the heavy chain variable domain sequence of:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSS (SEQ ID NO: 1), or a closely related CDR, e.g., CDRs which have at least one amino acid

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) from the CDR sequence of SEQ ID NO: 1.

In some embodiments, the antibody molecule to mesothelin comprises one, two, three

CDRs selected from GYSFTGYTMN (SEQ ID NO: 2); LITPYNGASSYNQKFRG (SEQ ID

NO: 3); and GGYDGRGFDY (SEQ ID NO: 4), or a closely related CDR, e.g., CDRs which have

at least one amino acid alteration, but not more than two, three or four alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDR1 comprises GYSFTGYTMN (SEQ ID NO: 2); CDR2 comprises:

LITPYNGASSYNQKFRG (SEQ ID NO: 3); and CDR3 comprises GGYDGRGFDY (SEQ ID

NO: 4), or a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions).



In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDR1 consists of GYSFTGYTMN (SEQ ID NO: 2); CDR2 consists of

LITPYNGASSYNQKFRG (SEQ ID NO: 3); and CDR3 consists of GGYDGRGFDY (SEQ ID

NO: 4), or a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions).

In embodiments, the antibody molecule to mesothelin includes the heavy chain variable

domain sequence of:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSS (SEQ ID NO: 1), or an amino acid sequence substantially identical thereto (e.g., 95% to

99.9% identical thereto, or having at least one amino acid alteration, but not more than five, ten

or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions)

to the amino acid sequence of SEQ ID NO: 1. In embodiments, the antibody molecule to

mesothelin is a Fab and further comprises a heavy chain constant region (CHI) having the amino

acid sequence:

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT (SEQ ID NO: 5),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 5 . In some embodiments, the antibody molecule further comprises a signal

peptide, e.g., a signal peptide comprising the amino acid sequence:

MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6).

Alternatively, or in combination with the heavy chain to mesothelin disclosed herein, the

antibody molecule to mesothelin comprises one, two, three CDRs from the light chain variable

domain sequence of:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWS GYPLTFGAGTKLEIK (SEQ ID NO: 7), or

a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but not more



than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) from the CDR sequence of SEQ ID NO: 7 .

In some embodiments, the antibody molecule to mesothelin comprises one, two, three

CDRs from SASSSVSYMH (SEQ ID NO: 8); DTSKLAS (SEQ ID NO: 9); and QQWSGYPLT

(SEQ ID NO: 10), or a closely related CDR, e.g., CDRs which have at least one amino acid

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDRl comprises SASSSVSYMH (SEQ ID NO: 8); CDR2 comprises: DTSKLAS (SEQ

ID NO: 9); and CDR3 comprises QQWSGYPLT (SEQ ID NO: 10), or a closely related CDR,

e.g., CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDRl consists of SASSSVSYMH (SEQ ID NO: 8); CDR2 consists of DTSKLAS (SEQ

ID NO: 9); and CDR3 consists of QQWSGYPLT (SEQ ID NO: 10), or a closely related CDR,

e.g., CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin comprises the light chain

variable domain sequence of:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWS GYPLTFGAGTKLEIK (SEQ ID NO: 7), or

an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 7 .

In some embodiments, the antibody molecule to mesothelin is a Fab and further

comprises a light chain constant region (CL1) having the amino acid sequence:

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 11),



or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 11. In embodiments, the antibody molecule further comprises a signal peptide,

e.g., a signal peptide comprising the amino acid sequence: MKYLLPTAAAGLLLLAAQPAMA

(SEQ ID NO: 12).

In other embodiments, the multispecific molecule, e.g., the tumor-targeting moiety, binds

to a stromal antigen. In embodiments, the stromal antigen is chosen from one or more of:

fibroblast activating protease (FAP), TGF-beta, hyaluronic acid, collagen, e.g., collagen IV,

tenascin C, or tenascin W.

In one embodiment, the tumor-targeting moiety includes an antibody molecule (e.g., Fab

or scFv) that binds to FAP, e.g., human FAP. In some embodiments, the antibody molecule to

FAP comprises one, two, three CDRs from the heavy chain variable domain sequence depicted

in underline in FIG. 12C (SEQ ID NO: 13), or a closely related CDR, e.g., CDRs which have at

least one amino acid alteration, but not more than two, three or four alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) from the CDR sequence of

SEQ ID NO: 13. In some embodiments, the antibody molecule to FAP includes the heavy chain

variable domain sequence depicted in underline in FIG. 12C (SEQ ID NO: 13), or an amino acid

sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least

one amino acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID

NO: 13.

In embodiments, the antibody molecule to FAP is a Fab and further comprises a heavy

chain constant region (CHI) having the amino acid sequence:

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSC (SEQ ID NO: 14), or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 14. In embodiments, the antibody molecule further comprises a signal peptide,



e.g., a signal peptide comprising the amino acid sequence: MEFGLSWVFLVALFRGVQCEV

(SEQ ID NO: 15).

Alternatively, or in combination with the heavy chain to FAP disclosed herein, the

antibody molecule to FAP comprises one, two, three CDRs from the light chain variable domain

sequence depicted in underline in FIG. 12D (SEQ ID NO: 16), or a closely related CDR, e.g.,

CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) from the

CDR sequence of SEQ ID NO: 16. In some embodiments, the antibody molecule to FAP

includes the light chain variable domain sequence depicted in underline in FIG. 12D (SEQ ID

NO: 16), or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical

thereto, or having at least one amino acid alteration, but not more than five, ten or fifteen

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to the

amino acid sequence of SEQ ID NO: 16.

In embodiments, the antibody molecule to FAP is a Fab and further comprises a light

chain constant region (CL1) having the amino acid sequence:

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 11),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 11. In some embodiments, the antibody molecule further comprises a signal

peptide, e.g., a signal peptide comprising the amino acid sequence:

MKYLLPTAAAGLLLLAAQPAMA (SEQ ID NO: 12).

Immune cell engagers

In one embodiment, the NK cell engager is a ligand of NKp30 is a B7-6, e.g., comprises

the amino acid sequence of:

DLKVEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWKSLTFDKEVKVFEFFGD

HQEAFRPGAIVSPWRLKSGDASLRLPGIQLEEAGEYRCEVVVTPLKAQGTVQLEVVASP

ASRLLLDQVGMKENEDKYMCESSGFYPEAINITWEKQTQKFPHPIEISEDVITGPTIKNM



DGTFNVTSCLKLNSSQEDPGTVYQCVVRHASLHTPLRSNFTLTAARHSLSETEKTDNFS

(SEQ ID NO: 24), a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 24.

In other embodiments, the NK cell engager is a ligand of NKG2D chosen from MICA,

MICB, or ULBP1, e.g., wherein:

(i) MICA comprises the amino acid sequence:

EPHSLRYNLTVLSWDGSVQSGFLTEVHLDGQPFLRCDRQKCRAKPQGQWAEDVLGNK

TWDRETRDLTGNGKDLRMTLAHIKDQKEGLHSLQEIRVCEIHEDNSTRSSQHFYYDGEL

FLSQNLETKEWTMPQSSRAQTLAMNVRNFLKEDAMKTKTHYHAMHADCLQELRRYLK

SGVVLRRTVPPM VNVTRSEASEGNITVTCRASGFYPWNITLSWRQDGVS LSHDTQQWG

DVLPDGNGTYQTWVATRICQGEEQRFTCYMEHSGNHSTHPVPSGKVLVLQSHW (SEQ

ID NO: 25), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 25;

(ii) MICB comprises the amino acid sequence:

AEPHSLRYNLMVLSQDESVQSGFLAEGHLDGQPFLRYDRQKRRAKPQGQWAED VLGA

KTWDTETEDLTENGQDLRRTLTHIKDQKGGLHS LQEIRVCEIHEDS STRGSRHFYYDGEL

FLS QNLETQESTVPQS SRAQTLAMNVTNFWKEDAMKTKTHYRAMQADCLQKLQRYLK

SGVAIRRTVPPMVNVTCSEVSEGNITVTCRASSFYPRNITLTWRQD GVSLSHNTQQWGD

VLPDGNGTYQTWVATRIRQGEEQRFTC YMEHSGNHGTHPVPSGKVLVLQSQRTD (SEQ

ID NO: 26), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 26; or

(iii) ULBP1 comprises the amino acid sequence:



GWVDTHCLCYDFIITPKSRPEPQWCEVQGLVDERPFLHYDCVNHKAKAFASLGKKVNV

TKTWEEQTETLRDVVDFLKGQLLDIQVENLIPIEPLTLQARMSCEHEAHGHGRGSWQFL

FNGQKFLLFDSNNRKWTALHPGAKKMTEKWEKNRDVTMFFQKISLGDCKMWLEEFL

YWEQMLDPTKPPSLAPG (SEQ ID NO: 27), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 27.

In other embodiments, the NK cell engager is a ligand of DNAM1 chosen from

NECTIN2 or NECL5, e.g., wherein:

(i) NECTIN2 comprises the amino acid sequence:

QDVRVQVLPEVRGQLGGTVELPCHLLPPVPGLYISLVTWQRPDAPANHQNVAAFHPKM

GPSFPSPKPGSERLSFVSAKQSTGQDTEAELQDATLALHGLTVEDEGNYTCEFATFPKGS

VRGMTWLRVIAKPKNQAE AQKVTFSQDPTTVALCISKEGRPPARISWLSSLDWEAKETQ

VSGTLAGTVTVTSRFTLVPSGRADGVTVTCKVEHESFEEPALIPVTLSVRYPPEVSISGYD

DNWYLGRTDATLSCDVRSNPEPTGYDWSTTSGTFPTSAVAQGSQLVIHAVDSLFNTTFV

CTVTNAVGMGRAEQVIFVRETPNTAGAGATGG (SEQ ID NO: 28), a fragment thereof, or

an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 28; or

(ii) NECL5 comprises the amino acid sequence:

WPPPGTGDVVVQAPTQVPGFLGDSVTLPCYLQVPNMEVTHVSQLTWARHGESGSMAV

FHQTQGPSYSESKRLEFVAARLGAELRNASLRMFGLRVEDEGNYTCLFVTFPQGSRSVD

rWLRVLAKPQNTAEVQKVQLTGEPVPMARCVSTGGRPPAQITWHSDLGGMPNTSQVPG

FLS GTVTVTSLWILVPSSQVDGKNVTCKVEHESFEKPQLLT VNLTVYYPPEVSISGYDNN

WYLGQNEATLTCDARSNPEPTGYNWSTTMGPLPPFAVAQGAQLLIRPVDKPINTTLICN

VTNALGARQAELTVQVKEGPPSEHSGISRN (SEQ ID NO: 29), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,



substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 29.

In yet other embodiments, the NK cell engager is a ligand of DAP10, which is an adapter

for NKG2D (see e.g., Proc Natl Acad Sci U S A. 2005 May 24; 102(21): 7641-7646; and Blood,

15 September 201 1 Volume 118, Number 11, the full contents of each of which is incorporated

by reference herein).

In other embodiments, the NK cell engager is a ligand of CD 16, which is a CD16a/b

ligand, e.g., a CD16a/b ligand further comprising an antibody Fc region (see e.g., Front

Immunol. 2013; 4 : 76 discusses how antibodies use the Fc to trigger NK cells through CD16,the

full contents of which are incorporated herein).

In other embodiments, the NK cell engager is a ligand of CRTAM, which is NECL2, e.g.,

wherein NECL2 comprises the amino acid sequence:

QNLFTKDVTVIEGEVATISCQVNKSDDSVIQLLNPNRQTIYFRDFRPLKDSRFQLLNFSSS

ELKVSLTNVSISDEGRYFCQLYTDPPQES YTTITVLVPPRNLMIDIQKDT AVEGEEIE VNC

TAMASKPATTIRWFKGNTELKGKSEVEEWSDMYTVTSQLMLKVHKEDDGVPVICQVE

HPAVTGNLQTQRYLEVQYKPQVHIQMTYPLQGLTREGDALELTCEAIGKPQPVMVTWV

RVDDEMPQH AVLSGPNLFINNLNKTDNGT YRCEASNIVGKAHS DYMLYVYDPPTTIPPP

TTTTTTTTTTTTTILTIITDSRAGEEGSIRAVDH (SEQ ID NO: 30), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 30.

In other embodiments, the NK cell engager is a ligand of CD27, which is CD70, e.g.,

wherein CD70 comprises the amino acid sequence:

QRFAQAQQQLPLESLGWDVAELQLNHTGPQQDPRLYWQGGPALGRSFLHGPELDKGQ

LRIHRDGIYM VHIQVTLAIC SSTTASRHHPTTLA VGICSPASRSISLLRLSFHQGCTIAS QR

LTPLARGDTLCTNLTGTLLPSRNTDETFFGVQWVRP (SEQ ID NO: 31), a fragment thereof,

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,



substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 31.

In other embodiments, the NK cell engager is a ligand of PSGL1, which is L-selectin

(CD62L), e.g., wherein L-selectin comprises the amino acid sequence:

WTYHYSEKPMNWQRARRFCRDNYTDLVAIQNKAEIEYLEKTLPFSRSYYWIGIRKIGGI

WTWVGTNKSLTEEAENWGDGEPNNKKNKEDCVEIYIKRNKDAGKWNDDACHKLKAA

LCYTASCQPWSCSGHGECVEIINNYTCNCDVGYYGPQCQFVIQCEPLEAPELGTMDCTH

PLGNFSFSSQCAFSCSEGTNLTGIEETTCGPFGNWSSPEPTCQVIQCEPLSAPDLGIMNCSH

PLASFSFTSACTFICSEGTELIGKKKTICESSGIWSNPSPICQKLDKSFSMIKEGDYN (SEQ

ID NO: 32), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 32.

In other embodiments, the NK cell engager is a ligand of CD96, which is NECL5, e.g.,

wherein NECL5 comprises the amino acid sequence:

WPPPGTGDVVVQAPTQVPGFLGDSVTLPCYLQVPNMEVTHVSQLTWARHGESGSMAV

FHQTQGPSYSESKRLEFVAARLGAELRNASLRMFGLRVEDEGNYTCLFVTFPQGSRSVD

IWLRVLAKPQNTAEVQKVQLTGEPVPMARCVSTGGRPPAQITWHSDLGGMPNTSQVPG

FLS GTVTVTSLWILVPSSQVDGKNVTCKVEHESFEKPQLLT VNLTVYYPPEVSISGYDNN

WYLGQNEATLTCDARSNPEPTGYNWSTTMGPLPPFAVAQGAQLLIRPVDKPINTTLICN

VTNALGARQAELTVQVKEGPPSEHSGISRN (SEQ ID NO: 29), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 29.

In other embodiments, the NK cell engager is a ligand of CD 100 (SEMA4D), which is

CD72, e.g., wherein CD72 comprises the amino acid sequence:

RYLQVSQQLQQTNRVLEVTNSSLRQQLRLKITQLGQSAEDLQGSRRELAQSQEALQVEQ

RAHQAAEGQLQACQADRQKTKETLQSEEQQRRALEQKLSNMENRLKPFFTCGSADTCC

PSGWIMHQKSCFYISLTSKNWQESQKQCETLSSKLATFSEIYPQSHSYYFLNSLLPNGGS



GNSYWTGLSSNKDWKLTDDTQRTRTYAQSSKCNKVHKTWSWWTLESESCRSSLPYICE

MTAFRFPD (SEQ ID NO: 33), a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 33.

In other embodiments, the NK cell engager is a ligand of NKp80, which is CLEC2B

(AICL), e.g., wherein CLEC2B (AICL) comprises the amino acid sequence:

KLTRDSQSLCPYDWIGFQNKCYYFSKEEGDWNSSKYNCSTQHADLTIIDNIEEMNFLRR

YKCSSDHWIGLKMAKNRTGQWVDGATFTKSFGMRGSEGCAYLSDDGAATARCYTER

KWICRKRIH (SEQ ID NO: 34), a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 34.

In other embodiments, the NK cell engager is a ligand of CD244, which is CD48, e.g.,

wherein CD48 comprises the amino acid sequence:

QGHLVHMTVVSGSNVTLNISESLPENYKQLTWFYTFDQKIVEWDSRKSKYFESKFKGR

VRLDPQSGALYISKVQKEDNSTYIMRVLKKTGNEQEWKIKLQVLDPVPKPVIKIEKIEDM

DDNCYLKLSCVIPGESVNYTWYGDKRPFPKELQNSVLETTLMPHNYSRCYTCQVSNSVS

SKNGTVCLSPPCTLARS (SEQ ID NO: 35), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 35.

In other embodiments, the dendritic cell engager is chosen from one or more of a CD2

agonist, an OX40 antibody, an OX40L, 4 IBB agonist, a Toll-like receptor agonist or a fragment

thereof (e.g., a TLR4, e.g., a constitutively active TLR4 (caTLR4)), CD47 agonist, or a STING

agonist.

In one embodiment, the OX40L comprises the amino acid sequence:

QVSHRYPRIQSIKVQFTEYKKEKGFILTSQKEDEIMKVQNNSVIINCDGFYLISLKGYFSQ

EVNISLHYQKDEEPLFQLKKVRSVNSLMVASLTYKDKVYLNVTTDNTSLDDFHVNGGE



LILIHQNPGEFCVL (SEQ ID NO: 36), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 36.

In another embodiment, the CD40L comprises the amino acid sequence:

MQKGDQNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQGLY

YIYAQVTFCSNREAS SQAPFIASLCLKSPGRFERILLRAANTHS SAKPCGQQS IHLGGVFE

LQPGASVFVNVTDPSQVSHGTGFTSFGLLKL (SEQ ID NO: 37), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 37.

In yet other embodiments, the STING agonist comprises a cyclic dinucleotide, e.g., a

cyclic di-GMP (cdGMP), a cyclic di-AMP (cdAMP), or a combination thereof, optionally with

2', 5' or 3', 5' phosphate linkages.

In one embodiment, the immune cell engager includes 4IBB ligand, e.g., comprising the

amino acid sequence:

ACPWAVSGARASPGSAASPRLREGPELSPDDPAGLLDLRQGMFAQLVAQNVLLIDGPLS

WYSDPGLAGVSLTGGLSYKEDTKELVVAKAGVYYVFFQLELRRVVAGEGSGSVSLALH

LQPLRSAAGAAALALTVDLPPASSEARNSAFGFQGRLLHLSAGQRLGVHLHTEARARH

AWQLTQGATVLGLFRVTPEIPAGLPSPRSE (SEQ ID NO: 38), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 38.

Cytokine molecules

In some embodiments, the multispecific molecules disclosed herein include a cytokine

molecule. In embodiments, the cytokine molecule includes a full length, a fragment or a variant

of a cytokine; a cytokine receptor domain, e.g., a cytokine receptor dimerizing domain; or an



agonist of a cytokine receptor, e.g., an antibody molecule (e.g., an agonistic antibody) to a

cytokine receptor. In some embodiments, the cytokine is a single chain. In some embodiments,

the cytokine comprises 2 or 2 or more polypeptide chains. An exemplary multichain cytokine

molecule is IL12.

In some embodiments the cytokine molecule is chosen from interleukin-2 (IL-2),

interleukin-12 (IL-12), interleukin-15 (IL-15), interleukin-18 (IL-18), interleukin-2 1 (IL-21),

interleukin-7 (IL-7), or interferon gamma, or a fragment or variant thereof, or a combination of

any of the aforesaid cytokines. The cytokine molecule can be a monomer or a dimer. In

embodiments, the cytokine molecule can further include a cytokine receptor dimerizing domain.

In other embodiments, the cytokine molecule is an agonist of a cytokine receptor, e.g., an

antibody molecule (e.g., an agonistic antibody) to a cytokine receptor chosen from an IL-15Ra or

IL-21R.

In one embodiment, the cytokine molecule is IL-15, e.g., human IL-15 (e.g., comprising

the amino acid sequence:

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS (SEQ ID

NO: 17), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95%

to 99.9% identical thereto, or having at least one amino acid alteration, but not more than five,

ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 17.

In some embodiments, the cytokine molecule comprises a receptor dimerizing domain,

e.g., an IL15Ralpha dimerizing domain. In one embodiment, the IL15Ralpha dimerizing domain

comprises the amino acid sequence:

MAPRRARGCRTLGLP ALLLLLLLRPPATRGITCPPPMS VEHADIWVKSYSLYSRERYICN

SGFKRKAGTSSLTECVL (SEQ ID NO: 40), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 40. In

some embodiments, the cytokine molecule (e.g., IL-15) and the receptor dimerizing domain

(e.g., an IL15Ralpha dimerizing domain) of the multispecific molecule are covalently linked,



e.g., via a linker (e.g., a Gly-Ser linker, e.g., a linker comprising the amino acid sequence

SGGSGGGGSGGGSGGGGSLQ (SEQ ID NO: 19). In other embodiments, the cytokine

molecule (e.g., IL-15) and the receptor dimerizing domain (e.g., an IL15Ralpha dimerizing

domain) of the multispecific molecule are not covalently linked, e.g., are non-covalently

associated.

In other embodiments, the cytokine molecule is IL-2, e.g., human IL-2 (e.g., comprising

the amino acid sequence:

APTSSSTKKTQLQLEHLLLDLQMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCL

EEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNR

WITFCQSIISTLT (SEQ ID NO: 20), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 20).

In other embodiments, the cytokine molecule is IL-18, e.g., human IL-18 (e.g.,

comprising the amino acid sequence:

YFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMTDSDCRDNAPRTIFIISMYKDSQPRGM

AVTISVKCEKISTLSCENKIISFKEMNPPDNIKDTKSDIIFFQRSVPGHDNKMQFESSSY

EGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED (SEQ ID NO: 41), a fragment

thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical

thereto, or having at least one amino acid alteration, but not more than five, ten or fifteen

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to the

amino acid sequence of SEQ ID NO: 41).

In other embodiments, the cytokine molecule is IL-21, e.g., human IL-21 (e.g.,

comprising the amino acid sequence:

QGQDRHMIRMRQLIDIVDQLKN YVNDLVPEFLPAPEDVETNCEWSAFSCFQKAQLKSA

NTGNNERIINVSIKKLKRKPPS TNAGRRQKHRLTCPS CDSYEKKPPKEFLERFKS LLQKMI

HQHLSSRTHGSEDS (SEQ ID NO: 22), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 22).



In yet other embodiments, the cytokine molecule is interferon gamma, e.g., human

interferon gamma (e.g., comprising the amino acid sequence:

QDPYVKEAENLKKYFNAGHSDVADNGTLFLGILKNWKEESDRKIMQSQIVSFYFKLFK

NFKDDQSIQKSVETIKEDMNVKFFNSNKKKRDDFEKLTNYSVTDLNVQRKAIHELIQVM

AELSPAAKTGKRKRSQMLFRG (SEQ ID NO: 23), a fragment thereof, or an amino acid

sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least

one amino acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID

NO: 23).

Linkers

The multispecific molecule disclosed herein can further include a linker, e.g., a linker

between one or more of: the targeting moiety and the cytokine molecule, the targeting moiety

and the immune cell engager, the cytokine molecule and the immune cell engager, the cytokine

molecule and the immunoglobulin chain constant region (e.g., the Fc region), the targeting

moiety and the immunoglobulin chain constant region, or the immune cell engager and the

immunoglobulin chain constant region. In embodiments, the linker chosen from: a cleavable

linker, a non-cleavable linker, a peptide linker, a flexible linker, a rigid linker, a helical linker, or

a non-helical linker, or a combination thereof.

In one embodiment, the multispecific molecule can include one, two, three or four

linkers, e.g., a peptide linker. In one embodiment, the peptide linker includes Gly and Ser.

Exemplary peptide linkers are depicted in the figures disclosed herein (e.g., FIGs. 1lB-1 1C,

12B, 13B-C, 14A-B), e.g., a peptide linker chosen from: GGGGS (SEQ ID NO: 42);

GGGGSGGGGS (SEQ ID NO: 43);GGGGSGGGGSGGGGS (SEQ ID NO: 44); or

DVPSGPGGGGGS GGGGS (SEQ ID NO: 45).

Exemplary Multispecific Configurations:

In some embodiments, any of the multispecific molecules disclosed herein can include:

(I) a tumor- targeting moiety that comprises:



(a) an antibody molecule against a solid tumor antigen chosen from: Mesothelin, GD2,

PMSA, CEA, Ron Kinase, or c-Met; and/or

(b) an antibody molecule against a stromal antigen is chosen from: FAP, hyaluronic acid,

collagen IV, tenascin C, or tenascin W; or

(c) a combination of the antibody molecule against the solid tumor antigen and the

antibody molecule against the stromal antigen; and

(II) one or both of :

(a) an immune cell engager chosen from one, two, three, or all of a CD40L or a CD70

ligand; an antibody molecule that binds to CD40 or CD70; an antibody molecule to OX40; an

OX40L; B7H6, 4IBB ligand (41BBL), or a STING agonist, or a combination thereof; or

(b) the cytokine molecule chosen from IL-2, IL-12, IL-15, IL-18, IL-7, or IL-21,

fragment or variant thereof, or an antibody molecule to a cytokine receptor (e.g., an antibody

(e.g., an agonistic antibody) to IL-15Ra, or IL-21R), or a combination of any of the aforesaid.

In some embodiments, the tumor targeting moiety is an antibody molecule that binds to

mesothelin, PSCA or FAP. In some embodiments, the immune cell engager is an antibody

molecule that binds to NKp30 or CD16. In other embodiments, the immune cell engager is

chosen from a CD40 ligand (CD40L), B7H6 or 41BB ligand (41BBL). In other embodiments,

the cytokine molecule is chosen from IL-15 or IL-21, or an agonist of a cytokine receptor, e.g.,

an antibody molecule (e.g., an agonistic antibody) to an IL-15Ra or IL-21R.

In some embodiments, the bispecific molecule is chosen from: (i) an antibody molecule

to mesothelin and an antibody molecule to NKp30; (ii) an antibody molecule to mesothelin and

an antibody molecule to CD16; (iii) an antibody molecule to PSCA and an antibody molecule to

NKp30; (iv) an antibody molecule to PSCA and an antibody molecule to CD16; (v) an antibody

molecule to FAP and an antibody molecule to NKp30; (vi) an antibody molecule to FAP and an

antibody molecule to CD16; (vii) an antibody molecule to FAP and an IL-15 molecule; (viii) an

antibody molecule to FAP and an antibody molecule (e.g., an agonistic antibody) to an IL-15Ra;

(ix) an antibody molecule to FAP and an antibody molecule (e.g., an agonistic antibody) to an

IL-21; or (x) an antibody molecule to FAP and an antibody molecule (e.g., an agonistic antibody)

to an IL-21R.

In other embodiments, the trispecific molecule includes a tumor targeting moiety chosen



from an antibody molecule to mesothelin, antibody molecule to PSCA or an antibody molecule

to FAP; an immune cell engager, e.g., an NK cell engager, chosen from an antibody molecule to

NKp30 or an antibody molecule to CD16; or a macrophage cell engager chosen from a CD40L,

OX40L, or an antibody molecule to CD40 or an antibody molecule to OX40; and a cytokine

molecule chosen from an IL-15, IL-21, an antibody to IL-15Ra or an antibody to IL-21R.

Exemplary combinations include but are not limited to: (i) an antibody molecule to mesothelin;

a CD40L polypeptide; and an IL-15 molecule; (ii) an antibody molecule to mesothelin; a CD40L

polypeptide; and an IL-15 molecule; (iii) an antibody molecule to mesothelin; an antibody

molecule that binds to NKp30; and an IL-15 molecule; (iv) an antibody molecule to mesothelin;

an antibody molecule that binds to CD16; and an IL-15 molecule; (v) an antibody molecule to

PSCA; an antibody molecule that binds to NKp30; and an IL-15 molecule; (vi) an antibody

molecule to PSCA; an antibody molecule that binds to CD16; and an IL-15 molecule; (vii) an

antibody molecule to PSCA; an antibody molecule that binds to CD16; and an IL-21 molecule;

or (viii) an antibody molecule to mesothelin; an antibody molecule that binds to CD16; and an

IL-21 molecule.

In other embodiments, the tetrapecific molecule includes (i) an antibody molecule to

mesothelin, e.g., human mesothelin; a CD40L polypeptide; an IL-15 molecule; and B7H6; (ii) an

antibody molecule to FAP, e.g., human mesothelin; a CD40L polypeptide; an IL-15 molecule;

and B7H6; or (iii) an antibody molecule to mesothelin, e.g., human mesothelin; a CD40L

polypeptide; an IL-21 molecule; and 41BBL.

In some embodiments, the multispecific molecule includes an antibody molecule to

mesothelin, e.g., human mesothelin; a CD40L polypeptide; and an IL-15 molecule. In one

embodiment, the antibody molecule includes a Fab against mesothelin having a light and a heavy

chain. In embodiments, the heavy chain of the Fab against mesothelin further comprises the IL-

15 molecule, e.g., human IL-15 molecule, optionally, wherein the Fab and the IL-15 molecule

are linked, e.g., via a linker comprising Gly and Ser. In some embodiments, the multispecific

molecule has the following configuration: Heavy chain of the Fab (e.g., VH - CHI) against

mesothelin to IL-15, from N- to C-terminus, optionally, comprising a Gly-Ser linker between the



Fab and the IL-15. In some embodiments, the multispecific molecule includes the amino acid

sequence:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL

QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTGGGGSGGG

GSGGGGSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLE

SGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS,

(SEQ ID NO: 46), a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 46.

In embodiments, the light chain of the Fab to mesothelin further comprises a CD40L,

optionally, wherein the Fab and the CD40L are linked, e.g., via a linker comprising Gly and Ser.

In one embodiment, the multispecific molecule has the following configuration: Light chain of

the Fab (e.g., VL - CL1) to mesothelin fused to CD40L, from N- to C-terminus, optionally,

comprising a Gly-Ser linker between the Fab and the CD40L. In embodiments, the multispecific

molecule includes the amino acid sequence:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWSGYPLTFGAGTKLEIKRTVAAPSVFIFPPS

DEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTL

TLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECDVPSGPGGGGGSGGGGSMQKGD

QNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQGLYYIYAQV

TFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGQQSIHLGGVFELQPGAS

VFVNVTDPSQVSHGTGFTSFGLLKL, (SEQ ID NO: 47), a fragment thereof, or an amino acid

sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least

one amino acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID

NO: 47.



In other embodiments, the multispecific molecule includes an antibody molecule to FAP,

e.g., human FAP, and an IL-15 molecule. In some embodiments, the antibody molecule includes

a Fab against FAP having a light and a heavy chain. The heavy chain of the Fab to FAP can

further include a first Fc region having a member of a paired cavity-protuberance (knob-in-a

hole) in the Fc interface of the first Fc region. For example, the multispecific molecule can have

the following configuration: Heavy chain of the Fab (e.g., VH - CHI) of FAP fused to First Fc

region (e.g., CH2 to CH3), from N- to C-terminus, e.g., includes the amino acid sequence:

QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWIGGINPNNGIPN

YNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCARRRIAYGYDEGHAMDYWGQ

GTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT

FPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPC

PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK

TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ

VCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL

VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK, (SEQ ID NO: 48), a

fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9%

identical thereto, or having at least one amino acid alteration, but not more than five, ten or

fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to

the amino acid sequence of SEQ ID NO: 48.

In embodiments, the light chain of the Fab to FAP includes the amino acid sequence:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKPGQPPKLLIFW AST

RESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQYFSYPLTFGQGTKVEIKRT VAAP

SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDST

YSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC , (SEQ ID NO: 49), a

fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9%

identical thereto, or having at least one amino acid alteration, but not more than five, ten or

fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to

the amino acid sequence of SEQ ID NO: 49.

In embodiments, the IL-15 molecule, e.g., human IL-15 molecule, further includes a

second Fc region having a second member of a paired cavity-protuberance (knob-in-a hole) in



the Fc interface of the second Fc region, e.g., connected via a linker comprising Gly and Ser. In

one embodiment, the multispecific molecule has the following configuration: IL-15 molecule-

Second Fc region (e.g., CH2 to CH3), from N- to C-terminus, e.g., wherein the IL-15 molecule

and the Second Fc region are connected via a linker comprising Gly and Ser, e.g., includes the

amino acid sequence:

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSDK

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA

KGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPV

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK, (SEQ ID

NO: 50), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95%

to 99.9% identical thereto, or having at least one amino acid alteration, but not more than five,

ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 50.

In other embodiments, the multispecific molecule that includes the antibody molecule to

FAP, e.g., human FAP, and the IL-15 molecule, further includes an immune cell engager, e.g., as

described herein (e.g., a CD40 ligand). In some embodiments, the immune cell enhancer is

linked, e.g., covalently linked, to the second Fc region having the second member of the paired

cavity-protuberance (knob-in-a hole) and the IL-15 molecule, e.g., human IL-15 molecule,

optionally comprising a linker comprising Gly and Ser between the IL-15 molecule and the

second Fc region, and/or between the second Fc region and the immune cell enhancer. In

embodiments, the multispecific molecule has the following configuration: IL-15 molecule-

Second Fc region (e.g., CH2 to CH3) - Immune cell enhancer, from N- to C-terminus, optionally

comprising a linker comprising Gly and Ser between the IL-15 molecule and the second Fc

region, and/or between the second Fc region and the immune cell enhancer, e.g., it includes the

amino acid sequence:

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSDK



THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA

KGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPV

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGSMQ

KGDQNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQGLYYIY

AQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGQQS IHLGGVFELQP

GASVFVNVTDPSQVSHGTGFTSFGLLKL, (SEQ ID NO: 51), a fragment thereof, or an amino

acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at

least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 51.

In other embodiments, the multispecific molecule that includes the antibody molecule to

FAP, e.g., human FAP, the IL-15 molecule, and the CD40 ligand, further includes a second

immune cell enhancer, e.g., a B7H6 molecule. In some embodiments, the second immune cell

enhancer is linked, e.g., covalently linked, to the first Fc region having the first member of the

paired cavity-protuberance (knob-in-a hole) in the Fc interface of the first Fc region and the

heavy chain of the Fab, optionally comprising a linker comprising Gly and Ser between the

B7H6 molecule and the first Fc region. In embodiments, the multispecific molecule has the

following configuration: Heavy chain of the Fab (e.g., VH - CHI) to FAP fused to- First Fc

region (e.g., CH2 to CH3) fused to- B7H6 molecule, from N- to C-terminus, optionally

comprising a linker comprising Gly and Ser between the first Fc region and the B7H6 molecule,

e.g., includes the amino acid sequence:

QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWIGGINPNNGIPN

YNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCARRRIAYGYDEGHAMDYWGQ

GTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT

FPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPC

PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK

TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ

VCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL



VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGSDLKVEMMAGG

TQITPLNDNVTIFCNIFYSQPLNITSMGITWFWKSLTFDKEVKVFEFFGD

HQEAFRPGAIVSPWRLKSGDASLRLPGIQLEEAGEYRCEVVVTPLKAQGTVQLEVVASP

ASRLLLDQVGMKENEDKYMCESSGFYPEAINITWEKQTQKFPHPIEISEDVITGPTIKNM

DGTFNVTSCLKLNSSQEDPGTVYQCVVRHASLHTPLRSNFTLTAARHSLSETEKTDNFS,

(SEQ ID NO: 52), a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 52).

In another aspect, the invention features a multispecific molecule comprising:

a first amino acid sequence comprising:

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSDK

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA

KGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPV

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK(SEQ ID NO:

50) or an amino acid sequence substantially homologous thereto, wherein the amino acid

sequence comprises an IL-15 polypeptide, a linker, and an immunoglobulin Fc;

a second amino acid sequence comprising:

QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWIGGINPNNGIPN

YNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCARRRIAYGYDEGHAMDYWGQ

GTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT

FPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPC

PAPELLGGPSVFLFPPKPKDTLMIS RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK

TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ

VCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL

VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGS (SEQ ID NO: 53)



or an amino acid sequence substantially homologous thereto, wherein the amino acid sequence

comprises an anti-FAP heavy chain of a Fab and an immunoglobulin Fc; and a

a third amino acid sequence comprising:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKPGQPPKLLIFW AST

RESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQYFSYPLTFGQGTKVEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 54)

or an amino acid sequence substantially homologous thereto), wherein the amino acid sequence

comprises a human kappa light chain of anti-FAP Fab.

In some embodiments, the first amino acid sequence further comprises:

MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6) or an amino acid sequence substantially

homologous thereto. In some embodiments, the second amino acid sequence further comprises:

MEFGLSWVFLVALFRGVQCEV (SEQ ID NO: 15) or an amino acid sequence substantially

homologous thereto. In some embodiments, the third amino acid sequence further comprises:

MKYLLPTAAAGLLLLAAQPAMA (SEQ ID NO: 12) or an amino acid sequence substantially

homologous thereto.

In another aspect, the invention features a multispecific molecule comprising:

a first amino acid sequence comprising:

MEFGLSWVFLVALFRGVQC

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSDK

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA

KGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPV

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO:

50) or an amino acid sequence substantially homologous thereto, wherein the amino acid

sequence comprises a leader peptide, IL-15, a linker, and immunoglobulin Fc;

a second amino acid sequence comprising:



MEFGLSWVFLVALFRGVQCEVQVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWV

RQAPGQRLEWIGGINPNNGIPN YNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYC

ARRRIAYGYDEGHAMDYWGQGTLVT VSS

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKD YFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG

PSVFLFPPKPKDTLMIS RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS KAKGQPREPQ VCTLPPSR

EEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDK

SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK(SEQ ID NO: 55) or an amino acid

sequence substantially homologous thereto, wherein the amino acid sequence comprises a leader

peptide, an anti-FAP heavy chain of a Fab and immunoglobulin Fc; and a

a third amino acid sequence comprising:

DIVMTQSPDSLAVSLGERATINC KSSQSLLYSRNQKNYLAWYQQKPGQPPKLLIFW AST

RESGVPDRFSGSGFGTDFTLTIS SLQAEDVAVYYCQQYFSYPLTFGQGTKVEIKRT VAAP

SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDST

YSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 49) or an

amino acid sequence substantially homologous thereto, wherein the amino acid sequence

comprises a leader peptide and human kappa light chain of anti-FAP Fab.

In another aspect, the invention features a multispecific molecule comprising:

a first amino acid sequence comprising:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL

QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTGGGGSGGG

GSGGGGSNWVNVISDLKKIEDLIQS MHIDATLYTESDVHPSCKVTAMKCFLLELQVISLE

SGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS

(SEQ ID NO: 46) or an amino acid sequence substantially homologous thereto, wherein the

amino acid sequence comprises an anti-mesothelin heavy chain of a Fab, a linker, and an IL-15;

and



a second amino acid sequence comprising:

DIELTQSPAIMSASPGEKVTMTCS ASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWS GYPLTFGAGTKLEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC

DVPSGPGGGGGSGGGGSMQKGDQNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNL

VTLENGKQLT VKRQGLYYIYAQVTFCSNREASSQAPFIASLCLKSPGRFERILLR AANTH

SSAKPCGQQS IHLGGVFELQPGASVFVNVTDPSQVSHGTGFTSFGLLKL (SEQ ID NO: 56)

or an amino acid sequence substantially homologous thereto, wherein the amino acid sequence

comprises a human kappa light chain of anti-mesothelin Fab, a linker, and a CD40L.

In some embodiments, the first amino acid sequence further comprises:

MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6) or an amino acid sequence substantially

homologous thereto. In some embodiments, the second amino acid sequence further comprises:

MKYLLPTAAAGLLLLAAQPAMA (SEQ ID NO: 12) or an amino acid sequence substantially

homologous thereto.

In another aspect, the invention features a multispecific molecule comprising:

a first amino acid sequence comprising:

MEFGLSWVFLVALFRGVQCQVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVK

QSHGKSLEWIGLITPYNGASSYNQKFRGKATLT VDKSSSTAYMDLLSLTSEDSAVYFCA

RGGYDGRGFDYWGQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPV

TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK

RVEPKSCDKTHTGGGGSGGGGSGGGGSNWVNVISDLKKIEDLIQSMHIDATLYTESDVH

PSCKVTAMKCFLLELQVISLES GDASIHDTVENLIILANNS LSSNGNVTESGCKECEELEE

KNIKEFLQSFVHIVQMFINTS (SEQ ID NO: 46) or an amino acid sequence substantially

homologous thereto, wherein the amino acid sequence comprises a leader peptide, an anti-

mesothelin heavy chain of a Fab, a linker, and an IL-15; and

a second amino acid sequence comprising:

MKYLLPTAAAGLLLLAAQPAMA



DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWSGYPLTFGAGTKLEIKRTVAAPSVFIFPPS

DEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTL

TLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECDVPSGPGGGGGSGGGGSMQKGD

QNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQGLYYIYAQV

TFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGQQSIHLGGVFELQPGAS

VFVNVTDPSQVSHGTGFTSFGLLKL (SEQ ID NO: 47) or an amino acid sequence

substantially homologous thereto, wherein the amino acid sequence comprises a leader peptide, a

human kappa light chain of anti-mesothelin Fab, a linker, and a CD40L.

In another aspect, the invention features a multispecific molecule comprising:

a first amino acid sequence comprising:

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS

GGGGSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMIS RTPEVTCVVVDVSHEDPEVKF

NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPI

EKTISKAKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNY

KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGG

GGSMQKGDQNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQ

GLYYIYAQVTFCSNREAS SQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGQQSIHLGG

VFELQPGASVFVNVTDPSQVSHGTGFTSFGLLKL (SEQ ID NO: 51) or an amino acid

sequence substantially homologous thereto, wherein the amino acid sequence comprises IL-15, a

linker, and immunoglobulin Fc, a linker, and CD40L;

a second amino acid sequence comprising:

QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWIGGINPNNGIPN

YNQKFKGRVTIT VDTSASTAYMELSSLRSEDTAVYYCARRRIAYGYDEGHAMDYWGQ

GTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT

FPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPC

PAPELLGGPSVFLFPPKPKDTLMIS RTPEVTCVVVDVSHEDPEVKFNWYVD GVEVHNAK

TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ



VCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL

VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGS

DLKVEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWKSLTFDKEVKVFEFFGD

HQEAFRPGAIVSPWRLKSGDASLRLPGIQLEEAGEYRCEVVVTPLKAQGTVQLEVVASP

ASRLLLDQVGMKENEDKYMCESSGFYPEAINITWEKQTQKFPHPIEISEDVITGPTIKNM

DGTFNVTSCLKLNSSQEDPGTVYQCVVRHASLHTPLRSNFTLTAARHSLSETEKTDNFS

(SEQ ID NO: 52) or an amino acid sequence substantially homologous thereto, wherein the

amino acid sequence comprises an anti-B7H6 heavy chain of a Fab and immunoglobulin Fc, a

linker, and B7H6; and

a third amino acid sequence comprising:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKPGQPPKLLIFW AST

RESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQYFSYPLTFGQGTKVEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 57)

or an amino acid sequence substantially homologous thereto, wherein the amino acid sequence

comprises a human kappa light chain of anti-FAP Fab.

In some embodiments, the first amino acid sequence further comprises:

MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6) or an amino acid sequence substantially

homologous thereto. In some embodiments, the second amino acid sequence further comprises:

MEFGLSWVFLVALFRGVQCEV (SEQ ID NO: 15) or an amino acid sequence substantially

homologous thereto. In some embodiments, the third amino acid sequence further comprises:

MKYLLPTAAAGLLLLAAQPAMA (SEQ ID NO: 12) or an amino acid sequence substantially

homologous thereto.

In another aspect, the invention features a multispecific molecule comprising:

a first amino acid sequence comprising:

MEFGLSWVFLVALFRGVQCNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAM

KCFLLELQVISLESGDASIHDTVENLIILANNS LSSNGNVTESGCKECEELEEKNIKEFLQS

FVHIVQMFINTSGGGGSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV



DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK

CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVE

WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT

QKSLSLSPGKGGGGSMQKGDQNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTL

ENGKQLTVKRQGLYYIYAQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSA

KPCGQQSIHLGGVFELQPGASVFVNVTDPSQVSHGTGFTSFGLLKL (SEQ ID NO: 58) or

an amino acid sequence substantially homologous thereto, wherein the amino acid sequence

comprises a leader peptide, IL-15, a linker, and immunoglobulin Fc, a linker, and CD40L;

a second amino acid sequence comprising (or substantially homologous thereto):

MEFGLSWVFLVALFRGVQCEVQVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWV

RQAPGQRLEWIGGINPNNGIPN YNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYC

ARRRIAYGYDEGHAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK

DYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPS

NTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS

HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV

SNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWES

NGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL

SLSPGKGGGGSDLKVEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWKSLTFD

KEVKVFEFFGDHQEAFRPGAIVSPWRLKSGDASLRLPGIQLEEAGEYRCEVVVTPLKAQ

GTVQLEVVASPASRLLLDQVGMKENEDKYMCESSGFYPEAINITWEKQTQKFPHPIEISE

DVITGPTIKNMDGTFNVTSCLKLNSSQEDPGTVYQCVVRHASLHTPLRSNFTLTAARHSL

SETEKTDNFS

(SEQ ID NO: 59) or an amino acid sequence substantially homologous thereto, wherein the

amino acid sequence comprises a leader peptide, anti-FAP heavy chain of a Fab and

immunoglobulin Fc, a linker, and B7H6; and

a third amino acid sequence comprising:

MKYLLPTAAAGLLLLAAQPAMADIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKN

YLAWYQQKPGQPPKLLIFW ASTRESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQ

YFSYPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKV

DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF



NRGEC (SEQ ID NO: 60) or an amino acid sequence substantially homologous thereto, wherein

the amino acid sequence comprises a leader peptide and human kappa light chain of anti-FAP

Fab.

An exemplary trispecific molecule includes a Fab molecule directed to the mesothelin

tumor antigen, wherein first polypeptide includes the heavy chain VH-CHl of the Fab connected

via a linker to an IL-15 cytokine, and the second polypeptide of the Fab includes the light chain

VL-CL connected via a linker to CD40 ligand (CD40L) (FIG. 11A-C). FIG. 1IB provides, from

N- to C- orientation, the amino acid sequence of an optional signal peptide (shown in italics),

followed by the heavy chain VH-CHl of the Fab (shown in underline and bold for VH and CHI,

respectively), connected via a Gly-Ser linker (shown in italics), to a human IL-15 cytokine

(shown in regular font). FIG. 11C provides, from N- to C- orientation, the amino acid sequence

of an optional signal peptide (shown in italics), followed by the kappa light chain VL-CL of the

Fab (shown in underline and bold for VL and CL, respectively), connected via a Gly-Ser linker

(shown in italics), to a human CD40L (shown in orange).

An exemplary bispecific molecule includes a Fab molecule directed to the stromal

antigen, wherein the first polypeptide includes the heavy chain VH-CHl of the Fab to the

stromal antigen connected to the first Fc molecule having a cavity; the second polypeptide

includes the IL-15 cytokine connected to the second Fc molecule having a protuberance; and the

third polypeptide includes a light chain VL-CL of the Fab to the stromal antigen (FIGs. 12A).

FIG. 12B provides, from N- to C- orientation, the amino acid sequence of an optional signal

peptide (shown in italics), followed by the human IL-15 cytokine (shown in regular font), and

further including an optional Gly-Ser linker (shown in italics) connected to the second Fc

molecule having a protuberance (shown in italics). FIG. 12C provides, from N- to C-

orientation, the amino acid sequence of an optional signal peptide (shown in italics), followed by

the followed by the heavy chain VH-CHl of the Fab to the stromal antigen FAP (shown in

underline and bold for VH and CHI, respectively), connected to the first Fc molecule having a

cavity (shown in regular font). FIG. 12D provides, from N- to C- orientation, the amino acid

sequence of an optional signal peptide (shown in italics), followed by the kappa light chain VL-

CL of the Fab to the stromal antigen FAP (shown in underline and bold for VL and CL,

respectively).



An exemplary tetraspecific molecule includes a Fab molecule directed to the mesothelin

antigen, wherein the first polypeptide includes the heavy chain VH-CH1 of the Fab to the

mesothelin antigen connected to the first Fc molecule having a protuberance (knob) in the CH3

region, and further includes a first immune cell engager, e.g., 41BB-ligand; the second

polypeptide includes the IL-21 cytokine connected, optionally via a Gly-Ser linker, to the second

Fc molecule having a cavity (hole), and further includes, e.g., via a Gly-Ser linker, a second

immune cell engager, e.g., CD40L; and the third polypeptide includes a light chain VL-CL of the

Fab to the mesothelin antigen (molecule A) (FIG. 14A-14B). The following amino acid

sequences are included: (i) Molecule A corresponding to the heavy chain and light chain,

respectively, of the mesothelin Fab (hMeso_SSl_Fab); (ii) Molecule B corresponding to human

IL-21; (iii) Linker between the Molecule B and second Fc region (Molecule B to KiH_Fc linker);

(iv) Linker between the first Fc region and Molecule C (KiH_Fc to Molecule C linker); (v)

Molecule C corresponding to human 4IBB ligand; (vi) Linker between the second Fc region and

Molecule D (KiH_Fc to Molecule D linker); (vii) Molecule C corresponding to human CD40L;

(viii) first member Fc region (Fc Knob), including from N to C orientation, the VH of the

mesothelin Fab, the CH2-CH3 amino acid sequence including a substitution of T for W at

position 366, followed by a Gly-Ser linker and the human 4IBB ligand; and (ix) second member

Fc region (Fc Hole), including from N to C orientation, the human IL-21, a Gly-Ser linker, the

CH2-CH3 amino acid sequence including a substitution of T for S at position 366, L for A at

position 368, Y for V at position 407, followed by a Gly-Ser linker and the human CD40L

An exemplary tetraspecific molecule includes a Fab molecule directed to the stromal

antigen, wherein the first polypeptide includes the heavy chain VH-CH1 of the Fab to the

stromal antigen connected to the first Fc molecule having a cavity, and further includes a first

immune cell engager, B7H6; the second polypeptide includes the IL-15 cytokine connected,

optionally via a Gly-Ser linker, to the second Fc molecule having a protuberance, and further

includes, e.g., via a Gly-Ser linker, a second immune cell engager, CD40L; and the third

polypeptide includes a light chain VL-CL of the Fab to the stromal antigen (FIG. 13A). FIG.

13B provides, from N- to C- orientation, the amino acid sequence of an optional signal peptide

(shown in italics), followed by the human IL-15 cytokine (shown in regular font), further

including an optional Gly-Ser linker (shown in italics) connected to the second Fc molecule



having a protuberance (shown in regular font), which further includes, e.g., an optional Gly-Ser

linker (shown in italics, connected to the human CD40L amino acid sequence (shown in italics).

FIG. 13C provides, from N- to C- orientation, the amino acid sequence of an optional signal

peptide (shown in italics), followed by the followed by the heavy chain VH-CH1 of the Fab to

the stromal antigen FAP (shown in underline and bold for VH and CHI, respectively), connected

to the first Fc molecule having a cavity (shown in regular font), which further includes, e.g., an

optional Gly-Ser linker (shown in italics, connected to the human B7H6 amino acid sequence

(shown in blue). FIG. 13D provides, from N- to C- orientation, the amino acid sequence of an

optional signal peptide (shown in italics), followed by the kappa light chain VL-CL of the Fab to

the stromal antigen FAP (shown in underline and bold for VL and CL, respectively).

Exemplary Multispecific Molecules comprising Stromal Modifying Moiety

The disclosure relates, inter alia, to novel multifunctional, e.g., multispecific, molecules

that include (i) a stromal modifying moiety and (ii) a tumor-targeting moiety (e.g., an antibody

molecule, a ligand molecule, or a receptor molecule) that binds to a tumor antigen or a stromal

antigen. Without being bound by theory, the multifunctional molecules disclosed herein are

believed to inter alia target (e.g., localize to) a cancer site, and alter the tumor stroma, e.g., alter

the tumor microenvironment near the cancer site. The multifunctional molecules can further

include one or both of: an immune cell engager (e.g., chosen from one, two, three, or all of an

NK cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage

cell engager); and/or a cytokine molecule. Accordingly, provided herein are, inter alia,

multifunctional, e.g., multispecific molecules, that include the aforesaid moieties, nucleic acids

encoding the same, methods of producing the aforesaid molecules, and methods of treating a

cancer using the aforesaid molecules.

Accordingly, in one aspect, the disclosure features a multifunctional (e.g., bifunctional)

molecule that includes a stromal modifying moiety and a tumor- targeting moiety (e.g., an

antibody molecule, a ligand molecule, or a receptor molecule), e.g., that binds to a cancer antigen

(e.g., a solid tumor antigen, a stromal antigen, or a hematological antigen).

In some embodiments, the multifunctional molecule further includes one or two of the

following:



(i) an immune cell engager, e.g., chosen from one, two, three, or all of an NK cell

engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager; or

(ii) a cytokine molecule.

In other embodiments, the multifunctional molecule includes three or four binding

specificities or functions, e.g., it is a trispecific or a tetraspecific molecule. Exemplary trispecific

and tetraspecific molecules include:

(i) one tumor-targeting moiety, one stromal modifying moiety and one immune cell

engager;

(ii) one tumor-targeting moiety, one stromal modifying moiety and one cytokine

molecule;

(iii) one tumor-targeting moiety, one stromal modifying moiety and two immune cell

engagers (e.g., same or different immune cell engagers);

(iv) one tumor-targeting moiety, one stromal modifying moiety and two cytokines (e.g.,

same or different cytokines);

(v) one tumor-targeting moiety, one stromal modifying moiety, one immune cell engager,

and one cytokine molecule;

(vi) two tumor-targeting moieties (e.g., same or different targeting moieties) and one

stromal modifying moiety;

(vii) one tumor-targeting moiety and two stromal modifying moieties (e.g., same or

different stromal modifying moieties);

(viii) two tumor-targeting moieties (e.g., same or different targeting moieties), one

stromal modifying moiety and one immune cell engager;

(ix) two tumor-targeting moieties (e.g., same or different targeting moieties), one stromal

modifying moiety and one cytokine molecule;

(x) one tumor-targeting moiety, two stromal modifying moieties (e.g., same or different

stromal modifying moieties) and one immune cell engager; and

(xi) one tumor-targeting moiety, two stromal modifying moieties (e.g., same or different

stromal modifying moieties) and one cytokine molecule.



Stromal Modifying Moieties

In some embodiments, the stromal modifying moiety causes one or more of: decreases

the level or production of a stromal or extracellular matrix (ECM) component; decreases tumor

fibrosis; increases interstitial tumor transport; improves tumor perfusion; expands the tumor

microvasculature; decreases interstitial fluid pressure (IFP) in a tumor; or decreases or enhances

penetration or diffusion of an agent, e.g., a cancer therapeutic or a cellular therapy, into a tumor

or tumor vasculature.

In some embodiments, the stromal or ECM component decreased is chosen from a

glycosaminoglycan or an extracellular protein, or a combination thereof. In some embodiments,

the glycosaminoglycan is chosen from hyaluronan (also known as hyaluronic acid or HA),

chondroitin sulfate, chondroitin, dermatan sulfate, heparin, heparin sulfate, entactin, tenascin,

aggrecan and keratin sulfate. In some embodiments, the extracellular protein is chosen from

collagen, laminin, elastin, fibrinogen, fibronectin, or vitronectin. In some embodiments, the

stromal modifying moiety includes an enzyme molecule that degrades a tumor stroma or

extracellular matrix (ECM). In some embodiments, the enzyme molecule is chosen from a

hyaluronidase molecule, a collagenase molecule, a chondroitinase molecule, a matrix

metalloproteinase molecule (e.g., macrophage metalloelastase), or a variant (e.g., a fragment) of

any of the aforesaid. The term "enzyme molecule" includes a full length, a fragment or a variant

of the enzyme, e.g., an enzyme variant that retains at least one functional property of the

naturally-occurring enzyme.

In some embodiments, the stromal modifying moiety decreases the level or production of

hyaluronic acid. In other embodiments, the stromal modifying moiety comprises a hyaluronan

degrading enzyme, an agent that inhibits hyaluronan synthesis, or an antibody molecule against

hyaluronic acid.

In some embodiments, the hyaluronan degrading enzyme is a hyaluronidase molecule,

e.g., a full length or a variant (e.g., fragment thereof) thereof. In some embodiments, the

hyaluronan degrading enzyme is active in neutral or acidic pH, e.g., pH of about 4-5. In some

embodiments, the hyaluronidase molecule is a mammalian hyaluronidase molecule, e.g., a

recombinant human hyaluronidase molecule, e.g., a full length or a variant (e.g., fragment

thereof, e.g., a truncated form) thereof. In some embodiments, the hyaluronidase molecule is



chosen from HYAL1, HYAL2, or PH-20/SPAM1, or a variant thereof (e.g., a truncated form

thereof). In some embodiments, the truncated form lacks a C-terminal

glycosylphosphatidylinositol (GPI) attachment site or a portion of the GPI attachment site. In

some embodiments, the hyaluronidase molecule is glycosylated, e.g., comprises at least one N-

linked glycan.

In some embodiments, the hyaluronidase molecule comprises the amino acid sequence:

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGQGVTIFYVDR

LGYYPYIDSITGVTVNGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTW

ARNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP

NHLWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDDLSWLWNESTALYPSIYLNTQQS

PVAATLYVRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDELVYTFGETVA

LGASGIVrWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLCQEQGVCIRK

NWNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADV

KDTDAVDVCIADGVCIDAFLKPPMETEEPQIFYNASPSTLS(SEQ ID NO:61), or a

fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9%

identical thereto, or having at least one amino acid alteration, but not more than five, ten or

fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to

the amino acid sequence of SEQ ID NO: 61.

In some embodiments, the hyaluronidase molecule comprises:

(i) the amino acid sequence of 36-464 of SEQ ID NO: 6 ;

(ii) the amino acid sequence of 36-481 , 36-482, or 36-483 of PH20, wherein PH20 has

the sequence of amino acids set forth in SEQ ID NO: 61; or

(iii) an amino acid sequence having at least 95% to 100 % sequence identity to the

polypeptide or truncated form of sequence of amino acids set forth in SEQ ID NO: 61; or

(iv) an amino acid sequence having 30, 20, 0 , 5 or fewer amino acid substitutions to the

amino acid sequence set forth in SEQ ID NO: 61. In some embodiments, the hyaluronidase

molecule comprises an amino acid sequence at least 95% (e.g., at least 95%, 96%, 97%, 98%,

99%, 100%) identical to the amino acid sequence of SEQ ID NO: 61. In some embodiments, the

hyaluronidase molecule is encoded by a nucleotide sequence at least 95% (e.g., at least 96%,

97%, 98%, 99%, 100%) identical to the nucleotide sequence of SEQ ID NO: 61.



In some embodiments, the hyaluronidase molecule is PH20, e.g., rHuPH20. In some

embodiments, the hyaluronidase molecule is HYAL1 and comprises the amino acid sequence:

FRGPLLPNRPFTTVWNANTQWCLERHGVDVDVSVFDVVANPGQTFRGPDMTIFYSSQG

TYPYYTPTGEPVFGGLPQNASLIAHLARTFQDILAAIPAPDFSGLAVIDWEAWRPRWAFN

WDTKDIYRQRSRALVQAQHPDWPAPQVEAVAQDQFQGAARAWMAGTLQLGRALRPR

GLWGFYGFPDCYNYDFLSPNYTGQCPSGIRAQNDQLGWLWGQSRALYPSIYMPAVLEG

TGKSQMYVQHRVAEAFRVAVAAGDPNLPVLPYVQIFYDTTNHFLPLDELEHSLGESAA

QGAAGVVLWVSWENTRTKESCQAIKEYMDTTLGPFILNVTSGALLCSQALCSGHGRCV

RRTSHPKALLLLNPASFSIQLTPGGGPLSLRGALSLEDQAQMAVEFKCRCYPGWQAPWC

ERKSMW (SEQ ID NO: 62), or a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 62.

In some embodiments, the hyaluronan degrading enzyme, e.g., the hyaluronidase

molecule, further comprises a polymer, e.g., is conjugated to a polymer, e.g., PEG. In some

embodiments, the hyaluronan-degrading enzyme is a PEGylated PH20 enzyme (PEGPH20). In

some embodiments, the hyaluronan degrading enzyme, e.g., the hyaluronidase molecule, further

comprises an immunoglobulin chain constant region (e.g., Fc region) chosen from, e.g., the

heavy chain constant regions of IgGl, IgG2, IgG3, and IgG4, more particularly, the heavy chain

constant region of human IgGl, IgG2, IgG3, or IgG4. In some embodiments, the

immunoglobulin constant region (e.g., the Fc region) is linked, e.g., covalently linked to, the

hyaluronan degrading enzyme, e.g., the hyaluronidase molecule. In some embodiments, the

immunoglobulin chain constant region (e.g., Fc region) is altered, e.g., mutated, to increase or

decrease one or more of: Fc receptor binding, antibody glycosylation, the number of cysteine

residues, effector cell function, or complement function. In some embodiments, the hyaluronan

degrading enzyme, e.g., the hyaluronidase molecule forms a dimer.

In some embodiments, the stromal modifying moiety comprises an inhibitor of the

synthesis of hyaluronan, e.g., an HA synthase. In some embodiments, the inhibitor comprises a

sense or an antisense nucleic acid molecule against an HA synthase or is a small molecule drug.

In some embodiments, the inhibitor is 4- methylumbelliferone (MU) or a derivative thereof (e.g.,



6,7-dihydroxy-4-methyl coumarin or 5,7-dihydroxy-4-methyl coumarin), or leflunomide or a

derivative thereof.

In some embodiments, the stromal modifying moiety comprises antibody molecule

against hyaluronic acid.

In some embodiments, the stromal modifying moiety comprises a collagenase molecule,

e.g., a mammalian collagenase molecule, or a variant (e.g., fragment) thereof. In some

embodiments, the collagenase molecule is collagenase molecule IV, e.g., comprising the amino

acid sequence of:

YNFFPRKPKWDKNQITYRIIGYTPDLDPETVDDAFARAFQVWSDVTPLRFSRIHDGEADI

MINFGRWEHGDGYPFDGKDGLLAHAFAPGTGVGGDSHFDDDELWTLGEGQVVRVKY

GNADGEYCKFPFLFNGKEYNSCTDTGRSDGFLWCSTTYNFEKDGKYGFCPHEALFTMG

GNAEGQPCKFPFRFQGTSYDSCTTEGRTDGYRWCGTTEDYDRDKKYGFCPETAMSTVG

GNSEGAPCVFPFTFLGNKYESCTSAGRSDGKMWCATTANYDDDRKWGFCPDQGYSLF

LVAAHEFGHAMGLEHSQDPGALMAPIYTYTKNFRLSQDDIKGIQELYGASPDIDLGTGP

TPTLGPVTPEICKQDIVFDGIAQIRGEIFFFKDRFIWRTVTPRDKPMGPLLVATFWPELPEK

IDAVYEAPQEEKAVFFAGNEYWIYSASTLERGYPKPLTSLGLPPDVQRVDAAFNWSKNK

KTYIFAGDKFWRYNEVKKKMDPGFPKLIADAWNAIPDNLDAVVDLQGGGHSYFFKGA

YYLKLENQSLKSVKFGS IKSDWLGC (SEQ ID NO: 63), or a fragment thereof, or an amino

acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at

least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 63.

Tumor-TargetingMoieties

In some embodiments, the tumor-targeting moiety comprises an antibody molecule (e.g.,

Fab or scFv) that binds to mesothelin. In some embodiments, the antibody molecule to

mesothelin comprises one, two, three CDRs from the heavy chain variable domain sequence of:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSS (SEQ ID NO: 1), or a closely related CDR, e.g., CDRs which have at least one amino acid



alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) from the CDR sequence of SEQ ID NO: 1.

In some embodiments, the antibody molecule to mesothelin comprises one, two, three

CDRs from GYSFTGYTMN (SEQ ID NO: 2); LITPYNGASSYNQKFRG (SEQ ID NO: 3); and

GGYDGRGFDY (SEQ ID NO: 4), or a closely related CDR, e.g., CDRs which have at least one

amino acid alteration, but not more than two, three or four alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDR1 comprises GYSFTGYTMN (SEQ ID NO: 2); CDR2 comprises:

LITPYNGASSYNQKFRG (SEQ ID NO: 3); and CDR3 comprises GGYDGRGFDY (SEQ ID

NO: 4), or a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDR1 consists of GYSFTGYTMN (SEQ ID NO: 2); CDR2 consists of

LITPYNGASSYNQKFRG (SEQ ID NO: 3); and CDR3 consists of GGYDGRGFDY (SEQ ID

NO: 4), or a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions).

In some embodiments, the antibody molecule to mesothelin comprises the heavy chain

variable domain sequence of:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSS (SEQ ID NO: 1), or an amino acid sequence substantially identical thereto (e.g., 95% to

99.9% identical thereto, or having at least one amino acid alteration, but not more than five, ten

or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions)

to the amino acid sequence of SEQ ID NO: 1.

In some embodiments, the antibody molecule to mesothelin is a Fab and further

comprises a heavy chain constant region (CHI) having the amino acid sequence:



ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT (SEQ ID NO: 5),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 5 .

In some embodiments, the antibody molecule further comprises a signal peptide, e.g., a

signal peptide comprising the amino acid sequence: MEFGLSWVFLVALFRGVQC (SEQ ID

NO: 6).

In some embodiments, the antibody molecule to mesothelin comprises one, two, three

CDRs from the light chain variable domain sequence of:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWS GYPLTFGAGTKLEIK (SEQ ID NO: 7), or

a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but not more

than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) from the CDR sequence of SEQ ID NO: 7 .

In some embodiments, the antibody molecule to mesothelin comprises one, two, three

CDRs from SASSSVSYMH (SEQ ID NO: 8); DTSKLAS (SEQ ID NO: 9); and QQWSGYPLT

(SEQ ID NO: 10), or a closely related CDR, e.g., CDRs which have at least one amino acid

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDRl comprises SASSSVSYMH (SEQ ID NO: 8); CDR2 comprises: DTSKLAS (SEQ

ID NO: 9); and CDR3 comprises QQWSGYPLT (SEQ ID NO: 10), or a closely related CDR,

e.g., CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin consists of three CDRs,

wherein CDRl consists of SASSSVSYMH (SEQ ID NO: 8); CDR2 consists of DTSKLAS (SEQ

ID NO: 9); and CDR3 consists of QQWSGYPLT (SEQ ID NO: 10), or a closely related CDR,



e.g., CDRs which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to mesothelin comprises the light chain

variable domain sequence of:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWS GYPLTFGAGTKLEIK (SEQ ID NO: 7), or

an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 7 .

In some embodiments, the antibody molecule to mesothelin is a Fab and further

comprises a light chain constant region (CL1) having the amino acid sequence:

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 11),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 11.

In some embodiments, the antibody molecule further comprises a signal peptide, e.g., a

signal peptide comprising the amino acid sequence: MKYLLPTAAAGLLLLAAQPAMA (SEQ

ID NO: 12). In some embodiments, the signal peptide comprises the amino acid sequence of

SEQ ID NO: 12. In some embodiments, the signal peptide comprises the amino acid sequence:

METDTLLLWVLLLWVPGSTG (SEQ ID NO: 64). In some embodiments, the signal peptide

comprises the amino acid sequence: MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6).

In some embodiments, the tumor- targeting moiety comprises an antibody molecule (e.g.,

Fab or scFv) that binds to FAP.

In some embodiments, the antibody molecule to FAP comprises one, two, three CDRs

from the heavy chain variable domain sequence of:

QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWIGGINPNNGIPN

YNQKFKGRVTIT VDTSASTAYMELSSLRSEDTAVYYCARRRIAYGYDEGHAMDYWGQ



GTLVTVSS (SEQ ID NO: 65), or a closely related CDR, e.g., CDRs which have at least one

amino acid alteration, but not more than two, three or four alterations {e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions) from the CDR sequence of SEQ ID NO:

65.

In some embodiments, the antibody molecule to FAP comprises one, two, three CDRs

selected from SRYTFTEYTIH (SEQ ID NO: 66); GINPNNGIPNYNQKFKG (SEQ ID NO: 67);

and RRIAYGYDEGHAMDY (SEQ ID NO: 68), or a closely related CDR, e.g., CDRs which

have at least one amino acid alteration, but not more than two, three or four alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to FAP consists of three CDRs, wherein

CDR1 comprises SRYTFTEYTIH (SEQ ID NO: 66); CDR2 comprises:

GINPNNGIPNYNQKFKG (SEQ ID NO: 67); and CDR3 comprises RRIAYGYDEGHAMDY

(SEQ ID NO: 68), or a closely related CDR, e.g., CDRs which have at least one amino acid

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to FAP consists of three CDRs, wherein

CDR1 consists of SRYTFTEYTIH (SEQ ID NO: 66); CDR2 consists of

GINPNNGIPNYNQKFKG (SEQ ID NO: 67); and CDR3 consists of RRIAYGYDEGHAMDY

(SEQ ID NO: 68), or a closely related CDR, e.g., CDRs which have at least one amino acid

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to FAP comprises the heavy chain variable

domain sequence of:

QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWIGGINPNNGIPN

YNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCARRRIAYGYDEGHAMDYWGQ

GTLVTVSS (SEQ ID NO: 65), or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations {e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 65.



In some embodiments, the antibody molecule to FAP is a Fab and further comprises a

heavy chain constant region (CHI) having the amino acid sequence:

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSC (SEQ ID NO: 14), or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 14.

In some embodiments, the antibody molecule further comprises a signal peptide, e.g., a

signal peptide comprising the amino acid sequence: MKYLLPTAAAGLLLLAAQPAMA (SEQ

ID NO: 12). In some embodiments, the signal peptide comprises the amino acid sequence of

SEQ ID NO: 12. In some embodiments, the signal peptide comprises the amino acid sequence:

METDTLLLWVLLLWVPGSTG (SEQ ID NO: 16). In some embodiments, the signal peptide

comprises the amino acid sequence: MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6).In some

embodiments, the antibody molecule to FAP comprises one, two, three CDRs from the light

chain variable domain sequence of:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKPGQPPKLLIFW AST

RESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQYFSYPLTFGQGTKVEIK (SEQ ID

NO: 69), or a closely related CDR, e.g., CDRs which have at least one amino acid alteration, but

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions) from the CDR sequence of SEQ ID NO: 69.

In some embodiments, the antibody molecule to FAP comprises one, two, three CDRs

selected from KSSQSLLYSRNQKNYLA (SEQ ID NO: 70); WASTRES (SEQ ID NO: 71); and

QQYFSYPLT (SEQ ID NO: 72), or a closely related CDR, e.g., CDRs which have at least one

amino acid alteration, but not more than two, three or four alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to FAP consists of three CDRs, wherein

CDR1 comprises KSSQSLLYSRNQKNYLA (SEQ ID NO: 70); CDR2 comprises: WASTRES

(SEQ ID NO: 71); and CDR3 comprises QQYFSYPLT (SEQ ID NO: 72), or a closely related



CDR, e.g., CDRs which have at least one amino acid alteration, but not more than two, three or

four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to FAP consists of three CDRs, wherein

CDR1 consists of KSSQSLLYSRNQKNYLA (SEQ ID NO: 70); CDR2 consists of WASTRES

(SEQ ID NO: 71); and CDR3 consists of QQYFSYPLT (SEQ ID NO: 72), or a closely related

CDR, e.g., CDRs which have at least one amino acid alteration, but not more than two, three or

four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In some embodiments, the antibody molecule to FAP comprises the light chain variable

domain sequence of:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKPGQPPKLLIFW AST

RESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQYFSYPLTFGQGTKVEIK (SEQ ID

NO: 69, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical

thereto, or having at least one amino acid alteration, but not more than five, ten or fifteen

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to the

amino acid sequence of SEQ ID NO: 69.

In some embodiments, the antibody molecule to FAP is a Fab and further comprises a

light chain constant region (CL1) having the amino acid sequence:

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC (SEQ ID NO: 11),

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 11.

In some embodiments, the antibody molecule further comprises a signal peptide, e.g., a signal

peptide comprising the amino acid sequence: MKYLLPTAAAGLLLLAAQPAMA (SEQ ID

NO: 12). In some embodiments, the signal peptide comprises the amino acid sequence of SEQ

ID NO: 12. In some embodiments, the signal peptide comprises the amino acid sequence:

METDTLLLWVLLLWVPGSTG (SEQ ID NO: 16). In some embodiments, the signal peptide

comprises the amino acid sequence: MEFGLSWVFLVALFRGVQC (SEQ ID NO: 6).



Immune cell engagers

In some embodiments, the ligand of NKp30 is a B7-6, e.g., comprises the amino acid

sequence of:

DLKVEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWKSLTFDKEVKVFEFFGD

HQEAFRPGAIVSPWRLKSGDASLRLPGIQLEEAGEYRCEVVVTPLKAQGTVQLEVVASP

ASRLLLDQVGMKENEDKYMCESSGFYPEAINITWEKQTQKFPHPIEISEDVITGPTIKNM

DGTFNVTSCLKLNSSQEDPGTVYQCVVRHASLHTPLRSNFTLTAARHSLSETEKTDNFS

(SEQ ID NO: 24), a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations {e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 24.

In some embodiments, the ligand of NKp44 or NKp46 is a viral HA.

In some embodiments, the ligand of DAP10 is a coreceptor for NKG2D.

In some embodiments, the ligand of CD16 is a CD16a/b ligand, e.g., a CD16a/b ligand

further comprising an antibody Fc region.

In some embodiments, the ligand of NKG2D is chosen from MICA, MICB, or ULBP1,

e.g., wherein: (i) MICA includes the amino acid sequence:

EPHSLRYNLTVLSWDGSVQSGFLTEVHLDGQPFLRCDRQKCRAKPQGQWAEDVLGNK

TWDRETRDLTGNGKDLRMTLAHIKDQKEGLHSLQEIRVCEIHEDNSTRSSQHFYYDGEL

FLSQNLETKEWTMPQSSRAQTLAMNVRNFLKEDAMKTKTHYHAMHADCLQELRRYLK

SGVVLRRTVPPMVNVTRSEASEGNITVTCRASGFYPWNITLSWRQDGVS LSHDTQQWG

DVLPDGNGTYQTWVATRICQGEEQRFTCYMEHSGNHSTHPVPSGKVLVLQSHW (SEQ

ID NO: 25), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations {e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 25;

(ii) MICB includes the amino acid sequence:

AEPHSLRYNLMVLSQDESVQSGFLAEGHLDGQPFLRYDRQKRRAKPQGQWAED VLGA

KTWDTETEDLTENGQDLRRTLTHIKDQKGGLHS LQEIRVCEIHEDS STRGSRHFYYDGEL



FLS QNLETQESTVPQS SRAQTLAMNVTNFWKEDAMKTKTHYRAMQADCLQKLQRYLK

SGVAIRRTVPPMVNVTCSEVSEGNITVTCRASSFYPRNITLTWRQD GVSLSHNTQQWGD

VLPDGNGTYQTWVATRIRQGEEQRFTC YMEHSGNHGTHPVPSGKVLVLQSQRTD (SEQ

ID NO: 26), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 26; or

(iii) ULBP1 includes the amino acid sequence:

GWVDTHCLCYDFIITPKSRPEPQWCEVQGLVDERPFLHYDCVNHKAKAFASLGKKVNV

TKTWEEQTETLRDVVDFLKGQLLDIQVENLIPIEPLTLQARMSCEHEAHGHGRGSWQFL

FNGQKFLLFDSNNRKWTALHPGAKKMTEKWEKNRDVTMFFQKISLGDCKMWLEEFL

YWEQMLDPTKPPS LAPG (SEQ ID NO: 27), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 27.

In some embodiments, the ligand of DNAM1 is chosen from NECTIN2 or NECL5, e.g.,

wherein:

(i) NECTIN2 includes the amino acid sequence:

QDVRVQVLPEVRGQLGGTVELPCHLLPPVPGLYISLVTWQRPDAPANHQNVAAFHPKM

GPSFPSPKPGSERLSFVSAKQSTGQDTEAELQDATLALHGLTVEDEGNYTCEFATFPKGS

VRGMTWLRVIAKPKNQAE AQKVTFSQDPTTVALCISKEGRPPARISWLSSLDWEAKETQ

VSGTLAGTVTVTSRFTLVPSGRADGVTVTCKVEHESFEEPALIPVTLSVRYPPEVSISGYD

DNWYLGRTDATLSCDVRSNPEPTGYDWSTTSGTFPTSAVAQGSQLVIHAVDSLFNTTFV

CTVTNAVGMGRAEQVIFVRETPNTAGAGATGG (SEQ ID NO: 28), a fragment thereof, or

an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 28; or

(ii) NECL5 includes the amino acid sequence:



WPPPGTGDVVVQAPTQVPGFLGDSVTLPCYLQVPNMEVTHVSQLTWARHGESGSMAV

FHQTQGPSYSESKRLEFVAARLGAELRNASLRMFGLRVEDEGNYTCLFVTFPQGSRSVD

IWLRVLAKPQNTAEVQKVQLTGEPVPMARCVSTGGRPPAQITWHSDLGGMPNTSQVPG

FLS GTVTVTSLWILVPSSQVDGKNVTCKVEHESFEKPQLLT VNLTVYYPPEVSISGYDNN

WYLGQNEATLTCDARSNPEPTGYNWSTTMGPLPPFAVAQGAQLLIRPVDKPINTTLICN

VTNALGARQAELTVQVKEGPPSEHSGISRN (SEQ ID NO: 29), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 29.

In some embodiments, the ligand of CRTAM is NECL2, e.g., wherein NECL2 includes

the amino acid sequence:

QNLFTKDVTVIEGEVATISCQVNKSDDSVIQLLNPNRQTIYFRDFRPLKDSRFQLLNFSSS

ELKVSLTNVSISDEGRYFCQLYTDPPQESYTTITVLVPPRNLMIDIQKDT AVEGEEIEVNC

TAMASKPATTIRWFKGNTELKGKSEVEEWSDMYTVTSQLMLKVHKEDDGVPVICQVE

HPAVTGNLQTQRYLEVQYKPQVHIQMTYPLQGLTREGDALELTCEAIGKPQPVMVTWV

RVDDEMPQHAVLSGPNLFINNLNKTDNGTYRCEASNIVGKAHSDYMLYVYDPPTTIPPP

TTTTTTTTTTTTTILTIITDSRAGEEGSIRAVDH (SEQ ID NO: 30), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 30.

In some embodiments, the ligand of CD27 is CD70, e.g., wherein CD70 includes the

amino acid sequence:

QRFAQAQQQLPLESLGWDVAELQLNHTGPQQDPRLYWQGGPALGRSFLHGPELDKGQ

LRIHRDGIYMVHIQVTLAICSSTTASRHHPTTLAVGICSPASRSISLLRLSFHQGCTIASQR

LTPLARGDTLCTNLTGTLLPSRNTDETFFGVQWVRP (SEQ ID NO: 31), a fragment thereof,

or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,



substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 31.

In some embodiments, the ligand of PSGL1 is L-selectin (CD62L), e.g., wherein L-

selectin includes the amino acid sequence:

WTYHYSEKPMNWQRARRFCRDNYTDLVAIQNKAEIEYLEKTLPFSRSYYWIGIRKIGGI

WTWVGTNKSLTEEAENWGDGEPNNKKNKEDCVEIYIKRNKDAGKWNDDACHKLKAA

LCYTASCQPWSCSGHGECVEIINNYTCNCDVGYYGPQCQFVIQCEPLEAPELGTMDCTH

PLGNFSFSSQCAFSCSEGTNLTGIEETTCGPFGNWSSPEPTCQVIQCEPLSAPDLGIMNCSH

PLASFSFTSACTFICSEGTELIGKKKTICESSGIWSNPSPICQKLDKSFSMIKEGDYN (SEQ

ID NO: 32), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g.,

95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more than

five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 32.

In some embodiments, the ligand of CD96 is NECL5, e.g., wherein NECL5 includes the

amino acid sequence:

WPPPGTGDVVVQAPTQVPGFLGDSVTLPCYLQVPNMEVTHVSQLTWARHGESGSMAV

FHQTQGPSYSESKRLEFVAARLGAELRNASLRMFGLRVEDEGNYTCLFVTFPQGSRSVD

IWLRVLAKPQNTAEVQKVQLTGEPVPMARCVSTGGRPPAQITWHSDLGGMPNTSQVPG

FLS GTVTVTSLWILVPSSQVDGKNVTCKVEHESFEKPQLLT VNLTVYYPPEVSISGYDNN

WYLGQNEATLTCDARSNPEPTGYNWSTTMGPLPPFAVAQGAQLLIRPVDKPINTTLICN

VTNALGARQAELTVQVKEGPPSEHSGISRN (SEQ ID NO: 29), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 29.

In some embodiments, the ligand of CD100 (SEMA4D) is CD72, e.g., wherein CD72

includes the amino acid sequence:

RYLQVSQQLQQTNRVLEVTNSSLRQQLRLKITQLGQSAEDLQGSRRELAQSQEALQVEQ

RAHQAAEGQLQACQADRQKTKETLQSEEQQRRALEQKLSNMENRLKPFFTCGSADTCC

PSGWIMHQKSCFYISLTSKNWQESQKQCETLSSKLATFSEIYPQSHSYYFLNSLLPNGGS



GNSYWTGLSSNKDWKLTDDTQRTRTYAQSSKCNKVHKTWSWWTLESESCRSSLPYICE

MTAFRFPD (SEQ ID NO: 33), a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 33.

In some embodiments, the ligand of NKp80 is CLEC2B (AICL), e.g., wherein CLEC2B

(AICL) includes the amino acid sequence:

KLTRDSQSLCPYDWIGFQNKCYYFSKEEGDWNSSKYNCSTQHADLTIIDNIEEMNFLRR

YKCSSDHWIGLKMAKNRTGQWVDGATFTKSFGMRGSEGCAYLSDDGAATARCYTER

KWICRKRIH (SEQ ID NO: 34), a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 34.

In some embodiments, the ligand of CD244 is CD48, e.g., wherein CD48 includes the

amino acid sequence:

QGHLVHMTVVSGSNVTLNISESLPENYKQLTWFYTFDQKIVEWDSRKSKYFESKFKGR

VRLDPQSGALYISKVQKEDNSTYIMRVLKKTGNEQEWKIKLQVLDPVPKPVIKIEKIEDM

DDNCYLKLSCVIPGESVNYTWYGDKRPFPKELQNSVLETTLMPHNYSRCYTCQVSNSVS

SKNGTVCLSPPCTLARS (SEQ ID NO: 35), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 35.

In some embodiments, the immune cell engager mediates binding to, or activation of, one

or more of a B cell, a macrophage, and/or a dendritic cell. In some embodiments, the immune

cell engager comprises a B cell, macrophage, and/or dendritic cell engager chosen from one or

more of CD40 ligand (CD40L) or a CD70 ligand; an antibody molecule that binds to CD40 or

CD70; an antibody molecule to OX40; an OX40 ligand (OX40L); a Toll-like receptor agonist

(e.g., a TLR4, e.g., a constitutively active TLR4 (caTLR4) or a TLR9 agonist); a 4IBB agonist; a

CD2 agonist; a CD47 agonist; or a STING agonist, or a combination thereof. In some

embodiments, the B cell engager is a CD40L, an OX40L, or a CD70 ligand, or an antibody



molecule that binds to OX40, CD40 or CD70. In some embodiments, the macrophage cell

engager is a CD2 agonist; a CD40L; an OX40L; an antibody molecule that binds to OX40, CD40

or CD70; a Toll-like receptor agonist or a fragment thereof (e.g., a TLR4, e.g., a constitutively

active TLR4 (caTLR4) or TLR9); CD47; or a STING agonist. In some embodiments, the

dendritic cell engager is a CD2 agonist, an OX40 antibody, an OX40L, 4 IBB agonist, a Toll-like

receptor agonist (e.g., a TLR4, e.g., a constitutively active TLR4 (caTLR4) or a TLR9 agonist); a

CD47 agonist, or a STING agonist.

In some embodiments, the OX40L comprises the amino acid sequence:

QVSHRYPRIQSIKVQFTEYKKEKGFILTSQKEDEIMKVQNNSVIINCDGFYLISLKGYFSQ

EVNISLHYQKDEEPLFQLKKVRSVNSLMVASLTYKDKVYLNVTTDNTSLDDFHVNGGE

LILIHQNPGEFCVL (SEQ ID NO: 36), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 36.

In some embodiments, the CD40L comprises the amino acid sequence:

MQKGDQNPQIAAHVISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQGLY

YIYAQVTFCSNREAS SQAPFIASLCLKSPGRFERILLRAANTHS SAKPCGQQS IHLGGVFE

LQPGASVFVNVTDPSQVSHGTGFTSFGLLKL (SEQ ID NO: 37), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 37.

In some embodiments, the STING agonist comprises a cyclic dinucleotide, e.g., a cyclic

di-GMP (cdGMP), a cyclic di-AMP (cdAMP), or a combination thereof, optionally with 2', 5' or

3', 5' phosphate linkages.

In one embodiment, the immune cell engager includes 4IBB ligand, e.g., comprising the

amino acid sequence:

ACPWAVSGARASPGSAASPRLREGPELSPDDPAGLLDLRQGMFAQLVAQNVLLIDGPLS

WYSDPGLAGVSLTGGLSYKEDTKELVVAKAGVYYVFFQLELRRVVAGEGSGSVSLALH

LQPLRSAAGAAALALTVDLPPASSEARNSAFGFQGRLLHLSAGQRLGVHLHTEARARH



AWQLTQGATVLGLFRVTPEIPAGLPSPRSE (SEQ ID NO: 38), a fragment thereof, or an

amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or

having at least one amino acid alteration, but not more than five, ten or fifteen alterations (e.g.,

substitutions, deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence

of SEQ ID NO: 38.

Cytokine molecules

In one embodiment, the cytokine molecule is IL-15, e.g., human IL-15 (e.g., comprising

the amino acid sequence:

NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS (SEQ ID

NO: 17), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95%

to 99.9% identical thereto, or having at least one amino acid alteration, but not more than five,

ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 17.

In some embodiments, the cytokine molecule comprises a receptor dimerizing domain,

e.g., an IL15Ralpha dimerizing domain. In one embodiment, the IL15Ralpha dimerizing domain

comprises the amino acid sequence:

MAPRRARGCRTLGLP ALLLLLLLRPPATRGITCPPPMS VEHADrWVKSYSLYSRERYICN

SGFKRKAGTSSLTECVL (SEQ ID NO: 73), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 73. In

some embodiments, the cytokine molecule (e.g., IL-15) and the receptor dimerizing domain

(e.g., an IL15Ralpha dimerizing domain) of the multispecific molecule are covalently linked,

e.g., via a linker (e.g., a Gly-Ser linker, e.g., a linker comprising the amino acid sequence

SGGSGGGGSGGGSGGGGSLQ (SEQ ID NO: 19). In other embodiments, the cytokine

molecule (e.g., IL-15) and the receptor dimerizing domain (e.g., an IL15Ralpha dimerizing

domain) of the multispecific molecule are not covalently linked, e.g., are non-covalently

associated.



In other embodiments, the cytokine molecule is IL-2, e.g., human IL-2 (e.g., comprising

the amino acid sequence:

APTSSSTKKTQLQLEHLLLDLQMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCL

EEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNR

WITFCQSIISTLT (SEQ ID NO: 20), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 20).

In other embodiments, the cytokine molecule is IL-18, e.g., human IL-18 (e.g.,

comprising the amino acid sequence:

YFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMTDSDCRDNAPRTIFIISMYKDSQPRGM

AVTISVKCEKISTLSCENKIISFKEMNPPDNIKDTKSDIIFFQRSVPGHDNKMQFESSSY

EGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED (SEQ ID NO: 74), a fragment

thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical

thereto, or having at least one amino acid alteration, but not more than five, ten or fifteen

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to the

amino acid sequence of SEQ ID NO: 74).

In other embodiments, the cytokine molecule is IL-21, e.g., human IL-21 (e.g.,

comprising the amino acid sequence:

QGQDRHMIRMRQLIDIVDQLKN YVNDLVPEFLPAPEDVETNCEWSAFSCFQKAQLKSA

NTGNNERIINVSIKKLKRKPPS TNAGRRQKHRLTCPS CDSYEKKPPKEFLERFKS LLQKMI

HQHLSSRTHGSEDS (SEQ ID NO: 22), a fragment thereof, or an amino acid sequence

substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino

acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 22).

In yet other embodiments, the cytokine molecule is interferon gamma, e.g., human

interferon gamma (e.g., comprising the amino acid sequence:

QDPYVKEAENLKKYFNAGHSDVADNGTLFLGILKNWKEESDRKIMQSQIVSFYFKLFK

NFKDDQSIQKSVETIKEDMNVKFFNSNKKKRDDFEKLTNYSVTDLNVQRKAIHELIQVM

AELSPAAKTGKRKRSQMLFRG (SEQ ID NO: 23), a fragment thereof, or an amino acid



sequence substantially identical thereto (e.g., 95% to 99.9% identical thereto, or having at least

one amino acid alteration, but not more than five, ten or fifteen alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID

NO: 23).

Linkers

In some embodiments, the multifunctional molecule further comprises a linker, e.g., a

linker between the tumor targeting moiety and the stromal modifying moiety, the cytokine

molecule and the immunoglobulin chain constant region (e.g., the Fc region), the targeting

moiety and the immunoglobulin chain constant region, or the immune cell engager and the

immunoglobulin chain constant region.

In some embodiments, the linker is selected from: a cleavable linker, a non-cleavable

linker, a peptide linker, a flexible linker, a rigid linker, a helical linker, or a non-helical linker. In

some embodiments, the linker is a peptide linker. In some embodiments, the peptide linker

comprises Gly and Ser. In some embodiments, the peptide linker is selected from GGGGS (SEQ

ID NO: 42); GGGGSGGGGSGGGGS (SEQ ID NO: 44); and DVPSGPGGGGGSGGGGS (SEQ

ID NO: 45). In some embodiments, the peptide linker is a A(EAAAK)nA family of linkers (e.g.,

as described in Protein Eng. (2001) 14 (8): 529-532). These are stiff helical linkers with n

ranging from 2 - 5 . In some embodiments, the peptide linker is selected from

AEAAAKEAAAKAAA (SEQ ID NO: 75); AEAAAKEAAAKEAAAKAAA (SEQ ID NO: 76);

AEAAAKEAAAKEAAAKEAAAKAAA (SEQ ID NO: 77); and

AEAAAKEAAAKEAAAKEAAAKEAAAKAAA(SEQ ID NO: 78).

Configurations of the Multifunctional Molecules

In some embodiments, the multifunctional molecule includes a single chain antibody

molecule, e.g., a single domain antibody, a scFv, a camelid, or a shark antibody, and a second

moiety. In some embodiments, the multifunctional molecule comprises a VH to VL from N to C

orientation, of the scFv connected, optionally via a linker, to the second moiety (e.g., as shown in

FIGs. 1A and IB); the scFv can form the first binding specificity (depicted as binding moiety

"1" in FIGs. 1A-1B). In some embodiments, the second moiety (depicted as partner A in FIGs.



1A-1B) is located before the VH region of the scFv from an N- to C- orientation (e.g., as shown

in FIG. 1A), or after the VL region of the scFv from an N- to C- orientation (e.g., as shown in

FIG. IB); the second moiety can form the second binding specificity (depicted as binding

moiety "2" in FIGs. 1A-1B). In other embodiments, the multifunctional molecule comprises a

VL to VH from N to C orientation, of the scFv connected, optionally via a linker, to the second

moiety (e.g., as shown in FIGs. 2A and 2B); the scFv can form the first binding specificity

(depicted as binding moiety "1" in FIGs. 2A-2B). In some embodiments, the second moiety

(depicted as partner A in FIGs. 2A-2B) is located before the VL region of the scFv from an N- to

C- orientation (e.g., as shown in FIG. 2A), or after the VH region of the scFv from an N- to C-

orientation (e.g., as shown in FIG. 2B); the second moiety can form the second binding

specificity (depicted as binding moiety "2" in FIGs. 2A-2B). In embodiments, the scFv can be a

tumor targeting moiety (e.g., binds to a cancer antigen, e.g., a solid tumor, stromal, or

hematological antigen), or can be an immune cell engager (e.g., binds to an immune cell

antigen). In other embodiments, the second moiety (e.g., depicted as partner A in FIGs. 1A-1B

or 2A-2B) is a stromal modifying, e.g., as described herein.

In other embodiments, the multifunctional molecule is a trispecific or trifunctional that

includes, or consists of, a single chain polypeptide, e.g., a contiguous single polypeptide chain.

For example, the multifunctional molecule can include a tumor targeting moiety (e.g., a first

binding specificity to a cancer antigen, e.g., a solid tumor, stromal, or hematological antigen as

described herein), a stromal modifying, e.g., as described herein, and one of: a cytokine

molecule as described herein, and an immune cell engager (e.g., a second binding specificity to

an immune cell antigen as described herein), or any combination of any of the aforesaid.

In some embodiments, the multifunctional molecule includes a single chain antibody

molecule, e.g., a single domain antibody, a scFv, a camelid, or a shark antibody, and a second

moiety. In some embodiments, the multifunctional molecule comprises a VH to VL from N to C

orientation, of the scFv connected, optionally via a linker, to a second moiety and/or a third

moiety (e.g., as shown in FIG. 1C); the scFv can form the first binding specificity (depicted as

binding moiety "1" in FIG. 1C). In some embodiments, the second or third moieties (depicted

as partners A and B in FIG. 1C) is located before the VH region of the scFv from an N- to C-

orientation (e.g., as shown in FIG. 1C) and the third moiety (partner B) after the VL region of



the scFv from an N- to C- orientation (e.g., as shown in FIG. 1C), respectively; the second and

third moieties can form the second and third binding specificities (depicted as binding moiety

"2" and binding moiety "3," respectively, in FIG. 1C). In other embodiments, the

multifunctional molecule comprises a VL to VH from N to C orientation, of the scFv connected,

optionally via a linker, to a second moiety and/or a third moiety (e.g., as shown in FIG. 2C). In

some embodiments, the second moiety (depicted as partner A in FIG. 2C) is located before the

VL region of the scFv from an N- to C- orientation (e.g., as shown in FIG. 2C), and the third

moiety (partner B) after the VH region of the scFv from an N- to C- orientation (e.g., as shown in

FIG. 2C); the second and third moieties can form the second and third binding specificities

(depicted as binding moiety "2" and binding moiety "3," respectively, in FIG. 2C). In

embodiments, the scFv of any of the aforesaid multifunctional molecules can be a tumor

targeting moiety (e.g., bind to a cancer antigen, e.g., a solid tumor, stromal or hematological

antigen) or can be an immune cell engager (e.g., bind to an immune cell antigen). In

embodiments, the second moiety or the third moiety (e.g., depicted as partner A and partner B in

FIGs. 1C or 2C) include a stromal modifying, e.g., as described herein, with the remaining

moiety being chosen from a second tumor targeting moiety, an immune cell engager, or a

cytokine molecule (e.g., as described herein). In embodiments, partner A and/or partner B can

be an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv or a Fab), a stromal

modifying moiety, receptor molecule, or a ligand molecule (e.g., a receptor ligand or a cytokine

molecule), e.g., as described herein. In one embodiment, the tumor-targeting moiety is a scFv to

a cancer cell antigen, the second moiety is a stromal modifying, e.g., as described herein, and

third moiety is independently chosen from a cytokine molecule or an immune cell engager. In

some embodiments, the second and third moiety is independently chosen from a stromal

modifying moiety, a second antibody molecule (e.g., a second scFv or Fab), a receptor molecule,

or a ligand molecule (e.g., a receptor ligand or a cytokine molecule).

In embodiments, the multifunctional molecule is a bispecific or bifunctional molecule,

wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two separate

polypeptide chains. In embodiments, the first and second polypeptides have a configuration as

shown in FIGs. 3A-3B or FIGs. 4A-4B. In embodiments, the first and second polypeptides



form a first binding specificity, e.g., an antigen binding domain (e.g., depicted as binding moiety

"1" in FIGs. 3A-3B and FIGs. 4A-4B). In embodiments, a second moiety (depicted as partner

A) is connected, e.g., via a linker, to either the first polypeptide or the second polypeptide. In

embodiments, the second moiety forms a second binding specificity (e.g., depicted as binding

moiety "2" in FIGs. 3A-3B and FIGs. 4A-4B).

In one embodiment depicted in FIGs. 3A-3B, the second moiety (e.g., partner A) is

connected, e.g., via a linker, to the C-terminus of the second polypeptide (e.g., the C-terminus of

the CL region of the second polypeptide) (e.g., as shown in FIG. 3A). In other embodiments,

the second moiety (e.g., partner A) is connected, e.g., via a linker, to the C-terminus of the first

polypeptide (e.g., C-terminus of the CHI region of the first polypeptide) (e.g., as shown in FIG.

3B).

In another embodiment depicted in FIGs. 4A-4B, the second moiety (e.g., partner A) is

connected, e.g., via a linker, to the N-terminus of the second polypeptide (e.g., the N-terminus of

the VL region of the second polypeptide) (e.g., as shown in FIG. 4A). In other embodiments,

the second moiety (e.g., partner A) is connected, e.g., via a linker, to the N-terminus of the first

polypeptide (e.g., the N-terminus of the VH region of the first polypeptide) (e.g., as shown in

FIG. 4B).

In embodiments, the first and second polypeptide (e.g., the VH and VL regions) can form

a binding moiety (e.g., binding moiety 1 in FIGs. 3A-3B and 4A-4B); for example, the first and

second polypeptide can be a tumor targeting moiety (e.g., bind to a cancer antigen, e.g., a solid

tumor, a stromal or hematological antigen) or can be an immune cell engager (e.g., bind to an

immune cell antigen). In embodiments, the second moiety (e.g., depicted as partner A in FIGs.

3A-3B and 4A-4B) includes a stromal modifying moiety, e.g., a stromal modifying moiety as

described herein.

In embodiments, the multispecific molecule is a bispecific or bifunctional molecule,

wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two separate

polypeptide chains. In embodiments, the first and second polypeptides have a configuration as

shown in FIGs. 3A-3B or FIGs. 4A-4B. In embodiments, a second moiety (depicted as partner

A) is connected, e.g., via a linker, to either the first polypeptide or the second polypeptide (e.g.,

either the N-terminus or the C-terminus of the first polypeptide or the second polypeptide).



In one embodiment of the bispecific or bifunctional molecule depicted in FIGs. 3A-3B,

the second moiety (e.g., partner A) is connected, e.g., via a linker, to the CL region (e.g., C-

terminus of the CL region) of the second polypeptide (e.g., as shown in FIG. 3A). In other

embodiments, the second moiety (e.g., partner A) is connected, e.g., via a linker, to the CHI

region (e.g., C-terminus of the CHI region) of the first polypeptide (e.g., as shown in FIG. 3B).

In another embodiment of the bispecific or bifunctional molecule depicted in FIGs. 4A-

4B, the second moiety (e.g., partner A) is connected, e.g., via a linker, to the VL region (e.g., N-

terminus of the VL region) of the second polypeptide (e.g., as shown in FIG. 4A). In other

embodiments, the second moiety (e.g., partner A) is connected, e.g., via a linker, to the VH

region (e.g., N-terminus of the VH region) of the first polypeptide (e.g., as shown in FIG. 4B).

In embodiments of the bispecific or bifunctional molecule, the first and second

polypeptide (e.g., the VH and VL regions) can form a binding moiety (e.g., binding moiety 1 in

FIGs. 3A-3B and 4A-4B); for example, the first and second polypeptide can be a tumor targeting

moiety (e.g., bind to a cancer antigen, e.g., a tumor, a stromal or a hematological antigen) or can

be an immune cell engager (e.g., bind to an immune cell antigen). In embodiments, the second

moiety (e.g., depicted as partner A in FIGs. 3A-3B and 4A-4B) includes a stromal modifying

moiety, e.g., as described herein.

In one embodiment, the multispecific molecule includes a Fab molecule and the second

moiety is chosen from a stromal modifying moiety, or a second antibody molecule (e.g., a scFv

or a second Fab), a receptor molecule, or a ligand molecule (e.g., a cytokine molecule). In one

embodiment, the tumor-targeting moiety is a Fab to a cancer cell antigen, and the second moiety

includes a stromal modifying moiety, optionally further including a cytokine molecule or an

immune cell engager. In some embodiments, the second moiety is a second antibody molecule

(e.g., a second scFv or Fab), a stromal modifying moiety, a receptor molecule, a receptor ligand

molecule, or a cytokine molecule.

In other embodiments, the multispecific molecule is a trispecific or a trifunctional

molecule, wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two

separate polypeptide chains. In embodiments, the first and second polypeptides have a

configuration as shown in FIGs. 3C and 4C. In embodiments, a second moiety and a third

moiety (depicted as partners A and B, respectively) are connected, e.g., via a linker, to the C-



terminus, the N-terminus, or both of the first polypeptide and the second polypeptide,

respectively. In one embodiment, the second moiety and third moieties are connected to C-

terminus of the second and first polypeptides (or the first and second polypeptides), respectively.

In another embodiment, the second moiety and third moieties are connected to N-terminus of the

second and first polypeptides (or the first and second polypeptides), respectively. In one

embodiment, the second moiety and third moiety are connected to N- and C-terminus of the

second and first polypeptides (or the first and second polypeptides), respectively. Any

configuration is intended by the present disclosure, including those exemplified in FIGs. 3C and

4C.

In one embodiment of the trispecific or trifunctional molecule depicted in FIGs. 3C-4C,

the second moiety (e.g., partner A corresponding to the second binding specificity "2") is

connected, e.g., via a linker, to the C-terminus of the second polypeptide (e.g., the C-terminus of

the CL region of the second polypeptide) (e.g., as shown in FIG. 3C), and the third moiety (e.g.,

partner B corresponding to the third binding specificity "3") is connected, e.g., via a linker, to the

C-terminus of the first polypeptide (e.g., the C-terminus of the CHI region of the first

polypeptide) (e.g., as shown in FIG. 3C).

In another embodiment of the trispecific or trifunctional molecule depicted in FIGs. 3C-

4C, the second moiety (e.g., partner A corresponding to the second binding specificity "2") is

connected, e.g., via a linker, to the N-terminus of the second polypeptide (e.g., the N-terminus of

the VL region of the second polypeptide) (e.g., as shown in FIG. 4C), and the third moiety (e.g.,

partner B corresponding to the third binding specificity "3") is connected, e.g., via a linker, to the

N-terminus of the first polypeptide (e.g., the N-terminus of the VH region of the first

polypeptide) (e.g., as shown in FIG. 4C).

In another embodiment of the trispecific or trifunctional molecule, the second moiety

(e.g., partner A corresponding to the second binding specificity "2") is connected, e.g., via a

linker, to the N-terminus of the second polypeptide (e.g., the N-terminus of the VL region of the

second polypeptide), and the third moiety (e.g., partner B corresponding to the third binding

specificity "3") is connected, e.g., via a linker, to the C-terminus of the first polypeptide (e.g., the

C-terminus of the CHI region of the first polypeptide).



In another embodiment of the trispecific or trifunctional molecule, the second moiety

(e.g., partner A corresponding to the second binding specificity "2") is connected, e.g., via a

linker, to the C-terminus of the second polypeptide (e.g., the N-terminus of the CL region of the

second polypeptide), and the third moiety (e.g., partner B corresponding to the third binding

specificity "3") is connected, e.g., via a linker, to the N-terminus of the first polypeptide (e.g., the

N-terminus of the VH region of the first polypeptide).

In embodiments of the trispecific or trifunctional molecule, the first and second

polypeptides (e.g., the VH and VL regions) can form a first binding specificity (e.g., binding

moiety "1" in FIGs. 3C and 4C); for example, the first and second polypeptide can be a tumor

targeting moiety (e.g., bind to a cancer antigen, e.g., a solid tumor, a stromal or a hematological

antigen) or can be an immune cell engager (e.g., bind to an immune cell antigen). In

embodiments, the second moiety or the third moiety (e.g., depicted as partners A and B in FIGs.

3C and 4C) includes a stromal modifying moiety, e.g., a stromal modifying moiety as described

herein, and the remaining moiety is chosen from a tumor targeting moiety, an immune cell

engager, or a cytokine molecule (e.g., as described herein). In embodiments, the second and a

third binding specificity, e.g., partners A and B, can be, independently, a stromal modifying

moiety, an enzyme molecule, an antibody molecule (e.g., a single chain antibody molecule (e.g.,

a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand or a cytokine

molecule), e.g., as described herein. In one embodiment, the multifunctional molecule includes a

Fab molecule and the second moiety or third moiety includes a stromal modifying moiety, and

the remaining moiety is chosen from a second antibody molecule (e.g., a scFv or a second Fab),

a receptor molecule, or a ligand molecule (e.g., a receptor ligand or a cytokine molecule). In

some embodiments, the first binding specificity, the second binding specificity and the third

binding specificity can each be independently chosen from a tumor targeting moiety, a stromal

modifying moiety, a cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a

dendritic cell engager, or a macrophage cell engager. In one embodiment, the tumor-targeting

moiety is a Fab to a cancer cell antigen, and the second or third moiety is a stromal modifying

moiety, and the remaining moiety is chosen from a cytokine molecule or an immune cell

engager.



In one embodiment, the multifunctional molecule includes at least two, at least three, or

at least four non-contiguous polypeptides, wherein:

(i) the first polypeptide includes from N- to C- orientation a first immunoglobulin

constant region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region); and

(ii) the second polypeptide includes from N- to C- orientation a second immunoglobulin

constant region (e.g., a CH2 connected to a CH3 region) (e.g., a second Fc region).

In embodiments, the multifunctional molecule is a bispecific or bifunctional molecule,

wherein the first and second polypeptides (i) and (ii) are non-contiguous, e.g., are two separate

polypeptide chains. In some embodiments, the first and second polypeptides (i) and (ii) include

a paired amino acid substitution at a position chosen from one or more of 347, 349, 350, 351,

366, 368, 370, 392, 394, 395, 397, 398, 399, 405, 407, or 409, e.g., of the Fc region of human

IgGl For example, the first immunoglobulin chain constant region (e.g., the first Fc region) can

include an amino acid substitution chosen from: T366S, L368A, or Y407V (e.g., corresponding

to a cavity or hole), and the second immunoglobulin chain constant region (e.g., the second Fc

region) includes a T366W (e.g., corresponding to a protuberance or knob). In some

embodiments, the first and second polypeptides are a first and second member of a heterodimeric

first and second Fc region.

In embodiments, the first and second polypeptides form a bifunctional, e.g., a bispecific,

molecule. In some embodiments, the first polypeptide includes a first binding and/or functional

specificity (e.g., partner A or binding specificity 1 in FIG. 5A), and the second polypeptide

includes a second binding and/or functional specificity (e.g., partner B or binding specificity 2 in

FIG. 5A). In embodiments, the first and second binding and/or functional specificities (partner

A and partner B, respectively) is each independently chosen from a stromal modified moiety, an

enzyme molecule, an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or

a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand or a cytokine molecule),

e.g., as described herein. In embodiments, the first and second binding specificities are

connected to either the first or the second polypeptide, or each of the polypeptides, (e.g., one or

both members of a heterodimeric Fc molecule). In one embodiment, the first binding specificity

(e.g., partner A) is connected to the N-terminal end of the first polypeptide (e.g., a -CH2-CH3-

region of the first Fc molecule), and the second binding specificity (e.g., partner B) is connected



to the N-terminal end of the second polypeptide (e.g., a -CH2-CH3- region of the second Fc

molecule). Alternatively, the first binding and/or functional specificity (e.g., partner A) is

connected to the C-terminal end of the first polypeptide (e.g., a -CH2-CH3- region of the first Fc

molecule), and the second binding and/or functional specificity (e.g., partner B) is connected to

the C-terminal end of the second polypeptide (e.g., a -CH2-CH3- region of the second Fc

molecule). Alternatively, the first binding specificity (e.g., partner A) is connected to the N-

terminal end of the first polypeptide (e.g., a -CH2-CH3- region of the first Fc molecule), and the

second binding specificity (e.g., partner B) is connected to the C-terminal end of the second

polypeptide (e.g., a -CH2-CH3- region of the second Fc molecule). In other embodiments, the

second binding and/or functional specificity (e.g., partner B) is connected to N-terminus of the

first polypeptide (e.g., the -CH2-CH3- region of the first Fc molecule), and the first binding

and/or functional specificity (e.g., partner A) is connected to the C-terminal end of the second

polypeptide (e.g., a -CH2-CH3- region of the second Fc molecule). In one embodiment, the first

-CH2-CH3 region includes a protuberance or knob, and the second -CH2-CH3 region includes a

cavity or hole, e.g., as depicted in FIG. 5A).

In some embodiments, the first and second binding and/or functional specificities

(binding moiety 1 and binding moiety 2) of the bifunctional molecule can each be independently

chosen from a stromal modifying moiety, a tumor targeting moiety, a cytokine molecule, an NK

cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager. In some embodiments, the first binding and/or functional specificity is a tumor

targeting moiety and the second binding and/or functional specificity is a stromal modifying

moiety. In other embodiments, the first binding and/or functional specificity is an immune cell

engager and the second binding and/or functional specificity is a stromal modifying moiety, e.g.,

wherein the immune cell engager is chosen from a cytokine molecule, an NK cell engager, a T

cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager.

In some embodiments shown in FIG. 5A, the bispecific molecule can have partner A and

B, which are depicted as first and second binding and/or functional specificities (binding

moieties 1 and 2), respectively (FIG. 5A). The first and second binding and/or functional

specificities can be, each independently, a stromal modifying moiety, an enzyme molecule, an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor



molecule, a ligand molecule (e.g., a receptor ligand or a cytokine molecule), e.g., as described

herein. In some embodiments, the first binding and/or functional specificity is a tumor targeting

moiety and the second binding and/or functional specificity is a stromal modifying moiety. In

other embodiments, the first binding and/or functional specificity is an immune cell engager and

the second binding and/or functional specificity is a stromal modifying moiety, e.g., wherein the

immune cell engager is chosen from a cytokine molecule, an NK cell engager, a T cell engager, a

B cell engager, a dendritic cell engager, or a macrophage cell engager.

In embodiments, the first and second polypeptides form a trifunctional, e.g., a trispecific,

or a tetrafunctional, e.g., a tetraspecific, molecule (e.g., as depicted in FIGs. 5B-5C,

respectively).

In some embodiments of the trifunctional, e.g., the trispecific, molecule, the first

polypeptide includes a first binding and/or functional specificity (e.g., partner A or binding

moiety 1 in FIG. 5B), and the second polypeptide includes a second binding and/or functional

specificity (e.g., partner B or binding specificity 2 in FIG. 5B), wherein either the first or the

second polypeptide further includes a third binding and/or functional specificity (e.g., partner C

or binding moiety 3 in FIG. 5B). In embodiments, the first and second binding and/or functional

specificities are connected to either the first or the second polypeptide, or each of the

polypeptides, (e.g., one or both members of a heterodimeric Fc molecule). In one embodiment,

the first and second binding and/or functional specificities are connected, e.g., via a linker, to the

N-terminus of the first and the second polypeptide, respectively, and the third binding and/or

functional specificity is connected, e.g., via a linker, to the C-terminal end of either the first or

the second polypeptide. In one embodiment, the third binding and/or functional specificity is

connected, e.g., via a linker, to the C-terminal end of the first polypeptide (e.g., the C-terminal

end of the first -CH2-CH3 region depicted in FIG. 5B). In one embodiment, the third binding

and/or functional specificity is connected, e.g., via a linker, to the C-terminal end of the second

polypeptide (e.g., the C-terminal end of the second -CH2-CH3 region). In one embodiment, the

first -CH2-CH3 region includes a protuberance or knob, and the second -CH2-CH3 region

includes a hole or cavity, e.g., as depicted in FIG. 5B).

In embodiments, the first, second and third binding and/or functional specificities

(partner A , partner B, and partner C respectively) is each independently chosen from a stromal



modifying moiety, an enzyme molecule, an antibody molecule (e.g., a single chain antibody

molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand

or a cytokine molecule), e.g., as described herein. In one embodiment, the first binding and/or

functional specificity (e.g., partner A) is connected to the N-terminal end of the first polypeptide

(e.g., a -CH2-CH3- region of the first Fc molecule); the second binding and/or functional

specificity (e.g., partner B) is connected to the N-terminal end of the second polypeptide (e.g., a

-CH2-CH3- region of the second Fc molecule); and the third binding and/or functional

specificity (e.g., partner C) is connected to the C-terminal end of the first polypeptide (e.g., a -

CH2-CH3- region of the second Fc molecule). In other embodiments, the first binding and/or

functional specificity (e.g., partner A) is connected to the N-terminal end of the first polypeptide

(e.g., a -CH2-CH3- region of the first Fc molecule); the second binding and/or functional

specificity (e.g., partner B) is connected to the N-terminal end of the second polypeptide (e.g., a

-CH2-CH3- region of the first Fc molecule); and the third binding and/or functional specificity

(e.g., partner C) is connected to the C-terminal end of the second polypeptide (e.g., a -CH2-

CH3- region of the second Fc molecule). The first, second and third binding and/or functional

specificities can each be, independently, a stromal modifying moiety, an enzyme molecule, an

antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or a Fab), a receptor

molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule), e.g., as described

herein. In some embodiments, the first, second and third binding and/or functional specificities

(partners A-C, corresponding to binding moieties 1-3, respectively) are each independently

chosen from a tumor targeting moiety, a stomal modifying moiety, a cytokine molecule, an NK

cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager, e.g., as described herein. In embodiments, the first binding and/or functional specificity

is a tumor targeting moiety, the second binding and/or functional specificity is a stromal

modifying moiety, and the third binding and/or functional specificity is chosen from a cytokine

molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager.

In some embodiments of the tetrafunctional, e.g., the tetraspecific, molecule, the first

polypeptide includes a first binding and/or functional specificity (e.g., partner A or binding

moiety 1 in FIG. 5C) and a third binding and/or functional specificity (e.g., partner C or binding



moiety 3 in FIG. 5C), and the second polypeptide includes a second binding and/or functional

specificity (e.g., partner B or binding specificity 2 in FIG. 5C) and a fourth binding and/or

functional specificity (e.g., partner D or binding moiety 4 in FIG. 5C). In one embodiment, the

first and second binding specificities are connected, e.g., via a linker, to the N-terminus of the

first and the second polypeptide, respectively, and the third and fourth binding specificities are

connected, e.g., via a linker, to the C-terminal end of the first and the second polypeptide,

respectively. Any permutation of binding and/or functional specificity to the N- or C-terminus

of the first or second polypeptide is encompassed by the present disclosure. In one embodiment,

the first binding and/or functional specificity (e.g., partner A) is connected, e.g., via a linker, to

the N-terminal end of the first polypeptide (e.g., the N-terminal end of the first -CH2-CH3

region depicted in FIG. 5C); the second binding and/or functional specificity (e.g., partner B) is

connected, e.g., via a linker, to the N-terminal end of the second polypeptide (e.g., the N-

terminal end of the second -CH2-CH3 region depicted in FIG. 5C); the third binding and/or

functional specificity (e.g., partner C) is connected, e.g., via a linker, to the C-terminal end of the

first polypeptide (e.g., the C-terminal end of the first -CH2-CH3 region depicted in FIG. 5C);

and the fourth binding and/or functional specificity (e.g., partner D) is connected, e.g., via a

linker, to the C-terminal end of the second polypeptide (e.g., the C-terminal end of the second -

CH2-CH3 region). In one embodiment, the first -CH2-CH3 region includes a protuberance or

knob, and the second -CH2-CH3 region includes a cavity or hole, e.g., as depicted in FIG. 5C).

In embodiments, the first, second, third and fourth binding and/or functional specificities (partner

A, partner B, partner C and partner D, respectively) is each independently chosen from a stromal

modifying moiety, an enzyme molecule, an antibody molecule (e.g., a single chain antibody

molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand

or a cytokine molecule), e.g., as described herein. The first, second, third and fourth binding

and/or functional specificities can each be, independently, a stromal modifying moiety, an

enzyme molecule, an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or

a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule),

e.g., as described herein. In some embodiments, the first, second, third and fourth binding and/or

functional specificities (partners A-D, corresponding to binding moieties 1-4, respectively) are

each independently chosen from a tumor targeting moiety, a stromal modifying moiety, a



cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager, e.g., as described herein. In embodiments, the first

binding and/or functional specificity is a tumor targeting moiety, the second binding and/or

functional specificity is a stromal modifying moiety, and the third and fourth binding and/or

functional specificities are each independently chosen from a cytokine molecule, an NK cell

engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager.

In one embodiment, the multifunctional molecule is a bispecific molecule that includes

two non-contiguous first and second polypeptides. In embodiments, the first and second

polypeptides, include, respectively, a first and a second binding sites, which are independently

chosen from a stromal modifying moiety, an enzyme molecule, an antibody molecule (e.g., a

single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule

(e.g., a receptor ligand, or a cytokine molecule), e.g., as described herein. In some embodiments,

the first and second binding and/or functional specificities (binding sites 1-2, respectively) are

each independently chosen from a stromal modifying moiety, a tumor targeting moiety, a

cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager, e.g., as described herein. In some embodiments, the first

polypeptide has the following configuration from N-to-C: a first portion of a first antigen

domain, e.g., a first VH-CH1 of a Fab molecule, that binds to, e.g., a cancer antigen (e.g.,

binding site #1), connected, optionally, via a linker to, a second binding and/or functional

specificity (e.g., a binding site #2, e.g., a stromal modifying moiety, e.g., as described herein);

and the second polypeptide has the following configuration from N-to-C: a second portion of a

first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a cancer antigen (e.g., the

same cancer antigen bound by the first VH-CH1, e.g., binding site #1) (e.g., an example of this

configuration is depicted in FIG. 16). In one embodiment, the bispecific molecule that includes

a Fab corresponding to the first binding and/or functional specificity (binding site #1) connected,

optionally via a linker, to the second binding and/or functional specificity (e.g., binding site #2,

e.g., a stromal modifying moiety, e.g., as described herein). In some embodiments, the first

binding and/or functional specificity (e.g., binding site # 1 in FIG. 16) is a tumor targeting

moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal antigen; and the second binding



and/or functional specificity (e.g., binding site #2 in FIG. 16) is a stromal modifying moiety,

e.g., as described herein.

In another embodiment, the multifunctional molecule is a bifunctional, e.g., a bispecific,

molecule that includes two or at least three non-contiguous first and second polypeptides,

wherein:

(i) the first polypeptide includes from N- to C- orientation a first binding and/or

functional specificity, e.g., a first antibody molecule, connected, optionally via a linker, to a first

immunoglobulin constant region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region);

(ii) the second polypeptide includes from N- to C- orientation a second immunoglobulin

constant region (e.g., a CH2 connected to a CH3 region) (e.g., a second Fc region); and

(optionally) (iii) a third polypeptide comprising a portion of the first antibody molecule

or a second antibody molecule.

In embodiments, the first and second polypeptides, include, respectively, a first and a

second binding and/or functional specificities (e.g., sites), which are independently chosen from

a stromal modifying moiety, an enzyme molecule, an antibody molecule (e.g., a single chain

antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a

receptor ligand, or a cytokine molecule), e.g., as described herein. In some embodiments, the

first and second binding and/or functional specificities (binding sites 1-2, respectively) are a

tumor targeting moiety and a stromal modifying moiety, e.g., as described herein.

In some embodiments, the first polypeptide has the following configuration from N-to-C:

(a) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a cancer antigen, e.g., a solid tumor, stromal or hematological antigen (e.g.,

binding site #1), connected, optionally, via a linker to, the first immunoglobulin constant region

(e.g., the CH2 connected to the CH3 region) (e.g., a first Fc region);

(b) a second binding and/or functional specificity (e.g., a second binding site), which is a

stromal modifying moiety, connected, optionally, via a linker to, the second immunoglobulin

constant region (e.g., the CH2 connected to the CH3 region) (e.g., the second Fc region); and

(c) the third polypeptide has the following configuration from N-to-C: a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a cancer antigen,



e.g., a solid tumor, stromal or hematological antigen (e.g., the same cancer antigen bound by the

first VH-CH1, e.g., binding site #1) (e.g., an example of this configuration is depicted in FIG. 7).

In one embodiment, the bifunctional, e.g., bispecific, molecule that includes a Fab

corresponding to the first binding and/or functional specificity (binding site #1) connected,

optionally via a linker, to the first Fc region, and the second binding and/or functional specificity

(e.g., binding site #2, e.g., a stromal modifying moiety, e.g., as described herein) connected,

optionally via a linker, to the second Fc region.

In some embodiments, the first binding and/or functional specificity (e.g., binding site # 1

in FIG. 17) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal

antigen; and the second binding and/or functional specificity (e.g., binding site #2 in FIG. 17) is

a stromal modifying moiety, e.g., as described herein.

In embodiments, the first immunoglobulin constant region (e.g., the first CH2-CH3

region) includes a protuberance or knob, e.g., as described herein.

In embodiments, the second immunoglobulin constant region (e.g., the second CH2-CH3

region) includes a cavity or hole. In embodiments, the first and second immunoglobulin constant

region promote heterodimerization of the bispecific molecule.

In one embodiment, the multifunctional molecule is a trifunctional, e.g., a trispecific,

molecule that includes two non-contiguous first and second polypeptides. In embodiments, the

first and second polypeptides, include, respectively, a first, a second and a third binding and/or

functional specificities, which are independently chosen from a stromal modifying moiety, an

enzyme molecule, an antibody molecule (e.g., a single chain antibody molecule (e.g., a scFv) or

a Fab), a receptor molecule, a ligand molecule (e.g., a receptor ligand, or a cytokine molecule),

e.g., as described herein. In some embodiments, the first, second and third binding and/or

functional specificities (binding sites 1-3, respectively) are each independently chosen from a

tumor targeting moiety, a stromal modifying moiety, a cytokine molecule, an NK cell engager, a

T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager, e.g., as

described herein. In some embodiments, the first binding and/or functional specificity (binding

site 1) is a tumor targeting moiety, the second binding and/or functional specificity (binding site



2) is a stromal modifying moiety, and the third binding and/or functional specificities (binding

site 3) is chosen from a tumor targeting moiety, a stromal modifying moiety, a cytokine

molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell engager, or a

macrophage cell engager, e.g., as described herein.

In some embodiments, the first polypeptide has the following configuration from N-to-C:

(i) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a cancer antigen (e.g., binding site #1), connected, optionally, via a linker to, a

second binding and/or functional specificity (e.g., a binding site #3, e.g., a cytokine, a ligand or a

second antibody molecule, e.g., a scFv); and

(ii) the second polypeptide has the following configuration from N-to-C: a second

portion of a first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or

stromal antigen (e.g., the same tumor or stromal antigen bound by the first VH-CH1, e.g.,

binding site #1), connected, optionally, via a linker to, a third binding and/or functional

specificity (e.g., a binding site #2, e.g., a stromal modifying moiety) (e.g., an example of this

configuration is depicted in FIGs. 18.

In one embodiment, the bifunctional, e.g., bispecific, molecule includes a Fab

corresponding to the first binding and/or functional specificity (binding site #1) connected,

optionally via a linker, to the second and third binding and/or functional specificities (e.g.,

binding sites #2 and #3). In some embodiments, the first binding and/or functional specificity

(e.g., binding site # 1 in FIG. 18) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g.,

a tumor, stromal or hematological antigen; the second binding and/or functional specificity (e.g.,

binding site #2 in FIG. 18) is chosen from a cytokine molecule, or an immune cell engager, e.g.,

chosen from a receptor, a ligand molecule or an antibody molecule (e.g., a scFv) that binds to an

immune cell antigen; and the third binding and/or functional specificity (e.g., binding site #3) is a

stromal modifying moiety. In embodiments where the antibody molecule is a scFV, the scFv

may be connected to the C-terminus of the first polypeptide in a VH-VL or a VL-VH

configuration.



In another embodiment, the multifunctional molecule is a Afunctional, e.g., a trispecific,

molecule that includes two or at least three non-contiguous first and second polypeptides,

wherein:

(i) the first polypeptide includes from N- to C- orientation a first binding specificity, e.g.,

a first antibody molecule, connected, optionally via a linker, to a first immunoglobulin constant

region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region);

(ii) the second polypeptide includes from N- to C- orientation a second binding

specificity connected, optionally via a linker, to a second immunoglobulin constant region (e.g.,

a CH2 connected to a CH3 region) (e.g., a second Fc region); and

(optionally) (iii) a third polypeptide comprising a portion of the first antibody molecule

or a second antibody molecule,

wherein either the first or the second polypeptide further includes a third binding and/or

functional specificity.

In embodiments, the first and second polypeptides, include, respectively, a first, a second,

and a third binding and/or functional specificities (e.g., sites), which are independently chosen

from a stromal modifying moiety, an enzyme molecule, an antibody molecule (e.g., a single

chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule (e.g., a

receptor ligand, or a cytokine molecule), e.g., as described herein. In some embodiments, the

first, second and third binding and/or functional specificities (binding sites 1-3, respectively) are

each independently chosen from a tumor targeting moiety, a stromal modifying moiety, a

cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic cell

engager, or a macrophage cell engager, e.g., as described herein. In one embodiment, the first

binding and/or functional specificity (binding site #1) is a tumor targeting moiety, the second

binding and/or functional specificity (binding site #2) is an immune cell engager or a cytokine

molecule, and the third binding and/or functional specificity (binding site #3) is a stromal

modifying moiety, e.g., as shown in FIGs. 19A or 19B.

In some embodiments, the first polypeptide has the following configuration from N-to-C:

(a) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a tumor or stromal antigen (e.g., binding site #1), connected, optionally, via a



linker to, the first immunoglobulin constant region (e.g., the CH2 connected to the CH3 region)

(e.g., a first Fc region);

(b) a second binding and/or functional specificity (e.g., a second binding site), which is

chosen from a cytokine molecule, or an immune cell engager, connected, optionally, via a linker

to, the second immunoglobulin constant region (e.g., the CH2 connected to the CH3 region)

(e.g., the second Fc region); and

(c) the third polypeptide has the following configuration from N-to-C: a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal

antigen (e.g., the same tumor or stromal antigen bound by the first VH-CH1, e.g., binding site

#1),

wherein either the first or the second polypeptide further includes a third binding and/or

functional specificity, which is connected, optionally, via a linker to, the first or second

immunoglobulin constant region (e.g., the CH2 connected to the CH3 region) (e.g., the first or

second Fc region). In one embodiment, the third binding specificity is connected, optionally, via

a linker to, the first immunoglobulin constant region (e.g., the CH2 connected to the CH3 region)

(e.g., the first Fc region). In another embodiment, the third binding specificity is connected,

optionally, via a linker to, the second immunoglobulin constant region (e.g., the CH2 connected

to the CH3 region) (e.g., the second Fc region). Examples of these configurations are depicted in

FIGs. 19A-19B.

In one embodiment, the trifunctional, e.g., trispecific, molecule includes a Fab

corresponding to the first binding and/or functional specificity (binding site #1) connected,

optionally via a linker, to the first Fc region; and the second binding and/or functional specificity

(e.g., binding site #2) connected, optionally via a linker, to the second Fc region, which further

includes the third binding and/or functional specificity (e.g., binding site #3) (e.g., as depicted in

FIG. 19A). In other embodiments, the trifunctional, e.g., trispecific, molecule includes a Fab

corresponding to the first binding and/or functional specificity (binding site #1) connected,

optionally via a linker, to the first Fc region, which further includes the third binding and/or

functional specificity (e.g., binding site #3); and the second binding and/or functional specificity

(e.g., binding site #2) connected, optionally via a linker, to the second Fc region (e.g., as depicted

in FIG. 19B).



In some embodiments, (a) the first binding and/or functional specificity (e.g., binding site

# 1 in FIGs. 19A-19B) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor or

stromal antigen; (b) the second binding and/or functional specificity (e.g., binding site #2 in

FIGs. 19A-19B) is chosen from a cytokine molecule, or an immune cell engager, e.g., chosen

from a receptor, a ligand molecule or an antibody molecule (e.g., a scFv) that binds to an

immune cell antigen; and (c) the third binding and/or functional specificity (e.g., binding site #3

in FIGs. 19A-19B) is a stromal modifying moiety. In embodiments where the antibody

molecule is a scFV, the scFv may be connected to the C-terminus of the first polypeptide in a

VH-VL or a VL-VH configuration.

In embodiments, the first immunoglobulin constant region (e.g., the first CH2-CH3

region) includes a protuberance or knob, e.g., as described herein.

In embodiments, the second immunoglobulin constant region (e.g., the second CH2-CH3

region) includes a cavity or hole. In embodiments, the first and second immunoglobulin constant

region promote heterodimerization of the bispecific molecule.

In another embodiment, the multifunctional molecule is a tetrafunctional, e.g.,

tetraspecific, molecule that includes two or at least three non-contiguous first and second

polypeptides, wherein:

(i) the first polypeptide includes from N- to C- orientation a first binding and/or

functional specificity, e.g., a first antibody molecule, connected, optionally via a linker, to a first

immunoglobulin constant region (e.g., a CH2 connected to a CH3 region) (e.g., a first Fc region);

(ii) the second polypeptide includes from N- to C- orientation a second binding and/or

functional specificity connected, optionally via a linker, to a second immunoglobulin constant

region (e.g., a CH2 connected to a CH3 region) (e.g., a second Fc region); and

(optionally) (iii) a third polypeptide comprising a portion of the first antibody molecule

or a second antibody molecule,

wherein the first or the second polypeptide further includes a third and a fourth binding

and/or functional specificities.

In embodiments, the first and second polypeptides, include, respectively, a first, a second,

a third and a fourth binding and/or functional specificities (e.g., sites), which are independently



chosen from a stromal modifying moiety, an enzyme molecule, an antibody molecule (e.g., a

single chain antibody molecule (e.g., a scFv) or a Fab), a receptor molecule, a ligand molecule

(e.g., a receptor ligand, or a cytokine molecule), e.g., as described herein. In some embodiments,

the first, second, third and fourth binding and/or functional specificities (binding sites 1-4,

respectively) are each independently chosen from a tumor targeting moiety, a stromal modifying

moiety, a cytokine molecule, an NK cell engager, a T cell engager, a B cell engager, a dendritic

cell engager, or a macrophage cell engager, e.g., as described herein.

In some embodiments, the first polypeptide has the following configuration from N-to-C:

(a) a first portion of a first antigen domain, e.g., a first VH-CH1 of a Fab molecule, that

binds to, e.g., a tumor or stromal antigen (e.g., binding site #1), connected, optionally, via a

linker to, the first immunoglobulin constant region (e.g., the CH2 connected to the CH3 region)

(e.g., a first Fc region);

(b) a second binding and/or functional specificity (e.g., a second binding site), which is

chosen from a cytokine molecule, or an immune cell engager, connected, optionally, via a linker

to, the second immunoglobulin constant region (e.g., the CH2 connected to the CH3 region)

(e.g., the second Fc region); and

(c) the third polypeptide has the following configuration from N-to-C: a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a tumor or stromal

antigen (e.g., the same tumor or stromal antigen bound by the first VH-CH1, e.g., binding site

#1),

wherein the first and the second polypeptide further includes a third and a fourth binding

and/or functional specificity, respectively, each of which is connected, optionally, via a linker to,

the first and second immunoglobulin constant region (e.g., the CH2 connected to the CH3

region) (e.g., the first and second Fc region). In one embodiment, the third binding and/or

functional specificity is connected, optionally, via a linker to, the second immunoglobulin

constant region (e.g., the CH2 connected to the CH3 region) (e.g., the second Fc region); and the

fourth binding and/or functional specificity is connected, optionally, via a linker to, the first

immunoglobulin constant region (e.g., the CH2 connected to the CH3 region) (e.g., the first Fc

region). Examples of these configurations are depicted in FIG. 20.



In one embodiment, the tetrafunctional, e.g., tetraspecific, molecule includes a Fab

corresponding to the first binding and/or functional specificity (binding site #1) connected,

optionally via a linker, to the first Fc region, which further includes a fourth binding and/or

functional specificity (e.g., binding site #4); and the second binding and/or functional specificity

(e.g., binding site #2) connected, optionally via a linker, to the second Fc region, which further

includes the third binding and/or functional specificity (e.g., binding site #3) (e.g., as depicted in

FIG. 20). In other embodiments, the tetrafunctional, e.g., tetraspecific, molecule includes a Fab

corresponding to the first binding and/or functional specificity (binding site #1) connected,

optionally via a linker, to the first Fc region, which further includes a third binding and/or

functional specificity (e.g., binding site #3); and the second binding and/or functional specificity

(e.g., binding site #2) connected, optionally via a linker, to the second Fc region, which further

includes the fourth binding and/or functional specificity (e.g., binding site #4).

In some embodiments, (a) the first binding and/or functional specificity (e.g., binding site

# 1 in FIG. 20) is a tumor targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor, stromal

or hematological antigen; the second and fourth binding and/or functional specificities (e.g.,

binding sites #2 and 4 in FIG. 20) are each independently chosen from a cytokine molecule, or

an immune cell engager, e.g., chosen from a receptor, a ligand molecule or an antibody molecule

(e.g., a scFv) that binds to an immune cell antigen; and the third binding and/or functional

specificity (e.g., binding site #3 in FIG. 20) is a stromal modifying moiety. In embodiments

where the antibody molecule is a scFV, the scFv may be connected to the C-terminus of the first

polypeptide in a VH-VL or a VL-VH configuration.

In another embodiment, (a) the first binding and/or functional specificity is a tumor

targeting moiety, e.g., binds to a cancer antigen, e.g., a tumor, stromal or hematological antigen;

(b) the second binding and/or functional specificity is an immune cell engager (e.g., an NK cell

engager) chosen from a receptor, a ligand molecule or an antibody molecule (e.g., a scFv) that

binds to an immune cell antigen; (c) the third binding and/or functional specificity is a cytokine

molecule or an immune cell engager; and (d) the fourth binding and/or functional specificity is a

stromal modifying moiety. In embodiments where the antibody molecule is a scFV, the scFv

may be connected to the C-terminus of the first polypeptide in a VH-VL or a VL-VH

configuration.



In one embodiment, (a) the first binding and/or functional specificity is a tumor targeting

moiety, e.g., binds to a cancer antigen, e.g., a tumor or stromal antigen; (b) the second binding

and/or functional specificity is a stromal modifying moiety; (c) the third binding and/or

functional specificity is an immune cell engager (e.g., a macrophage or a dendritic cell engager)

chosen from a ligand molecule or an antibody molecule (e.g., a scFv) that binds to an immune

cell antigen; and (d) the fourth binding and/or functional specificity is an immune cell engager

(e.g., a macrophage or a dendritic cell engager) chosen from a ligand molecule or an antibody

molecule (e.g., a scFv) that binds to an immune cell antigen. In embodiments where the

antibody molecule is a scFV, the scFv may be connected to the C-terminus of the first

polypeptide in a VH-VL or a VL-VH configuration.

In embodiments, the first immunoglobulin constant region (e.g., the first CH2-CH3

region) includes a protuberance or knob, e.g., as described herein.

In embodiments, the second immunoglobulin constant region (e.g., the second CH2-CH3

region) includes a cavity or hole. In embodiments, the first and second immunoglobulin constant

region promote heterodimerization of the bispecific molecule.

In some embodiments, the multifunctional molecule comprises the following formula in

an N terminal to C terminal orientation:

Rl-(optionally Ll)-R2;

R2-(optionally L1)-R1;

wherein:

(i) R l comprises 1, 2 or more stromal modifying moieties, e.g., the same or different

stromal modifying moieties as described herein;

(ii) R2 comprises 1, 2 or more tumor targeting moieties , e.g., the same or different tumor

targeting moieties as described herein; and

(iii) optionally, LI is the linker (e.g., a linker described herein).

In some embodiments, the multifunctional molecule further comprises R3, wherein R3

comprises 1, 2 or more cytokine molecules, e.g., a cytokine molecule described herein.



In some embodiments, the multifunctional molecule further comprises R4, wherein R4

comprises 1, 2 or more immune cell engagers (e.g., an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager described herein).

In some embodiments, the invention describes a multifunctional molecule comprising an

Rl, R2, R3, and R4 described herein.

In some embodiments, the multifunctional molecule comprises the following formula in

an N terminal to C terminal orientation:

Rl-(optionally Ll)-R2-(optionally L2)- R3/R4;

Rl-(optionally LI)- R3/R4-(optionally L2)-R2;

R2-(optionally Ll)-Rl-(optionally L2)- R3/R4;

R2-(optionally LI)- R3/R4-(optionally L2)-R1;

R3/R4-(optionally L1)-R1 -(optionally L2)-R2; or

R3/R4-(optionally Ll)-R2-(optionally L2)-R1;

wherein:

(i) R l comprises 1, 2 or more of the stromal modifying moieties (e.g., a moiety described

herein) (e.g., the same or different stromal modifying moieties);

(ii) R2 comprises 1, 2 or more of the tumor targeting moieties (e.g., a moiety described

herein) (e.g., the same or different tumor targeting moieties);

(iii) R3 comprises 1, 2 or more cytokine molecules, e.g., a cytokine molecule (e.g., a

cytokine molecule described herein) (e.g., the same or different cytokine molecules);

(iv) R4 comprises 1, 2 or more immune cell engagers (e.g., an NK cell engager, a T cell

engager, a B cell engager, a dendritic cell engager, or a macrophage cell engager (e.g., an

immune cell engager described herein)); and

wherein:

R3 and R4 are both present;

R3 is present and R4 is absent;

R4 is present and R3 is absent; and

optionally, LI and/or L2 is the linker (e.g., a linker described herein).

In some embodiments, the multifunctional molecule has the following configuration:



(i) Stromal modifying moiety connected to the heavy chain of the Fab that bind to tumor

or stromal antigen (e.g., VH - CHI), from N- to C-terminus, optionally, comprising a Gly-Ser

linker between the Fab and the stromal modifying moiety; and/or

(ii) Light chain of the Fab (e.g., VL - CL1), from N- to C-terminus.

In other embodiments, the Fab (e.g., VH - CHI) against mesothelin is coupled to a

hyaluronidase molecule or collagenase molecule IV, e.g., comprising the Fab amino acid

sequence:

QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVT

VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL

QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT (SEQ ID NO:

79) a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to

99.9% identical thereto, or having at least one amino acid alteration, but not more than five, ten

or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions)

to the amino acid sequence of SEQ ID NO: 79; and

one or both of hyaluronidase molecule or collagenase molecule IV, e.g., comprising:

(i) the hyaluronidase molecule amino acid sequence of:

FRGPLLPNRPFTTVWNANTQWCLERHGVDVDVSVFDVVANPGQTFRGPDMTIFYSSQG

TYPYYTPTGEPVFGGLPQNASLIAHLARTFQDILAAIPAPDFSGLAVIDWEAWRPRWAFN

WDTKDIYRQRSRALVQAQHPDWPAPQVEAVAQDQFQGAARAWMAGTLQLGRALRPR

GLWGFYGFPDCYNYDFLSPNYTGQCPSGIRAQNDQLGWLWGQSRALYPSrYMPAVLEG

TGKSQMYVQHRVAEAFRVAVAAGDPNLPVLPYVQIFYDTTNHFLPLDELEHSLGESAA

QGAAGVVLWVSWENTRTKESCQAIKEYMDTTLGPFILNVTSGALLCSQALCSGHGRCV

RRTSHPKALLLLNPASFSIQLTPGGGPLSLRGALSLEDQAQMAVEFKCRCYPGWQAPWC

ERKSMW (SEQ ID NO: 62), or a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 62; or

(ii) the collagenase molecule amino acid sequence of



SEQ ID NO: 63, or a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 63, optionally, comprising a Gly-Ser

linker between the Fab and the hyaluronidase molecule or collagenase molecule IV.

In some embodiments, the second polypeptide comprises a light chain of the Fab (e.g.,

VL - CL1) to the tumor or stromal antigen. In some embodiments, the light chain of the Fab

binds to mesothelin, e.g., comprises the amino acid sequence:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTS KLASGVPG

RFSGSGSGNSYSLTISSVEAEDDATYYCQQWSGYPLTFGAGTKLEIKRTVAAPSVFIFPPS

DEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTL

TLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 80), or a fragment

thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9% identical

thereto, or having at least one amino acid alteration, but not more than five, ten or fifteen

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to the

amino acid sequence of SEQ ID NO: 80.

In other embodiments, the Fab (e.g., VH - CHI) against FAP coupled to a hyaluronidase

molecule or collagenase molecule IV, e.g., comprising the Fab amino acid sequence:

QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWIGGINPNNGIPN

YNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCARRRIAYGYDEGHAMDYWGQ

GTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT

FPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSC (SEQ ID NO:

81), or a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to

99.9% identical thereto, or having at least one amino acid alteration, but not more than five, ten

or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions)

to the amino acid sequence of SEQ ID NO: 81; and

one or both of hyaluronidase molecule or collagenase molecule IV, e.g., comprising:

(i) the hyaluronidase molecule amino acid sequence of:

FRGPLLPNRPFTTVWNANTQWCLERHGVDVDVSVFDVVANPGQTFRGPDMTIFYSSQG

TYPYYTPTGEPVFGGLPQNASLIAHLARTFQDILAAIPAPDFSGLAVIDWEAWRPRWAFN



WDTKDIYRQRSRALVQAQHPDWPAPQVEAVAQDQFQGAARAWMAGTLQLGRALRPR

GLWGFYGFPDCYNYDFLSPNYTGQCPSGIRAQNDQLGWLWGQSRALYPSIYMPAVLEG

TGKSQMYVQHRVAEAFRVAVAAGDPNLPVLPYVQIFYDTTNHFLPLDELEHSLGESAA

QGAAGVVLWVSWENTRTKESCQAIKEYMDTTLGPFILNVTSGALLCSQALCSGHGRCV

RRTSHPKALLLLNPASFSIQLTPGGGPLSLRGALSLEDQAQMAVEFKCRCYPGWQAPWC

ERKSMW (SEQ ID NO: 62), or a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid

alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 62; or

(ii) the collagenase molecule amino acid sequence of

SEQ ID NO: 63, or a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 63, optionally, comprising a Gly-Ser

linker between the Fab and the hyaluronidase molecule or collagenase IV molecule. The amino

acid sequence for the VH is underlined and the amino acid sequence for CHI is shown without

the underline.

In some embodiments, the second polypeptide comprises a light chain of the Fab (e.g.,

VL - CL1) to FAP. In some embodiments, the light chain of the Fab binds to FAP, e.g.,

comprises the amino acid sequence:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKPGQPPKLLIFW AST

RESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQYFSYPLTFGQGTKVEIKRT VAAP

SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDST

YSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 49), or a

fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95% to 99.9%

identical thereto, or having at least one amino acid alteration, but not more than five, ten or

fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) to

the amino acid sequence of SEQ ID NO: 49. The amino acid sequence for the VL is underlined

and the amino acid sequence for CL1 is shown without the underline.



In some embodiments, the multifunctional molecule further comprises a first and second

domain that promote association of the first and the second polypeptide, e.g., a first and second

immunoglobulin chain constant regions (e.g., a first and second Fc regions).

In some embodiments, (i) the first polypeptide has the following configuration: Heavy

chain of the Fab (e.g., VH - CHI) to first Fc region (e.g., CH2 to CH3), from N- to C-terminus;

and (ii) the second polypeptide has the following configuration: Light chain of the Fab (e.g., VH

- CHI) to second Fc region (e.g., CH2 to CH3), from N- to C-terminus.

In some embodiments, the first immunoglobulin chain constant regions (e.g., a first Fc

region) comprises the amino acid sequence:

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV

DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS

KAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPP

VLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID

NO: 82), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95%

to 99.9% identical thereto, or having at least one amino acid alteration, but not more than five,

ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 82.

In some embodiments, the second immunoglobulin chain constant regions (e.g., a second

Fc region) comprises the amino acid sequence:

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV

DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS

KAKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK, (SEQ ID

NO: 83), a fragment thereof, or an amino acid sequence substantially identical thereto (e.g., 95%

to 99.9% identical thereto, or having at least one amino acid alteration, but not more than five,

ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 83.

In some embodiments, the multifunctional molecule further comprises at least one

cytokine molecule (e.g., R3) and/or at least one immune cell engager (e.g., R4) (e.g., an NK cell



engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager). In some embodiments, the stromal modifying moiety (e.g., Rl), the tumor- targeting

moiety (e.g., R2), and one or both of the cytokine molecule (e.g., R3) and/or the immune cell

engager (e.g., R4) are in the same polypeptide, e.g., wherein, e.g., in the N- to C- direction, the

stromal modifying moiety is a first polypeptide, the tumor- targeting moiety is a second

polypeptide, and one or both of the cytokine molecule and/or the immune cell engager,

optionally connected via a linker.

In some embodiments, the stromal modifying moiety (e.g., Rl), the tumor- targeting

moiety (e.g., R2), and one or both of the cytokine molecule (e.g., R3) and/or the immune cell

engager (e.g., R4) are in the same polypeptide, e.g., wherein, e.g., in the N- to C- direction, the

tumor- targeting moiety is a first polypeptide, the stromal modifying moiety is a second

polypeptide, and one or both of the cytokine molecule and/or the immune cell engager,

optionally connected via a linker. In some embodiments, the stromal modifying moiety, the

tumor- targeting moiety, and one or both of the cytokine molecule (e.g., R3) and/or the immune

cell engager (e.g., R4) are in different polypeptides, e.g., a first and a second polypeptide not

covalently linked.

In some embodiments, 1) the first polypeptide comprises, e.g., in the N- to C- direction,

the first tumor- targeting moiety (e.g., R2), the stromal modifying moiety (e.g., Rl), and

optionally, a first domain that promotes association of the first and second polypeptide, e.g., a

first immunoglobulin chain constant region (e.g., a first Fc region); 2) the second polypeptide

comprises, e.g., in the N- to C- direction, the second tumor- targeting moiety (e.g., R2), and

optionally, a second domain that promotes association of the first and second polypeptide, e.g., a

second immunoglobulin chain constant region (e.g., a second Fc region); and 3) either or both

the first and/or second polypeptide, e.g., in the N- to C- direction, further comprise the cytokine

molecule (e.g., R3) and/or the immune cell engager (e.g., R4).

In some embodiments, the first tumor targeting moiety comprises a heavy chain variable

domain of the tumor targeting antibody molecule (e.g., Fab); and the second tumor targeting

moiety comprises a light chain variable domain of the tumor targeting antibody molecule (e.g.,

Fab). In some embodiments, the first tumor targeting moiety comprises a light chain variable



domain of a tumor targeting antibody; and the tumor targeting moiety of the second polypeptide

comprises a heavy chain variable domain of a tumor targeting antibody.

In some embodiments, the multifunctional molecule comprises a) a first polypeptide

comprising: a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and two polypeptides, one comprising a tumor targeting moiety and the other

comprising a stromal modifying moiety; b) a second polypeptide comprising: a domain that

promotes association of the first and second polypeptide, e.g., an Fc molecule; and two

polypeptides selected from: a tumor targeting moiety; an immune cell engager; and a cytokine

molecule, wherein the multifunctional molecule comprises the tumor targeting moiety and the

stromal modifying moiety; and one or both of the immune cell engager or the cytokine molecule.

In some embodiments, the multifunctional molecule comprises: a tumor targeting moiety;

a stromal modifying moiety; and an immune cell engager; a tumor targeting moiety; a stromal

modifying moiety; and a cytokine molecule; a tumor targeting moiety; a stromal modifying

moiety; an immune cell engager; and a cytokine molecule; a tumor targeting moiety; a stromal

modifying moiety; and two immune cell engagers; a tumor targeting moiety; a stromal

modifying moiety; and two cytokine molecules; two tumor targeting moieties; a stromal

modifying moiety; and an immune cell engager; or a tumor targeting moiety; a stromal

modifying moiety; and two immune cell engagers.

In some embodiments, the multifunctional molecule comprises: i) a first polypeptide

comprises, e.g., in the N-C or C-N direction, a tumor targeting moiety; a domain that promotes

association of the first and second polypeptide, e.g., an Fc molecule; and a stromal modifying

moiety; ii) a first polypeptide comprises, e.g., in the N-C or C-N direction, a tumor targeting

moiety; a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and a cytokine molecule and/or an immune cell engager; or iii) a first polypeptide

comprises, e.g., in the N-C or C-N direction a cytokine; a domain that promotes association of

the first and second polypeptide, e.g., an Fc molecule; and an immune cell engager; and iv) a

second polypeptide comprises, e.g., in the N-C or C-N direction, a tumor targeting moiety; a

domain that promotes association of the first and second polypeptide, e.g., an Fc molecule; and a

stromal modifying moiety; ii) a second polypeptide comprises, e.g., in the N-C or C-N direction,

a tumor targeting moiety; a domain that promotes association of the first and second polypeptide,



e.g., an Fc molecule; and a cytokine molecule and/or an immune cell engager; or iii) a second

polypeptide comprises, e.g., in the N-C or C-N direction a cytokine; a domain that promotes

association of the first and second polypeptide, e.g., an Fc molecule; and a stromal modifying

moiety.

In some embodiments, the tumor targeting moiety is specific for mesothelin or FAP; the

stromal modifying moiety comprises hyaluronidase molecule or collagenase IV molecule, or a

fragment or variant thereof; the cytokine molecule comprising an IL-15 molecule; the immune

cell engager comprising a CD40L molecule; and the immune cell engager comprising a B7H6

molecule.

Exemplary Multispecific and Multifunctional Molecules and corresponding Nucleic Acid

and Amino Acid Sequences

Table 1. Nucleic acid sequences.



SEQ ID NO: 87 Human IL2 GCCCCTACCAGCAGCAGCACCAAGAAAACCCAGCTCCAGCTC
GAGCACCTCCTGCTGGACCTGCAGATGATCCTGAACGGCATCA
ACAACTACAAGAACCCCAAGCTGACCCGGATGCTGACCTTCA
AGTTCTACATGCCCAAGAAGGCCACCGAGCTGAAGCACCTCC
AGTGCCTGGAAGAGGAACTGAAGCCCCTGGAAGAAGTGCTGA
ACCTGGCCCAGAGCAAGAACTTCCACCTGAGGCCCAGGGACC
TGATCAGCAACATCAACGTGATCGTGCTGGAACTGAAAGGCA
GCGAGACAACCTTCATGTGCGAGTACGCCGACGAGACAGCCA
CCATCGTGGAATTTCTGAACCGGTGGATCACCTTCTGCCAGAG
CATCATCAGCACCCTGACA

SEQ ID NO: 88 2x4GS linker GGCGGCGGAGGATCTGGCGGAGGCGGCAGC

SEQ ID NO: 89 Human CH2, GATAAGACCCACACCTGTCCTCCATGTCCTGCCCCTGAGCTGC
CH3 knob TGGGCGGACCTAGCGTGTTCCTGTTCCCTCCAAAGCCCAAGGA

CACCCTGATGATCAGCCGGACCCCTGAAGTGACCTGCGTGGTG
GTGGATGTGTCCCACGAGGATCCCGAAGTGAAGTTCAATTGGT
ACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCCCA
GAGAGGAACAGTACAACAGCACCTACCGGGTGGTGTCCGTGC
TGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTACA
AGTGCAAGGTGTCCAACAAGGCCCTGCCTGCCCCTATCGAGAA
AACCATCAGCAAGGCCAAGGGCCAGCCCCGCGAACCTCAGGT
GTACACACTGCCTCCCTGCCGGGAAGAGATGACCAAGAACCA
GGTGTCCCTGTGGTGCCTGGTCAAGGGCTTCTACCCCTCCGAT
ATCGCCGTGGAATGGGAGAGCAACGGCCAGCCCGAGAACAAC
TACAAGACCACCCCTCCCGTGCTGGACAGCGACGGCAGCTTCT
TCCTGTACTCCAAACTGACCGTGGACAAGAGCCGGTGGCAGC
AGGGCAATGTGTTCAGCTGTAGCGTGATGCACGAGGCCCTGCA
CAACCACTACACCCAGAAGTCTCTGAGCCTGAGCCCCGGCAA
GTAATGA

SEQ ID NO: 90 Human CH2, GATAAGACCCACACCTGTCCTCCATGTCCTGCCCCTGAGCTGC
CH3 hole TGGGCGGACCTAGCGTGTTCCTGTTCCCTCCAAAGCCCAAGGA

CACCCTGATGATCAGCCGGACCCCTGAAGTGACCTGCGTGGTG
GTGGATGTGTCCCACGAGGATCCCGAAGTGAAGTTCAATTGGT
ACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCCCA
GAGAGGAACAGTACAACAGCACCTACCGGGTGGTGTCCGTGC
TGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTACA
AGTGCAAGGTGTCCAACAAGGCCCTGCCTGCCCCTATCGAGAA
AACCATCAGCAAGGCCAAGGGCCAGCCTAGAGAGCCTCAGGT
CTGCACCCTGCCTCCCAGCCGGGAAGAGATGACCAAGAACCA
GGTGTCCCTGTCCTGCGCCGTGAAGGGCTTCTACCCCTCCGAT
ATCGCCGTGGAATGGGAGAGCAACGGCCAGCCCGAGAACAAC
TACAAGACCACCCCTCCCGTGCTGGACAGCGACGGCAGCTTCT
TCCTGGTGTCCAAACTGACCGTGGACAAGAGCCGGTGGCAGC
AGGGCAATGTGTTCAGCTGTAGCGTGATGCACGAGGCCCTGCA
CAACCACTACACCCAGAAGTCTCTGAGCCTGAGCCCCGGCAA
GTAATGA

SEQ ID NO: 9 1 CHI GCCAGCACCAAGGGCCCTAGCGTGTTCCCTCTGGCCCCTAGCT
CTAAGAGCACATCTGGCGGAACAGCCGCCCTGGGCTGCCTGGT
CAAGGATTACTTTCCTGAGCCCGTGACCGTGTCCTGGAACTCT
GGTGCTCTGACCAGCGGCGTGCACACCTTTCCAGCTGTGCTGC
AGAGCAGCGGCCTGTACAGCCTGTCTAGCGTGGTCACAGTGCC



TAGCAGCAGCCTGGGCACACAGACCTACATCTGCAACGTGAA
CCACAAGCCCAGCAACACCAAGGTGGACAAGCGGGTGGAACC
CAAGAGCTGC

SEQ ID NO: 92 CL (kappa) AGAACAGTGGCCGCTCCCAGCGTGTTCATCTTCCCACCCAGCG
ACGAGCAGCTGAAGTCTGGCACAGCCAGCGTCGTGTGCCTGCT
GAACAACTTCTACCCCAGAGAAGCCAAGGTGCAGTGGAAGGT
GGACAACGCCCTGCAGTCCGGCAACAGCCAGGAAAGCGTCAC
CGAGCAGGACAGCAAGGACTCCACCTACAGCCTGTCCAGCAC
CCTGACCCTGAGCAAGGCCGACTACGAGAAGCACAAAGTGTA
CGCCTGCGAAGTGACCCACCAGGGCCTGAGCAGCCCCGTGAC
CAAGAGCTTCAATAGAGGCGAGTGCTAATGA

SEQ ID NO: 93 CL (lambda) GGCCAGCCCAAGGCCAACCCCACCGTGACCCTGTTCCCTCCAT
CCTCCGAGGAACTGCAGGCTAACAAGGCCACCCTCGTGTGCCT
GATCTCCGACTTCTACCCTGGCGCCGTGACCGTGGCTTGGAAG
GCTGATGGCTCTCCTGTGAAGGCCGGCGTGGAAACCACCAAG
CCCTCCAAGCAGTCCAACAACAAATACGCCGCCTCCAGCTACC
TGTCCCTGACCCCTGAGCAGTGGAAGTCCCACCGGTCCTACAG
CTGCCAGGTCACACATGAGGGCTCCACCGTGGAAAAGACCGT
GGCCCCTACCGAGTGCTCCTAATGA

SEQ ID NO: 94 aPDlLl GAGGTGCAGCTGCTGGAATCTGGCGGAGGACTGGTGCAGCCT
Avelumab VH GGCGGCTCTCTGAGACTGTCTTGTGCCGCCTCCGGCTTCACCTT

CTCCAGCTATATCATGATGTGGGTCCGACAGGCCCCTGGCAAG
GGCCTGGAATGGGTGTCCTCTATCTACCCCTCCGGCGGCATCA
CCTTTTACGCCGACACCGTGAAGGGCCGGTTCACCATCTCCCG
GGACAACTCCAAGAACACCCTGTACCTGCAGATGAACTCCCTG
CGGGCCGAGGACACCGCCGTGTACTACTGCGCTAGAATCAAG
CTGGGCACCGTGACCACCGTGGACTATTGGGGCCAGGGCACC
CTGGTCACCGTGTCCTCT

SEQ ID NO: 95 aPDlLl CAGTCTGCTCTGACCCAGCCTGCCTCTGTGTCTGGCTCCCCTGG
Avelumab VL CCAGTCCATCACCATCAGCTGTACCGGCACCTCCTCCGACGTG

GGCGGCTACAACTACGTGTCCTGGTATCAGCAGCATCCCGGCA
AGGCCCCTAAGCTGATGATCTACGACGTGTCCAACCGGCCCTC
CGGCGTGTCCAATCGGTTCTCTGGCTCCAAGTCCGGCAACACC
GCCTCCCTGACAATCAGCGGACTGCAGGCCGAGGACGAGGCC
GACTACTACTGCTCCTCCTACACCTCCAGCTCTACCCGGGTGTT
CGGCACCGGCACCAAAGTGACAGTGCTG

SEQ ID NO: 96 3x4GS linker GGCGGCGGAGGATCTGGCGGAGGTGGAAGCGGAGGCGGTGG
ATCT

SEQ ID NO: 97 oNKp46 VH CAGGTTCAGTTGCAGCAGTCCGGACCTGAGCTGGTTAAGCCTG
GCGCTTCCGTGAAGATGTCCTGCAAGGCTTCCGGCTACACCTT
CACCGACTACGTGATCAACTGGGGCAAGCAGAGATCTGGCCA
GGGACTCGAGTGGATCGGCGAGATCTATCCTGGCTCCGGCACC
AATTACTACAACGAGAAGTTCAAGGCTAAGGCTACCCTGACC
GCCGACAAGTCCTCCAATATCGCCTACATGCAGCTGTCCAGCC
TGACCTCTGAGGACTCCGCTGTGTACTTCTGCGCTCGGAGAGG
CAGATACGGCCTGTATGCCATGGATTACTGGGGACAGGGAAC
CAGTGTGACAGTGTCAAGT

SEQ ID NO: 98 oNKp46 VL GATATTCAGATGACCCAGACCACCTCCAGCCTGTCCGCTTCTC



TGGGCGACAGAGTGACAATCAGCTGCAGAGCCAGCCAGGACA
TCAGCAACTACCTGAACTGGTATCAACAGAAACCCGACGGCA
CCGTGAAGCTGCTGATCTACTACACCTCTCGGCTGCACTCTGG
CGTGCCCTCTAGATTTTCTGGCAGCGGAAGCGGCACCGACTAT
TCCCTGACCATCAACAACCTGGAACAAGAGGATATCGCTACCT
ACTTCTGCCAGCAAGGCAACACCCGGCCTTGGACATTTGGCGG
CGGAACAAAGCTGGAAATCAAGTGATGA

SEQ ID NO: 99 4x 4GS linker GGTGGCGGAGGAAGCGGCGGAGGCGGCTCTGGTGGTGGTGGT
TCTGGTGGCGGTGGCTCC

SEQ ID NO: aMesothelin CAGGTCCAGCTGCAGGAATCTGGCCCTGGCCTGGTCAAGCCCT
100 M912 VH CCGAGACACTGTCTCTGACCTGCACCGTGTCCGGCGGCTCTGT

GTCCTCCGGCTCCTACTACTGGTCCTGGATCCGGCAGCCTCCA
GGCAAGGGACTGGAATGGATCGGCTACATCTACTACTCCGGC
AGCACCAACTACAACCCCAGCCTGAAGTCCAGAGTGACCATCT
CCGTGGACACCTCCAAGAACCAGTTCTCCCTGAAGCTGTCCTC
CGTGACCGCCGCTGACACCGCCGTGTACTACTGTGCCAGAGAG
GGCAAGAACGGCGCCTTCGATATCTGGGGCCAGGGCACCATG
GTCACCGTGTCTAGC

SEQ ID NO: aMesothelin GACATCCAGATGACCCAGAGCCCTTCCAGCCTGTCCGCCTCTG
101 M912 VL TGGGCGACAGAGTGACCATCACCTGTCGGGCCTCCCAGTCCAT

CTCCTCCTACCTGAACTGGTATCAGCAGAAGCCCGGCAAGGCC
CCTAAGCTGCTGATCTACGCCGCCTCCAGTCTGCAGTCTGGCG
TGCCATCTGGCTTCTCCGGCTCTGGCTCTGGCACCGACTTCACC
CTGACCATCTCCAGCCTGCAGCCCGAGGACTTCGCCACCTACT
ACTGCCAGCAGTCCTACTCCACCCCTCTGACCTTCGGCGGAGG
CACCAAGGTGGAAATCAAG

SEQ ID NO: lx4GS GGCGGCGGAGGCTCC
102
SEQ ID NO: aNKp30 DNA sequence corresponding to BioLegend Catalog #325207
103
SEQ ID NO: Human IL7 GACTGTGACATCGAAGGCAAGGACGGCAAGCAGTACGAGAGC
104 GTGCTGATGGTGTCCATCGACCAGCTGCTGGACAGCATGAAGG

AAATCGGCTCCAACTGCCTGAACAACGAGTTCAACTTCTTCAA
GCGGCACATCTGCGACGCCAACAAAGAAGGCATGTTCCTGTTC
AGAGCCGCCAGAAAGCTGCGGCAGTTCCTGAAGATGAACTCC
ACCGGCGACTTCGACCTGCATCTGCTGAAAGTGTCTGAGGGCA
CCACCATCCTGCTGAACTGTACCGGCCAAGTGAAGGGCAGAA
AGCCTGCTGCTCTGGGCGAAGCCCAGCCTACCAAGTCTCTGGA
AGAGAACAAGAGCCTGAAAGAGCAGAAGAAGCTGAACGACC
TCTGCTTCCTGAAGCGGCTGCTGCAAGAGATCAAGACCTGCTG
GAACAAGATTCTGATGGGGACCAAAGAGCAC

SEQ ID alGFlR heavy GAAGTGCAGCTGTTGCAGTCTGGCGGAGGATTGGTTCAGCCTG
NO: 105 GCGGATCCCTGAGACTGTCTTGTGCCGCCTCTGGCTTCATGTTC

AGCAGATACCCCATGCACTGGGTCCGACAGGCCCCTGGAAAA
GGACTGGAATGGGTCGGATCCATCTCCGGAAGTGGCGGCGCT
ACCCCTTACGCCGATTCTGTGAAGGGCAGATTCACCATCAGCC
GGGACAACTCCAAGAACACCCTGTACCTGCAGATGAACTCCCT



GAGAGCCGAGGACACCGCCGTGTACTACTGCGCCAAGGACTT
CTACCAGATCCTGACCGGCAACGCCTTCGACTATTGGGGCCAG
GGCACAACCGTGACCGTGTCCTCT

SEQ ID NO: odGFlR light GACATCCAGATGACCCAGTCTCCATCCTCTCTGTCTGCCAGCC
106 TGGGCGACAGAGTGACCATCACCTGTAGAGCCTCTCAGGGCAT

CTCCTCCTACCTGGCCTGGTATCAGCAGAAGCCTGGCAAGGCT
CCCAAGCTGCTGATCTACGCCAAGAGCACACTGCAGTCTGGCG
TGCCCTCTAGATTCTCCGGCTCTGGCTCTGGCACCGACTTTACC
CTGACAATCTCCAGCCTGCAGCCTGAGGACTCCGCCACCTACT
ACTGTCAGCAGTACTGGACCTTTCCACTGACCTTCGGCGGAGG
CACCAAGGTGGAAATCAAG

SEQ ID NO: (xHER3 heavy CAGGTGCAGCTGGTTCAGTCTGGCGGAGGATTGGTTCAGCCAG
107 GCGGATCCCTGAGACTGTCTTGTGCCGCTTCTGGCTTCACCTTC

GACGACTACGCTATGCACTGGGTCCGACAGGCCCCTGGCAAA
GGATTGGAATGGGTGGCCGGCATCTCTTGGGACTCTGGCTCTA
CCGGCTACGCCGACTCTGTGAAGGGCAGATTCACCATCTCTCG
GGACAACGCCAAGAACTCCCTGTACCTGCAGATGAACAGCCT
GAGAGCCGAGGACACCGCTCTGTACTACTGCGCTAGAGATCTG
GGCGCCTACCAGTGGGTGGAAGGCTTTGATTATTGGGGCCAGG
GCACCCTGGTCACCGTGTCTAGT

SEQ ID NO: OHER3 light TCTTACGAGCTGACCCAGGATCCAGCCGTGTCTGTTGCTCTGG
108 GCCAGACAGTGCGGATTACCTGCCAGGGCGACTCCCTGAGATC

CTACTACGCCTCCTGGTATCAGCAGAAGCCAGGCCAGGCTCCT
GTGCTGGTCATCTACGGCAAGAACAACCGGCCTAGCGGCATCC
CTGACAGATTCTCCGGCTCTACCTCCGGCAACTCTGCCAGCCT
GACAATTACTGGCGCCCAGGCTGAGGACGAGGCCGACTACTA
CTGCAACTCCAGAGACAGCCCTGGCAATCAGTGGGTTTTCGGC
GGAGGCACCAAAGTGACAGTTCTTGGT

SEQ ID NO: aCD3 heavy CAAGTTCAGTTGGTTCAAAGCGGTGGCGGCGTGGTGCAGCCTG
109 GAAGATCTCTCAGACTGTCCTGCAAGGCCTCCGGCTACACCTT

CACCAGATACACCATGCATTGGGTTCGACAAGCACCAGGCAA
GGGCCTCGAGTGGATCGGCTACATCAACCCTTCCAGAGGCTAC
ACCAACTACAACCAGAAAGTGAAGGACCGGTTCACCATCAGC
AGAGACAACAGCAAGAATACCGCCTTTCTGCAGATGGACTCC
CTGCGGCCTGAAGATACCGGCGTGTACTTTTGCGCCCGGTACT
ACGACGACCACTACTCCCTGGATTACTGGGGACAGGGAACAC
CCGTGACAGTGTCTAGC

SEQ ID NO: aCD3 light GATATTCAGATGACCCAGTCTCCTTCCAGCCTGTCCGCTTCTGT
110 GGGCGACAGAGTGACTATTACCTGCTCCGCCTCTTCCTCCGTG

TCCTACATGAACTGGTATCAACAAACACCCGGCAAGGCCCCTA
AGAGATGGATCTACGACACCAGCAAGCTGGCCTCTGGCGTGC
CCTCTAGATTTTCTGGCTCTGGCTCCGGCACCGACTATACCTTT
ACAATCTCCAGCCTGCAGCCTGAGGATATCGCCACCTACTACT
GTCAGCAGTGGTCTAGCAACCCCTTCACCTTTGGACAGGGCAC
CAAGCTGCAGATCACCTGATGA

SEQ ID NO: Human IL2 GCTCCTACCTCCTCCAGCACCAAGAAAACCCAGCTGCAGTTGG
111 F42A Y45A AGCATCTGCTGCTGGACCTCCAGATGATCCTGAATGGCATCAA

CAATTACAAGAACCCCAAGCTCACCCGGATGCTGACCGCCAA
GTTTGCCATGCCTAAGAAGGCCACCGAGCTGAAACATCTGCAG
TGCCTGGAAGAGGAACTGAAGCCCCTGGAAGAAGTGCTGAAT
CTGGCCCAGTCCAAGAACTTCCACCTGAGGCCTCGGGACCTGA
TCTCCAACATCAACGTGATCGTGCTCGAGCTGAAGGGCTCCGA
GACAACCTTCATGTGCGAGTACGCCGACGAGACAGCTACCATC



GTGGAATTTCTGAACCGGTGGATCACCTTCTGTCAGTCCATCA
TCAGCACCCTGACC

SEQ ID NO: aNKp46 2 GAAGTGCAGCTCCAAGAATCTGGACCCGGGCTCGTGAAGCCC
112 heavy AGCCAGTCTCTGAGTCTGACCTGTACAGTGACCGGCTACTCCA

TCACCTCCGACTACGCTTGGAACTGGATCCGGCAGTTCCCCGG
CAACAAGTTGGAGTGGATGGGCTATATCACCTACAGCGGCAG
CACCTCTTACAACCCTTCTCTGGAATCCCGGATCAGCATCACC
CGGGACACCTCTACCAATCAGTTCTTTCTGCAGCTGAACAGCG
TGACCACCGAGGACACCGCCACCTACTATTGTGCTAGAGGCGG
CTACTACGGCTCCTCCTGGGGAGTGTTTGCTTACTGGGGACAG
GGAACCCTCGTGACTGTTTCTGCT

SEQ ID NO: aNKp46 2 GACATCCAGATGACCCAGTCTCCAGCCAGCCTGTCTGCTTCTG
113 light TGGGCGAGACAGTGACCATTACCTGCCGGGTGTCCGAGAACA

TCTACTCCTACCTGGCCTGGTATCAACAGAAACAGGGCAAGTC
CCCTCAGCTGCTGGTGTACAATGCTAAGACCCTGGCTGAGGGC
GTGCCCTCTAGATTTTCTGGCTCTGGCAGCGGCACCCAGTTTA
GCCTGAAGATCAACTCCCTGCAGCCTGAGGACTTCGGCAGCTA
CTACTGCCAGCACCACTATGGCACCCCTTGGACATTTGGCGGA
GGCACCAAGCTGGAAATCAAG

SEQ ID NO: aNKp46 4 CAGGTTCAGTTGCAGCAGTCTGCCGTGGAACTGGCTAGACCTG
114 heavy GCGCTTCCGTGAAGATGTCCTGCAAGGCCTCCGGCTACACCTT

CACCAGCTTCACCATGCACTGGGTCAAGCAGAGGCCTGGACA
AGGCTTGGAGTGGATTGGATATATCAACCCTAGCTCTGGCTAC
ACCGAGTACAACCAGAAGTTCAAGGACAAGACCACTCTGACC
GCCGACAAGTCCTCCAGCACCGCTTACATGCAGCTCGACTCCC
TGACCTCTGACGACTCTGCTGTGTACTATTGCGTGCGGGGCTC
CTCCAGAGGCTTCGATTATTGGGGACAAGGCACACTCGTGACA
GTGTCAGCT

SEQ ID NO: aNKp46 4 GATATCCAGATGATCCAGTCTCCTGCCAGCCTGTCCGTGTCTG
115 light TGGGAGAGACTGTGACCATCACCTGTCGGGCCTCCGAGAACAT

CTACTCCAACCTGGCCTGGTTCCAGCAGAAGCAGGGAAAGTCT
CCTCAGCTGCTGGTGTACGCCGCCACCAATTTGGCTGATGGCG
TGCCCTCTCGGTTCTCCGGATCTGGATCTGGCACACAGTATTCC
CTGAAGATCAACTCCCTGCAGTCCGAGGACTTCGGCATCTACT
ATTGCCAGCACTTCTGGGGCACCCCTAGAACCTTTGGCGGCGG
AACAAAGCTGGAAATCAAG

Table 2 . Sequences used to construct ORFS.

Construct N-term Linker Variable Constant Fc Linker C-term
SEQ ID
NO:
SEQ ID SEQ ID SEQ ID SEQ ID
NO: NO: 85 NO: 9 1 NO: 89
116
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: NO: 85 NO: 9 1 NO: 89 NO: 96 NO: 103
117
SEQ ID SEQ ID SEQ ID
NO: NO: 86 NO: 92



118

SEQ ID SEQ ID SEQ ID SEQ ID
NO: 119 NO: 87 NO: 88 NO: 90
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 120 NO: 94 NO: 9 1 NO: 90 NO: 96 NO: 87
SEQ ID SEQ ID SEQ ID
NO: 121 NO: 95 NO: 93
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 122 NO: 100 NO: 9 1 NO: 89

SEQ ID SEQ ID SEQ ID
NO: 123 NO: 101 NO: 92
SEQ ID SEQ ID
NO: 124 NO: 89
SEQ ID SEQ ID
NO: 125 NO: 90
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 126 NO: 105 NO: 9 1 NO: 90
SEQ ID SEQ ID SEQ ID
NO: 127 NO: 106 NO: 92
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 128 NO: 105 NO: 9 1 NO: 90 NO: 96 NO: 81
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 129 NO: 105 NO: 9 1 NO: 90 NO: 96 NO: 104
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 130 NO: 107 NO: 99 NO: 108 NO: 88 NO: 89
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 13 1 NO: 107 NO: 99 NO: 108 NO: 88 NO: 89 NO: 96 NO:

97,98,994
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 132 NO: 107 NO: 99 NO: 108 NO: 88 NO: 89 NO: 96 NO: 108,

99, 110
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 133 NO: 85 NO: 9 1 NO: 89 NO: 96 NO: 97,

98, 99
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 134 NO: 9 1 NO: 93 NO: 96 NO: 111

SEQ ID SEQ ID SEQ ID SEQ ID
NO: 135 NO: 94 NO: 9 1 NO: 90

SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 136 NO: 100 NO: 9 1 NO: 89 NO: 96 NO: 97,

98, 99
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 137 NO: 100 NO: 9 1 NO: 89 NO: 96 NO: 28,

15, 29
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 138 NO: 100 NO: 9 1 NO: 89 NO: 96 NO: 114,

99, 115

Table 3 . Nucleic acid sequences of ORFs.

Sequence ID Nucleic Acid Sequence



SEQ ID NO: ATGGAAACCGATACACTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
116 AGGATCTACAGGCGCCCCTACCAGCAGCAGCACCAAGAAAACCCAG

CTCCAGCTCGAGCACCTCCTGCTGGACCTGCAGATGATCCTGAACGG
CATCAACAACTACAAGAACCCCAAGCTGACCCGGATGCTGACCTTC
AAGTTCTACATGCCCAAGAAGGCCACCGAGCTGAAGCACCTCCAGT
GCCTGGAAGAGGAACTGAAGCCCCTGGAAGAAGTGCTGAACCTGGC
CCAGAGCAAGAACTTCCACCTGAGGCCCAGGGACCTGATCAGCAAC
ATCAACGTGATCGTGCTGGAACTGAAAGGCAGCGAGACAACCTTCA
TGTGCGAGTACGCCGACGAGACAGCCACCATCGTGGAATTTCTGAA
CCGGTGGATCACCTTCTGCCAGAGCATCATCAGCACCCTGACAGGCG
GCGGAGGATCTGGCGGAGGCGGCAGCGATAAGACCCACACCTGTCC
TCCATGTCCCGCCCCTGAACTGCTGGGCGGACCTAGCGTGTTCCTGT
TCCCTCCAAAGCCCAAGGACACCCTGATGATCAGCCGGACCCCTGA
AGTGACCTGCGTGGTGGTGGATGTGTCCCACGAGGATCCCGAAGTG
AAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGA
CCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGTGGTGTC
CGTGCTGACCGTGCTGCACCAGGACTGGCTGAATGGCAAAGAGTAC
AAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCCCCTATCGAGAAAA
CCATCAGCAAGGCCAAGGGCCAGCCTAGAGAGCCTCAGGTCTGCAC
CCTGCCTCCCAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCCTG
AGCTGCGCCGTGAAGGGCTTCTACCCCTCCGATATCGCCGTGGAATG
GGAGAGCAACGGCCAGCCCGAGAACAATTACAAGACCACCCCTCCC
GTGCTGGACAGCGACGGCAGCTTCTTCCTGGTGTCCAAACTGACCGT
GGACAAGAGCCGGTGGCAGCAGGGCAATGTGTTCAGCTGTAGCGTG
ATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCTCTGAGCCT
GAGCCCCGGCAAGTAATGA

SEQ ID NO: ATGGAAACCGATACACTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
119 AGGATCTACAGGCGCCCCTACCAGCAGCAGCACCAAGAAAACCCAG

CTCCAGCTCGAGCACCTCCTGCTGGACCTGCAGATGATCCTGAACGG
CATCAACAACTACAAGAACCCCAAGCTGACCCGGATGCTGACCTTC
AAGTTCTACATGCCCAAGAAGGCCACCGAGCTGAAGCACCTCCAGT
GCCTGGAAGAGGAACTGAAGCCCCTGGAAGAAGTGCTGAACCTGGC
CCAGAGCAAGAACTTCCACCTGAGGCCCAGGGACCTGATCAGCAAC
ATCAACGTGATCGTGCTGGAACTGAAAGGCAGCGAGACAACCTTCA
TGTGCGAGTACGCCGACGAGACAGCCACCATCGTGGAATTTCTGAA
CCGGTGGATCACCTTCTGCCAGAGCATCATCAGCACCCTGACAGGCG
GCGGAGGATCTGGCGGAGGCGGCAGCGATAAGACCCACACCTGTCC
TCCATGTCCCGCCCCTGAACTGCTGGGCGGACCTAGCGTGTTCCTGT
TCCCTCCAAAGCCCAAGGACACCCTGATGATCAGCCGGACCCCTGA
AGTGACCTGCGTGGTGGTGGATGTGTCCCACGAGGATCCCGAAGTG
AAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGA
CCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGTGGTGTC
CGTGCTGACCGTGCTGCACCAGGACTGGCTGAATGGCAAAGAGTAC
AAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCCCCTATCGAGAAAA
CCATCAGCAAGGCCAAGGGCCAGCCTAGAGAGCCTCAGGTCTGCAC
CCTGCCTCCCAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCCTG
AGCTGCGCCGTGAAGGGCTTCTACCCCTCCGATATCGCCGTGGAATG
GGAGAGCAACGGCCAGCCCGAGAACAATTACAAGACCACCCCTCCC
GTGCTGGACAGCGACGGCAGCTTCTTCCTGGTGTCCAAACTGACCGT
GGACAAGAGCCGGTGGCAGCAGGGCAATGTGTTCAGCTGTAGCGTG
ATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCTCTGAGCCT
GAGCCCCGGCAAGTAATGA

SEQ ID NO: ATGGAAACCGATACACTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
117 AGGATCTACAGGCCAGGTCCAGCTGCAGGAAAGCGGCCCTGGACTG



GTCAAGCCTAGCCAGACCCTGAGCCTGACCTGTACCGTGTCCGGCGG
CAGCATCAACAACAACAATTACTACTGGACATGGATCCGGCAGCAC
CCCGGCAAGGGCCTGGAATGGATCGGCTACATCTACTACAGCGGCT
CCACCTTCTACAACCCCAGCCTGAAGTCCAGAGTGACCATCAGCGTG
GACACCAGCAAGACCCAGTTCTCCCTGAAGCTGAGCAGCGTGACAG
CCGCCGACACAGCCGTGTACTACTGCGCCAGAGAAGATACCATGAC
CGGCCTGGATGTGTGGGGCCAGGGCACCACAGTGACAGTGTCTAGC
GCCAGCACCAAGGGCCCTAGCGTGTTCCCTCTGGCCCCTAGCTCTAA
GAGCACATCTGGCGGAACAGCCGCCCTGGGCTGCCTGGTCAAGGAT
TACTTTCCTGAGCCCGTGACCGTGTCCTGGAACTCTGGTGCTCTGAC
CAGCGGCGTGCACACCTTTCCAGCTGTGCTGCAGAGCAGCGGCCTGT
ACAGCCTGTCTAGCGTGGTCACAGTGCCTAGCAGCAGCCTGGGCAC
ACAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAG
GTGGACAAGCGGGTGGAACCCAAGAGCTGCGACAAGACCCACACCT
GTCCTCCCTGTCCTGCCCCTGAACTGCTGGGCGGACCTTCCGTGTTCC
TGTTCCCTCCAAAGCCCAAGGACACCCTGATGATCAGCCGGACCCCT
GAAGTGACCTGCGTGGTGGTGGATGTGTCCCACGAGGATCCCGAAG
TGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAA
GACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGTGGTG
TCCGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGT
ACAAGTGCAAGGTGTCCAACAAGGCCCTGCCAGCCCCTATCGAGAA
AACCATCAGCAAGGCCAAGGGCCAGCCCCGCGAACCTCAGGTGTAC
ACACTGCCTCCCTGCCGGGAAGAGATGACCAAGAACCAGGTGTCCC
TGTGGTGTCTCGTGAAGGGCTTCTACCCCTCCGATATCGCCGTGGAA
TGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCTC
CCGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACTCCAAACTGACC
GTGGACAAGAGCCGGTGGCAGCAGGGCAATGTGTTCAGCTGTAGCG
TGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCC
CTGAGCCCTGGAAAAGGTGGCGGAGGAAGCGGAGGCGGAGGTTCTG
GCGGCGGAGGATCT + DNA sequence for BioLegend Catalog #325207.

SEQ ID NO: ATGGAAACCGATACACTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
125 AGGCAGCACCGGCGATAAGACCCACACCTGTCCTCCATGTCCTGCCC

CTGAGCTGCTGGGCGGACCTAGCGTGTTCCTGTTCCCTCCAAAGCCC
AAGGACACCCTGATGATCAGCCGGACCCCTGAAGTGACCTGCGTGG
TGGTGGATGTGTCCCACGAGGATCCCGAAGTGAAGTTCAATTGGTAC
GTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCCCAGAGAG
GAACAGTACAACAGCACCTACCGGGTGGTGTCCGTGCTGACCGTGCT
GCACCAGGACTGGCTGAACGGCAAAGAGTACAAGTGCAAGGTGTCC
AACAAGGCCCTGCCTGCCCCTATCGAGAAAACCATCAGCAAGGCCA
AGGGCCAGCCTAGAGAGCCTCAGGTCTGCACCCTGCCTCCCAGCCG
GGAAGAGATGACCAAGAACCAGGTGTCCCTGTCCTGCGCCGTGAAG
GGCTTCTACCCCTCCGATATCGCCGTGGAATGGGAGAGCAACGGCC
AGCCCGAGAACAACTACAAGACCACCCCTCCCGTGCTGGACAGCGA
CGGCAGCTTCTTCCTGGTGTCCAAACTGACCGTGGACAAGAGCCGGT
GGCAGCAGGGCAATGTGTTCAGCTGTAGCGTGATGCACGAGGCCCT
GCACAACCACTACACCCAGAAGTCTCTGAGCCTGAGCCCCGGCAAG
TAATGA

SEQ ID NO: ATGGAAACCGATACACTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
124 AGGCAGCACCGGCGATAAGACCCACACCTGTCCTCCATGTCCTGCCC

CTGAGCTGCTGGGCGGACCTAGCGTGTTCCTGTTCCCTCCAAAGCCC
AAGGACACCCTGATGATCAGCCGGACCCCTGAAGTGACCTGCGTGG
TGGTGGATGTGTCCCACGAGGATCCCGAAGTGAAGTTCAATTGGTAC
GTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCCCAGAGAG
GAACAGTACAACAGCACCTACCGGGTGGTGTCCGTGCTGACCGTGCT



GCACCAGGACTGGCTGAACGGCAAAGAGTACAAGTGCAAGGTGTCC
AACAAGGCCCTGCCTGCCCCTATCGAGAAAACCATCAGCAAGGCCA
AGGGCCAGCCCCGCGAACCTCAGGTGTACACACTGCCTCCCTGCCGG
GAAGAGATGACCAAGAACCAGGTGTCCCTGTGGTGCCTGGTCAAGG
GCTTCTACCCCTCCGATATCGCCGTGGAATGGGAGAGCAACGGCCA
GCCCGAGAACAACTACAAGACCACCCCTCCCGTGCTGGACAGCGAC
GGCAGCTTCTTCCTGTACTCCAAACTGACCGTGGACAAGAGCCGGTG
GCAGCAGGGCAATGTGTTCAGCTGTAGCGTGATGCACGAGGCCCTG
CACAACCACTACACCCAGAAGTCTCTGAGCCTGAGCCCCGGCAAGT
AATGA

SEQ ID NO: 126 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGCGAAGTGCAGCTGTTGCAGTCTGGCGGAGGATTG
GTTCAGCCTGGCGGATCCCTGAGACTGTCTTGTGCCGCCTCTGGCTT
CATGTTCAGCAGATACCCCATGCACTGGGTCCGACAGGCCCCTGGAA
AAGGACTGGAATGGGTCGGATCCATCTCCGGAAGTGGCGGCGCTAC
CCCTTACGCCGATTCTGTGAAGGGCAGATTCACCATCAGCCGGGACA
ACTCCAAGAACACCCTGTACCTGCAGATGAACTCCCTGAGAGCCGA
GGACACCGCCGTGTACTACTGCGCCAAGGACTTCTACCAGATCCTGA
CCGGCAACGCCTTCGACTATTGGGGCCAGGGCACAACCGTGACCGT
GTCCTCTGCTTCTACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTC
CAGCAAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGCCTGGTCA
AGGACTACTTTCCTGAGCCTGTGACAGTGTCCTGGAACTCTGGCGCT
CTGACATCCGGCGTGCACACCTTTCCAGCTGTGCTGCAATCCAGCGG
CCTGTACTCTCTGTCCTCCGTCGTGACAGTGCCTTCCAGCTCTCTGGG
AACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCCAACACCA
AGGTGGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGACCCACAC
CTGTCCTCCATGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTT
CCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCC
CTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAA
GTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCA
AGACCAAGCCTAGAGAGGAACAGTACAACTCCACCTACAGAGTGGT
GTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAG
TACAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAA
GACCATCTCCAAGGCCAAGGGCCAGCCTCGGGAACCTCAAGTCTGT
ACCCTGCCTCCTAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCC
TGTCCTGTGCCGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAA
TGGGAGAGCAATGGCCAGCCTGAGAACAACTACAAGACAACCCCTC
CTGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCCAAGCTGACA
GTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGT
GATGCACGAGGCCCTGCACAATCACTACACCCAGAAGTCCCTGTCTC
TGAGCCCCGGCAAGTGATGA

SEQ ID NO: 127 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACCGGCGACATCCAGATGACCCAGTCTCCATCCTCTCTGT
CTGCCAGCCTGGGCGACAGAGTGACCATCACCTGTAGAGCCTCTCAG
GGCATCTCCTCCTACCTGGCCTGGTATCAGCAGAAGCCTGGCAAGGC
TCCCAAGCTGCTGATCTACGCCAAGAGCACACTGCAGTCTGGCGTGC
CCTCTAGATTCTCCGGCTCTGGCTCTGGCACCGACTTTACCCTGACA
ATCTCCAGCCTGCAGCCTGAGGACTCCGCCACCTACTACTGTCAGCA
GTACTGGACCTTTCCACTGACCTTCGGCGGAGGCACCAAGGTGGAA
ATCAAGAGAACCGTGGCCGCTCCTTCCGTGTTCATCTTCCCACCTTCC
GACGAGCAGCTGAAGTCCGGCACAGCTTCTGTCGTGTGCCTGCTGAA
CAACTTCTACCCTCGGGAAGCCAAAGTGCAGTGGAAGGTGGACAAC
GCTCTGCAGTCCGGCAACTCCCAAGAGTCTGTGACCGAGCAGGACTC
CAAGGACAGCACCTACAGCCTGTCCTCCACACTGACCCTGTCCAAGG



CCGACTACGAGAAGCACAAGGTGTACGCCTGCGAAGTGACCCATCA
GGGCCTGTCTAGCCCTGTGACCAAGTCTTTCAACCGGGGCGAGTGCT
GATGA

SEQ ID NO: 128 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGCGAAGTGCAGCTGTTGCAGTCTGGCGGAGGATTG
GTTCAGCCTGGCGGATCCCTGAGACTGTCTTGTGCCGCCTCTGGCTT
CATGTTCAGCAGATACCCCATGCACTGGGTCCGACAGGCCCCTGGAA
AAGGACTGGAATGGGTCGGATCCATCTCCGGAAGTGGCGGCGCTAC
CCCTTACGCCGATTCTGTGAAGGGCAGATTCACCATCAGCCGGGACA
ACTCCAAGAACACCCTGTACCTGCAGATGAACTCCCTGAGAGCCGA
GGACACCGCCGTGTACTACTGCGCCAAGGACTTCTACCAGATCCTGA
CCGGCAACGCCTTCGACTATTGGGGCCAGGGCACAACCGTGACCGT
GTCCTCTGCTTCTACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTC
CAGCAAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGCCTGGTCA
AGGACTACTTTCCTGAGCCTGTGACAGTGTCCTGGAACTCTGGCGCT
CTGACATCCGGCGTGCACACCTTTCCAGCTGTGCTGCAATCCAGCGG
CCTGTACTCTCTGTCCTCCGTCGTGACAGTGCCTTCCAGCTCTCTGGG
AACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCCAACACCA
AGGTGGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGACCCACAC
CTGTCCTCCATGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTT
CCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCC
CTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAA
GTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCA
AGACCAAGCCTAGAGAGGAACAGTACAACTCCACCTACAGAGTGGT
GTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAG
TACAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAA
GACCATCTCCAAGGCCAAGGGCCAGCCTCGGGAACCTCAAGTCTGT
ACCCTGCCTCCTAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCC
TGTCCTGTGCCGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAA
TGGGAGAGCAATGGCCAGCCTGAGAACAACTACAAGACAACCCCTC
CTGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCCAAGCTGACA
GTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGT
GATGCACGAGGCCCTGCACAATCACTACACCCAGAAGTCCCTGTCTC
TGAGCCCTGGCAAAGGCGGAGGCGGATCTGGTGGTGGCGGTTCTGG
CGGCGGTGGATCTGCTCCTACATCCTCCAGCACCAAGAAAACCCAGC
TGCAGTTGGAGCATCTGCTGCTGGACCTCCAGATGATCCTGAATGGC
ATCAACAATTACAAGAACCCCAAGCTCACCCGGATGCTGACCTTCAA
GTTCTACATGCCCAAGAAGGCCACCGAGCTGAAACATCTGCAGTGC
CTGGAAGAGGAACTGAAGCCTCTGGAAGAAGTGCTGAATCTGGCCC
AGTCCAAGAACTTCCACCTGAGGCCTCGGGACCTGATCTCCAACATC
AACGTGATCGTGCTCGAGCTGAAGGGCTCCGAGACTACCTTCATGTG
CGAGTACGCCGACGAGACAGCTACCATCGTGGAATTTCTGAACCGG
TGGATCACCTTCTGCCAGTCCATCATCAGCACCCTGACCTGATGA

SEQ ID NO: 129 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGCGAAGTGCAGCTGTTGCAGTCTGGCGGAGGATTG
GTTCAGCCTGGCGGATCCCTGAGACTGTCTTGTGCCGCCTCTGGCTT
CATGTTCAGCAGATACCCCATGCACTGGGTCCGACAGGCCCCTGGAA
AAGGACTGGAATGGGTCGGATCCATCTCCGGAAGTGGCGGCGCTAC
CCCTTACGCCGATTCTGTGAAGGGCAGATTCACCATCAGCCGGGACA
ACTCCAAGAACACCCTGTACCTGCAGATGAACTCCCTGAGAGCCGA
GGACACCGCCGTGTACTACTGCGCCAAGGACTTCTACCAGATCCTGA
CCGGCAACGCCTTCGACTATTGGGGCCAGGGCACAACCGTGACCGT
GTCCTCTGCTTCTACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTC
CAGCAAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGCCTGGTCA



AGGACTACTTTCCTGAGCCTGTGACAGTGTCCTGGAACTCTGGCGCT
CTGACATCCGGCGTGCACACCTTTCCAGCTGTGCTGCAATCCAGCGG
CCTGTACTCTCTGTCCTCCGTCGTGACAGTGCCTTCCAGCTCTCTGGG
AACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCCAACACCA
AGGTGGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGACCCACAC
CTGTCCTCCATGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTT
CCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCC
CTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAA
GTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCA
AGACCAAGCCTAGAGAGGAACAGTACAACTCCACCTACAGAGTGGT
GTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAG
TACAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAA
GACCATCTCCAAGGCCAAGGGCCAGCCTCGGGAACCTCAAGTCTGT
ACCCTGCCTCCTAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCC
TGTCCTGTGCCGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAA
TGGGAGAGCAATGGCCAGCCTGAGAACAACTACAAGACAACCCCTC
CTGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCCAAGCTGACA
GTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGT
GATGCACGAGGCCCTGCACAATCACTACACCCAGAAGTCCCTGTCTC
TGAGCCCTGGCAAAGGCGGAGGCGGATCTGGTGGTGGCGGTTCTGG
CGGCGGTGGATCTGACTGTGATATCGAAGGCAAGGACGGCAAGCAG
TACGAGTCCGTCCTGATGGTGTCCATCGACCAGCTGCTGGACAGCAT
GAAGGAAATCGGCTCCAACTGCCTGAACAACGAGTTCAACTTCTTCA
AGCGGCACATCTGCGACGCCAACAAAGAAGGCATGTTTCTGTTCCG
GGCTGCCAGAAAGCTGCGGCAGTTCCTGAAGATGAACAGCACCGGC
GACTTCGACCTGCACCTGTTGAAAGTGTCTGAGGGCACCACCATCCT
GCTGAACTGTACCGGCCAAGTGAAGGGAAGAAAGCCTGCCGCTCTG
GGCGAAGCCCAGCCTACAAAGTCTCTGGAAGAGAACAAGTCCCTGA
AAGAGCAGAAGAAGCTGAACGACCTCTGTTTCCTGAAGCGGCTGCT
GCAAGAGATCAAGACCTGCTGGAACAAGATCCTGATGGGCACCAAA
GAGCACTGATAG

SEQ ID NO: 130 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGACAGGTGCAGCTGGTTCAGTCTGGCGGAGGATTG
GTTCAGCCAGGCGGATCCCTGAGACTGTCTTGTGCCGCTTCTGGCTT
CACCTTCGACGACTACGCTATGCACTGGGTCCGACAGGCCCCTGGCA
AAGGATTGGAATGGGTGGCCGGCATCTCTTGGGACTCTGGCTCTACC
GGCTACGCCGACTCTGTGAAGGGCAGATTCACCATCTCTCGGGACAA
CGCCAAGAACTCCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAG
GACACCGCTCTGTACTACTGCGCTAGAGATCTGGGCGCCTACCAGTG
GGTGGAAGGCTTTGATTATTGGGGCCAGGGCACCCTGGTCACCGTGT
CTAGTGCTTCTACTGGTGGTGGCGGATCTGGCGGCGGAGGAAGCGG
AGGCGGAGGTAGTGGTGGCGGTGGATCTTCTTACGAGCTGACCCAG
GATCCAGCCGTGTCTGTTGCTCTGGGCCAGACAGTGCGGATTACCTG
CCAGGGCGACTCCCTGAGATCCTACTACGCCTCCTGGTATCAGCAGA
AGCCAGGCCAGGCTCCTGTGCTGGTCATCTACGGCAAGAACAACCG
GCCTAGCGGCATCCCTGACAGATTCTCCGGCTCTACCTCCGGCAACT
CTGCCAGCCTGACAATTACTGGCGCCCAGGCTGAGGACGAGGCCGA
CTACTACTGCAACTCCAGAGACAGCCCTGGCAATCAGTGGGTTTTCG
GCGGAGGCACCAAAGTGACAGTTCTTGGTGGCGGAGGTGGAAGTGG
CGGAGGCGGTTCTGATAAGACCCACACCTGTCCACCTTGTCCTGCTC
CAGAACTGCTCGGCGGACCTTCCGTGTTCCTGTTTCCTCCAAAGCCT
AAGGACACCCTGATGATCTCTCGGACCCCTGAAGTGACCTGCGTGGT
GGTGGATGTGTCTCACGAGGATCCCGAAGTGAAGTTCAATTGGTACG
TGGACGGCGTGGAAGTGCACAATGCCAAGACCAAGCCTAGAGAGGA
ACAGTACAACTCCACCTATAGAGTGGTGTCCGTGCTGACCGTGCTGC



ACCAGGATTGGCTGAACGGCAAAGAGTACAAGTGCAAGGTGTCCAA
CAAGGCCCTGCCTGCTCCTATCGAAAAGACCATCTCCAAGGCCAAG
GGCCAGCCTAGGGAACCCCAGGTTTACACCCTGCCTCCATGCCGGGA
AGAGATGACCAAGAACCAGGTGTCCCTGTGGTGCCTGGTCAAGGGC
TTCTACCCTTCCGATATCGCCGTGGAATGGGAGAGCAATGGCCAGCC
AGAGAACAACTACAAGACCACACCTCCAGTGCTGGACTCCGACGGC
TCATTCTTCCTGTACTCCAAGCTGACAGTGGACAAGTCCAGATGGCA
GCAGGGCAACGTGTTCTCCTGCTCCGTGATGCACGAGGCCCTGCACA
ATCACTACACCCAGAAGTCCCTGTCTCTGAGCCCCGGCAAGTGATGA

SEQ ID NO: 13 1 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGACAGGTGCAGCTGGTTCAGTCTGGCGGAGGATTG
GTTCAGCCAGGCGGATCCCTGAGACTGTCTTGTGCCGCTTCTGGCTT
CACCTTCGACGACTACGCTATGCACTGGGTCCGACAGGCCCCTGGCA
AAGGATTGGAATGGGTGGCCGGCATCTCTTGGGACTCTGGCTCTACC
GGCTACGCCGACTCTGTGAAGGGCAGATTCACCATCTCTCGGGACAA
CGCCAAGAACTCCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAG
GACACCGCTCTGTACTACTGCGCTAGAGATCTGGGCGCCTACCAGTG
GGTGGAAGGCTTTGATTATTGGGGCCAGGGCACCCTGGTCACCGTGT
CTAGTGCTTCTACTGGTGGTGGCGGATCTGGCGGCGGAGGAAGCGG
AGGCGGAGGTAGTGGTGGCGGTGGATCTTCTTACGAGCTGACCCAG
GATCCAGCCGTGTCTGTTGCTCTGGGCCAGACAGTGCGGATTACCTG
CCAGGGCGACTCCCTGAGATCCTACTACGCCTCCTGGTATCAGCAGA
AGCCAGGCCAGGCTCCTGTGCTGGTCATCTACGGCAAGAACAACCG
GCCTAGCGGCATCCCTGACAGATTCTCCGGCTCTACCTCCGGCAACT
CTGCCAGCCTGACAATTACTGGCGCCCAGGCTGAGGACGAGGCCGA
CTACTACTGCAACTCCAGAGACAGCCCTGGCAATCAGTGGGTTTTCG
GCGGAGGCACCAAAGTGACAGTTCTTGGTGGCGGAGGTGGAAGTGG
CGGAGGCGGTTCTGATAAGACCCACACCTGTCCACCTTGTCCTGCTC
CAGAACTGCTCGGCGGACCTTCCGTGTTCCTGTTTCCTCCAAAGCCT
AAGGACACCCTGATGATCTCTCGGACCCCTGAAGTGACCTGCGTGGT
GGTGGATGTGTCTCACGAGGATCCCGAAGTGAAGTTCAATTGGTACG
TGGACGGCGTGGAAGTGCACAATGCCAAGACCAAGCCTAGAGAGGA
ACAGTACAACTCCACCTATAGAGTGGTGTCCGTGCTGACCGTGCTGC
ACCAGGATTGGCTGAACGGCAAAGAGTACAAGTGCAAGGTGTCCAA
CAAGGCCCTGCCTGCTCCTATCGAAAAGACCATCTCCAAGGCCAAG
GGCCAGCCTAGGGAACCCCAGGTTTACACCCTGCCTCCATGCCGGGA
AGAGATGACCAAGAACCAGGTGTCCCTGTGGTGCCTGGTCAAGGGC
TTCTACCCTTCCGATATCGCCGTGGAATGGGAGAGCAATGGCCAGCC
AGAGAACAACTACAAGACCACACCTCCAGTGCTGGACTCCGACGGC
TCATTCTTCCTGTACTCCAAGCTGACAGTGGACAAGTCCAGATGGCA
GCAGGGCAACGTGTTCTCCTGCTCCGTGATGCACGAGGCCCTGCACA
ATCACTACACCCAGAAGTCCCTGTCTCTGTCTCCCGGAAAAGGCGGT
GGTGGATCAGGTGGCGGAGGCTCAGGCGGAGGCGGATCTCAAGTTC
AGTTGCAGCAGAGCGGACCCGAGCTGGTCAAACCTGGCGCTTCCGT
GAAGATGTCCTGCAAGGCCTCCGGCTACACCTTCACCGATTACGTGA
TCAACTGGGGCAAGCAGCGCTCTGGCCAAGGCCTGGAATGGATCGG
CGAGATCTATCCTGGCTCCGGCACCAACTACTACAACGAGAAGTTCA
AGGCTAAGGCTACCCTGACCGCCGACAAGTCCTCCAATATCGCCTAC
ATGCAGCTGTCTAGCCTGACCTCCGAGGACTCTGCCGTGTACTTCTG
CGCCAGAAGAGGCAGATACGGCCTGTACGCCATGGACTACTGGGGA
CAGGGAACCTCCGTGACAGTTAGTAGCGGTGGCGGCGGTAGCGGCG
GTGGTGGTTCTGGCGGTGGTGGTAGTGGCGGCGGAGGATCTGATATC
CAGATGACCCAGACCACCAGCAGCCTGTCTGCTTCCCTGGGCGATAG
AGTGACCATCTCTTGCAGAGCCAGCCAGGACATCAGCAACTACCTG
AACTGGTATCAACAAAAACCCGACGGCACCGTGAAGCTGCTGATCT



ACTACACCTCTCGGCTGCACTCTGGCGTGCCCTCTAGATTTTCTGGCA
GCGGCTCTGGAACCGACTACTCCCTGACCATCAACAACCTGGAACA
AGAGGATATCGCTACCTACTTCTGCCAGCAAGGCAACACCCGGCCTT
GGACATTTGGAGGCGGCACCAAGCTGGAAATCAAGTGATGA

SEQ ID NO: 132 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGACAGGTGCAGCTGGTTCAGTCTGGCGGAGGATTG
GTTCAGCCAGGCGGATCCCTGAGACTGTCTTGTGCCGCTTCTGGCTT
CACCTTCGACGACTACGCTATGCACTGGGTCCGACAGGCCCCTGGCA
AAGGATTGGAATGGGTGGCCGGCATCTCTTGGGACTCTGGCTCTACC
GGCTACGCCGACTCTGTGAAGGGCAGATTCACCATCTCTCGGGACAA
CGCCAAGAACTCCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAG
GACACCGCTCTGTACTACTGCGCTAGAGATCTGGGCGCCTACCAGTG
GGTGGAAGGCTTTGATTATTGGGGCCAGGGCACCCTGGTCACCGTGT
CTAGTGCTTCTACTGGTGGTGGCGGATCTGGCGGCGGAGGAAGCGG
AGGCGGAGGTAGTGGTGGCGGTGGATCTTCTTACGAGCTGACCCAG
GATCCAGCCGTGTCTGTTGCTCTGGGCCAGACAGTGCGGATTACCTG
CCAGGGCGACTCCCTGAGATCCTACTACGCCTCCTGGTATCAGCAGA
AGCCAGGCCAGGCTCCTGTGCTGGTCATCTACGGCAAGAACAACCG
GCCTAGCGGCATCCCTGACAGATTCTCCGGCTCTACCTCCGGCAACT
CTGCCAGCCTGACAATTACTGGCGCCCAGGCTGAGGACGAGGCCGA
CTACTACTGCAACTCCAGAGACAGCCCTGGCAATCAGTGGGTTTTCG
GCGGAGGCACCAAAGTGACAGTTCTTGGTGGCGGAGGTGGAAGTGG
CGGAGGCGGTTCTGATAAGACCCACACCTGTCCACCTTGTCCTGCTC
CAGAACTGCTCGGCGGACCTTCCGTGTTCCTGTTTCCTCCAAAGCCT
AAGGACACCCTGATGATCTCTCGGACCCCTGAAGTGACCTGCGTGGT
GGTGGATGTGTCTCACGAGGATCCCGAAGTGAAGTTCAATTGGTACG
TGGACGGCGTGGAAGTGCACAATGCCAAGACCAAGCCTAGAGAGGA
ACAGTACAACTCCACCTATAGAGTGGTGTCCGTGCTGACCGTGCTGC
ACCAGGATTGGCTGAACGGCAAAGAGTACAAGTGCAAGGTGTCCAA
CAAGGCCCTGCCTGCTCCTATCGAAAAGACCATCTCCAAGGCCAAG
GGCCAGCCTAGGGAACCCCAGGTTTACACCCTGCCTCCATGCCGGGA
AGAGATGACCAAGAACCAGGTGTCCCTGTGGTGCCTGGTCAAGGGC
TTCTACCCTTCCGATATCGCCGTGGAATGGGAGAGCAATGGCCAGCC
AGAGAACAACTACAAGACCACACCTCCAGTGCTGGACTCCGACGGC
TCATTCTTCCTGTACTCCAAGCTGACAGTGGACAAGTCCAGATGGCA
GCAGGGCAACGTGTTCTCCTGCTCCGTGATGCACGAGGCCCTGCACA
ATCACTACACCCAGAAGTCCCTGTCTCTGTCTCCCGGAAAAGGCGGT
GGTGGATCAGGTGGCGGAGGCTCAGGCGGAGGCGGATCTCAAGTTC
AGTTGGTTCAAAGCGGTGGCGGCGTGGTGCAGCCTGGAAGATCTCTC
AGACTGTCCTGCAAGGCCTCCGGCTACACCTTCACCAGATACACCAT
GCATTGGGTTCGACAAGCACCAGGCAAGGGCCTCGAGTGGATCGGC
TACATCAACCCTTCCAGAGGCTACACCAACTACAACCAGAAAGTGA
AGGACCGGTTCACCATCAGCAGAGACAACAGCAAGAATACCGCCTT
TCTGCAGATGGACTCCCTGCGGCCTGAAGATACCGGCGTGTACTTTT
GCGCCCGGTACTACGACGACCACTACTCCCTGGATTACTGGGGACAG
GGAACACCCGTGACAGTGTCTAGCGGTGGCGGTGGTTCAGGCGGCG
GTGGTAGTGGCGGCGGAGGTAGCGGCGGTGGCGGATCTGATATTCA
GATGACCCAGTCTCCTTCCAGCCTGTCCGCTTCTGTGGGCGACAGAG
TGACTATTACCTGCTCCGCCTCTTCCTCCGTGTCCTACATGAACTGGT
ATCAACAAACACCCGGCAAGGCCCCTAAGAGATGGATCTACGACAC
CAGCAAGCTGGCCTCTGGCGTGCCCTCTAGATTTTCTGGCTCTGGCT
CCGGCACCGACTATACCTTTACAATCTCCAGCCTGCAGCCTGAGGAT
ATCGCCACCTACTACTGTCAGCAGTGGTCTAGCAACCCCTTCACCTT
TGGACAGGGCACCAAGCTGCAGATCACCTGATGA



SEQ ID NO: 133 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGACAGGTCCAGCTGCAAGAGTCTGGCCCTGGACTG
GTCAAGCCCTCTCAGACCCTGTCTCTGACCTGTACCGTGTCCGGCGG
CTCCATCAACAACAACAATTACTACTGGACCTGGATCCGGCAGCACC
CTGGCAAAGGACTGGAATGGATCGGCTACATCTACTACTCCGGCTCC
ACCTTCTACAACCCCAGCCTGAAGTCCAGAGTGACCATCTCCGTGGA
CACCAGCAAGACCCAGTTCTCCCTGAAGCTGTCCTCTGTGACCGCCG
CTGATACCGCCGTGTACTACTGCGCCAGAGAAGATACCATGACCGG
CCTGGATGTGTGGGGCCAGGGAACAACAGTGACCGTGTCCTCCGCTT
CCACCAAGGGACCTTCCGTGTTTCCTCTGGCTCCCTCCAGCAAGTCT
ACCTCTGGTGGAACAGCTGCCCTGGGCTGCCTGGTCAAGGATTACTT
TCCTGAGCCTGTGACAGTGTCCTGGAACTCTGGCGCTCTGACATCCG
GCGTGCACACCTTTCCAGCTGTGCTGCAATCCTCCGGCCTGTACTCTC
TGTCCTCCGTCGTGACCGTGCCTTCTAGCTCTCTGGGCACCCAGACCT
ACATCTGCAATGTGAACCACAAGCCTTCCAACACCAAGGTGGACAA
GAGAGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTCCTCCA
TGTCCTGCTCCAGAACTGCTCGGCGGACCCTCTGTGTTCCTGTTTCCA
CCTAAGCCTAAGGACACCCTGATGATCTCTCGGACCCCTGAAGTGAC
CTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAAGTGAAGTTCA
ATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCC
TAGAGAGGAACAGTACAACTCCACCTACAGAGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTACAAGTGCA
AGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAAGACCATCAGC
AAGGCCAAGGGCCAGCCTAGGGAACCCCAGGTTTACACCCTGCCTC
CATGCCGGGAAGAGATGACCAAGAACCAGGTGTCCCTGTGGTGCCT
CGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAATGGGAGAGCA
ATGGCCAGCCTGAGAACAACTACAAGACAACCCCTCCTGTGCTGGA
CTCCGACGGCTCATTCTTCCTGTACTCCAAGCTGACAGTGGACAAGT
CCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGTGATGCACGAG
GCCCTGCACAATCACTACACCCAGAAGAGTCTGTCTCTGTCTCCCGG
CAAAGGCGGCGGAGGATCTGGCGGAGGCGGTAGCGGTGGTGGCGG
ATCTCAGGTTCAGTTGCAGCAGTCCGGACCTGAGCTGGTTAAGCCTG
GCGCCTCCGTGAAGATGTCCTGCAAGGCTTCTGGCTACACCTTCACC
GACTACGTGATCAACTGGGGCAAGCAGAGATCTGGCCAGGGACTCG
AGTGGATCGGAGAGATCTATCCTGGCTCCGGCACCAACTACTACAAT
GAGAAGTTCAAGGCTAAGGCTACCCTGACCGCCGACAAGTCCTCCA
ATATCGCCTACATGCAGCTGTCCAGCCTGACCTCTGAGGACTCCGCT
GTGTACTTCTGTGCTCGGAGAGGCAGATACGGCCTGTATGCCATGGA
TTACTGGGGACAGGGCACCTCCGTGACTGTCTCTAGCGGTGGCGGAG
GTAGCGGAGGCGGTGGTTCAGGCGGAGGCGGCTCTGGTGGCGGTGG
ATCTGATATTCAGATGACCCAGACCACCTCCAGCCTGTCCGCTTCTC
TGGGCGACAGAGTGACAATCAGCTGCAGAGCCAGCCAGGACATCAG
CAACTACCTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAG
CTGCTGATCTACTACACCTCTCGGCTGCACTCTGGCGTGCCCTCTAG
ATTTTCTGGCAGCGGAAGCGGCACCGATTACTCCCTGACAATCAACA
ACCTCGAGCAAGAGGATATCGCTACCTACTTCTGCCAGCAAGGCAA
CACCCGGCCTTGGACATTTGGCGGCGGAACAAAGCTGGAAATCAAG
TGATGA

SEQ ID NO: 121 ATGGAAACCGATACCCTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
AGGCTCTACCGGCCAGTCTGCTCTGACCCAGCCTGCCTCTGTGTCTG
GCTCCCCTGGCCAGTCCATCACCATCAGCTGTACCGGCACCTCCTCC
GACGTGGGCGGCTACAACTACGTGTCCTGGTATCAGCAGCATCCCGG
CAAGGCCCCTAAGCTGATGATCTACGACGTGTCCAACCGGCCCTCCG
GCGTGTCCAATCGGTTCTCTGGCTCCAAGTCCGGCAACACCGCCTCC
CTGACAATCAGCGGACTGCAGGCCGAGGACGAGGCCGACTACTACT



GCTCCTCCTACACCTCCAGCTCTACCCGGGTGTTCGGCACCGGCACC
AAAGTGACAGTGCTGGGCCAGCCCAAGGCCAACCCCACCGTGACCC
TGTTCCCTCCATCCTCCGAGGAACTGCAGGCTAACAAGGCCACCCTC
GTGTGCCTGATCTCCGACTTCTACCCTGGCGCCGTGACCGTGGCTTG
GAAGGCTGATGGCTCTCCTGTGAAGGCCGGCGTGGAAACCACCAAG
CCCTCCAAGCAGTCCAACAACAAATACGCCGCCTCCAGCTACCTGTC
CCTGACCCCTGAGCAGTGGAAGTCCCACCGGTCCTACAGCTGCCAGG
TCACACATGAGGGCTCCACCGTGGAAAAGACCGTGGCCCCTACCGA
GTGCTCCTAATGA

SEQ ID NO: 122 ATGGAAACCGATACCCTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
AGGCTCTACAGGACAGGTCCAGCTGCAGGAATCTGGCCCTGGCCTG
GTCAAGCCCTCCGAGACACTGTCTCTGACCTGCACCGTGTCCGGCGG
CTCTGTGTCCTCCGGCTCCTACTACTGGTCCTGGATCCGGCAGCCTCC
AGGCAAGGGACTGGAATGGATCGGCTACATCTACTACTCCGGCAGC
ACCAACTACAACCCCAGCCTGAAGTCCAGAGTGACCATCTCCGTGG
ACACCTCCAAGAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCC
GCTGACACCGCCGTGTACTACTGTGCCAGAGAGGGCAAGAACGGCG
CCTTCGATATCTGGGGCCAGGGCACCATGGTCACCGTGTCTAGCGCT
TCCACCAAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTCCAGCAAGTC
CACCTCTGGCGGAACCGCTGCTCTGGGCTGCCTCGTGAAGGACTACT
TCCCCGAGCCTGTGACCGTGTCCTGGAACTCTGGCGCCCTGACATCC
GGCGTGCACACCTTTCCAGCCGTGCTGCAGTCCAGCGGCCTGTACTC
TCTGTCCAGCGTCGTGACCGTGCCTTCCAGCTCTCTGGGCACACAGA
CCTACATCTGCAACGTGAACCACAAGCCTTCCAACACCAAGGTGGA
CAAGCGGGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTCCT
CCCTGTCCTGCCCCTGAACTGCTGGGCGGACCCAGCGTGTTCCTGTT
CCCTCCAAAGCCCAAGGACACCCTGATGATCTCCCGGACCCCTGAAG
TGACCTGCGTGGTGGTGGACGTGTCCCACGAGGATCCCGAAGTGAA
GTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACC
AAGCCTAGAGAGGAACAGTACAACTCCACCTACCGGGTGGTGTCCG
TGCTGACAGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTACAA
GTGCAAGGTGTCCAACAAGGCCCTGCCAGCCCCTATCGAAAAGACC
ATCAGCAAGGCTAAGGGCCAGCCCCGCGAGCCCCAGGTTTACACAC
TGCCTCCCTGCCGGGAAGAGATGACCAAGAATCAGGTGTCCCTGTG
GTGTCTGGTCAAGGGCTTCTACCCCTCCGATATCGCCGTGGAATGGG
AGTCCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCTCCCGT
GCTGGACTCCGACGGCTCATTCTTCCTGTACTCCAAGCTGACCGTGG
ACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGCTCTGTGATG
CACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGAG
CCCCGGCAAGTAATGA

SEQ ID NO: 123 ATGGAAACCGATACCCTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
AGGCTCTACCGGCGACATCCAGATGACCCAGAGCCCTTCCAGCCTGT
CCGCCTCTGTGGGCGACAGAGTGACCATCACCTGTCGGGCCTCCCAG
TCCATCTCCTCCTACCTGAACTGGTATCAGCAGAAGCCCGGCAAGGC
CCCTAAGCTGCTGATCTACGCCGCCTCCAGTCTGCAGTCTGGCGTGC
CATCTGGCTTCTCCGGCTCTGGCTCTGGCACCGACTTCACCCTGACC
ATCTCCAGCCTGCAGCCCGAGGACTTCGCCACCTACTACTGCCAGCA
GTCCTACTCCACCCCTCTGACCTTCGGCGGAGGCACCAAGGTGGAAA
TCAAGCGGACCGTGGCCGCTCCCTCCGTGTTCATCTTCCCACCTTCCG
ACGAGCAGCTGAAGTCCGGCACCGCTTCTGTCGTGTGCCTGCTGAAC
AACTTCTACCCTCGGGAAGCCAAGGTGCAGTGGAAGGTGGACAATG
CCCTGCAGTCCGGCAACTCCCAGGAATCCGTCACCGAGCAGGACTCC
AAGGACAGCACCTACTCCCTGTCCTCTACCCTGACCCTGTCCAAGGC
CGACTACGAGAAGCACAAGGTGTACGCCTGCGAAGTGACCCACCAG



GGCCTGAGCAGCCCCGTGACCAAGTCCTTCAACAGAGGCGAGTGCT
AATGA

SEQ ID NO: 118 ATGGAAACCGATACACTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
AGGCAGCACCGGCGATATCCAGATGACACAGAGCCCTAGCAGCCTG
AGCGCCAGCGTGGGCGATAGAGTGACCATCACCTGTCGGGCCAGCC
AGAGCATCAACAACTACCTGAACTGGTATCAGCAGAAGCCCGGCAA
GGCCCCTACCCTGCTGATCTATGCCGCTTCTAGCCTGCAGAGCGGCG
TGCCCAGCAGATTTTCTGGCAGCAGATCCGGCACCGACTTCACCCTG
ACAATCAGCAGCCTGCAGCCCGAGGACTTCGCCGCCTACTTCTGCCA
GCAGACCTACAGCAATCCCACCTTCGGCCAGGGCACCAAGGTGGAA
GTGAAGAGAACAGTGGCCGCTCCCAGCGTGTTCATCTTCCCACCCAG
CGACGAGCAGCTGAAGTCTGGCACAGCCAGCGTCGTGTGCCTGCTG
AACAACTTCTACCCCAGAGAAGCCAAGGTGCAGTGGAAGGTGGACA
ACGCCCTGCAGTCCGGCAACAGCCAGGAAAGCGTCACCGAGCAGGA
CAGCAAGGACTCCACCTACAGCCTGTCCAGCACCCTGACCCTGAGCA
AGGCCGACTACGAGAAGCACAAAGTGTACGCCTGCGAAGTGACCCA
CCAGGGCCTGAGCAGCCCCGTGACCAAGAGCTTCAATAGAGGCGAG
TGCTAATGA

SEQ ID NO: 134 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACCGGACAGTCTGCTCTGACCCAGCCTGCTTCTGTGTCTG
GCTCTCCCGGCCAGTCCATCACCATCTCTTGTACCGGCACCTCCTCTG
ACGTCGGCGGCTACAACTACGTGTCCTGGTATCAGCAGCATCCCGGC
AAGGCCCCTAAGCTGATGATCTACGACGTGTCCAACCGGCCTTCCGG
CGTGTCCAATAGATTCTCCGGCTCCAAGTCCGGCAACACCGCTTCTC
TGACAATCAGCGGACTGCAGGCCGAGGACGAGGCCGACTACTACTG
TTCCTCCTACACCTCCTCCAGCACCAGAGTGTTTGGCACCGGCACCA
AAGTGACCGTGCTGGGACAGCCTAAGGCCAATCCTACCGTGACACT
GTTCCCTCCATCCTCCGAGGAACTGCAGGCTAACAAGGCTACCCTCG
TGTGCCTGATCTCCGACTTTTACCCTGGCGCTGTGACCGTGGCCTGG
AAGGCTGATGGATCTCCTGTGAAGGCTGGCGTGGAAACCACCAAGC
CTTCCAAGCAGTCCAACAACAAATACGCCGCCTCCTCCTACCTGTCT
CTGACCCCTGAACAGTGGAAGTCCCACCGGTCCTACAGCTGCCAAGT
GACCCATGAGGGCTCCACCGTGGAAAAGACCGTGGCTCCTACTGAG
TGTTCTGGCGGCGGAGGATCTGGCGGAGGTGGAAGCGGAGGCGGTG
GATCTGCTCCTACCTCCAGCTCCACCAAGAAAACCCAGCTGCAGTTG
GAGCATCTGCTGCTGGACCTGCAGATGATCCTGAACGGCATCAACA
ACTACAAGAACCCCAAGCTGACCCGGATGCTGACCGCCAAGTTTGC
CATGCCTAAGAAGGCCACCGAGCTGAAACATCTGCAGTGCCTGGAA
GAGGAACTGAAGCCCCTGGAAGAAGTGCTGAATCTGGCCCAGTCCA
AGAACTTCCACCTGAGGCCTCGGGACCTGATCAGCAACATCAACGT
GATCGTGCTCGAGCTGAAGGGCTCCGAGACAACCTTCATGTGCGAGT
ACGCCGACGAGACAGCTACCATCGTGGAATTTCTGAACCGGTGGAT
CACCTTCTGCCAGAGCATCATCAGCACCCTGACCTGATGA

SEQ ID NO: 135 ATGGAAACCGATACCCTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
AGGATCTACAGGCGAGGTGCAGCTGCTGGAATCTGGCGGAGGACTG
GTGCAGCCTGGCGGCTCTCTGAGACTGTCTTGTGCCGCCTCCGGCTT
CACCTTCTCCAGCTATATCATGATGTGGGTCCGACAGGCCCCTGGCA
AGGGCCTGGAATGGGTGTCCTCTATCTACCCCTCCGGCGGCATCACC
TTTTACGCCGACACCGTGAAGGGCCGGTTCACCATCTCCCGGGACAA
CTCCAAGAACACCCTGTACCTGCAGATGAACTCCCTGCGGGCCGAG
GACACCGCCGTGTACTACTGCGCTAGAATCAAGCTGGGCACCGTGA
CCACCGTGGACTATTGGGGCCAGGGCACCCTGGTCACCGTGTCCTCT
GCTTCTACCAAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTCCAGCAA
GTCCACCTCTGGCGGAACCGCTGCTCTGGGCTGCCTGGTCAAGGACT



ACTTCCCCGAGCCCGTGACCGTGTCTTGGAACTCTGGCGCCCTGACC
AGCGGCGTGCACACATTTCCAGCCGTGCTGCAGTCCAGCGGCCTGTA
CTCTCTGTCCTCCGTCGTGACAGTGCCCTCCAGCTCTCTGGGCACAC
AGACCTACATCTGCAACGTGAACCACAAGCCCTCCAACACCAAGGT
GGACAAGCGGGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGT
CCTCCCTGTCCTGCCCCTGAACTGCTGGGCGGACCCAGCGTGTTCCT
GTTCCCTCCAAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTG
AAGTGACCTGCGTGGTGGTGGACGTGTCCCACGAGGATCCCGAAGT
GAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAG
ACCAAGCCTAGAGAGGAACAGTACAACTCCACCTACCGGGTGGTGT
CCGTGCTGACAGTGCTGCATCAGGACTGGCTGAACGGCAAAGAGTA
CAAGTGCAAGGTGTCCAACAAGGCCCTGCCAGCCCCTATCGAAAAG
ACCATCTCCAAGGCCAAGGGCCAGCCAAGAGAGCCTCAAGTCTGCA
CACTGCCTCCCAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCCT
GAGCTGCGCTGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAAT
GGGAGAGCAACGGCCAGCCCGAGAACAATTACAAGACCACCCCTCC
CGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCCAAGCTGACCG
TGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGCTCTGTG
ATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCT
GTCTCCCGGCAAGTAATGA

SEQ ID NO: 137 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGACAGGTCCAGCTGCAAGAGTCTGGCCCTGGACTG
GTCAAGCCTTCCGAGACACTGTCTCTGACCTGCACCGTGTCTGGCGG
CTCTGTGTCCTCTGGCTCCTACTACTGGTCCTGGATCAGACAGCCTCC
TGGCAAAGGCCTGGAATGGATCGGCTACATCTACTACTCCGGCTCCA
CCAACTACAACCCCAGCCTGAAGTCCAGAGTGACCATCTCCGTGGAC
ACCTCCAAGAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCTGC
TGATACCGCCGTGTACTACTGTGCCAGAGAGGGCAAGAACGGCGCC
TTCGATATTTGGGGCCAGGGCACCATGGTCACCGTGTCCAGTGCTTC
TACCAAGGGACCCAGCGTGTTCCCACTGGCTCCCAGCTCTAAGTCTA
CCTCTGGCGGAACAGCTGCCCTGGGCTGTCTGGTCAAGGATTACTTC
CCTGAGCCTGTGACCGTGTCCTGGAATTCTGGCGCTCTGACATCCGG
CGTGCACACCTTTCCAGCTGTGCTGCAATCCTCCGGCCTGTACTCTCT
GTCCAGCGTCGTGACCGTGCCTTCTAGCTCTCTGGGCACCCAGACCT
ACATCTGCAATGTGAACCACAAGCCTAGCAACACCAAGGTGGACAA
GAGAGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTCCTCCA
TGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTTCCTGTTTCCT
CCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCCCTGAAGTGAC
CTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAAGTGAAGTTCA
ATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCC
TAGAGAGGAACAGTACAACTCCACCTACAGAGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTACAAGTGCA
AGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAAGACCATCAGC
AAGGCCAAGGGCCAGCCTAGGGAACCCCAGGTTTACACCCTGCCTC
CATGCCGGGAAGAGATGACCAAGAATCAGGTGTCCCTGTGGTGCCT
CGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAATGGGAGAGCA
ATGGCCAGCCTGAGAACAACTACAAGACAACCCCTCCTGTGCTGGA
CTCCGACGGCTCATTCTTCCTGTACTCCAAGCTGACAGTGGACAAGT
CCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGTGATGCACGAG
GCCCTGCACAATCACTACACCCAGAAGTCCCTGTCTCTGTCCCCTGG
AAAAGGCGGCGGAGGATCTGGCGGAGGTGGAAGCGGAGGCGGTGG
ATCTGAAGTGCAGCTCCAAGAATCTGGACCCGGGCTCGTGAAGCCC
AGCCAGTCTCTGAGTCTGACCTGTACAGTGACCGGCTACTCCATCAC
CTCCGACTACGCTTGGAACTGGATCCGGCAGTTCCCCGGCAACAAGT
TGGAGTGGATGGGCTATATCACCTACAGCGGCAGCACCTCTTACAAC



CCTTCTCTGGAATCCCGGATCAGCATCACCCGGGACACCTCTACCAA
TCAGTTCTTTCTGCAGCTGAACAGCGTGACCACCGAGGACACCGCCA
CCTACTATTGTGCTAGAGGCGGCTACTACGGCTCCTCCTGGGGAGTG
TTTGCTTACTGGGGACAGGGAACCCTCGTGACTGTTTCTGCTGGTGG
CGGAGGAAGCGGCGGAGGCGGCTCTGGTGGTGGTGGTTCTGGTGGC
GGCGGATCTGACATCCAGATGACCCAGTCTCCAGCCAGCCTGTCTGC
TTCTGTGGGCGAGACAGTGACCATTACCTGCCGGGTGTCCGAGAACA
TCTACTCCTACCTGGCCTGGTATCAACAGAAACAGGGCAAGTCCCCT
CAGCTGCTGGTGTACAATGCTAAGACCCTGGCTGAGGGCGTGCCCTC
TAGATTTTCTGGCTCTGGCAGCGGCACCCAGTTTAGCCTGAAGATCA
ACTCCCTGCAGCCTGAGGACTTCGGCAGCTACTACTGCCAGCACCAC
TATGGCACCCCTTGGACATTTGGCGGAGGCACCAAGCTGGAAATCA
AGTGATGA

SEQ ID NO: 138 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
AGGATCTACAGGACAGGTCCAGCTGCAAGAGTCTGGCCCTGGACTG
GTCAAGCCTTCCGAGACACTGTCTCTGACCTGCACCGTGTCTGGCGG
CTCTGTGTCCTCTGGCTCCTACTACTGGTCCTGGATCAGACAGCCTCC
TGGCAAAGGCCTGGAATGGATCGGCTACATCTACTACTCCGGCTCCA
CCAACTACAACCCCAGCCTGAAGTCCAGAGTGACCATCTCCGTGGAC
ACCTCCAAGAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCTGC
TGATACCGCCGTGTACTACTGTGCCAGAGAGGGCAAGAACGGCGCC
TTCGATATTTGGGGCCAGGGCACCATGGTCACCGTGTCCAGTGCTTC
TACCAAGGGACCCAGCGTGTTCCCACTGGCTCCCAGCTCTAAGTCTA
CCTCTGGCGGAACAGCTGCCCTGGGCTGTCTGGTCAAGGATTACTTC
CCTGAGCCTGTGACCGTGTCCTGGAATTCTGGCGCTCTGACATCCGG
CGTGCACACCTTTCCAGCTGTGCTGCAATCCTCCGGCCTGTACTCTCT
GTCCAGCGTCGTGACCGTGCCTTCTAGCTCTCTGGGCACCCAGACCT
ACATCTGCAATGTGAACCACAAGCCTAGCAACACCAAGGTGGACAA
GAGAGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTCCTCCA
TGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTTCCTGTTTCCT
CCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCCCTGAAGTGAC
CTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAAGTGAAGTTCA
ATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCC
TAGAGAGGAACAGTACAACTCCACCTACAGAGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTACAAGTGCA
AGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAAGACCATCAGC
AAGGCCAAGGGCCAGCCTAGGGAACCCCAGGTTTACACCCTGCCTC
CATGCCGGGAAGAGATGACCAAGAATCAGGTGTCCCTGTGGTGCCT
CGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAATGGGAGAGCA
ATGGCCAGCCTGAGAACAACTACAAGACAACCCCTCCTGTGCTGGA
CTCCGACGGCTCATTCTTCCTGTACTCCAAGCTGACAGTGGACAAGT
CCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGTGATGCACGAG
GCCCTGCACAATCACTACACCCAGAAGTCCCTGTCTCTGTCCCCTGG
AAAAGGCGGCGGAGGATCTGGCGGAGGTGGAAGCGGAGGCGGTGG
ATCTCAGGTTCAGTTGCAGCAGTCTGCCGTGGAACTGGCTAGACCTG
GCGCTTCCGTGAAGATGTCCTGCAAGGCCTCCGGCTACACCTTCACC
AGCTTCACCATGCACTGGGTCAAGCAGAGGCCTGGACAAGGCTTGG



AGTGGATTGGATATATCAACCCTAGCTCTGGCTACACCGAGTACAAC
CAGAAGTTCAAGGACAAGACCACTCTGACCGCCGACAAGTCCTCCA
GCACCGCTTACATGCAGCTCGACTCCCTGACCTCTGACGACTCTGCT
GTGTACTATTGCGTGCGGGGCTCCTCCAGAGGCTTCGATTATTGGGG
ACAAGGCACACTCGTGACAGTGTCAGCTGGTGGTGGCGGTAGTGGC
GGTGGCGGTTCAGGTGGCGGAGGAAGCGGCGGAGGCGGATCTGATA
TCCAGATGATCCAGTCTCCTGCCAGCCTGTCCGTGTCTGTGGGAGAG
ACTGTGACCATCACCTGTCGGGCCTCCGAGAACATCTACTCCAACCT
GGCCTGGTTCCAGCAGAAGCAGGGAAAGTCTCCTCAGCTGCTGGTGT
ACGCCGCCACCAATTTGGCTGATGGCGTGCCCTCTCGGTTCTCCGGA
TCTGGATCTGGCACACAGTATTCCCTGAAGATCAACTCCCTGCAGTC
CGAGGACTTCGGCATCTACTATTGCCAGCACTTCTGGGGCACCCCTA
GAACCTTTGGCGGCGGAACAAAGCTGGAAATCAAGTGATGA

Table 4 . Nucleic acid sequences of antig



GAGCAGACCGTGAAGAAAGACGTGTCCGTGACCTGCCTCGTG
ACCGGATTCCTGCCACAAGACATCCACGTGGAATGGGAGTCC
AACGGCCAGCCCCAGCCCGAGCAGAACTACAAGAACACCCAG
CCCGTGCTGGACTCCGACGGCTCCTACTTCCTGTACTCCAAGC
TGAACGTGCCCAAGTCCAGATGGGACCAGGGCGACTCCTTCAC
CTGTTCCGTGATCCACGAGGCCCTGCACAACCACCACATGACC
AAGACCATCAGCCGGTCCCTGGGCAATGGCGGCGGAGGCTCC
GAGGTGGAAAAGACCGCCTGCCCCTCCGGCAAGAAGGCCAGA
GAGATCGACGAGTCCCTGATCTTCTACAAGAAGTGGGAGCTG
GAAGCCTGCGTGGACGCCGCCCTGCTGGCCACCCAGATGGAC
AGAGTGAACGCCATCCCCTTCACCTACGAGCAGCTGGATGTGC
TGAAGCACAAGCTGGACGAGCTGTACCCCCAGGGCTACCCCG
AGAGCGTGATCCAGCACCTGGGCTACCTGTTTCTGAAGATGTC
CCCCGAGGACATCCGGAAGTGGAACGTGACCTCCCTGGAAAC
CCTGAAGGCCCTGCTGGAAGTGAACAAGGGCCACGAGATGAG
CCCCCAGGCCCCCAGACGACCTCTGCCTCAGGTGGCAACCCTG
ATCGATAGATTCGTGAAGGGCAGAGGCCAGCTGGACAAGGAC
ACCCTGGACACACTGACCGCCTTCTACCCCGGCTACCTGTGCT
CCCTGTCCCCTGAGGAACTGTCCTCCGTGCCCCCCTCCTCTATC
TGGGCCGTGCGGCCTCAGGATCTGGACACCTGTGACCCTCGGC
AGCTGGATGTCCTGTATCCCAAGGCCCGGCTGGCCTTCCAGAA
CATGAACGGCTCCGAGTACTTCGTGAAGATCCAGTCCTTCCTG
GGCGGAGCCCCCACCGAGGACCTGAAGGCTCTGTCCCAGCAG
AACGTGTCCATGGACCTGGCCACCTTCATGAAGCTGCGGACCG
ACGCCGTGCTGCCTCTGACCGTGGCTGAGGTGCAGAAGCTGCT
GGGCCCCCACGTGGAAGGCCTGAAGGCCGAGGAACGGCACAG
ACCCGTGCGGGACTGGATCCTGCGGCAGAGACAGGACGACCT
GGATACCCTGGGCCTGGGCCTGCAGTAATGA

SEQ ID NO: 141 hPDILl ATGAGAATCTTCGCCGTGTTCATCTTCATGACCTACTGGCATCT
GCTGAACGCCTTCACCGTGACCGTGCCCAAGGACCTGTACGTG
GTGGAATACGGCTCCAACATGACCATCGAGTGCAAGTTCCCCG
TGGAAAAGCAGCTGGACCTGGCCGCCCTGATCGTGTACTGGG
AGATGGAAGATAAGAACATCATCCAGTTCGTGCACGGGGAAG
AGGACCTGAAGGTGCAGCACTCCTCCTACCGGCAGAGAGCCA
GACTGCTGAAGGACCAGCTGTCCCTGGGCAATGCCGCCCTGCA
GATCACCGACGTGAAGCTGCAGGATGCCGGCGTGTACCGGTG
CATGATCTCTTACGGCGGAGCCGACTACAAGCGGATCACCGTG
AAAGTGAACGCCCCCTACAACAAGATCAACCAGCGGATCCTG
GTGGTGGACCCCGTGACCTCTGAGCACGAGCTGACCTGTCAGG
CCGAGGGCTACCCTAAGGCCGAAGTGATCTGGACCTCCTCCGA
CCACCAGGTGCTGTCCGGCAAGACCACCACCACAAACTCCAA
GCGGGAAGAGAAGCTGTTCAACGTGACCTCCACCCTGCGGAT
CAACACAACCACCAACGAGATCTTCTACTGTACCTTCCGGCGG
CTGGACCCCGAGGAAAATCACACCGCTGAGCTCGTGATCCCCG
AGCTGCCTCTGGCCCACCCTCCTAATGAGAGAACAGGCGGCG
GAGGCTCCGGCCTGAACGACATCTTTGAGGCCCAGAAAATCG
AGTGGCACGAGGGCGGAGGCGGCTCCCACCATCATCACCACC
ACCATCACTGATGA

SEQ ID NO: 142 hNKp30 ATGGCTTGGATGCTGCTGCTGATCCTGATCATGGTGCACCCCG
GCTCTTGCGCCCTGTGGGTGTCCCAGCCTCCTGAGATCAGAAC
CCTGGAAGGCTCCTCCGCCTTCCTGCCCTGCTCCTTCAATGCCT
CTCAGGGCAGACTGGCCATCGGCTCCGTGACCTGGTTCAGGGA
TGAGGTGGTGCCCGGCAAAGAAGTGCGGAACGGCACACCTGA
GTTCAGAGGCAGACTCGCCCCTCTGGCCTCCTCTAGATTCCTG



CACGATCACCAGGCCGAGCTGCACATCAGAGATGTGCGGGGC
CACGACGCCTCCATCTACGTGTGCAGAGTGGAAGTGCTGGGCC
TGGGCGTGGGCACCGGCAATGGAACACGGCTGGTGGTGGAAA
AAGAGGGCGGAGGCGGATCTGGCGGCGGAGGCTCTGATAAGA
CCCACACCTGTCCTCCCTGTCCTGCCCCTGAACTGCTGGGCGG
ACCTTCCGTGTTCCTGTTCCCTCCAAAGCCCAAGGACACCCTG
ATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGACG
TGTCCCACGAGGATCCCGAAGTGAAGTTCAATTGGTACGTGGA
CGGCGTGGAAGTGCACAACGCCAAGACCAAGCCCAGAGAGGA
ACAGTACAACTCCACCTACCGGGTGGTGTCCGTGCTGACCGTG
CTGCACCAGGACTGGCTGAACGGCAAAGAGTACAAGTGCAAG
GTGTCCAACAAGGCCCTGCCAGCCCCAATCGAAAAGACCATCT
CCAAGGCCAAGGGCCAGCCCCGCGAGCCTCAGGTGTACACAC
TGCCTCCCAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCC
TGACCTGTCTGGTCAAGGGCTTCTACCCCTCCGATATCGCCGT
GGAATGGGAGTCCAACGGCCAGCCCGAGAACAACTACAAGAC
CACCCCTCCCGTGCTGGACTCCGACGGCTCATTCTTCCTGTACT
CCAAGCTGACCGTGGACAAGTCCCGGTGGCAGCAGGGCAACG
TGTTCTCCTGCTCTGTGATGCACGAGGCCCTGCACAACCACTA
CACCCAGAAGTCCCTGTCCCTGAGCCCTGGCAAAGGTGGTGGT
GGTAGCGGTGGCGGAGGCAGCGGCCTGAACGATATCTTCGAG
GCCCAGAAAATCGAGTGGCACGAGTAATGA

SEQ ID NO: 143 hNKp46 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGG
TGCCAGGATCTACCGGCCAGCAGCAGACACTGCCCAAGCCTTT
TATCTGGGCCGAGCCTCACTTCATGGTGCCCAAAGAAAAGCAA
GTGACCATCTGCTGCCAGGGCAACTACGGCGCTGTGGAATACC
AGCTGCACTTCGAGGGCTCCCTGTTCGCCGTGGATAGACCTAA
GCCTCCTGAGCGGATCAACAAAGTGAAGTTCTACATCCCCGAC
ATGAACTCCCGGATGGCTGGCCAGTACTCCTGCATCTATAGAG
TGGGCGAGCTTTGGAGCGAGCCCTCCAATCTGCTGGATCTGGT
GGTCACCGAGATGTACGACACCCCTACACTGAGCGTGCACCCC
GGACCTGAAGTGATCTCTGGCGAGAAAGTGACCTTCTACTGCA
GACTGGATACCGCCACCTCCATGTTTCTGCTGCTCAAAGAGGG
CAGATCCTCTCACGTGCAGCGCGGCTATGGAAAGGTGCAGGCT
GAGTTTCCTCTGGGCCCTGTGACCACCGCTCACAGAGGCACCT
ACAGATGCTTCGGCTCCTACAACAACCACGCCTGGTCTTTCCC
ATCCGAGCCTGTGAAGCTGCTGGTCACCGGCGACATCGAGAA
CACATCTCTGGCCCCTGAGGACCCCACCTTTCCTGATACCTGG
GGCACCTATCTGCTGACCACCGAGACAGGCCTGCAGAAAGAT
CACGCCCTGTGGGATCACACCGCTCAGAATGGTGGCGGAGGA
TCTGGCGGAGGCGGATCTGAACCTAGAACCGACACCGACACC
TGTCCTAATCCTCCAGATCCTTGTCCTACCTGTCCAACACCTGA
CCTGCTCGGCGGACCTTCCGTGTTCATCTTCCCACCTAAGCCA
AAGGACGTGCTGATGATCTCTCTGACCCCTAAGATCACCTGTG
TGGTGGTGGACGTGTCCGAAGAGGAACCCGACGTGCAGTTCA
ATTGGTACGTGAACAACGTCGAGGACAAGACAGCCCAGACCG
AGACACGGCAGCGGCAGTACAACTCTACCTACAGAGTGGTGT
CCGTGCTGCCCATCAAGCACCAGGATTGGATGTCCGGCAAGGT
GTTCAAGTGCAAAGTGAACAACAACGCCCTGCCTTCTCCAATC
GAAAAGACCATCTCCAAGCCTCGGGGCCAAGTGCGAGTGCCC
CAGATCTATACCTTTCCACCTCCTATCGAGCAGACCGTGAAGA
AAGATGTGTCCGTGACCTGCCTCGTGACCGGCTTCCTGCCTCA
AGACATCCATGTGGAATGGGAGTCCAACGGCCAGCCTCAGCC
TGAGCAGAACTACAAGAACACCCAGCCTGTGCTGGACTCCGA
CGGCAGCTACTTCCTGTACTCCAAGCTGAACGTGCCCAAGTCC



AGATGGGACCAGGGCGACTCCTTCACCTGTTCCGTGATCCACG
AGGCCCTGCACAACCACCACATGACCAAGACCATCAGCAGAT
CCCTCGGCAATGGCGGTGGTGGTTCTGGCGGCGGAGGTTCCGG
ACTGAACGATATCTTCGAGGCCCAGAAAATCGAGTGGCACGA
GTGATGA

SEQ ID NO: 144 BirA ATGGAAACTGACACCCTCCTCCTTTGGGTGCTGCTGCTTTGGG
TGCCTGGATCGACCGGGATGAAGGACAATACCGTGCCTCTGA
AGCTCATTGCCCTGCTGGCCAACGGAGAATTCCATTCCGGCGA
ACAGCTGGGGGAGACTCTCGGGATGTCCCGGGCCGCCATCAA
CAAGCACATCCAGACTTTGCGCGACTGGGGAGTCGACGTGTTC
ACGGTGCCGGGGAAGGGCTACTCGCTCCCGGAACCGATCCAG
CTGCTGAACGCCAAGCAGATTCTGGGACAGCTGGATGGCGGA
AGCGTGGCAGTGCTGCCCGTGATCGACTCAACCAACCAGTATC
TGCTGGATAGAATCGGTGAACTGAAATCCGGCGACGCTTGCAT
TGCCGAGTACCAACAGGCCGGAAGGGGACGGCGCGGCAGGAA
GTGGTTCTCTCCATTCGGCGCGAACCTCTACCTGAGCATGTTCT
GGAGATTGGAGCAGGGTCCCGCCGCGGCCATCGGCCTCTCCCT
GGTCATCGGCATTGTGATGGCTGAAGTGCTGAGGAAGTTGGGT
GCCGACAAGGTCCGCGTGAAGTGGCCGAACGACCTGTACCTC
CAAGACCGGAAATTGGCGGGGATTCTCGTCGAGCTTACCGGA
AAGACTGGCGATGCCGCACAAATTGTGATCGGGGCGGGAATC
AACATGGCGATGCGACGGGTGGAAGAGAGCGTCGTGAACCAG
GGATGGATCACCCTGCAAGAGGCCGGAATCAACCTGGATCGC
AACACCCTGGCTGCCATGCTCATTCGCGAACTGAGAGCCGCAC
TGGAGCTGTTTGAGCAGGAGGGTCTGGCCCCCTACCTGTCACG
CTGGGAAAAGCTTGATAACTTCATCAATCGGCCTGTGAAGCTG
ATCATCGGAGACAAGGAGATTTTCGGCATCTCGAGAGGCATC
GACAAACAAGGAGCCCTCCTGCTGGAACAGGACGGAATCATT
AAGCCCTGGATGGGTGGAGAGATCTCCCTGCGGTCCGCCGAA
AAGTCCGGGAAGGATGAACTC

Table 5 . Amino Acid sequences.



SEQ ID: 82 Human CH2, DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
CH3 hole DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN

GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVS
LSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID: 14 CHI ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSG
VHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRV
EPKSC

SEQ ID: 11 CL (kappa) RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSP
VTKSFNRGEC

SEQ ID: 147 CL (lambda) GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSP
VKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV
EKTVAPTECS

SEQ ID: 148 aPDlLl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGLEW
Avelumab VH VSSIYPSGGITFYADTVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC

ARIKLGTVTTVDYWGQGTLVTVSS
SEQ ID: 149 aPDlLl QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKL

Avelumab VL MIYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSS
TRVFGTGTKVTVL

SEQ ID: 96 3x4GS linker GGCGGCGGAGGATCTGGCGGAGGTGGAAGCGGAGGCGGTGGATCT

SEQ ID: 150 oNKp46 VH QVQLQQSGPELVKPGASVKMSCKASGYTFTDYVINWGKQRSGQGLE
WIGEIYPGSGTNYYNEKFKAKATLTADKSSNIAYMQLSSLTSEDSAVYF
CARRGRYGLYAMDYWGQGTSVTVSS

SEQ ID: 15 1 oNKp46 VL DIQMTQTTSSLSASLGDRVTISCRASQDISNYLNWYQQKPDGTVKLLIY
YTSRLHSGVPSRFSGSGSGTDYSLTINNLEQEDIATYFCQQGNTRPWTF
GGGTKLEIK

SEQ ID: 152 4x 4GS linker GGGGSGGGGSGGGGSGGGGS

SEQ ID: 153 aMesothelin QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGSYYWSWIRQPPGKGLE
M912 VH WIGYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC

AREGKNGAFDIWGQGTMVTVSS
SEQ ID: 154 aMesothelin RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ

M912 VL SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSP
VTKSFNRGEC

SEQ ID: 42 lx4GS GGGGS
SEQ ID: 155 aNKp30 scFv BioLegend Catalog #325207

SEQ ID NO: 156 hIL7 DCDIEGKDGKQYESVLMVSIDQLLDSMKEIGSNCLNNEFNFFKRHICDA
NKEGMFLFRAARKLRQFLKMNSTGDFDLHLLKVSEGTTILLNCTGQVK
GRKPAALGEAQPTKSLEENKSLKEQKKLNDLCFLKRLLQEIKTCWNKI
LMGTKEH

SEQ ID NO: 157 alGFIR, EVQLLQSGGGLVQPGGSLRLSCAASGFMFSRYPMHWVRQAPGKGLE
Istiratumab WVGSISGSGGATPYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVY
heavy YCAKDFYQILTGNAFDYWGQGTTVTVSS

SEQ ID NO: 158 alGFIR, DIQMTQSPSSLSASLGDRVTITCRASQGISSYLAWYQQKPGKAPKLLIY
Istiratumab AKSTLQSGVPSRFSGSGSGTDFTLTISSLQPEDSATYYCQQYWTFPLTFG
light GGTKVEIK



SEQ ID NO: 159 OHER3 QVQLVQSGGGLVQPGGSLRLSCAASGFTFDDYAMHWVRQAPGKGLE
Istiratumab WVAGISWDSGSTGYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAL
heavy YYCARDLGAYQWVEGFDYWGQGTLVTVSS

SEQ ID NO: 160 OHER3 SYELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAPVLVIY
Istiratumab GKNNRPSGIPDRFSGSTSGNSASLTITGAQAEDEADYYCNSRDSPGNQ
light WVFGGGTKVTVLG

SEQ ID NO: 161 aCD3 QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGKGLE
Teplizumab WIGYINPSRGYTNYNQKVKDRFTISRDNSKNTAFLQMDSLRPEDTGVY
heavy FCARYYDDHYSLDYWGQGTP VTVSS

SEQ ID NO: 162 aCD3 DIQMTQSPSSLSASVGDRVTITCSASSSVSYMNWYQQTPGKAPKRWIY
Teplizumab DTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQWSSNPFTFG
light QGTKLQIT

SEQ ID NO: 163 hIL2 F42A APTSSSTKKTQLQLEHLLLDLQMILNGINNYKNPKLTRMLTAKFAMPK
Y45A KATELKHLQCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKG

SETTFMCEYADETATIVEFLNRWITFCQSIISTLT
SEQ ID NO: 164 oNKp46 2 QLQESGPGLVKPSQSLSLTCTVTGYSITSDYAWNWIRQFPGNKLEWMG

heavy YITYSGSTSYNPSLESRISITRDTSTNQFFLQLNSVTTEDTATYYCARGG
YYGSSWGVFAYWGQGTLVTVSAGGGGSGGGGSGGGGSGGGGS

SEQ ID NO: 165 oNKp46 2 DIQMTQSPASLSASVGETVTITCRVSENIYSYLAWYQQKQGKSPQLLVY
light NAKTLAEGVPSRFSGSGSGTQFSLKINSLQPEDFGSYYCQHHYGTPWTF

GGGTKLEIK
SEQ ID NO: 166 oNKp46 QVQLQQSAVELARPGASVKMSCKASGYTFTSFTMHWVKQRPGQGLE

heavy 4 WIGYINPSSGYTEYNQKFKDKTTLTADKSSSTAYMQLDSLTSDDSAVY
YCVRGSSRGFDYWGQGTLVTVSA

SEQ ID NO: 167 aNKp46 light DIQMIQSPASLSVSVGETVTITCRASENIYSNLAWFQQKQGKSPQLLVY
4 AATNLADGVPSRFSGSGSGTQYSLKINSLQSEDFGIYYCQHFWGTPRTF

GGGTKLEIK

Table 6 . Amino Acid sequences for full heavy and light chains.

Construct N-term Linker Variable Constant Fc Linker C-term
SEQ ID
NO:
SEQ ID SEQ ID SEQ ID SEQ ID
NO: NO: 145 NO: 14 NO: 83
168
SEQ ID SEQ ID SEQ ID
NO: 169 NO: 146 NO: 11
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 170 NO: 20 NO: 43 NO: 82
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 120 NO: 148 NO: 14 NO: 82 NO: 96 NO: 20
SEQ ID SEQ ID SEQ ID
NO: 171 NO: 149 NO: 147
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 172 NO: 153 NO: 14 NO: 83

SEQ ID SEQ ID SEQ ID
NO: 173 NO: 154 NO: 11
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: NO: 145 NO: 14 NO: 83 NO: 96 NO: 155
174



SEQ ID SEQ ID
NO: NO: 82
175
SEQ ID SEQ ID
NO: 176 NO: 83
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: NO: 148 NO: 14 NO: 82 NO: 96 NO: 20
177
SEQ ID SEQ ID SEQ ID
NO: NO: 42 NO: 42
178
SEQ ID SEQ ID SEQ ID
NO: NO: 43 NO: 43
179
SEQ ID SEQ ID SEQ ID
NO: 180 NO: 43 NO: 43
SEQ ID SEQ ID SEQ ID
NO: 18 1 NO: 42 NO: 42
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 182 NO: NO: 43 NO: 42
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 183 NO: 157 NO: 14 NO: 82
SEQ ID SEQ ID SEQ ID
NO: 184 NO: 158 NO: 11
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 185 NO: 157 NO: 14 NO: 82 NO: 96 NO: 20
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 186 NO: 157 NO: 14 NO: 82 NO: 96 NO: 156
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 187 NO: 159 NO: 152 NO: 160 NO: 43 NO: 83
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 188 NO: 159 NO: 152 NO: 160 NO: 43 NO: 83 NO: 96 NO:

150, 152,
15 1

SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 189 NO: 159 NO: 152 NO: 160 NO: 43 NO: 83 NO: 96 NO: 161,

152, 162
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 190 NO: 145 NO: 14 NO: 83 NO: 96 NO: 150,

152, 15 1
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 191 NO: 149 NO: 147 NO: 96 NO: 163

SEQ ID SEQ ID SEQ ID SEQ ID
NO: 192 NO: 148 NO: 14 NO: 82

SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 193 NO: 153 NO: 11 NO: 83 NO: 96 NO: 150,

152 15 1
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 194 NO: 153 NO: 11 NO: 83 NO: 96 NO: 164,

152, 165
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 195 NO: 153 NO: 11 NO: 83 NO: 96 NO: 166,



Table 7 . Amino acid sequences of the chains used to construct multispecific molecules.

Sequence ID Amino Acid Sequence
SEQ ID NO: QVQLQESGPGLVKPSQTLSLTCTVSGGSINNNNYYWTWIRQHPGKGLE
168 WIGYIYYSGSTFYNPSLKSRVTISVDTSKTQFSLKLSSVTAADTAVYYCA

REDTMTGLDVWGQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGK

SEQ ID NO: 169 DIQMTQSPSSLSASVGDRVTITCRASQSINNYLNWYQQKPGKAPTLLIY
AASSLQSGVPSRFSGSRSGTDFTLTISSLQPEDFAAYFCQQTYSNPTFGQ
GTKVEVKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQW
KVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

SEQ ID NO: 170 APTSSSTKKTQLQLEHLLLDLQMILNGINNYKNPKLTRMLTFKFYMPKK
ATELKHLQCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGS
ETTFMCEYADETATIVEFLNRWITFCQSIISTLTGGGGSGGGGSDKTHTC
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK
VSNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: QVQLQESGPGLVKPSQTLSLTCTVSGGSINNNNYYWTWIRQHPGKGLE
174 WIGYIYYSGSTFYNPSLKSRVTISVDTSKTQFSLKLSSVTAADTAVYYCA

REDTMTGLDVWGQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGKGGGGSGGGGSGGGGS (+ protein sequence of
BioLegend Catalog #325207)

SEQ ID NO: GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPV
197 KAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE

KTVAPTECS
SEQ ID NO: 176 EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGLEWV
knob SSIYPSGGITFYADTVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA

RIKLGTVTTVDYWGQGTLVTVSS
SEQ ID NO: EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGLEWV
177 SSIYPSGGITFYADTVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA

RIKLGTVTTVDYWGQGTLVTVSS ASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS



KAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGKGGGGSGGGGSGGGGSAPTSSSTKKTQLQLEHLLL
DLQMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPLEE
VLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFL
NRWITFCQSIISTLT

SEQ ID NO: EVQLLQSGGGLVQPGGSLRLSCAASGFMFSRYPMHWVRQAPGKGLEW
183 VGSISGSGGATPYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC

AKDFYQILTGNAFDYWGQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK

SEQ ID NO: 184 DIQMTQSPSSLSASLGDRVTITCRASQGISSYLAWYQQKPGKAPKLLIYA
KSTLQSGVPSRFSGSGSGTDFTLTISSLQPEDSATYYCQQYWTFPLTFGG
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVT
HQGLSSPVTKSFNRGEC

SEQ ID NO: 185 EVQLLQSGGGLVQPGGSLRLSCAASGFMFSRYPMHWVRQAPGKGLEW
VGSISGSGGATPYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AKDFYQILTGNAFDYWGQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGKGGGGSGGGGSGGGGSAPTSSSTKKTQLQLEHLL
LDLQMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPLE
EVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEF
LNRWITFCQSIISTLT

SEQ ID NO: 186 EVQLLQSGGGLVQPGGSLRLSCAASGFMFSRYPMHWVRQAPGKGLEW
VGSISGSGGATPYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AKDFYQILTGNAFDYWGQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGKGGGGSGGGGSGGGGSDCDIEGKDGKQYESVLM
VSIDQLLDSMKEIGSNCLNNEFNFFKRHICDANKEGMFLFRAARKLRQF
LKMNSTGDFDLHLLKVSEGTTILLNCTGQVKGRKPAALGEAQPTKSLEE
NKSLKEQKKLNDLCFLKRLLQEIKTCWNKILMGTKEH

SEQ ID NO: 187 QVQLVQSGGGLVQPGGSLRLSCAASGFTFDDYAMHWVRQAPGKGLE
WVAGISWDSGSTGYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTALY
YCARDLGAYQWVEGFDYWGQGTLVTVSSASTGGGGSGGGGSGGGGS
GGGGSSYELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAP
VLVIYGKNNRPSGIPDRFSGSTSGNSASLTITGAQAEDEADYYCNSRDSP
GNQWVFGGGTKVTVLGGGGGSGGGGSDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK



PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGK

SEQ ID NO: 188 QVQLVQSGGGLVQPGGSLRLSCAASGFTFDDYAMHWVRQAPGKGLE
WVAGISWDSGSTGYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTALY
YCARDLGAYQWVEGFDYWGQGTLVTVSSASTGGGGSGGGGSGGGGS
GGGGSSYELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAP
VLVIYGKNNRPSGIPDRFSGSTSGNSASLTITGAQAEDEADYYCNSRDSP
GNQWVFGGGTKVTVLGGGGGSGGGGSDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGKGGGGSGGGGSGGGGSQVQLQQSGPELVKPGASVK
MSCKASGYTFTDYVINWGKQRSGQGLEWIGEIYPGSGTNYYNEKFKAK
ATLTADKSSNIAYMQLSSLTSEDSAVYFCARRGRYGLYAMDYWGQGT
SVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQTTSSLSASLGDRVTISC
RASQDISNYLNWYQQKPDGTVKLLIYYTSRLHSGVPSRFSGSGSGTDYS
LTINNLEQEDIATYFCQQGNTRPWTFGGGTKLEIK

SEQ ID NO: 189 QVQLVQSGGGLVQPGGSLRLSCAASGFTFDDYAMHWVRQAPGKGLE
WVAGISWDSGSTGYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTALY
YCARDLGAYQWVEGFDYWGQGTLVTVSSASTGGGGSGGGGSGGGGS
GGGGSSYELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAP
VLVIYGKNNRPSGIPDRFSGSTSGNSASLTITGAQAEDEADYYCNSRDSP
GNQWVFGGGTKVTVLGGGGGSGGGGSDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGKGGGGSGGGGSGGGGSQVQLVQSGGGVVQPGRSLR
LSCKASGYTFTRYTMHWVRQAPGKGLEWIGYINPSRGYTNYNQKVKD
RFTISRDNSKNTAFLQMDSLRPEDTGVYFCARYYDDHYSLDYWGQGTP
VTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCS
ASSSVSYMNWYQQTPGKAPKRWIYDTSKLASGVPSRFSGSGSGTDYTF
TISSLQPEDIATYYCQQWSSNPFTFGQGTKLQIT

SEQ ID NO: 190 QVQLQESGPGLVKPSQTLSLTCTVSGGSINNNNYYWTWIRQHPGKGLE
WIGYIYYSGSTFYNPSLKSRVTISVDTSKTQFSLKLSSVTAADTAVYYCA
REDTMTGLDVWGQGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGKGGGGSGGGGSGGGGSQVQLQQSGPELVKPGASVK
MSCKASGYTFTDYVINWGKQRSGQGLEWIGEIYPGSGTNYYNEKFKAK
ATLTADKSSNIAYMQLSSLTSEDSAVYFCARRGRYGLYAMDYWGQGT
SVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQTTSSLSASLGDRVTISC
RASQDISNYLNWYQQKPDGTVKLLIYYTSRLHSGVPSRFSGSGSGTDYS
LTINNLEQEDIATYFCQQGNTRPWTFGGGTKLEIK



SEQ ID NO: 193 QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGSYYWSWIRQPPGKGLEW
IGYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
EGKNGAFDIWGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGKGGGGSGGGGSGGGGSQVQLQQSGPELVKPGASVKMS
CKASGYTFTDYVINWGKQRSGQGLEWIGEIYPGSGTNYYNEKFKAKAT
LTADKSSNIAYMQLSSLTSEDSAVYFCARRGRYGLYAMDYWGQGTSV
TVSSGGGGSGGGGSGGGGSGGGGSDIQMTQTTSSLSASLGDRVTISCRA
SQDISNYLNWYQQKPDGTVKLLIYYTSRLHSGVPSRFSGSGSGTDYSLTI
NNLEQEDIATYFCQQGNTRPWTFGGGTKLEIK

SEQ ID NO: 173 DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYA
ASSLQSGVPSGFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTFGGG
TKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

SEQ ID NO: 171 QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLM
IYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSSTR
VFGTGTKVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAV
TVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYS
CQVTHEGSTVEKTVAPTECS

SEQ ID NO: 172 QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGSYYWSWIRQPPGKGLEW
IGYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
EGKNGAFDIWGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

SEQ ID NO: 191 QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLM
IYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSSTR
VFGTGTKVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAV
TVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYS
CQVTHEGSTVEKTVAPTECSGGGGSGGGGSGGGGSAPTSSSTKKTQLQ
LEHLLLDLQMILNGINNYKNPKLTRMLTAKFAMPKKATELKHLQCLEE
ELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADET
ATIVEFLNRWITFCQSIISTLT

SEQ ID NO: 192 EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGLEWV
SSIYPSGGITFYADTVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RIKLGTVTTVDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK



SEQ ID NO: 194 QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGSYYWSWIRQPPGKGLEW
IGYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
EGKNGAFDIWGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGKGGGGSGGGGSGGGGSEVQLQESGPGLVKPSQSLSLTC
TVTGYSITSDYAWNWIRQFPGNKLEWMGYITYSGSTSYNPSLESRISITR
DTSTNQFFLQLNSVTTEDTATYYCARGGYYGSSWGVFAYWGQGTLVT
VSAGGGGSGGGGSGGGGSGGGGSDIQMTQSPASLSASVGETVTITCRVS
ENIYSYLAWYQQKQGKSPQLLVYNAKTLAEGVPSRFSGSGSGTQFSLKI
NSLQPEDFGSYYCQHHYGTPWTFGGGTKLEIK

SEQ ID NO: 195 QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGSYYWSWIRQPPGKGLEW
IGYIYYSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
EGKNGAFDIWGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGKGGGGSGGGGSGGGGSQVQLQQSAVELARPGASVKM
SCKASGYTFTSFTMHWVKQRPGQGLEWIGYINPSSGYTEYNQKFKDKT
TLTADKSSSTAYMQLDSLTSDDSAVYYCVRGSSRGFDYWGQGTLVTVS
AGGGGSGGGGSGGGGSGGGGSDIQMIQSPASLSVSVGETVTITCRASEN
IYSNLAWFQQKQGKSPQLLVYAATNLADGVPSRFSGSGSGTQYSLKINS
LQSEDFGIYYCQHFWGTPRTFGGGTKLEIK

Table 8. Amino Acid sequences of antig



SEQ ID NO: hPDILl FTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDK
178 NIIQFVHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLQ

DAGVYRCMISYGGADYKRITVKVNAPYNKINQRILVVDPVTSEH
ELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTST
LRINTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTGGGG
SGLNDIFEAQKIEWHEGGGGSHHHHHHHH

SEQ ID NO: hIL2Ra ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRGFRRIKSGSLYM
182 LCTGNSSHSSWDNQCQCTSSATRNTTKQVTPQPEEQKERKTTEM

QSPMQPVDQASLPGHCREPPPWENEATERIYHFVVGQMVYYQC
VQGYRALHRGPAESVCKMTHGKTRWTQPQLICTGGGGGSGGGG
SGLNDIFEAQKIEWHEGGGGSHHHHHHHH

SEQ ID NO: hNKp30 LWVSQPPEIRTLEGSSAFLPCSFNASQGRLAIGSVTWFRDEVVPG
180 KEVRNGTPEFRGRLAPLASSRFLHDHQAELHIRDVRGHDASIYVC

RVEVLGLGVGTGNGTRLVVEKEGGGGSGGGGSDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGS
GGGGSGLNDIFEAQKIEWHE

SEQ ID NO: hNKp46 TEMYDTPTLSVHPGPEVISGEKVTFYCRLDTATSMFLLLKEGRSS
179 HVQRGYGKVQAEFPLGPVTTAHRGTYRCFGSYNNHAWSFPSEPV

KLLVTGDIENTSLAPEDPTFPDTWGTYLLTTETGLQKDHALWDH
TAQNGGGGSGGGGSEPRTDTDTCPNPPDPCPTCPTPDLLGGPSVFI
FPPKPKDVLMISLTPKITCVVVDVSEEEPDVQFNWYVNNVEDKT
AQTETRQRQYNSTYRVVSVLPIKHQDWMSGKVFKCKVNNNALP
SPIEKTISKPRGQVRVPQIYTFPPPIEQTVKKDVSVTCLVTGFLPQD
IHVEWESNGQPQPEQNYKNTQPVLDSDGSYFLYSKLNVPKSRWD
QGDSFTCSVIHEALHNHHMTKTISRSLGNGGGGSGGGGSGLNDIF
EAQKIEWHE

Table 9 . Sequences used to generate multispecific molecules.

Multispecific Heavy Chain 1 Light Chain 1 Heavy Chain 2 Light Chain 2
Molecule
1 SEQ ID NO 168 SEQ ID NO: 169 SEQ ID NO 196
2 SEQ ID NO 174 SEQ ID NO: 169 SEQ ID NO 196
3 SEQ ID NO 174 SEQ ID NO: 169 SEQ ID NO 197
4 SEQ ID NO 176 SEQ ID NO 196

5 SEQ ID NO: 172 SEQ ID NO: 173 SEQ ID NO: 192 SEQ ID NO 171

6 SEQ ID NO 172 SEQ ID NO: 173 SEQ ID NO 177 SEQ ID NO 171
7 SEQ ID NO 193 SEQ ID NO: 173 SEQ ID NO 192 SEQ ID NO 171

8 SEQ ID NO 193 SEQ ID NO: 173 SEQ ID NO 177 SEQ ID NO 171

9 SEQ ID NO 194 SEQ ID NO: 173 SEQ ID NO 192 SEQ ID NO 171

10 SEQ ID NO 194 SEQ ID NO: 173 SEQ ID NO 177 SEQ ID NO 171
11 SEQ ID NO 195 SEQ ID NO: 173 SEQ ID NO 192 SEQ ID NO 171
12 SEQ ID NO 195 SEQ ID NO: 173 SEQ ID NO 177 SEQ ID NO 171



13 SEQ ID NO 187 SEQ ID NO 185 SEQ ID NO 184
14 SEQ ID NO 188 SEQ ID NO 183 SEQ ID NO 184
15 SEQ ID NO 189 SEQ ID NO 183 SEQ ID NO 184
16 SEQ ID NO 188 SEQ ID NO 185 SEQ ID NO 184
17 SEQ ID NO 189 SEQ ID NO 185 SEQ ID NO 184

18 SEQ ID NO 187 SEQ ID NO 183 SEQ ID NO 184
19 SEQ ID NO 187 SEQ ID NO 186 SEQ ID NO 184
20 SEQ ID NO 189 SEQ ID NO 186 SEQ ID NO 184
2 1 SEQ ID NO 190 SEQ ID NO: 169 SEQ ID NO 186 SEQ ID NO 184
22 SEQ ID NO 190 SEQ ID NO: 169 SEQ ID NO 192 SEQ ID NO 191

23 SEQ ID NO: 168 SEQ ID NO: 169 SEQ ID NO: 192 SEQ ID NO: 171

Table 10. Nucleic acid sequences.



SEQ ID NO: 9 1 CHI GCCAGCACCAAGGGCCCTAGCGTGTTCCCTCTGGCCCCTAGCTCTAA
GAGCACATCTGGCGGAACAGCCGCCCTGGGCTGCCTGGTCAAGGAT
TACTTTCCTGAGCCCGTGACCGTGTCCTGGAACTCTGGTGCTCTGAC
CAGCGGCGTGCACACCTTTCCAGCTGTGCTGCAGAGCAGCGGCCTG
TACAGCCTGTCTAGCGTGGTCACAGTGCCTAGCAGCAGCCTGGGCA
CACAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAA
GGTGGACAAGCGGGTGGAACCCAAGAGCTGC

SEQ ID NO: 92 CL (kappa) AGAACAGTGGCCGCTCCCAGCGTGTTCATCTTCCCACCCAGCGACG
AGCAGCTGAAGTCTGGCACAGCCAGCGTCGTGTGCCTGCTGAACAA
CTTCTACCCCAGAGAAGCCAAGGTGCAGTGGAAGGTGGACAACGCC
CTGCAGTCCGGCAACAGCCAGGAAAGCGTCACCGAGCAGGACAGC
AAGGACTCCACCTACAGCCTGTCCAGCACCCTGACCCTGAGCAAGG
CCGACTACGAGAAGCACAAAGTGTACGCCTGCGAAGTGACCCACCA
GGGCCTGAGCAGCCCCGTGACCAAGAGCTTCAATAGAGGCGAGTGC
TAATGA

SEQ ID NO: 93 CL (lambda) GGCCAGCCCAAGGCCAACCCCACCGTGACCCTGTTCCCTCCATCCTC
CGAGGAACTGCAGGCTAACAAGGCCACCCTCGTGTGCCTGATCTCC
GACTTCTACCCTGGCGCCGTGACCGTGGCTTGGAAGGCTGATGGCT
CTCCTGTGAAGGCCGGCGTGGAAACCACCAAGCCCTCCAAGCAGTC
CAACAACAAATACGCCGCCTCCAGCTACCTGTCCCTGACCCCTGAG
CAGTGGAAGTCCCACCGGTCCTACAGCTGCCAGGTCACACATGAGG
GCTCCACCGTGGAAAAGACCGTGGCCCCTACCGAGTGCTCCTAATG
A

SEQ ID NO: 94 aPDlLl GAGGTGCAGCTGCTGGAATCTGGCGGAGGACTGGTGCAGCCTGGCG
Avelumab GCTCTCTGAGACTGTCTTGTGCCGCCTCCGGCTTCACCTTCTCCAGC
VH TATATCATGATGTGGGTCCGACAGGCCCCTGGCAAGGGCCTGGAAT

GGGTGTCCTCTATCTACCCCTCCGGCGGCATCACCTTTTACGCCGAC
ACCGTGAAGGGCCGGTTCACCATCTCCCGGGACAACTCCAAGAACA
CCCTGTACCTGCAGATGAACTCCCTGCGGGCCGAGGACACCGCCGT
GTACTACTGCGCTAGAATCAAGCTGGGCACCGTGACCACCGTGGAC
TATTGGGGCCAGGGCACCCTGGTCACCGTGTCCTCT

SEQ ID NO: 95 aPDlLl CAGTCTGCTCTGACCCAGCCTGCCTCTGTGTCTGGCTCCCCTGGCCA
Avelumab GTCCATCACCATCAGCTGTACCGGCACCTCCTCCGACGTGGGCGGCT
VL ACAACTACGTGTCCTGGTATCAGCAGCATCCCGGCAAGGCCCCTAA

GCTGATGATCTACGACGTGTCCAACCGGCCCTCCGGCGTGTCCAATC
GGTTCTCTGGCTCCAAGTCCGGCAACACCGCCTCCCTGACAATCAGC
GGACTGCAGGCCGAGGACGAGGCCGACTACTACTGCTCCTCCTACA
CCTCCAGCTCTACCCGGGTGTTCGGCACCGGCACCAAAGTGACAGT
GCTG

SEQ ID NO: 96 3x4GS linker GGCGGCGGAGGATCTGGCGGAGGTGGAAGCGGAGGCGGTGGATCT

SEQ ID NO: 97 oNKp46 VH CAGGTTCAGTTGCAGCAGTCCGGACCTGAGCTGGTTAAGCCTGGCG
CTTCCGTGAAGATGTCCTGCAAGGCTTCCGGCTACACCTTCACCGAC
TACGTGATCAACTGGGGCAAGCAGAGATCTGGCCAGGGACTCGAGT
GGATCGGCGAGATCTATCCTGGCTCCGGCACCAATTACTACAACGA
GAAGTTCAAGGCTAAGGCTACCCTGACCGCCGACAAGTCCTCCAAT
ATCGCCTACATGCAGCTGTCCAGCCTGACCTCTGAGGACTCCGCTGT
GTACTTCTGCGCTCGGAGAGGCAGATACGGCCTGTATGCCATGGAT
TACTGGGGACAGGGAACCAGTGTGACAGTGTCAAGT



SEQ ID NO: 98 oNKp46 VL GATATTCAGATGACCCAGACCACCTCCAGCCTGTCCGCTTCTCTGGG
CGACAGAGTGACAATCAGCTGCAGAGCCAGCCAGGACATCAGCAA
CTACCTGAACTGGTATCAACAGAAACCCGACGGCACCGTGAAGCTG
CTGATCTACTACACCTCTCGGCTGCACTCTGGCGTGCCCTCTAGATT
TTCTGGCAGCGGAAGCGGCACCGACTATTCCCTGACCATCAACAAC
CTGGAACAAGAGGATATCGCTACCTACTTCTGCCAGCAAGGCAACA
CCCGGCCTTGGACATTTGGCGGCGGAACAAAGCTGGAAATCAAGTG
ATGA

SEQ ID NO: 99 4x 4GS linker GGTGGCGGAGGAAGCGGCGGAGGCGGCTCTGGTGGTGGTGGTTCTG
GTGGCGGTGGCTCC

SEQ ID NO: 102 lx4GS GGCGGCGGAGGCTCC

SEQ ID NO: 198 MMP2 TACAACTTCTTCCCACGGAAACCCAAGTGGGACAAGAACCAGATCA
CCTACCGGATCATCGGCTACACCCCTGACCTGGATCCTGAGACAGT
GGACGATGCCTTCGCCAGAGCCTTCCAAGTTTGGAGCGACGTGACC
CCTCTGCGGTTCTCCAGAATCCATGATGGCGAGGCCGACATCATGA
TCAACTTCGGCAGATGGGAGCACGGCGACGGCTACCCTTTTGATGG
CAAGGATGGCCTGCTGGCCCACGCTTTTGCCCCTGGAACAGGTGTT
GGCGGCGACTCTCACTTCGACGACGATGAGTTGTGGACCCTCGGCG
AAGGACAGGTCGTCAGAGTGAAGTACGGCAACGCCGATGGCGAGT
ACTGCAAGTTCCCCTTCCTGTTCAACGGCAAAGAGTACAACTCCTGC
ACCGACACCGGCAGATCTGACGGCTTCCTGTGGTGCTCCACCACCT
ACAACTTTGAGAAGGACGGCAAATACGGCTTCTGCCCTCACGAGGC
CCTGTTTACCATGGGCGGAAATGCTGAGGGCCAGCCATGCAAGTTT
CCATTCCGGTTCCAAGGGACCTCCTACGACAGCTGTACCACCGAGG
GAAGAACCGATGGCTATCGTTGGTGCGGCACCACAGAGGACTACGA
CAGAGACAAGAAGTATGGCTTCTGTCCCGAGACAGCCATGTCTACC
GTCGGCGGCAATTCTGAAGGCGCCCCTTGTGTGTTCCCTTTCACCTT
CCTGGGCAACAAATACGAGTCCTGCACCTCCGCTGGCCGCTCTGAT
GGAAAAATGTGGTGCGCTACCACCGCCAACTACGACGACGACAGA
AAGTGGGGCTTTTGTCCTGACCAGGGCTACTCCCTGTTTCTGGTGGC
CGCTCACGAGTTTGGCCATGCTATGGGCCTCGAGCACTCTCAAGATC
CCGGTGCACTGATGGCCCCTATCTACACCTACACCAAGAACTTCCG
GCTGTCCCAGGACGACATCAAGGGCATCCAAGAGCTGTACGGCGCC
TCTCCTGATATCGATCTCGGCACCGGACCTACTCCTACACTGGGACC
TGTGACACCCGAGATCTGCAAGCAGGACATCGTGTTCGACGGAATC
GCCCAGATCCGGGGCGAGATCTTCTTTTTTAAGGACCGGTTCATCTG
GCGGACAGTGACCCCTAGAGACAAGCCTATGGGACCTCTGCTGGTG
GCTACCTTCTGGCCTGAGCTGCCTGAGAAGATCGACGCCGTGTACG
AGGCCCCTCAAGAGGAAAAGGCCGTCTTTTTCGCCGGCAACGAGTA
CTGGATCTACTCCGCTTCTACCCTGGAACGGGGCTACCCCAAGCCTC
TGACATCTCTGGGACTGCCTCCAGACGTGCAGAGAGTGGACGCCGC
CTTCAACTGGTCCAAGAACAAGAAAACCTACATCTTCGCCGGGGAC
AAGTTCTGGCGGTACAACGAAGTGAAGAAAAAGATGGACCCTGGCT
TCCCCAAGCTGATCGCCGATGCCTGGAACGCTATCCCCGATAACCT
GGACGCTGTGGTGGATCTCCAAGGCGGCGGACACTCCTACTTTTTCA
AGGGCGCCTACTACCTGAAGCTGGAAAACCAGAGCCTGAAGTCCGT
GAAGTTCGGCTCCATCAAGTCCGACTGGCTCGGATGT

SEQ ID NO: 199 HYAL1 TTCAGAGGCCCTCTGCTGCCCAACAGACCCTTCACCACCGTGTGGA
ACGCCAACACCCAGTGGTGCCTGGAAAGACACGGCGTGGACGTGG
ACGTGTCCGTGTTCGATGTGGTGGCCAACCCCGGCCAGACCTTCAG
GGGCCCTGACATGACCATCTTCTACTCCAGCCAGCTGGGCACCTACC
CCTACTACACCCCTACAGGCGAGCCTGTGTTTGGCGGCCTGCCTCAG



AACGCCTCTCTGATCGCTCACCTGGCCCGGACCTTCCAGGACATCCT
GGCTGCTATCCCTGCCCCCGACTTTTCTGGCCTGGCCGTGATCGATT
GGGAGGCCTGGCGACCTAGATGGGCCTTCAACTGGGACACCAAGGA
CATCTACCGGCAGCGGTCCAGAGCCCTGGTGCAGGCTCAGCATCCT
GATTGGCCTGCCCCTCAGGTGGAAGCCGTGGCCCAGGATCAGTTTC
AGGGCGCTGCCAGAGCTTGGATGGCTGGCACACTGCAGCTGGGAAG
GGCCCTGAGGCCTAGAGGACTGTGGGGCTTCTACGGCTTCCCCGAC
TGCTACAACTACGACTTCCTGTCCCCCAACTACACCGGCCAGTGCCC
CTCTGGAATCCGGGCCCAGAATGATCAGCTGGGCTGGCTGTGGGGC
CAGTCTAGAGCCCTGTACCCCTCCATCTACATGCCCGCCGTGCTGGA
AGGCACCGGCAAGTCCCAGATGTACGTGCAGCACAGAGTGGCCGA
GGCCTTCAGGGTGGCAGTGGCTGCTGGCGATCCTAACCTGCCCGTG
CTGCCCTACGTGCAGATCTTCTACGATACCACCAACCACTTTCTGCC
CCTGGACGAGCTGGAACACTCCCTGGGAGAGTCTGCTGCTCAGGGT
GCTGCAGGCGTGGTGCTGTGGGTGTCCTGGGAGAACACCCGGACCA
AAGAGTCCTGCCAGGCCATCAAAGAGTACATGGACACCACCCTGGG
CCCCTTCATCCTGAACGTGACCTCTGGCGCCCTGCTGTGTAGCCAGG
CTCTGTGTTCTGGCCACGGCAGATGCGTGCGGAGAACCTCTCACCCT
AAGGCTCTGCTGCTGCTGAACCCCGCCTCCTTCAGCATCCAGCTGAC
ACCTGGCGGCGGACCCCTGTCTCTGAGAGGTGCTCTGTCCCTGGAA
GATCAGGCCCAGATGGCCGTGGAATTCAAGTGCCGGTGCTACCCTG
GCTGGCAGGCCCCTTGGTGCGAGCGGAAATCTATGTGG

SEQ ID NO: 200 (xFAP Heavy CAGGTGCAGCTGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCG
CCTCTGTGAAGGTGTCCTGCAAGACCTCTCGGTACACCTTTACCGAG
TACACCATCCACTGGGTCCGACAGGCTCCAGGCCAGAGACTGGAAT
GGATCGGCGGCATCAACCCCAACAACGGCATCCCCAACTACAACCA
GAAATTCAAGGGCCGCGTGACCATCACCGTGGACACCTCTGCTTCT
ACCGCCTACATGGAACTGTCCAGCCTGAGATCTGAGGACACCGCCG
TGTACTACTGCGCCAGAAGAAGAATCGCCTACGGCTACGATGAGGG
CCACGCCATGGATTATTGGGGCCAGGGAACACTGGTCACCGTGTCC
TCT

SEQ ID NO: 201 (XFAP light GACATCGTGATGACCCAGTCTCCAGACTCTCTGGCCGTGTCTCTGGG
CGAGAGAGCCACCATCAACTGCAAGTCCTCTCAGTCCCTGCTGTACT
CCCGGAACCAGAAGAACTACCTGGCCTGGTATCAGCAGAAGCCCGG
CCAGCCTCCTAAGCTGCTGATCTTCTGGGCCTCCACCAGAGAATCTG
GCGTGCCCGATAGATTCTCCGGCTCTGGCTTTGGCACCGACTTTACC
CTGACCATCAGCTCCCTGCAGGCCGAGGATGTGGCCGTGTACTACT
GCCAGCAGTACTTCAGCTACCCTCTGACCTTTGGCCAGGGCACCAA
GGTGGAAATCAAG

SEQ ID NO: 111 hIL2 F42A GCTCCTACCTCCTCCAGCACCAAGAAAACCCAGCTGCAGTTGGAGC
Y45A ATCTGCTGCTGGACCTCCAGATGATCCTGAATGGCATCAACAATTAC

AAGAACCCCAAGCTCACCCGGATGCTGACCGCCAAGTTTGCCATGC
CTAAGAAGGCCACCGAGCTGAAACATCTGCAGTGCCTGGAAGAGG
AACTGAAGCCCCTGGAAGAAGTGCTGAATCTGGCCCAGTCCAAGAA
CTTCCACCTGAGGCCTCGGGACCTGATCTCCAACATCAACGTGATCG
TGCTCGAGCTGAAGGGCTCCGAGACAACCTTCATGTGCGAGTACGC
CGACGAGACAGCTACCATCGTGGAATTTCTGAACCGGTGGATCACC
TTCTGTCAGTCCATCATCAGCACCCTGACC

Table 11. Sequences used to construct ORFs.

Construct N-term Linker Variable Constant Fc Linker C-term
SEQ ID NO
SEQ ID SEQ ID SEQ ID SEQ ID



NO: 202 NO: 200 NO: 9 1 NO: 89
SEQ ID SEQ ID SEQ ID
NO: 203 NO: 201 NO: 92
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 204 NO: 200 NO: 9 1 NO: 90 NO: 96 NO: 198
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 205 NO: 198 NO: 96 NO: 90
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 206 NO: 200 NO: 9 1 NO: 89 NO: 96 NO: 111
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 207 NO: 200 NO: 9 1 NO: 90 NO: 96 NO: 199
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 208 NO: 94 NO: 9 1 NO: 89
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 209 NO: 94 NO: 9 1 NO: 89 NO: 96 NO: 111
SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO: 210 NO: 97 NO: 9 1 NO: 90 NO: 96 NO: 199
SEQ ID SEQ ID SEQ ID
NO: 2 11 NO: 98 NO: 92
SEQ ID SEQ ID SEQ ID
NO: 121 NO: 95 NO: 93
SEQ ID SEQ ID SEQ ID SEQ ID
NO: 212 NO: 199 NO: 16 NO: 90

Table 12. Nucleic acid sequences for ORFs.

Sequence ID Nucleic Acid Sequence
SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
202 AGGATCTACAGGACAGGTGCAGCTGGTTCAGTCTGGCGCCGAAGTG

AAGAAACCTGGCGCCTCTGTGAAGGTGTCCTGCAAGACCTCTCGGTA
CACCTTTACCGAGTACACCATCCACTGGGTCCGACAGGCTCCAGGCC
AGAGACTGGAATGGATCGGCGGCATCAACCCCAACAACGGCATCCC
CAACTACAACCAGAAATTCAAGGGCCGCGTGACCATCACCGTGGAC
ACCTCTGCTTCTACCGCCTACATGGAACTGTCCAGCCTGAGATCTGA
GGACACCGCCGTGTACTACTGCGCCAGAAGAAGAATCGCCTACGGC
TACGATGAGGGCCACGCCATGGATTATTGGGGCCAGGGAACACTGG
TCACCGTGTCCTCTGCCTCTACAAAGGGCCCCTCTGTGTTCCCTCTGG
CTCCTTCCAGCAAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGC
CTGGTCAAGGACTACTTTCCTGAGCCTGTGACCGTGTCTTGGAACTC
TGGCGCTCTGACATCCGGCGTGCACACCTTTCCAGCTGTGCTGCAAT
CTTCCGGCCTGTACTCCCTGTCCTCCGTCGTGACAGTGCCTTCTAGCT
CTCTGGGCACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCC
AACACCAAGGTGGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGA
CCCACACCTGTCCACCATGTCCTGCTCCAGAACTGCTCGGCGGACCT
TCCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCT
CGGACCCCTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGG
ACCCAGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCA
CAACGCCAAGACCAAGCCTAGAGAGGAACAGTACAACTCCACCTAC
AGAGTGGTGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACG
GCAAAGAGTACAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCC
TATCGAAAAGACCATCTCCAAGGCCAAGGGCCAGCCTAGGGAACCC
CAGGTTTACACCCTGCCTCCATGCCGGGAAGAGATGACCAAGAACC
AGGTGTCCCTGTGGTGCCTCGTGAAGGGCTTCTACCCTTCCGATATC



GCCGTGGAATGGGAGAGCAATGGCCAGCCAGAGAACAACTACAAG
ACAACCCCTCCTGTGCTGGACTCCGACGGCTCATTCTTCCTGTACAG
CAAGCTGACAGTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTC
TCCTGCTCCGTGATGCACGAGGCCCTGCACAATCACTACACACAGAA
GTCCCTGTCTCTGTCCCCTGGCAAGTGATGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
203 AGGATCTACCGGCGACATCGTGATGACCCAGTCTCCAGACTCTCTGG

CCGTGTCTCTGGGCGAGAGAGCCACCATCAACTGCAAGTCCTCTCAG
TCCCTGCTGTACTCCCGGAACCAGAAGAACTACCTGGCCTGGTATCA
GCAGAAGCCCGGCCAGCCTCCTAAGCTGCTGATCTTCTGGGCCTCCA
CCAGAGAATCTGGCGTGCCCGATAGATTCTCCGGCTCTGGCTTTGGC
ACCGACTTTACCCTGACCATCAGCTCCCTGCAGGCCGAGGATGTGGC
CGTGTACTACTGCCAGCAGTACTTCAGCTACCCTCTGACCTTTGGCC
AGGGCACCAAGGTGGAAATCAAGCGGACAGTGGCCGCTCCTTCCGT
GTTCATCTTCCCACCTTCCGACGAGCAGCTGAAGTCTGGCACAGCCT
CTGTCGTGTGCCTGCTGAACAACTTCTACCCTCGGGAAGCCAAGGTG
CAGTGGAAGGTGGACAATGCCCTGCAGTCCGGCAACTCCCAAGAGT
CTGTGACCGAGCAGGACTCCAAGGACAGCACCTACAGCCTGTCCTCC
ACACTGACCCTGTCCAAGGCCGACTACGAGAAGCACAAGGTGTACG
CCTGCGAAGTGACCCATCAGGGCCTGTCTAGCCCTGTGACCAAGTCT
TTCAACCGGGGCGAGTGCTGATGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
204 AGGATCTACAGGACAGGTGCAGCTGGTTCAGTCTGGCGCCGAAGTG

AAGAAACCTGGCGCCTCTGTGAAGGTGTCCTGCAAGACCTCTCGGTA
CACCTTTACCGAGTACACCATCCACTGGGTCCGACAGGCTCCAGGCC
AGAGACTGGAATGGATCGGCGGCATCAACCCCAACAACGGCATCCC
CAACTACAACCAGAAATTCAAGGGCCGCGTGACCATCACCGTGGAC
ACCTCTGCTTCTACCGCCTACATGGAACTGTCCAGCCTGAGATCTGA
GGACACCGCCGTGTACTACTGCGCCAGAAGAAGAATCGCCTACGGC
TACGATGAGGGCCACGCCATGGATTATTGGGGCCAGGGAACACTGG
TCACCGTGTCCTCTGCCTCTACAAAGGGCCCCTCTGTGTTCCCTCTGG
CTCCTTCCAGCAAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGC
CTGGTCAAGGACTACTTTCCTGAGCCTGTGACCGTGTCTTGGAACTC
TGGCGCTCTGACATCCGGCGTGCACACCTTTCCAGCTGTGCTGCAAT
CTTCCGGCCTGTACTCCCTGTCCTCCGTCGTGACAGTGCCTTCTAGCT
CTCTGGGCACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCC
AACACCAAGGTGGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGA
CCCACACCTGTCCACCATGTCCTGCTCCAGAACTGCTCGGCGGACCT
TCCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCT
CGGACCCCTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGG
ACCCAGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCA
CAACGCCAAGACCAAGCCTAGAGAGGAACAGTACAACTCCACCTAC
AGAGTGGTGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACG
GCAAAGAGTACAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCC
TATCGAAAAGACCATCTCCAAGGCCAAGGGCCAGCCTCGGGAACCT
CAAGTCTGTACCCTGCCTCCTAGCCGGGAAGAGATGACCAAGAACC
AGGTGTCCCTGAGCTGCGCCGTGAAGGGCTTCTACCCTTCTGATATC
GCCGTGGAATGGGAGAGCAACGGCCAGCCAGAGAACAACTACAAG
ACAACCCCTCCTGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCC
AAGCTGACAGTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTCT
CCTGCTCCGTGATGCACGAGGCCCTGCACAATCACTACACACAGAA
GTCCCTGTCTCTGTCCCCTGGCAAAGGTGGCGGAGGATCTGGCGGAG
GTGGAAGCGGCGGAGGCGGCTCTTACAACTTCTTCCCACGGAAACC
CAAGTGGGATAAGAACCAGATCACCTACCGGATCATCGGCTACACC



CCTGACCTGGATCCTGAGACTGTGGACGATGCCTTCGCCAGGGCCTT
CCAAGTTTGGAGCGACGTGACCCCTCTGCGGTTCTCCAGAATCCATG
ATGGCGAGGCCGACATCATGATCAACTTCGGCAGATGGGAGCACGG
CGACGGCTACCCTTTTGATGGCAAGGATGGCCTGCTGGCCCACGCTT
TTGCCCCTGGAACAGGTGTTGGCGGCGACTCTCACTTCGACGACGAT
GAGTTGTGGACCCTCGGCGAAGGACAGGTCGTCAGAGTGAAGTACG
GCAACGCCGATGGCGAGTACTGCAAGTTCCCCTTCCTGTTCAATGGG
AAAGAGTATAACTCCTGCACCGACACCGGCAGATCTGACGGCTTCCT
GTGGTGCTCCACCACCTACAACTTCGAGAAGGACGGCAAATACGGC
TTCTGCCCTCACGAGGCTCTGTTCACCATGGGCGGAAATGCTGAGGG
ACAGCCCTGCAAGTTTCCATTCAGATTCCAAGGGACCTCCTACGACT
CTTGCACCACCGAGGGAAGAACCGATGGCTATCGTTGGTGCGGCAC
CACAGAGGACTACGACCGGGACAAGAAGTATGGCTTCTGTCCCGAG
ACAGCCATGTCTACCGTCGGCGGCAATTCTGAGGGTGCCCCTTGCGT
GTTCCCTTTCACCTTCCTGGGCAACAAATACGAGTCCTGCACCTCCG
CTGGCAGATCCGATGGAAAGATGTGGTGCGCTACCACCGCCAACTA
CGACGACGACAGAAAGTGGGGCTTTTGTCCTGACCAGGGCTACAGC
CTGTTTCTGGTGGCCGCTCACGAGTTCGGCCATGCTATGGGACTCGA
GCACTCTCAAGATCCCGGCGCACTGATGGCCCCTATCTACACCTACA
CCAAGAACTTCCGGCTGTCCCAGGACGACATCAAGGGCATCCAAGA
GCTGTACGGCGCCTCTCCTGATATCGATCTCGGCACCGGACCTACTC
CTACACTGGGACCTGTGACACCCGAGATCTGCAAGCAGGATATCGT
GTTCGACGGAATCGCCCAGATCCGGGGCGAGATCTTCTTTTTTAAGG
ACCGCTTCATTTGGCGGACCGTGACTCCTCGGGACAAGCCTATGGGA
CCTCTGCTGGTGGCTACCTTCTGGCCTGAACTGCCCGAGAAGATCGA
TGCCGTGTACGAGGCCCCTCAAGAGGAAAAGGCCGTCTTTTTCGCCG
GCAACGAGTACTGGATCTACTCCGCTAGCACCCTGGAACGGGGCTA
CCCTAAGCCTCTGACTTCTCTGGGACTGCCACCTGACGTGCAGCGAG
TGGATGCCGCCTTCAACTGGTCCAAGAACAAGAAAACCTATATCTTC
GCCGGGGACAAGTTCTGGCGGTACAACGAAGTCAAGAAAAAGATGG
ACCCTGGCTTCCCCAAGCTGATCGCCGATGCCTGGAACGCTATCCCC
GATAACCTGGACGCTGTGGTGGACTTGCAAGGCGGCGGACACTCCT
ACTTTTTCAAGGGCGCCTACTACCTGAAGCTGGAAAACCAGAGCCTG
AAGTCCGTGAAGTTCGGCTCCATCAAGTCCGACTGGCTGGGCTGCTG
ATGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
205 AGGCTCTACCGGCTACAACTTCTTCCCACGGAAACCCAAGTGGGACA

AGAACCAGATCACCTACCGGATCATCGGCTACACCCCTGACCTGGAT
CCTGAGACAGTGGACGATGCCTTCGCCAGAGCCTTCCAAGTTTGGAG
CGACGTGACCCCTCTGCGGTTCTCCAGAATCCATGATGGCGAGGCCG
ACATCATGATCAACTTCGGCAGATGGGAGCACGGCGACGGCTACCC
TTTTGATGGCAAGGATGGCCTGCTGGCCCACGCTTTTGCCCCTGGAA
CAGGTGTTGGCGGCGACTCTCACTTCGACGACGATGAGTTGTGGACC
CTCGGCGAAGGACAGGTCGTCAGAGTGAAGTACGGCAACGCCGATG
GCGAGTACTGCAAGTTCCCCTTCCTGTTCAACGGCAAAGAGTACAAC
TCCTGCACCGACACCGGCAGATCTGACGGCTTCCTGTGGTGCTCCAC
CACCTACAACTTTGAGAAGGACGGCAAATACGGCTTCTGCCCTCACG
AGGCCCTGTTTACCATGGGCGGAAATGCTGAGGGCCAGCCATGCAA
GTTTCCATTCCGGTTCCAAGGGACCTCCTACGACAGCTGTACCACCG
AGGGAAGAACCGATGGCTATCGTTGGTGCGGCACCACAGAGGACTA
CGACAGAGACAAGAAGTATGGCTTCTGTCCCGAGACAGCCATGTCT
ACCGTCGGCGGCAATTCTGAAGGCGCCCCTTGTGTGTTCCCTTTCAC
CTTCCTGGGCAACAAATACGAGTCCTGCACCTCCGCTGGCCGCTCTG
ATGGAAAAATGTGGTGCGCTACCACCGCCAACTACGACGACGACAG
AAAGTGGGGCTTTTGTCCTGACCAGGGCTACTCCCTGTTTCTGGTGG



CCGCTCACGAGTTTGGCCATGCTATGGGCCTCGAGCACTCTCAAGAT
CCCGGTGCACTGATGGCCCCTATCTACACCTACACCAAGAACTTCCG
GCTGTCCCAGGACGACATCAAGGGCATCCAAGAGCTGTACGGCGCC
TCTCCTGATATCGATCTCGGCACCGGACCTACTCCTACACTGGGACC
TGTGACACCCGAGATCTGCAAGCAGGACATCGTGTTCGACGGAATC
GCCCAGATCCGGGGCGAGATCTTCTTTTTTAAGGACCGGTTCATCTG
GCGGACAGTGACCCCTAGAGACAAGCCTATGGGACCTCTGCTGGTG
GCTACCTTCTGGCCTGAGCTGCCTGAGAAGATCGACGCCGTGTACGA
GGCCCCTCAAGAGGAAAAGGCCGTCTTTTTCGCCGGCAACGAGTACT
GGATCTACTCCGCTTCTACCCTGGAACGGGGCTACCCCAAGCCTCTG
ACATCTCTGGGACTGCCTCCAGACGTGCAGAGAGTGGACGCCGCCTT
CAACTGGTCCAAGAACAAGAAAACCTACATCTTCGCCGGGGACAAG
TTCTGGCGGTACAACGAAGTGAAGAAAAAGATGGACCCTGGCTTCC
CCAAGCTGATCGCCGATGCCTGGAACGCTATCCCCGATAACCTGGAC
GCTGTGGTGGATCTCCAAGGCGGCGGACACTCCTACTTTTTCAAGGG
CGCCTACTACCTGAAGCTGGAAAACCAGAGCCTGAAGTCCGTGAAG
TTCGGCTCCATCAAGTCCGACTGGCTCGGATGTGGTGGCGGAGGAA
GCGGAGGCGGAGGATCTGGCGGTGGCGGATCTGATAAGACCCACAC
CTGTCCACCTTGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTT
CCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCC
CTGAAGTGACCTGCGTGGTGGTGGATGTGTCCCACGAGGACCCAGA
AGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCC
AAGACCAAGCCTAGAGAGGAACAGTACAACAGCACCTACAGAGTGG
TGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAATGGGAAAGA
GTATAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAA
AGACCATCAGCAAGGCCAAGGGACAGCCCCGGGAACCTCAAGTCTG
TACCCTGCCTCCTAGCCGGGAAGAGATGACCAAGAATCAGGTGTCC
CTGTCTTGCGCCGTGAAGGGCTTTTACCCCTCCGATATCGCCGTGGA
ATGGGAGTCTAATGGCCAGCCTGAGAACAACTACAAGACCACACCT
CCTGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCCAAGCTGAC
TGTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCG
TGATGCACGAGGCTCTGCACAACCACTACACACAGAAGTCTCTGAG
CCTGTCTCCTGGCAAGTGATGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
206 AGGATCTACAGGACAGGTGCAGCTGGTTCAGTCTGGCGCCGAAGTG

AAGAAACCTGGCGCCTCTGTGAAGGTGTCCTGCAAGACCTCTCGGTA
CACCTTTACCGAGTACACCATCCACTGGGTCCGACAGGCTCCAGGCC
AGAGACTGGAATGGATCGGCGGCATCAACCCCAACAACGGCATCCC
CAACTACAACCAGAAATTCAAGGGCCGCGTGACCATCACCGTGGAC
ACCTCTGCTTCTACCGCCTACATGGAACTGTCCAGCCTGAGATCTGA
GGACACCGCCGTGTACTACTGCGCCAGAAGAAGAATCGCCTACGGC
TACGATGAGGGCCACGCCATGGATTATTGGGGCCAGGGAACACTGG
TCACCGTGTCCTCTGCCTCTACAAAGGGCCCCTCTGTGTTCCCTCTGG
CTCCTTCCAGCAAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGC
CTGGTCAAGGACTACTTTCCTGAGCCTGTGACCGTGTCTTGGAACTC
TGGCGCTCTGACATCCGGCGTGCACACCTTTCCAGCTGTGCTGCAAT
CTTCCGGCCTGTACTCCCTGTCCTCCGTCGTGACAGTGCCTTCTAGCT
CTCTGGGCACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCC
AACACCAAGGTGGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGA
CCCACACCTGTCCACCATGTCCTGCTCCAGAACTGCTCGGCGGACCT
TCCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCT
CGGACCCCTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGG
ACCCAGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCA
CAACGCCAAGACCAAGCCTAGAGAGGAACAGTACAACTCCACCTAC
AGAGTGGTGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACG



GCAAAGAGTACAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCC
TATCGAAAAGACCATCTCCAAGGCCAAGGGCCAGCCTAGGGAACCC
CAGGTTTACACCCTGCCTCCATGCCGGGAAGAGATGACCAAGAACC
AGGTGTCCCTGTGGTGCCTCGTGAAGGGCTTCTACCCTTCCGATATC
GCCGTGGAATGGGAGAGCAATGGCCAGCCAGAGAACAACTACAAG
ACAACCCCTCCTGTGCTGGACTCCGACGGCTCATTCTTCCTGTACAG
CAAGCTGACAGTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTC
TCCTGCTCCGTGATGCACGAGGCCCTGCACAATCACTACACACAGAA
GTCCCTGTCTCTGTCCCCTGGCAAAGGTGGCGGAGGATCTGGCGGAG
GTGGAAGCGGCGGAGGCGGATCTGCTCCTACATCCTCCAGCACCAA
GAAAACCCAGCTGCAGTTGGAGCATCTGCTGCTGGACCTGCAGATG
ATCCTGAATGGCATCAACAATTACAAGAACCCCAAGCTGACCCGGA
TGCTGACCGCCAAGTTTGCCATGCCTAAGAAGGCCACCGAGCTGAA
ACATCTGCAGTGCCTGGAAGAGGAACTGAAGCCCCTGGAAGAAGTG
CTGAATCTGGCCCAGTCCAAGAACTTCCACCTGAGGCCTCGGGACCT
GATCTCCAACATCAACGTGATCGTGCTCGAGCTGAAGGGCTCCGAG
ACAACCTTCATGTGCGAGTACGCCGACGAGACAGCTACCATCGTGG
AATTTCTGAACCGGTGGATCACCTTCTGCCAGTCCATCATCAGCACC
CTGACCTGATGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
207 AGGATCTACAGGACAGGTGCAGCTGGTTCAGTCTGGCGCCGAAGTG

AAGAAACCTGGCGCCTCTGTGAAGGTGTCCTGCAAGACCTCTCGGTA
CACCTTTACCGAGTACACCATCCACTGGGTCCGACAGGCTCCAGGCC
AGAGACTGGAATGGATCGGCGGCATCAACCCCAACAACGGCATCCC
CAACTACAACCAGAAATTCAAGGGCCGCGTGACCATCACCGTGGAC
ACCTCTGCTTCTACCGCCTACATGGAACTGTCCAGCCTGAGATCTGA
GGACACCGCCGTGTACTACTGCGCCAGAAGAAGAATCGCCTACGGC
TACGATGAGGGCCACGCCATGGATTATTGGGGCCAGGGAACACTGG
TCACCGTGTCCTCTGCCTCTACAAAGGGCCCCTCTGTGTTCCCTCTGG
CTCCTTCCAGCAAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGC
CTGGTCAAGGACTACTTTCCTGAGCCTGTGACCGTGTCTTGGAACTC
TGGCGCTCTGACATCCGGCGTGCACACCTTTCCAGCTGTGCTGCAAT
CTTCCGGCCTGTACTCCCTGTCCTCCGTCGTGACAGTGCCTTCTAGCT
CTCTGGGCACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCC
AACACCAAGGTGGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGA
CCCACACCTGTCCACCATGTCCTGCTCCAGAACTGCTCGGCGGACCT
TCCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCT
CGGACCCCTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGG
ACCCAGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCA
CAACGCCAAGACCAAGCCTAGAGAGGAACAGTACAACTCCACCTAC
AGAGTGGTGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACG
GCAAAGAGTACAAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCC
TATCGAAAAGACCATCTCCAAGGCCAAGGGCCAGCCTCGGGAACCT
CAAGTCTGTACCCTGCCTCCTAGCCGGGAAGAGATGACCAAGAACC
AGGTGTCCCTGAGCTGCGCCGTGAAGGGCTTCTACCCTTCTGATATC
GCCGTGGAATGGGAGAGCAACGGCCAGCCAGAGAACAACTACAAG
ACAACCCCTCCTGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCC
AAGCTGACAGTGGACAAGTCCAGATGGCAGCAGGGCAACGTGTTCT
CCTGCTCCGTGATGCACGAGGCCCTGCACAATCACTACACACAGAA
GTCCCTGTCTCTGTCCCCTGGCAAAGGTGGCGGAGGATCTGGCGGAG
GTGGAAGCGGCGGAGGCGGATCTTTTAGAGGACCTCTGCTGCCCAA
CCGGCCTTTCACCACAGTGTGGAACGCTAACACCCAGTGGTGCCTGG
AAAGACACGGCGTTGACGTGGACGTGTCCGTGTTCGATGTGGTGGCT
AATCCCGGCCAGACCTTCAGAGGCCCTGACATGACCATCTTCTACTC
CAGCCAGCTGGGCACCTATCCTTACTACACCCCTACAGGCGAGCCCG



TGTTTGGAGGCTTGCCTCAGAATGCCAGCCTGATCGCTCACCTGGCC
AGAACCTTTCAGGACATCCTGGCTGCTATCCCCGCTCCTGACTTTTCC
GGACTGGCCGTGATCGATTGGGAAGCCTGGCGACCTAGATGGGCCT
TCAACTGGGACACCAAGGACATCTACCGGCAGCGGTCTAGAGCACT
GGTGCAGGCTCAACATCCTGACTGGCCTGCTCCACAGGTTGAGGCTG
TTGCCCAGGATCAGTTTCAGGGCGCTGCCAGAGCTTGGATGGCTGGA
ACATTGCAGCTGGGGAGAGCCCTGAGGCCTAGAGGACTGTGGGGCT
TTTACGGCTTCCCCGACTGCTACAACTACGACTTCCTGTCTCCTAACT
ACACCGGCCAGTGTCCTTCCGGCATCAGAGCCCAGAATGATCAGCTC
GGATGGCTCTGGGGACAGTCCAGGGCTCTGTACCCCTCCATCTACAT
GCCTGCTGTCCTGGAAGGCACCGGCAAGTCCCAGATGTACGTGCAG
CATAGAGTGGCCGAGGCCTTCAGAGTGGCTGTTGCTGCTGGCGATCC
TAACCTGCCTGTGCTGCCTTACGTGCAGATCTTCTACGATACCACCA
ACCACTTTCTGCCCCTGGACGAGCTGGAACACTCCCTGGGAGAATCT
GCTGCTCAAGGTGCTGCAGGCGTGGTGTTGTGGGTGTCCTGGGAAAA
CACCCGGACCAAAGAGTCCTGCCAGGCCATCAAAGAGTATATGGAC
ACCACACTGGGCCCCTTCATCCTGAACGTGACATCTGGCGCACTGCT
GTGCAGCCAGGCACTGTGTTCTGGACACGGAAGATGCGTGCGGAGA
ACCTCTCATCCCAAGGCTCTGCTGCTGCTGAACCCTGCCAGCTTCTCC
ATCCAGTTGACACCAGGCGGAGGCCCTCTGTCTTTGAGAGGTGCACT
GTCCCTGGAAGATCAGGCCCAGATGGCTGTGGAATTCAAGTGCAGA
TGCTACCCCGGCTGGCAAGCTCCTTGGTGCGAGAGAAAGTCCATGTG
GTAGTGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
208 AGGATCTACAGGCGAGGTGCAGCTGTTGGAATCTGGCGGAGGATTG

GTTCAGCCTGGCGGCTCTCTGAGACTGTCTTGTGCCGCTTCCGGCTTC
ACCTTCTCCAGCTATATCATGATGTGGGTCCGACAGGCCCCTGGCAA
AGGACTGGAATGGGTGTCCTCTATCTACCCCTCTGGCGGCATCACCT
TTTACGCCGACACCGTGAAGGGCAGATTCACCATCTCTCGGGACAAC
TCCAAGAACACCCTGTACCTGCAGATGAACTCCCTGAGAGCCGAGG
ACACCGCCGTGTACTACTGCGCCAGAATCAAGCTGGGCACCGTGAC
CACCGTGGATTATTGGGGACAGGGCACCCTGGTCACCGTGTCCTCTG
CTTCTACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTCCAGCAAG
TCTACCTCCGGTGGAACAGCTGCTCTGGGCTGCCTGGTCAAGGACTA
CTTTCCTGAGCCTGTGACCGTGTCTTGGAACTCCGGCGCTCTGACAT
CTGGCGTGCACACATTTCCAGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCTCTCAGCTCTGTCGTGACCGTGCCTTCCAGCTCTCTGGGAACCCA
GACCTACATCTGCAATGTGAACCACAAGCCTTCCAACACCAAGGTG
GACAAGAGAGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTC
CTCCATGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTTCCTGT
TTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCCCTGAA
GTGACCTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAAGTGA
AGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGAC
CAAGCCTAGAGAGGAACAGTACAACTCCACCTACAGAGTGGTGTCC
GTGCTGACAGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTACA
AGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAAGAC
CATCTCCAAGGCCAAGGGCCAGCCTAGGGAACCCCAGGTTTACACC
CTGCCTCCATGCCGGGAAGAGATGACCAAGAACCAGGTGTCCCTGT
GGTGCCTGGTTAAGGGCTTCTACCCTTCCGATATCGCCGTGGAATGG
GAGAGCAATGGCCAGCCTGAGAACAACTACAAGACAACCCCTCCTG
TGCTGGACTCCGACGGCTCATTCTTCCTGTACTCCAAGCTGACCGTG
GACAAGTCCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGTGAT
GCACGAGGCCCTGCACAATCACTACACCCAGAAGTCCCTGTCTCTGA
GCCCCGGCAAGTGATGA



SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
209 AGGATCTACAGGCGAGGTGCAGCTGTTGGAATCTGGCGGAGGATTG

GTTCAGCCTGGCGGCTCTCTGAGACTGTCTTGTGCCGCTTCCGGCTTC
ACCTTCTCCAGCTATATCATGATGTGGGTCCGACAGGCCCCTGGCAA
AGGACTGGAATGGGTGTCCTCTATCTACCCCTCTGGCGGCATCACCT
TTTACGCCGACACCGTGAAGGGCAGATTCACCATCTCTCGGGACAAC
TCCAAGAACACCCTGTACCTGCAGATGAACTCCCTGAGAGCCGAGG
ACACCGCCGTGTACTACTGCGCCAGAATCAAGCTGGGCACCGTGAC
CACCGTGGATTATTGGGGACAGGGCACCCTGGTCACCGTGTCCTCTG
CTTCTACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTCCAGCAAG
TCTACCTCCGGTGGAACAGCTGCTCTGGGCTGCCTGGTCAAGGACTA
CTTTCCTGAGCCTGTGACCGTGTCTTGGAACTCCGGCGCTCTGACAT
CTGGCGTGCACACATTTCCAGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCTCTCAGCTCTGTCGTGACCGTGCCTTCCAGCTCTCTGGGAACCCA
GACCTACATCTGCAATGTGAACCACAAGCCTTCCAACACCAAGGTG
GACAAGAGAGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTC
CTCCATGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTTCCTGT
TTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCCCTGAA
GTGACCTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAAGTGA
AGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGAC
CAAGCCTAGAGAGGAACAGTACAACTCCACCTACAGAGTGGTGTCC
GTGCTGACAGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTACA
AGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAAGAC
CATCTCCAAGGCCAAGGGCCAGCCTAGGGAACCCCAGGTTTACACC
CTGCCTCCATGCCGGGAAGAGATGACCAAGAACCAGGTGTCCCTGT
GGTGCCTGGTTAAGGGCTTCTACCCTTCCGATATCGCCGTGGAATGG
GAGAGCAATGGCCAGCCTGAGAACAACTACAAGACAACCCCTCCTG
TGCTGGACTCCGACGGCTCATTCTTCCTGTACTCCAAGCTGACCGTG
GACAAGTCCAGATGGCAGCAGGGCAACGTGTTCTCCTGCTCCGTGAT
GCACGAGGCCCTGCACAATCACTACACCCAGAAGTCCCTGTCTCTGT
CTCCCGGAAAAGGCGGAGGTGGAAGCGGCGGAGGCGGATCTGGTGG
CGGTGGATCTGCTCCTACCTCCTCCAGCACCAAGAAAACCCAGCTGC
AGTTGGAGCATCTGCTGCTGGACCTCCAGATGATCCTGAATGGCATC
AACAATTACAAGAACCCCAAGCTCACCCGGATGCTGACCGCCAAGT
TTGCCATGCCTAAGAAGGCCACCGAGCTGAAACATCTGCAGTGCCTG
GAAGAGGAACTGAAGCCCCTGGAAGAAGTGCTGAATCTGGCCCAGT
CCAAGAACTTCCACCTGAGGCCTCGGGACCTGATCTCCAACATCAAC
GTGATCGTGCTCGAGCTGAAGGGCTCCGAGACAACCTTCATGTGCGA
GTACGCCGACGAGACAGCTACCATCGTGGAATTTCTGAACCGGTGG
ATCACCTTCTGTCAGTCCATCATCAGCACCCTGACCTGATGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
210 AGGATCTACAGGACAGGTCCAGCTGCAGCAGTCTGGCCCTGAACTT

GTGAAGCCTGGCGCCTCCGTGAAGATGTCCTGCAAGGCTTCTGGCTA
CACCTTCACCGACTACGTGATCAACTGGGGCAAGCAGAGATCTGGC
CAGGGCCTCGAGTGGATCGGCGAGATCTATCCTGGCTCCGGCACCA
ACTACTACAACGAGAAGTTCAAGGCCAAGGCTACCCTGACCGCCGA
CAAGTCCTCCAATATCGCCTACATGCAGCTGTCCAGCCTGACCTCTG
AGGACTCCGCCGTGTACTTCTGCGCCAGAAGAGGCAGATACGGCCT
GTACGCCATGGACTATTGGGGCCAGGGCACCTCTGTGACCGTGTCCT
CTGCTTCTACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTCCAGC
AAGTCTACCTCTGGCGGAACAGCTGCTCTGGGCTGCCTGGTCAAGGA
CTACTTTCCTGAGCCTGTGACAGTGTCTTGGAACTCTGGCGCCCTGA
CATCCGGCGTGCACACATTTCCAGCTGTGCTGCAGTCCTCTGGCCTG
TACTCTCTGTCCTCCGTCGTGACCGTGCCTTCTAGCTCTCTGGGCACC
CAGACCTACATCTGCAATGTGAACCACAAGCCTTCCAACACCAAGGT



GGACAAGAGAGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGT
CCTCCATGTCCTGCTCCAGAACTGCTCGGCGGACCTTCCGTGTTCCTG
TTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGACCCCTGA
AGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGGATCCCGAAGTG
AAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGA
CCAAGCCTAGAGAGGAACAGTACAACTCCACCTACAGAGTGGTGTC
CGTGCTGACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTAC
AAGTGCAAGGTGTCCAACAAGGCCCTGCCTGCTCCTATCGAAAAGA
CCATCTCCAAGGCTAAGGGCCAGCCTCGCGAACCCCAAGTCTGTACA
CTGCCTCCTAGCCGGGAAGAGATGACCAAGAACCAGGTGTCCCTGT
CCTGCGCCGTGAAGGGCTTCTACCCTTCTGATATCGCCGTGGAATGG
GAGTCCAACGGCCAGCCTGAGAACAACTACAAGACAACCCCTCCTG
TGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCCAAGCTGACAGTG
GACAAGTCCCGATGGCAGCAGGGCAACGTGTTCTCCTGCTCTGTGAT
GCACGAGGCTCTGCACAACCACTACACCCAGAAGTCCCTGTCTCTGT
CCCCTGGAAAAGGCGGCGGAGGATCTGGCGGAGGTGGAAGCGGAG
GCGGTGGATCTTTTAGAGGACCTCTGCTGCCCAACCGGCCTTTCACC
ACAGTGTGGAACGCTAACACCCAGTGGTGCCTGGAAAGACATGGCG
TCGACGTGGACGTGTCCGTGTTCGATGTGGTGGCTAATCCCGGCCAG
ACCTTCAGAGGCCCCGACATGACCATCTTCTACTCCAGCCAGCTGGG
CACCTATCCTTACTACACCCCTACAGGCGAGCCCGTGTTTGGTGGCT
TGCCTCAGAATGCCTCTCTGATCGCCCACCTGGCTAGAACCTTCCAG
GATATTCTGGCTGCTATCCCCGCTCCTGACTTTTCTGGCCTGGCCGTG
ATCGATTGGGAAGCTTGGAGGCCTAGATGGGCCTTCAACTGGGACA
CCAAGGACATCTACCGGCAGCGGTCTAGAGCACTGGTGCAGGCTCA
ACATCCTGACTGGCCTGCTCCACAGGTTGAGGCTGTTGCCCAGGATC
AGTTTCAGGGCGCTGCCAGAGCTTGGATGGCTGGAACATTGCAGCTG
GGGAGAGCCCTGAGGCCAAGAGGATTGTGGGGCTTTTACGGCTTCC
CCGACTGCTACAACTACGACTTCCTGTCTCCTAACTACACCGGCCAG
TGTCCTTCCGGCATCAGAGCCCAGAATGATCAGCTCGGATGGCTCTG
GGGACAGTCCAGGGCTCTGTACCCCTCCATCTACATGCCTGCTGTGC
TCGAAGGCACCGGCAAGTCCCAGATGTACGTGCAGCATAGAGTGGC
CGAGGCCTTCAGAGTGGCTGTTGCTGCTGGCGATCCTAACCTGCCTG
TGCTGCCTTACGTGCAGATCTTCTACGATACCACCAACCACTTTCTGC
CCCTGGACGAGCTGGAACACTCCCTGGGAGAATCTGCTGCTCAAGGT
GCTGCAGGCGTGGTGTTGTGGGTGTCCTGGGAAAACACCCGGACCA
AAGAGTCCTGCCAGGCCATCAAAGAGTATATGGACACCACACTGGG
CCCCTTCATCCTGAACGTGACATCTGGCGCTCTGCTGTGCAGCCAGG
CTCTGTGTTCTGGCCATGGTAGATGCGTGCGGAGAACCTCTCATCCC
AAGGCTCTGCTGCTGCTGAACCCTGCCAGCTTCTCCATCCAGTTGAC
ACCAGGCGGAGGCCCTCTGTCTTTGAGAGGTGCACTGTCCCTGGAAG
ATCAGGCCCAGATGGCTGTGGAATTCAAGTGCAGATGCTACCCCGG
CTGGCAAGCTCCTTGGTGCGAGAGAAAGTCCATGTGGTAGTGA

SEQ ID NO: ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCC
2 11 AGGATCTACCGGCGACATCCAGATGACCCAGACCACCTCTAGCCTGT

CTGCCTCTCTGGGCGACAGAGTGACCATCTCCTGTAGAGCCAGCCAG
GACATCTCCAACTACCTGAACTGGTATCAGCAGAAACCCGACGGCA
CCGTGAAGCTGCTGATCTACTACACCTCTCGGCTGCACTCTGGCGTG
CCCTCTAGATTTTCTGGCTCCGGCTCTGGCACCGACTACTCCCTGACC
ATCAACAACCTGGAACAAGAGGATATCGCTACCTACTTCTGCCAGCA
AGGCAACACCCGGCCTTGGACATTTGGCGGCGGAACAAAGCTGGAA
ATCAAGCGGACAGTGGCCGCTCCTTCCGTGTTCATCTTCCCACCTTCC
GACGAGCAGCTGAAGTCCGGCACAGCTTCTGTCGTGTGCCTGCTGAA
CAACTTCTACCCTCGGGAAGCCAAGGTGCAGTGGAAGGTGGACAAT
GCCCTGCAGTCCGGCAACTCCCAAGAGTCTGTGACCGAGCAGGACT



CCAAGGACAGCACCTACAGCCTGTCCTCCACACTGACCCTGAGCAA
GGCCGACTACGAGAAGCACAAGGTGTACGCCTGCGAAGTGACCCAT
CAGGGCCTGTCTAGCCCTGTGACCAAGTCTTTCAACCGGGGCGAGTG
CTGATGA

SEQ ID NO: ATGGAAACCGATACCCTGCTGCTGTGGGTGCTGCTCCTCTGGGTGCC
121 AGGCTCTACCGGCCAGTCTGCTCTGACCCAGCCTGCCTCTGTGTCTG

GCTCCCCTGGCCAGTCCATCACCATCAGCTGTACCGGCACCTCCTCC
GACGTGGGCGGCTACAACTACGTGTCCTGGTATCAGCAGCATCCCGG
CAAGGCCCCTAAGCTGATGATCTACGACGTGTCCAACCGGCCCTCCG
GCGTGTCCAATCGGTTCTCTGGCTCCAAGTCCGGCAACACCGCCTCC
CTGACAATCAGCGGACTGCAGGCCGAGGACGAGGCCGACTACTACT
GCTCCTCCTACACCTCCAGCTCTACCCGGGTGTTCGGCACCGGCACC
AAAGTGACAGTGCTGGGCCAGCCCAAGGCCAACCCCACCGTGACCC
TGTTCCCTCCATCCTCCGAGGAACTGCAGGCTAACAAGGCCACCCTC
GTGTGCCTGATCTCCGACTTCTACCCTGGCGCCGTGACCGTGGCTTG
GAAGGCTGATGGCTCTCCTGTGAAGGCCGGCGTGGAAACCACCAAG
CCCTCCAAGCAGTCCAACAACAAATACGCCGCCTCCAGCTACCTGTC
CCTGACCCCTGAGCAGTGGAAGTCCCACCGGTCCTACAGCTGCCAGG
TCACACATGAGGGCTCCACCGTGGAAAAGACCGTGGCCCCTACCGA
GTGCTCCTAATGA

SEQ ID NO: 212 ATGGCTGCTCATCTGCTGCCTATCTGCGCCCTGTTCCTGACCCTGCTG
GATATGGCCCAGGGCTTCAGAGGCCCTCTGCTGCCCAACAGACCCTT
CACCACCGTGTGGAACGCCAACACCCAGTGGTGCCTGGAAAGACAC
GGCGTGGACGTGGACGTGTCCGTGTTCGATGTGGTGGCCAACCCCGG
CCAGACCTTCAGGGGCCCTGACATGACCATCTTCTACTCCAGCCAGC
TGGGCACCTACCCCTACTACACCCCTACAGGCGAGCCTGTGTTTGGC
GGCCTGCCTCAGAACGCCTCTCTGATCGCTCACCTGGCCCGGACCTT
CCAGGACATCCTGGCTGCTATCCCTGCCCCCGACTTTTCTGGCCTGG
CCGTGATCGATTGGGAGGCCTGGCGACCTAGATGGGCCTTCAACTGG
GACACCAAGGACATCTACCGGCAGCGGTCCAGAGCCCTGGTGCAGG
CTCAGCATCCTGATTGGCCTGCCCCTCAGGTGGAAGCCGTGGCCCAG
GATCAGTTTCAGGGCGCTGCCAGAGCTTGGATGGCTGGCACACTGCA
GCTGGGAAGGGCCCTGAGGCCTAGAGGACTGTGGGGCTTCTACGGC
TTCCCCGACTGCTACAACTACGACTTCCTGTCCCCCAACTACACCGG
CCAGTGCCCCTCTGGAATCCGGGCCCAGAATGATCAGCTGGGCTGGC
TGTGGGGCCAGTCTAGAGCCCTGTACCCCTCCATCTACATGCCCGCC
GTGCTGGAAGGCACCGGCAAGTCCCAGATGTACGTGCAGCACAGAG
TGGCCGAGGCCTTCAGGGTGGCAGTGGCTGCTGGCGATCCTAACCTG
CCCGTGCTGCCCTACGTGCAGATCTTCTACGATACCACCAACCACTT
TCTGCCCCTGGACGAGCTGGAACACTCCCTGGGAGAGTCTGCTGCTC
AGGGTGCTGCAGGCGTGGTGCTGTGGGTGTCCTGGGAGAACACCCG
GACCAAAGAGTCCTGCCAGGCCATCAAAGAGTACATGGACACCACC
CTGGGCCCCTTCATCCTGAACGTGACCTCTGGCGCCCTGCTGTGTAG
CCAGGCTCTGTGTTCTGGCCACGGCAGATGCGTGCGGAGAACCTCTC
ACCCTAAGGCTCTGCTGCTGCTGAACCCCGCCTCCTTCAGCATCCAG
CTGACACCTGGCGGCGGACCCCTGTCTCTGAGAGGTGCTCTGTCCCT
GGAAGATCAGGCCCAGATGGCCGTGGAATTCAAGTGCCGGTGCTAC
CCTGGCTGGCAGGCCCCTTGGTGCGAGCGGAAATCTATGTGGGGCG
GAGGCGGATCAGGCGGCGGAGGATCTGGGGGTGGTGGCTCTGATAA
GACCCACACCTGTCCTCCCTGCCCTGCCCCTGAACTGCTGGGAGGCC
CTTCCGTGTTCCTGTTCCCCCCAAAGCCCAAGGACACCCTGATGATC
TCCCGGACCCCCGAAGTGACCTGCGTGGTGGTGGATGTGTCCCACGA
GGACCCTGAAGTGAAGTTCAATTGGTACGTGGACGGGGTGGAAGTG



CACAACGCCAAGACCAAGCCCAGAGAGGAACAGTACAACTCCACCT
ACAGAGTGGTGTCCGTGCTGACCGTGCTGCATCAGGACTGGCTGAAC
GGCAAAGAGTATAAGTGCAAGGTGTCCAACAAGGCCCTGCCCGCTC
CCATCGAAAAGACCATCTCCAAGGCCAAGGGCCAGCCCCGGGAACC
TCAAGTGTGCACCCTGCCTCCATCCCGGGAAGAGATGACCAAGAAC
CAGGTGTCCCTGTCCTGCGCCGTGAAGGGCTTTTACCCCTCCGATAT
CGCTGTGGAATGGGAGTCCAACGGCCAGCCTGAGAACAACTACAAG
ACCACCCCCCCTGTGCTGGACTCCGACGGCTCATTCTTCCTGGTGTCC
AAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCT
CCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAA
GTCCCTGAGCCTGTCCCCTGGCAAGTGATGA

Table 13. DNA sequences for antigens used.



SEQ ID NO: hFAP ATGAAGACCTGGGTCAAGATCGTGTTTGGCGTGGCCACCTCTGCTG
213 TGCTGGCTCTGCTGGTCATGTGCATCGTGCTGCGGCCTTCCAGAGTG

CACAACTCCGAAGAGAACACCATGCGGGCTCTGACCCTGAAGGAC
ATCCTGAACGGCACCTTCAGCTACAAGACCTTCTTTCCCAACTGGAT
CTCCGGCCAAGAGTACCTGCACCAGTCCGCCGACAACAATATCGTG
CTGTACAACATCGAGACAGGCCAGTCCTACACCATCCTGTCCAACC
GGACCATGAAGTCCGTGAACGCCTCCAACTACGGACTGTCTCCTGA
CCGGCAGTTCGTGTACCTGGAATCCGACTACTCCAAGCTGTGGCGG
TACTCCTACACCGCCACCTACTACATCTACGACCTGAGCAACGGCG
AGTTCGTGCGGGGAAATGAGCTGCCCAGACCTATCCAGTACCTGTG
CTGGTCCCCTGTGGGCTCTAAGCTGGCTTACGTGTACCAGAACAAC
ATCTACCTGAAGCAGCGGCCTGGCGACCCTCCATTCCAGATCACCT
TCAACGGCAGAGAGAACAAGATCTTTAACGGCATCCCCGACTGGGT
GTACGAGGAAGAGATGCTGCCCACTAAGTACGCCCTCTGGTGGTCC
CCTAACGGCAAGTTTCTGGCCTACGCCGAGTTCAACGACAAGGATA
TCCCCGTGATCGCCTACTCCTACTACGGCGACGAGCAGTACCCTCG
GACCATCAACATCCCTTATCCTAAGGCTGGCGCCAAGAATCCCGTC
GTGCGGATCTTCATCATCGACACCACCTATCCTGCCTACGTGGGCCC
TCAAGAGGTGCCAGTGCCTGCTATGATCGCCTCCAGCGACTACTAC
TTCTCCTGGCTGACATGGGTCACCGACGAGCGAGTTTGTCTGCAGT
GGCTGAAGCGGGTGCAGAACGTGTCCGTGCTGTCCATCTGCGACTT
CAGAGAGGACTGGCAGACCTGGGACTGCCCCAAGACACAAGAGCA
CATCGAGGAATCTCGGACCGGATGGGCTGGCGGCTTCTTCGTGTCT
AGACCCGTGTTCTCCTACGACGCCATCAGCTACTATAAGATCTTCTC
CGACAAGGACGGCTACAAGCACATCCACTACATCAAGGACACCGTC
GAGAACGCCATCCAGATTACCTCCGGCAAGTGGGAAGCCATCAATA
TCTTCAGAGTGACCCAGGACTCCCTGTTCTACTCCTCCAACGAGTTC
GAGGAATACCCCGGCAGACGGAACATCTACAGAATCTCCATCGGCA
GCTACCCTCCATCCAAGAAATGCGTGACCTGCCACCTGAGAAAAGA
GCGGTGCCAGTACTATACCGCCAGCTTCTCTGACTACGCCAAGTAC
TACGCCCTCGTGTGTTACGGCCCTGGCATCCCTATCTCTACCCTGCA
CGATGGCAGAACCGACCAAGAGATCAAGATCCTGGAAGAAAACAA
AGAGCTGGAAAACGCCCTGAAGAACATTCAGCTGCCCAAAGAGGA
AATCAAGAAGCTGGAAGTCGACGAGATCACCCTGTGGTACAAGAT
GATCCTGCCTCCTCAGTTCGACCGGTCCAAGAAGTACCCTCTGCTGA
TCCAGGTGTACGGCGGACCTTGCTCTCAGTCCGTCAGATCTGTGTTC
GCCGTGAATTGGATCTCCTACCTGGCCTCCAAAGAAGGCATGGTTA
TCGCCCTGGTGGACGGCAGAGGCACAGCTTTTCAAGGCGACAAGCT
GCTGTACGCCGTGTACAGAAAGCTGGGCGTGTACGAAGTGGAAGAT
CAGATCACCGCCGTGCGGAAGTTCATCGAGATGGGCTTCATCGACG
AGAAGCGGATCGCTATCTGGGGCTGGTCTTACGGCGGCTACGTTTC
CTCTCTGGCCCTGGCTTCTGGCACCGGCCTGTTCAAGTGTGGAATCG
CTGTTGCCCCTGTGTCCTCCTGGGAGTACTATGCCTCTGTGTACACC
GAGCGGTTCATGGGCCTGCCTACCAAGGACGACAACCTGGAACACT
ACAAGAACAGCACCGTGATGGCCAGAGCCGAGTACTTCCGGAACG
TGGACTACCTGCTGATTCACGGCACCGCCGACGACAACGTGCACTT
CCAAAACAGCGCCCAGATCGCCAAGGCTCTGGTCAATGCCCAGGTG
GACTTTCAGGCCATGTGGTACTCCGACCAGAACCACGGCCTGTCTG
GCCTGAGCACCAATCACCTGTACACCCACATGACCCACTTTCTGAA
GCAGTGCTTCTCCCTGTCTGATGGCGGCGGAGGCTCTGGACTGAAC
GATATCTTCGAGGCCCAGAAAATCGAGTGGCACGAAGGCGGAGGC
GGCTCCCACCATCATCATCACCACCATCACTGATGA



SEQ ID NO: hNKp46 ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGC
143 CAGGATCTACCGGCCAGCAGCAGACACTGCCCAAGCCTTTTATCTG

GGCCGAGCCTCACTTCATGGTGCCCAAAGAAAAGCAAGTGACCATC
TGCTGCCAGGGCAACTACGGCGCTGTGGAATACCAGCTGCACTTCG
AGGGCTCCCTGTTCGCCGTGGATAGACCTAAGCCTCCTGAGCGGAT
CAACAAAGTGAAGTTCTACATCCCCGACATGAACTCCCGGATGGCT
GGCCAGTACTCCTGCATCTATAGAGTGGGCGAGCTTTGGAGCGAGC
CCTCCAATCTGCTGGATCTGGTGGTCACCGAGATGTACGACACCCC
TACACTGAGCGTGCACCCCGGACCTGAAGTGATCTCTGGCGAGAAA
GTGACCTTCTACTGCAGACTGGATACCGCCACCTCCATGTTTCTGCT
GCTCAAAGAGGGCAGATCCTCTCACGTGCAGCGCGGCTATGGAAAG
GTGCAGGCTGAGTTTCCTCTGGGCCCTGTGACCACCGCTCACAGAG
GCACCTACAGATGCTTCGGCTCCTACAACAACCACGCCTGGTCTTTC
CCATCCGAGCCTGTGAAGCTGCTGGTCACCGGCGACATCGAGAACA
CATCTCTGGCCCCTGAGGACCCCACCTTTCCTGATACCTGGGGCACC
TATCTGCTGACCACCGAGACAGGCCTGCAGAAAGATCACGCCCTGT
GGGATCACACCGCTCAGAATGGTGGCGGAGGATCTGGCGGAGGCG
GATCTGAACCTAGAACCGACACCGACACCTGTCCTAATCCTCCAGA
TCCTTGTCCTACCTGTCCAACACCTGACCTGCTCGGCGGACCTTCCG
TGTTCATCTTCCCACCTAAGCCAAAGGACGTGCTGATGATCTCTCTG
ACCCCTAAGATCACCTGTGTGGTGGTGGACGTGTCCGAAGAGGAAC
CCGACGTGCAGTTCAATTGGTACGTGAACAACGTCGAGGACAAGAC
AGCCCAGACCGAGACACGGCAGCGGCAGTACAACTCTACCTACAG
AGTGGTGTCCGTGCTGCCCATCAAGCACCAGGATTGGATGTCCGGC
AAGGTGTTCAAGTGCAAAGTGAACAACAACGCCCTGCCTTCTCCAA
TCGAAAAGACCATCTCCAAGCCTCGGGGCCAAGTGCGAGTGCCCCA
GATCTATACCTTTCCACCTCCTATCGAGCAGACCGTGAAGAAAGAT
GTGTCCGTGACCTGCCTCGTGACCGGCTTCCTGCCTCAAGACATCCA
TGTGGAATGGGAGTCCAACGGCCAGCCTCAGCCTGAGCAGAACTAC
AAGAACACCCAGCCTGTGCTGGACTCCGACGGCAGCTACTTCCTGT
ACTCCAAGCTGAACGTGCCCAAGTCCAGATGGGACCAGGGCGACTC
CTTCACCTGTTCCGTGATCCACGAGGCCCTGCACAACCACCACATG
ACCAAGACCATCAGCAGATCCCTCGGCAATGGCGGTGGTGGTTCTG
GCGGCGGAGGTTCCGGACTGAACGATATCTTCGAGGCCCAGAAAAT
CGAGTGGCACGAGTGATGA

SEQ ID NO: hIL2Ra ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGC
139 CAGGATCTACAGGCGAGCTGTGCGACGATGACCCTCCTGAGATCCC

TCACGCCACCTTCAAGGCCATGGCTTACAAAGAGGGCACCATGCTG
AACTGCGAGTGCAAGCGGGGCTTCAGACGGATCAAGTCCGGCAGC
CTGTACATGCTGTGCACCGGCAACTCCTCTCACTCCTCCTGGGACAA
CCAGTGCCAGTGCACCTCCTCTGCCACCAGAAACACCACCAAGCAA
GTGACCCCTCAGCCTGAGGAACAGAAAGAGCGCAAGACCACCGAG
ATGCAGAGCCCCATGCAGCCTGTGGATCAGGCTTCTCTGCCTGGCC
ACTGTAGAGAGCCTCCACCTTGGGAGAATGAGGCCACCGAGCGGAT
CTACCACTTTGTCGTGGGCCAGATGGTGTACTACCAGTGCGTGCAG
GGATACAGAGCCCTGCATAGAGGCCCTGCTGAGTCCGTGTGCAAGA
TGACCCATGGCAAGACCAGATGGACCCAGCCTCAGCTGATCTGTAC
AGGCGGAGGCGGAGGATCTGGTGGTGGTGGATCTGGCCTGAACGA
CATCTTCGAGGCCCAGAAAATCGAGTGGCACGAAGGCGGTGGCGG
CTCCCACCATCATCATCACCACCATCACTGATGA



SEQ ID NO: BirA ATGGAAACTGACACCCTCCTCCTTTGGGTGCTGCTGCTTTGGGTGCC
144 TGGATCGACCGGGATGAAGGACAATACCGTGCCTCTGAAGCTCATT

GCCCTGCTGGCCAACGGAGAATTCCATTCCGGCGAACAGCTGGGGG
AGACTCTCGGGATGTCCCGGGCCGCCATCAACAAGCACATCCAGAC
TTTGCGCGACTGGGGAGTCGACGTGTTCACGGTGCCGGGGAAGGGC
TACTCGCTCCCGGAACCGATCCAGCTGCTGAACGCCAAGCAGATTC
TGGGACAGCTGGATGGCGGAAGCGTGGCAGTGCTGCCCGTGATCGA
CTCAACCAACCAGTATCTGCTGGATAGAATCGGTGAACTGAAATCC
GGCGACGCTTGCATTGCCGAGTACCAACAGGCCGGAAGGGGACGG
CGCGGCAGGAAGTGGTTCTCTCCATTCGGCGCGAACCTCTACCTGA
GCATGTTCTGGAGATTGGAGCAGGGTCCCGCCGCGGCCATCGGCCT
CTCCCTGGTCATCGGCATTGTGATGGCTGAAGTGCTGAGGAAGTTG
GGTGCCGACAAGGTCCGCGTGAAGTGGCCGAACGACCTGTACCTCC
AAGACCGGAAATTGGCGGGGATTCTCGTCGAGCTTACCGGAAAGAC
TGGCGATGCCGCACAAATTGTGATCGGGGCGGGAATCAACATGGCG
ATGCGACGGGTGGAAGAGAGCGTCGTGAACCAGGGATGGATCACC
CTGCAAGAGGCCGGAATCAACCTGGATCGCAACACCCTGGCTGCCA
TGCTCATTCGCGAACTGAGAGCCGCACTGGAGCTGTTTGAGCAGGA
GGGTCTGGCCCCCTACCTGTCACGCTGGGAAAAGCTTGATAACTTC
ATCAATCGGCCTGTGAAGCTGATCATCGGAGACAAGGAGATTTTCG
GCATCTCGAGAGGCATCGACAAACAAGGAGCCCTCCTGCTGGAACA
GGACGGAATCATTAAGCCCTGGATGGGTGGAGAGATCTCCCTGCGG
TCCGCCGAAAAGTCCGGGAAGGATGAACTC

Table 14. Amino Acid sequences.



SEQ ID NO: 148 aPDlLl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGL
Avelumab VH EWVSSIYPSGGITFYADTVKGRFTISRDNSKNTLYLQMNSLRAEDT

AVYYCARIKLGTVTTVDYWGQGTLVTVSS

SEQ ID NO: 149 aPDlLl QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAP
Avelumab VL KLMIYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSS

YTS SSTR VFGTGTKVT VL

SEQ ID NO: 96 3x4GS linker GGGGSGGGGSGGGGS

SEQ ID NO: 150 oNKp46 VH QVQLQQSGPELVKPGASVKMSCKASGYTFTDYVINWGKQRSGQG
LEWIGEIYPGSGTNYYNEKFKAKATLTADKSSNIAYMQLSSLTSED
SAVYFCARRGRYGLYAMDYWGQGTSVTVSS

SEQ ID NO: 15 1 oNKp46 VL DIQMTQTTSSLSASLGDRVTISCRASQDISNYLNWYQQKPDGTVKL
LIYYTSRLHSGVPSRFSGSGSGTDYSLTINNLEQEDIATYFCQQGNT
RPWTFGGGTKLEIK

SEQ ID NO: 152 4x 4GS linker GGGGSGGGGSGGGGSGGGGS

SEQ ID NO: 42 lx4GS GGGGS
SEQ ID NO: 63 MMP2 YNFFPRKPKWDKNQITYRIIGYTPDLDPETVDDAFARAFQVWSDVT

PLRFSRIHDGEADIMINFGRWEHGDGYPFDGKDGLLAHAFAPGTGV
GGDSHFDDDELWTLGEGQVVRVKYGNADGEYCKFPFLFNGKEYN
SCTDTGRSDGFLWCSTTYNFEKDGKYGFCPHEALFTMGGNAEGQP
CKFPFRFQGTSYDSCTTEGRTDGYRWCGTTEDYDRDKKYGFCPET
AMSTVGGNSEGAPCVFPFTFLGNKYESCTSAGRSDGKMWCATTA
NYDDDRKWGFCPDQGYSLFLVAAHEFGHAMGLEHSQDPGALMAP
IYTYTKNFRLSQDDIKGIQELYGASPDIDLGTGPTPTLGPVTPEICKQ
DIVFDGIAQIRGEIFFFKDRFIWRTVTPRDKPMGPLLVATFWPELPEK
IDAVYEAPQEEKAVFFAGNEYWIYSASTLERGYPKPLTSLGLPPDV
QRVDAAFNWSKNKKTYIFAGDKFWRYNEVKKKMDPGFPKLIADA
WNAIPDNLDAVVDLQGGGHSYFFKGAYYLKLENQSLKSVKFGSIK
SDWLGC

SEQ ID NO: 62 HYAL1 FRGPLLPNRPFTTVWNANTQWCLERHGVDVDVSVFDVVANPGQT
FRGPDMTIFYSSQLGTYPYYTPTGEPVFGGLPQNASLIAHLARTFQD
ILAAIPAPDFSGLAVIDWEAWRPRWAFNWDTKDIYRQRSRALVQA
QHPDWPAPQVEAVAQDQFQGAARAWMAGTLQLGRALRPRGLWG
FYGFPDCYNYDFLSPNYTGQCPSGIRAQNDQLGWLWGQSRALYPS
IYMPAVLEGTGKSQMYVQHRVAEAFRVAVAAGDPNLPVLPYVQIF
YDTTNHFLPLDELEHSLGESAAQGAAGVVLWVSWENTRTKESCQA
IKEYMDTTLGPFILNVTSGALLCSQALCSGHGRCVRRTSHPKALLLL
NPASFSIQLTPGGGPLSLRGALSLEDQAQMAVEFKCRCYPGWQAP
WCERKSMW

SEQ ID NO: 65 (xFAP Heavy QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRL
EWIGGINPNNGIPNYNQKFKGRVTITVDTSASTAYMELSSLRSEDTA
VYYCARRRIAYGYDEGHAMDYWGQGTLVTVSS

SEQ ID NO: 69 (XFAP light DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKP
GQPPKLLIFWASTRESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYY
CQQYFSYPLTFGQGTKVEIK



SEQ ID NO: 163 hIL2 F42A Y45A APTSSSTKKTQLQLEHLLLDLQMILNGINNYKNPKLTRMLTAKFAM
PKKATELKHLQCLEEELKPLEEVLNLAQSKNFHLRPPvDLISNINVIV
LELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTLT

Table 15. Amino Acid sequences for full heavy and light chains.

Table 16. Amino acid sequences of the chains used to construct multispecific molecules.

Sequence ID Amino Acid Sequence
SEQ ID NO: QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWI
214 GGINPNNGIPNYNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCA

RRRIAYGYDEGHAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK



SEQ ID NO: 215 DIVMTQSPDSLAVSLGERATINCKSSQSLLYSRNQKNYLAWYQQKPGQ
PPKLLIFWASTRESGVPDRFSGSGFGTDFTLTISSLQAEDVAVYYCQQYF
SYPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR
EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 216 QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWI
GGINPNNGIPNYNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCA
RRRIAYGYDEGHAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSYNFFPRKPKWDKNQI
TYRIIGYTPDLDPETVDDAFARAFQVWSDVTPLRFSRIHDGEADIMINFG
RWEHGDGYPFDGKDGLLAHAFAPGTGVGGDSHFDDDELWTLGEGQV
VRVKYGNADGEYCKFPFLFNGKEYNSCTDTGRSDGFLWCSTTYNFEKD
GKYGFCPHEALFTMGGNAEGQPCKFPFRFQGTSYDSCTTEGRTDGYRW
CGTTEDYDRDKKYGFCPETAMSTVGGNSEGAPCVFPFTFLGNKYESCT
SAGRSDGKMWCATTANYDDDRKWGFCPDQGYSLFLVAAHEFGHAMG
LEHSQDPGALMAPIYTYTKNFRLSQDDIKGIQELYGASPDIDLGTGPTPT
LGPVTPEICKQDIVFDGIAQIRGEIFFFKDRFIWRTVTPRDKPMGPLLVAT
FWPELPEKIDAVYEAPQEEKAVFFAGNEYWIYSASTLERGYPKPLTSLG
LPPDVQRVDAAFNWSKNKKTYIFAGDKFWRYNEVKKKMDPGFPKLIA
DAWNAIPDNLDAVVDLQGGGHSYFFKGAYYLKLENQSLKSVKFGSIKS
DWLGC

SEQ ID NO: 217 YNFFPRKPKWDKNQITYRIIGYTPDLDPETVDDAFARAFQVWSDVTPLR
FSRIHDGEADIMINFGRWEHGDGYPFDGKDGLLAHAFAPGTGVGGDSH
FDDDELWTLGEGQVVRVKYGNADGEYCKFPFLFNGKEYNSCTDTGRS
DGFLWCSTTYNFEKDGKYGFCPHEALFTMGGNAEGQPCKFPFRFQGTS
YDSCTTEGRTDGYRWCGTTEDYDRDKKYGFCPETAMSTVGGNSEGAP
CVFPFTFLGNKYESCTSAGRSDGKMWCATTANYDDDRKWGFCPDQGY
SLFLVAAHEFGHAMGLEHSQDPGALMAPIYTYTKNFRLSQDDIKGIQEL
YGASPDIDLGTGPTPTLGPVTPEICKQDIVFDGIAQIRGEIFFFKDRFIWRT
VTPRDKPMGPLLVATFWPELPEKIDAVYEAPQEEKAVFFAGNEYWIYS
ASTLERGYPKPLTSLGLPPDVQRVDAAFNWSKNKKTYIFAGDKFWRYN
EVKKKMDPGFPKLIADAWNAIPDNLDAVVDLQGGGHSYFFKGAYYLK
LENQSLKSVKFGSIKSDWLGCGGGGSGGGGSGGGGSDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 218 QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWI
GGINPNNGIPNYNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCA
RRRIAYGYDEGHAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSAPTSSSTKKTQLQL



EHLLLDLQMILNGINNYKNPKLTRMLTAKFAMPKKATELKHLQCLEEE
LKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETA
TIVEFLNRWITFCQSIISTLT

SEQ ID NO: 219 QVQLVQSGAEVKKPGASVKVSCKTSRYTFTEYTIHWVRQAPGQRLEWI
GGINPNNGIPNYNQKFKGRVTITVDTSASTAYMELSSLRSEDTAVYYCA
RRRIAYGYDEGHAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSFRGPLLPNRPFTTVW
NANTQWCLERHGVDVDVSVFDVVANPGQTFRGPDMTIFYSSQLGTYP
YYTPTGEPVFGGLPQNASLIAHLARTFQDILAAIPAPDFSGLAVIDWEAW
RPRWAFNWDTKDIYRQRSRALVQAQHPDWPAPQVEAVAQDQFQGAA
RAWMAGTLQLGRALRPRGLWGFYGFPDCYNYDFLSPNYTGQCPSGIR
AQNDQLGWLWGQSRALYPSIYMPAVLEGTGKSQMYVQHRVAEAFRV
AVAAGDPNLPVLPYVQIFYDTTNHFLPLDELEHSLGESAAQGAAGVVL
WVSWENTRTKESCQAIKEYMDTTLGPFILNVTSGALLCSQALCSGHGR
CVRRTSHPKALLLLNPASFSIQLTPGGGPLSLRGALSLEDQAQMAVEFK
CRCYPGWQAPWCERKSMW

SEQ ID NO: 220 EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGLEWV
SSIYPSGGITFYADTVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RIKLGTVTTVDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK

SEQ ID NO: EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGLEWV
221 SSIYPSGGITFYADTVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA

RIKLGTVTTVDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPCREEMTKNQVSLWCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGKGGGGSGGGGSGGGGSAPTSSSTKKTQLQLEHLLL
DLQMILNGINNYKNPKLTRMLTAKFAMPKKATELKHLQCLEEELKPLE
EVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEF
LNRWITFCQSIISTLT

SEQ ID NO: QVQLQQSGPELVKPGASVKMSCKASGYTFTDYVINWGKQRSGQGLEW
222 IGEIYPGSGTNYYNEKFKAKATLTADKSSNIAYMQLSSLTSEDSAVYFC

ARRGRYGLYAMDYWGQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVCTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEAL



HNHYTQKSLSLSPGKGGGGSGGGGSGGGGSFRGPLLPNRPFTTVWNAN
TQWCLERHGVDVDVSVFDVVANPGQTFRGPDMTIFYSSQLGTYPYYTP
TGEPVFGGLPQNASLIAHLARTFQDILAAIPAPDFSGLAVIDWEAWRPR
WAFNWDTKDIYRQRSRALVQAQHPDWPAPQVEAVAQDQFQGAARAW
MAGTLQLGRALRPRGLWGFYGFPDCYNYDFLSPNYTGQCPSGIRAQND
QLGWLWGQSRALYPSIYMPAVLEGTGKSQMYVQHRVAEAFRVAVAA
GDPNLPVLPYVQIFYDTTNHFLPLDELEHSLGESAAQGAAGVVLWVSW
ENTRTKESCQAIKEYMDTTLGPFILNVTSGALLCSQALCSGHGRCVRRT
SHPKALLLLNPASFSIQLTPGGGPLSLRGALSLEDQAQMAVEFKCRCYP
GWQAPWCERKSMW

SEQ ID NO: 223 DIQMTQTTSSLSASLGDRVTISCRASQDISNYLNWYQQKPDGTVKLLIY
YTSRLHSGVPSRFSGSGSGTDYSLTINNLEQEDIATYFCQQGNTRPWTFG
GGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQW
KVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

SEQ ID NO: QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLM
171 IYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSSTR

VFGTGTKVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAV
TVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYS
CQVTHEGSTVEKTVAPTECS

SEQ ID NO: 224 FRGPLLPNRPFTTVWNANTQWCLERHGVDVDVSVFDVVANPGQTFRG
PDMTIFYSSQLGTYPYYTPTGEPVFGGLPQNASLIAHLARTFQDILAAIPA
PDFSGLAVIDWEAWRPRWAFNWDTKDIYRQRSRALVQAQHPDWPAPQ
VEAVAQDQFQGAARAWMAGTLQLGRALRPRGLWGFYGFPDCYNYDF
LSPNYTGQCPSGIRAQNDQLGWLWGQSRALYPSIYMPAVLEGTGKSQM
YVQHRVAEAFRVAVAAGDPNLPVLPYVQIFYDTTNHFLPLDELEHSLG
ESAAQGAAGVVLWVSWENTRTKESCQAIKEYMDTTLGPFILNVTSGAL
LCSQALCSGHGRCVRRTSHPKALLLLNPASFSIQLTPGGGPLSLRGALSL
EDQAQMAVEFKCRCYPGWQAPWCERKSMWGGGGSGGGGSGGGGSD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVSLSC
AVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Table 17. Sequences of antigens.



SEQ ID NO: 225 hFAP LLVMCIVLRPSRVHNSEENTMRALTLKDILNGTFSYKTFFPNWIS
GQEYLHQSADNNIVLYNIETGQSYTILSNRTMKSVNASNYGLSP
DRQFVYLESDYSKLWRYSYTATYYIYDLSNGEFVRGNELPRPIQ
YLCWSPVGSKLAYVYQNNIYLKQRPGDPPFQITFNGRENKIFNGI
PDWVYEEEMLPTKYALWWSPNGKFLAYAEFNDKDIPVIAYSYY
GDEQYPRTINIPYPKAGAKNPVVRIFIIDTTYPAYVGPQEVPVPA
MIASSDYYFSWLTWVTDERVCLQWLKRVQNVSVLSICDFREDW
QTWDCPKTQEHIEESRTGWAGGFFVSRPVFSYDAISYYKIFSDK
DGYKHIHYIKDTVENAIQITSGKWEAINIFRVTQDSLFYSSNEFEE
YPGRRNIYRISIGSYPPSKKCVTCHLRKERCQYYTASFSDYAKYY
ALVCYGPGIPISTLHDGRTDQEIKILEENKELENALKNIQLPKEEI
KKLEVDEITLWYKMILPPQFDRSKKYPLLIQVYGGPCSQSVRSVF
AVNWISYLASKEGMVIALVDGRGTAFQGDKLLYAVYRKLGVY
EVEDQITAVRKFIEMGFIDEKRIAIWGWSYGGYVSSLALASGTGL
FKCGIAVAPVSSWEYYASVYTERFMGLPTKDDNLEHYKNSTVM
ARAEYFRNVDYLLIHGTADDNVHFQNSAQIAKALVNAQVDFQA
MWYSDQNHGLSGLSTNHLYTHMTHFLKQCFSLSDGGGGSGLN
DIFEAQKIEWHEGGGGSHHHHHHHH

SEQ ID NO: hNKp46 QQQTLPKPFIWAEPHFMVPKEKQVTICCQGNYGAVEYQLHFEGS
179 LFAVDRPKPPERINKVKFYIPDMNSRMAGQYSCIYRVGELWSEP

SNLLDLVVTEMYDTPTLSVHPGPEVISGEKVTFYCRLDTATSMF
LLLKEGRSSHVQRGYGKVQAEFPLGPVTTAHRGTYRCFGSYNN
HAWSFPSEPVKLLVTGDIENTSLAPEDPTFPDTWGTYLLTTETGL
QKDHALWDHTAQNGGGGSGGGGSEPRTDTDTCPNPPDPCPTCP
TPDLLGGPSVFIFPPKPKDVLMISLTPKITCVVVDVSEEEPDVQFN
WYVNNVEDKTAQTETRQRQYNSTYRVVSVLPIKHQDWMSGKV
FKCKVNNNALPSPIEKTISKPRGQVRVPQIYTFPPPIEQTVKKDVS
VTCLVTGFLPQDIHVEWESNGQPQPEQNYKNTQPVLDSDGSYFL
YSKLNVPKSRWDQGDSFTCSVIHEALHNHHMTKTISRSLGNGG
GGSGGGGSGLNDIFEAQKIEWHE

SEQ ID NO: 182 hIL2Ra ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRGFRRIKSGSLYM
LCTGNSSHSSWDNQCQCTSSATRNTTKQVTPQPEEQKERKTTE
MQSPMQPVDQASLPGHCREPPPWENEATERIYHFVVGQMVYYQ
CVQGYRALHRGPAESVCKMTHGKTRWTQPQLICTGGGGGSGG
GGSGLNDIFEAQKIEWHEGGGGSHHHHHHHH

SEQ ID: 226 BirA MKDNTVPLKLIALLANGEFHSGEQLGETLGMSRAAINKHIQTLR
DWGVDVFTVPGKGYSLPEPIQLLNAKQILGQLDGGSVAVLPVID
STNQYLLDRIGELKSGDACIAEYQQAGRGRRGRKWFSPFGANL
YLSMFWRLEQGPAAAIGLSLVIGIVMAEVLRKLGADKVRVKWP
NDLYLQDRKLAGILVELTGKTGDAAQIVIGAGINMAMRRVEES
VVNQGWITLQEAGINLDRNTLAAMLIRELRAALELFEQEGLAPY
LSRWEKLDNFINRPVKLIIGDKEIFGISRGIDKQGALLLEQDGIIKP
WMGGEISLRSAEKSGKDEL

Table 18. Sequences used to generate multispecific molecules.



26 SEQ ID NO: SEQ ID NO: 215 SEQ ID NO: 224
214

27 SEQ ID NO: 220 SEQ ID NO: 171 SEQ ID NO: 219 SEQ ID NO: 215

28 SEQ ID NO: 221 SEQ ID NO: 171 SEQ ID NO: 219 SEQ ID NO: 215
29 SEQ ID NO: 221 SEQ ID NO: 171 SEQ ID NO: 222 SEQ ID NO: 223
30 SEQ ID NO: SEQ ID NO: 215 SEQ ID NO: 216 SEQ ID NO: 215

214
31 SEQ ID NO: SEQ ID NO: 215 SEQ ID NO: 217

214
32 SEQ ID NO: 221 SEQ ID NO: 171 SEQ ID NO: 216 SEQ ID NO: 215

Nucleic Acids

The invention also features nucleic acids comprising nucleotide sequences that encode

heavy and light chain variable regions and CDRs or hypervariable loops of the antibody

molecules, as described herein. For example, the invention features a first and second nucleic

acid encoding heavy and light chain variable regions, respectively, of an antibody molecule

chosen from one or more of the antibody molecules disclosed herein. The nucleic acid can

comprise a nucleotide sequence as set forth in the tables herein, or a sequence substantially

identical thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto,

or which differs by no more than 3, 6, 15, 30, or 45 nucleotides from the sequences shown in the

tables herein.

In certain embodiments, the nucleic acid can comprise a nucleotide sequence encoding at

least one, two, or three CDRs or hypervariable loops from a heavy chain variable region having

an amino acid sequence as set forth in the tables herein, or a sequence substantially homologous

thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or

having one or more substitutions, e.g., conserved substitutions). In other embodiments, the

nucleic acid can comprise a nucleotide sequence encoding at least one, two, or three CDRs or

hypervariable loops from a light chain variable region having an amino acid sequence as set forth

in the tables herein, or a sequence substantially homologous thereto (e.g., a sequence at least

about 85%, 90%, 95%, 99% or more identical thereto, and/or having one or more substitutions,

e.g., conserved substitutions). In yet another embodiment, the nucleic acid can comprise a

nucleotide sequence encoding at least one, two, three, four, five, or six CDRs or hypervariable

loops from heavy and light chain variable regions having an amino acid sequence as set forth in

the tables herein, or a sequence substantially homologous thereto (e.g., a sequence at least about



85%, 90%, 95%, 99% or more identical thereto, and/or having one or more substitutions, e.g.,

conserved substitutions).

In certain embodiments, the nucleic acid can comprise a nucleotide sequence encoding at

least one, two, or three CDRs or hypervariable loops from a heavy chain variable region having

the nucleotide sequence as set forth in the tables herein, a sequence substantially homologous

thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or

capable of hybridizing under the stringency conditions described herein). In another

embodiment, the nucleic acid can comprise a nucleotide sequence encoding at least one, two, or

three CDRs or hypervariable loops from a light chain variable region having the nucleotide

sequence as set forth in the tables herein, or a sequence substantially homologous thereto (e.g., a

sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or capable of

hybridizing under the stringency conditions described herein). In yet another embodiment, the

nucleic acid can comprise a nucleotide sequence encoding at least one, two, three, four, five, or

six CDRs or hypervariable loops from heavy and light chain variable regions having the

nucleotide sequence as set forth in the tables herein, or a sequence substantially homologous

thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or

capable of hybridizing under the stringency conditions described herein).

In another aspect, the application features host cells and vectors containing the nucleic

acids described herein. The nucleic acids may be present in a single vector or separate vectors

present in the same host cell or separate host cell, as described in more detail hereinbelow.

Vectors

Further provided herein are vectors comprising the nucleotide sequences encoding an

antibody molecule described herein. In one embodiment, the vectors comprise nucleotides

encoding an antibody molecule described herein. In one embodiment, the vectors comprise the

nucleotide sequences described herein. The vectors include, but are not limited to, a virus,

plasmid, cosmid, lambda phage or a yeast artificial chromosome (YAC).

Numerous vector systems can be employed. For example, one class of vectors utilizes

DNA elements which are derived from animal viruses such as, for example, bovine papilloma

virus, polyoma virus, adenovirus, vaccinia virus, baculovirus, retroviruses (Rous Sarcoma Virus,



MMTV or MOMLV) or SV40 virus. Another class of vectors utilizes RNA elements derived

from RNA viruses such as Semliki Forest virus, Eastern Equine Encephalitis virus and

Flaviviruses.

Additionally, cells which have stably integrated the DNA into their chromosomes may be

selected by introducing one or more markers which allow for the selection of transfected host

cells. The marker may provide, for example, prototropy to an auxotrophic host, biocide

resistance (e.g., antibiotics), or resistance to heavy metals such as copper, or the like. The

selectable marker gene can be either directly linked to the DNA sequences to be expressed, or

introduced into the same cell by cotransformation. Additional elements may also be needed for

optimal synthesis of mRNA. These elements may include splice signals, as well as

transcriptional promoters, enhancers, and termination signals.

Once the expression vector or DNA sequence containing the constructs has been prepared

for expression, the expression vectors may be transfected or introduced into an appropriate host

cell. Various techniques may be employed to achieve this, such as, for example, protoplast

fusion, calcium phosphate precipitation, electroporation, retroviral transduction, viral

transfection, gene gun, lipid based transfection or other conventional techniques. In the case of

protoplast fusion, the cells are grown in media and screened for the appropriate activity.

Methods and conditions for culturing the resulting transfected cells and for recovering the

antibody molecule produced are known to those skilled in the art, and may be varied or

optimized depending upon the specific expression vector and mammalian host cell employed,

based upon the present description.

Cells

In another aspect, the application features host cells and vectors containing the nucleic

acids described herein. The nucleic acids may be present in a single vector or separate vectors

present in the same host cell or separate host cell. The host cell can be a eukaryotic cell, e.g., a

mammalian cell, an insect cell, a yeast cell, or a prokaryotic cell, e.g., E. coli. For example, the

mammalian cell can be a cultured cell or a cell line. Exemplary mammalian cells include

lymphocytic cell lines (e.g., NSO), Chinese hamster ovary cells (CHO), COS cells, oocyte cells,

and cells from a transgenic animal, e.g., mammary epithelial cell.



The invention also provides host cells comprising a nucleic acid encoding an antibody molecule

as described herein.

In one embodiment, the host cells are genetically engineered to comprise nucleic acids

encoding the antibody molecule.

In one embodiment, the host cells are genetically engineered by using an expression

cassette. The phrase "expression cassette," refers to nucleotide sequences, which are capable of

affecting expression of a gene in hosts compatible with such sequences. Such cassettes may

include a promoter, an open reading frame with or without introns, and a termination signal.

Additional factors necessary or helpful in effecting expression may also be used, such as, for

example, an inducible promoter.

The invention also provides host cells comprising the vectors described herein.

The cell can be, but is not limited to, a eukaryotic cell, a bacterial cell, an insect cell, or a

human cell. Suitable eukaryotic cells include, but are not limited to, Vero cells, HeLa cells, COS

cells, CHO cells, HEK293 cells, BHK cells and MDCKII cells. Suitable insect cells include, but

are not limited to, Sf9 cells.

Uses and Combination Therapies

Methods described herein include treating a cancer in a subject by using a multispecific

molecule described herein, e.g., using a pharmaceutical composition described herein. Also

provided are methods for reducing or ameliorating a symptom of a cancer in a subject, as well as

methods for inhibiting the growth of a cancer and/or killing one or more cancer cells. In

embodiments, the methods described herein decrease the size of a tumor and/or decrease the

number of cancer cells in a subject administered with a described herein or a pharmaceutical

composition described herein.

In embodiments, the cancer is a hematological cancer. In embodiments, the

hematological cancer is a leukemia or a lymphoma. As used herein, a "hematologic cancer"

refers to a tumor of the hematopoietic or lymphoid tissues, e.g., a tumor that affects blood, bone

marrow, or lymph nodes. Exemplary hematologic malignancies include, but are not limited to,

leukemia (e.g., acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic

lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), hairy cell leukemia, acute



monocytic leukemia (AMoL), chronic myelomonocytic leukemia (CMML), juvenile

myelomonocytic leukemia (JMML), or large granular lymphocytic leukemia), lymphoma (e.g.,

AIDS-related lymphoma, cutaneous T-cell lymphoma, Hodgkin lymphoma (e.g., classical

Hodgkin lymphoma or nodular lymphocyte-predominant Hodgkin lymphoma), mycosis

fungoides, non-Hodgkin lymphoma (e.g., B-cell non-Hodgkin lymphoma (e.g., Burkitt

lymphoma, small lymphocytic lymphoma (CLL/SLL), diffuse large B-cell lymphoma, follicular

lymphoma, immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma, or

mantle cell lymphoma) or T-cell non-Hodgkin lymphoma (mycosis fungoides, anaplastic large

cell lymphoma, or precursor T-lymphoblastic lymphoma)), primary central nervous system

lymphoma, Sezary syndrome, Waldenstrom macroglobulinemia), chronic myeloproliferative

neoplasm, Langerhans cell histiocytosis, multiple myeloma/plasma cell neoplasm,

myelodysplastic syndrome, or myelodysplastic/myeloproliferative neoplasm.

In embodiments, the cancer is a solid cancer. Exemplary solid cancers include, but are

not limited to, ovarian cancer, rectal cancer, stomach cancer, testicular cancer, cancer of the anal

region, uterine cancer, colon cancer, rectal cancer, renal-cell carcinoma, liver cancer, non-small

cell carcinoma of the lung, cancer of the small intestine, cancer of the esophagus, melanoma,

Kaposi's sarcoma, cancer of the endocrine system, cancer of the thyroid gland, cancer of the

parathyroid gland, cancer of the adrenal gland, bone cancer, pancreatic cancer, skin cancer,

cancer of the head or neck, cutaneous or intraocular malignant melanoma, uterine cancer, brain

stem glioma, pituitary adenoma, epidermoid cancer, carcinoma of the cervix squamous cell

cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the

vagina, sarcoma of soft tissue, cancer of the urethra, carcinoma of the vulva, cancer of the penis,

cancer of the bladder, cancer of the kidney or ureter, carcinoma of the renal pelvis, spinal axis

tumor, neoplasm of the central nervous system (CNS), primary CNS lymphoma, tumor

angiogenesis, metastatic lesions of said cancers, or combinations thereof.

In embodiments, the multispecific molecules (or pharmaceutical composition) are

administered in a manner appropriate to the disease to be treated or prevented. The quantity and

frequency of administration will be determined by such factors as the condition of the patient,

and the type and severity of the patient's disease. Appropriate dosages may be determined by

clinical trials. For example, when "an effective amount" or "a therapeutic amount" is indicated,



the precise amount of the pharmaceutical composition (or multispecific molecules) to be

administered can be determined by a physician with consideration of individual differences in

tumor size, extent of infection or metastasis, age, weight, and condition of the subject. In

embodiments, the pharmaceutical composition described herein can be administered at a dosage

of 104 to 109 cells/kg body weight, e.g., 10 to 106 cells/kg body weight, including all integer

values within those ranges. In embodiments, the pharmaceutical composition described herein

can be administered multiple times at these dosages. In embodiments, the pharmaceutical

composition described herein can be administered using infusion techniques described in

immunotherapy (see, e.g., Rosenberg et al., New Eng. J . of Med. 319:1676, 1988).

In embodiments, the multispecific molecules or pharmaceutical composition is

administered to the subject parenterally. In embodiments, the cells are administered to the

subject intravenously, subcutaneously, intratumorally, intranodally, intramuscularly,

intradermally, or intraperitoneally. In embodiments, the cells are administered, e.g., injected,

directly into a tumor or lymph node. In embodiments, the cells are administered as an infusion

(e.g., as described in Rosenberg et al., New Eng. J . of Med. 319:1676, 1988) or an intravenous

push. In embodiments, the cells are administered as an injectable depot formulation.

In embodiments, the subject is a mammal. In embodiments, the subject is a human, monkey, pig,

dog, cat, cow, sheep, goat, rabbit, rat, or mouse. In embodimnets, the subject is a human. In

embodiments, the subject is a pediatric subject, e.g., less than 18 years of age, e.g., less than 17,

16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 or less years of age. In embodiments, the subject

is an adult, e.g., at least 18 years of age, e.g., at least 19, 20, 21, 22, 23, 24, 25, 25-30, 30-35, 35-

40, 40-50, 50-60, 60-70, 70-80, or 80-90 years of age.

Combination Therapies

The multispecific molecules disclosed herein can be used in combination with a second

therapeutic agent or procedure.

In embodiments, the multispecific molecule and the second therapeutic agent or

procedure are administered/performed after a subject has been diagnosed with a cancer, e.g.,

before the cancer has been eliminated from the subject. In embodiments, the multispecific

molecule and the second therapeutic agent or procedure are administered/performed



simultaneously or concurrently. For example, the delivery of one treatment is still occurring

when the delivery of the second commences, e.g., there is an overlap in administration of the

treatments. In other embodiments, the multispecific molecule and the second therapeutic agent

or procedure are administered/performed sequentially. For example, the delivery of one

treatment ceases before the delivery of the other treatment begins.

In embodiments, combination therapy can lead to more effective treatment than

monotherapy with either agent alone. In embodiments, the combination of the first and second

treatment is more effective (e.g., leads to a greater reduction in symptoms and/or cancer cells)

than the first or second treatment alone. In embodiments, the combination therapy permits use of

a lower dose of the first or the second treatment compared to the dose of the first or second

treatment normally required to achieve similar effects when administered as a monotherapy. In

embodiments, the combination therapy has a partially additive effect, wholly additive effect, or

greater than additive effect.

In one embodiment, the multispecific molecule is administered in combination with a

therapy, e.g., a cancer therapy (e.g., one or more of anti-cancer agents, immunotherapy,

photodynamic therapy (PDT), surgery and/or radiation). The terms "chemotherapeutic,"

"chemotherapeutic agent," and "anti-cancer agent" are used interchangeably herein. The

administration of the multispecific molecule and the therapy, e.g., the cancer therapy, can be

sequential (with or without overlap) or simultaneous. Administration of the multispecific

molecule can be continuous or intermittent during the course of therapy (e.g., cancer therapy).

Certain therapies described herein can be used to treat cancers and non-cancerous diseases. For

example, PDT efficacy can be enhanced in cancerous and non-cancerous conditions (e.g.,

tuberculosis) using the methods and compositions described herein (reviewed in, e.g., Agostinis,

P. et al. (2011) CA Cancer J. Clin. 61:250-281).

Anti-cancer therapies

In other embodiments, the multispecific molecule is administered in combination with a

low or small molecular weight chemotherapeutic agent. Exemplary low or small molecular

weight chemotherapeutic agents include, but not limited to, 13-cis-retinoic acid (isotretinoin,

ACCUTANE®), 2-CdA (2-chlorodeoxyadenosine, cladribine, LEUSTATIN™), 5-azacitidine



(azacitidine, VIDAZA®), 5-fluorouracil (5-FU, fluorouracil, ADRUCIL®), 6-mercaptopurine

(6-MP, mercaptopurine, PURINETHOL®), 6-TG (6-thioguanine, thioguanine, THIOGUANINE

TABLOID®), abraxane (paclitaxel protein-bound), actinomycin-D (dactinomycin,

COSMEGEN®), alitretinoin (PANRETIN®), all-transretinoic acid (ATRA, tretinoin,

VESANOID®), altretamine (hexamethylmelamine, HMM, HEXALEN®), amethopterin

(methotrexate, methotrexate sodium, MTX, TREXALL™, RHEUMATREX®), amifostine

(ETHYOL®), arabinosylcytosine (Ara-C, cytarabine, CYTOSAR-U®), arsenic trioxide

(TRISENOX®), asparaginase (Erwinia L-asparaginase, L-asparaginase, ELSPAR®,

KIDROLASE®), BCNU (carmustine, BiCNU®), bendamustine (TREANDA®), bexarotene

(TARGRETIN®), bleomycin (BLENOXANE®), busulfan (BUSULFEX®, MYLERAN®),

calcium leucovorin (Citrovorum Factor, folinic acid, leucovorin), camptothecin-11 (CPT-11,

irinotecan, CAMPTOSAR®), capecitabine (XELODA®), carboplatin (PARAPLATIN®),

carmustine wafer (prolifeprospan 20 with carmustine implant, GLIADEL® wafer), CCI-779

(temsirolimus, TORISEL®), CCNU (lomustine, CeeNU), CDDP (cisplatin, PLATINOL®,

PLATINOL-AQ®), chlorambucil (leukeran), cyclophosphamide (CYTOXAN®, NEOSAR®),

dacarbazine (DIC, DTIC, imidazole carboxamide, DTIC-DOME®), daunomycin (daunorubicin,

daunorubicin hydrochloride, rubidomycin hydrochloride, CERUBIDINE®), decitabine

(DACOGEN®), dexrazoxane (ZINECARD®), DHAD (mitoxantrone, NOVANTRONE®),

docetaxel (TAXOTERE®), doxorubicin (ADRIAMYCIN®, RUBEX®), epirubicin

(ELLENCE™), estramustine (EMCYT®), etoposide (VP-16, etoposide phosphate,

TOPOSAR®, VEPESID®, ETOPOPHOS®), floxuridine (FUDR®), fludarabine

(FLUDARA®), fluorouracil (cream) (CARAC™, EFUDEX®, FLUOROPLEX®), gemcitabine

(GEMZAR®), hydroxyurea (HYDREA®, DROXIA™, MYLOCEL™), idarubicin

(IDAMYCIN®), ifosfamide (IFEX®), ixabepilone (IXEMPRA™), LCR (leurocristine,

vincristine, VCR, ONCOVIN®, VINCASAR PFS®), L-PAM (L-sarcolysin, melphalan,

phenylalanine mustard, ALKERAN®), mechlorethamine (mechlorethamine hydrochloride,

mustine, nitrogen mustard, MUSTARGEN®), mesna (MESNEX™), mitomycin (mitomycin-C,

MTC, MUTAMYCIN®), nelarabine (ARRANON®), oxaliplatin (ELOXATIN™), paclitaxel

(TAXOL®, ONXAL™), pegaspargase (PEG-L-asparaginase, ONCOSPAR®), PEMETREXED

(ALIMTA®), pentostatin (NIPENT®), procarbazine (MATULANE®), streptozocin



(ZANOSAR®), temozolomide (TEMODAR®), teniposide (VM-26, VUMON®), TESPA

(thiophosphoamide, thiotepa, TSPA, THIOPLEX®), topotecan (HYCAMTIN®), vinblastine

(vinblastine sulfate, vincaleukoblastine, VLB, ALKABAN-AQ®, VELBAN®), vinorelbine

(vinorelbine tartrate, NAVELBINE®), and vorinostat (ZOLINZA®).

In another embodiment, the multispecific molecule is administered in conjunction with a

biologic. Biologies useful in the treatment of cancers are known in the art and a binding

molecule of the invention may be administered, for example, in conjunction with such known

biologies. For example, the FDA has approved the following biologies for the treatment of

breast cancer: HERCEPTIN® (trastuzumab, Genentech Inc., South San Francisco, Calif.; a

humanized monoclonal antibody that has anti-tumor activity in HER2-positive breast cancer);

FASLODEX® (fulvestrant, AstraZeneca Pharmaceuticals, LP, Wilmington, Del.; an estrogen-

receptor antagonist used to treat breast cancer); ARIMIDEX® (anastrozole, AstraZeneca

Pharmaceuticals, LP; a nonsteroidal aromatase inhibitor which blocks aromatase, an enzyme

needed to make estrogen); Aromasin® (exemestane, Pfizer Inc., New York, N.Y.; an

irreversible, steroidal aromatase inactivator used in the treatment of breast cancer); FEMARA®

(letrozole, Novartis Pharmaceuticals, East Hanover, N.J.; a nonsteroidal aromatase inhibitor

approved by the FDA to treat breast cancer); and NOLVADEX® (tamoxifen, AstraZeneca

Pharmaceuticals, LP; a nonsteroidal antiestrogen approved by the FDA to treat breast cancer).

Other biologies with which the binding molecules of the invention may be combined include:

AVASTIN® (bevacizumab, Genentech Inc.; the first FDA-approved therapy designed to inhibit

angiogenesis); and ZEVALIN® (ibritumomab tiuxetan, Biogen Idee, Cambridge, Mass.; a

radiolabeled monoclonal antibody currently approved for the treatment of B-cell lymphomas).

In addition, the FDA has approved the following biologies for the treatment of colorectal

cancer: AVASTIN®; ERBITUX® (cetuximab, ImClone Systems Inc., New York, N.Y., and

Bristol-Myers Squibb, New York, N.Y.; is a monoclonal antibody directed against the epidermal

growth factor receptor (EGFR)); GLEEVEC® (imatinib mesylate; a protein kinase inhibitor);

and ERGAMISOL® (levamisole hydrochloride, Janssen Pharmaceutica Products, LP, Titusville,

N.J.; an immunomodulator approved by the FDA in 1990 as an adjuvant treatment in

combination with 5-fluorouracil after surgical resection in patients with Dukes' Stage C colon

cancer).



For the treatment of lung cancer, exemplary biologies include TARCEVA® (erlotinib

HCL, OSI Pharmaceuticals Inc., Melville, N.Y.; a small molecule designed to target the human

epidermal growth factor receptor 1 (HER1) pathway).

For the treatment of multiple myeloma, exemplary biologies include VELCADE®

Velcade (bortezomib, Millennium Pharmaceuticals, Cambridge Mass.; a proteasome inhibitor).

Additional biologies include THALIDOMID® (thalidomide, Clegene Corporation, Warren, N.J.;

an immunomodulatory agent and appears to have multiple actions, including the ability to inhibit

the growth and survival of myeloma cells and anti-angiogenesis).

Additional exemplary cancer therapeutic antibodies include, but are not limited to, 3F8,

abagovomab, adecatumumab, afutuzumab, alacizumab pegol, alemtuzumab (CAMPATH®,

MABCAMPATH®), altumomab pentetate (HYBRI-CEAKER®), anatumomab mafenatox,

anrukinzumab (IMA-638), apolizumab, arcitumomab (CEA-SCAN®), bavituximab,

bectumomab (LYMPHOSCAN®), belimumab (BENLYSTA®, LYMPHOSTAT-B®),

besilesomab (SCINTIMUN®), bevacizumab (AVASTIN®), bivatuzumab mertansine,

blinatumomab, brentuximab vedotin, cantuzumab mertansine, capromab pendetide

(PROSTASCINT®), catumaxomab (REMOVAB®), CC49, cetuximab (C225, ERBITUX®),

citatuzumab bogatox, cixutumumab, clivatuzumab tetraxetan, conatumumab, dacetuzumab,

denosumab (PROLIA®), detumomab, ecromeximab, edrecolomab (PANOREX®), elotuzumab,

epitumomab cituxetan, epratuzumab, ertumaxomab (REXOMUN®), etaracizumab,

farletuzumab, figitumumab, fresolimumab, galiximab, gemtuzumab ozogamicin

(MYLOTARG®), girentuximab, glembatumumab vedotin, ibritumomab (ibritumomab tiuxetan,

ZEVALIN®), igovomab (INDIMACIS-125®), intetumumab, inotuzumab ozogamicin,

ipilimumab, iratumumab, labetuzumab (CEA-CIDE®), lexatumumab, lintuzumab,

lucatumumab, lumiliximab, mapatumumab, matuzumab, milatuzumab, minretumomab,

mitumomab, nacolomab tafenatox, naptumomab estafenatox, necitumumab, nimotuzumab

(THERACIM®, THERALOC®), nofetumomab merpentan (VERLUMA®), ofatumumab

(ARZERRA®), olaratumab, oportuzumab monatox, oregovomab (OVAREX®), panitumumab

(VECTIBIX®), pemtumomab (THERAGYN®), pertuzumab (OMNITARG®), pintumomab,

pritumumab, ramucirumab, ranibizumab (LUCENTIS®), rilotumumab, rituximab

(MABTHERA®, RITUXAN®), robatumumab, satumomab pendetide, sibrotuzumab,



siltuximab, sontuzumab, tacatuzumab tetraxetan (AFP-CIDE®), taplitumomab paptox,

tenatumomab, TGN1412, ticilimumab (tremelimumab), tigatuzumab, TNX-650, tositumomab

(BEXXAR®), trastuzumab (HERCEPTIN®), tremelimumab, tucotuzumab celmoleukin,

veltuzumab, volociximab, votumumab (HUMASPECT®), zalutumumab (HUMAX-EGFR®),

and zanolimumab (HUMAX-CD4® ).

In other embodiments, the multispecific molecule is administered in combination with a

viral cancer therapeutic agent. Exemplary viral cancer therapeutic agents include, but not limited

to, vaccinia virus (vvDD-CDSR), carcinoembryonic antigen-expressing measles virus,

recombinant vaccinia virus (TK-deletion plus GM-CSF), Seneca Valley virus-001, Newcastle

virus, coxsackie virus A21, GL-ONC1, EBNA1 C-terminal/LMP2 chimeric protein-expressing

recombinant modified vaccinia Ankara vaccine, carcinoembryonic antigen-expressing measles

virus, G207 oncolytic virus, modified vaccinia virus Ankara vaccine expressing p53, OncoVEX

GM-CSF modified herpes-simplex 1 virus, fowlpox virus vaccine vector, recombinant vaccinia

prostate-specific antigen vaccine, human papillomavirus 16/18 LI virus-like particle/AS04

vaccine, MVA-EBNA1/LMP2 Inj. vaccine, quadrivalent HPV vaccine, quadrivalent human

papillomavirus (types 6, 11, 16, 18) recombinant vaccine (GARDASIL®), recombinant fowlpox-

CEA(6D)/TRICOM vaccine; recombinant vaccinia-CEA(6D)-TRICOM vaccine, recombinant

modified vaccinia Ankara-5T4 vaccine, recombinant fowlpox-TRICOM vaccine, oncolytic

herpes virus NV1020, HPV LI VLP vaccine V504, human papillomavirus bivalent (types 16 and

18) vaccine (CERVARIX®), herpes simplex virus HF10, Ad5CMV-p53 gene, recombinant

vaccinia DF3/MUC1 vaccine, recombinant vaccinia-MUC-1 vaccine, recombinant vaccinia-

TRICOM vaccine, ALVAC MART-1 vaccine, replication-defective herpes simplex virus type I

(HSV-1) vector expressing human Preproenkephalin (NP2), wild-type reovirus, reovirus type 3

Dearing (REOLYSIN®), oncolytic virus HSV1716, recombinant modified vaccinia Ankara

(MVA)-based vaccine encoding Epstein-Barr virus target antigens, recombinant fowlpox-

prostate specific antigen vaccine, recombinant vaccinia prostate-specific antigen vaccine,

recombinant vaccinia-B7.1 vaccine, rAd-p53 gene, Ad5-delta24RGD, HPV vaccine 580299, JX-

594 (thymidine kinase-deleted vaccinia virus plus GM-CSF), HPV-16/18 L1/AS04, fowlpox

virus vaccine vector, vaccinia-tyrosinase vaccine, MEDI-517 HPV-16/18 VLP AS04 vaccine,

adenoviral vector containing the thymidine kinase of herpes simplex virus TK99UN, HspE7,



FP253/Fludarabine, ALVAC(2) melanoma multi-antigen therapeutic vaccine, ALVAC-hB7.1,

canarypox-hIL-12 melanoma vaccine, Ad-REIC/Dkk-3, rAd-IFN SCH 721015, TIL-Ad-INFg,

Ad-ISF35, and coxsackievirus A21 (CVA21, CAVATAK®).

In other embodiments, the multispecific molecule is administered in combination with a

nanopharmaceutical. Exemplary cancer nanopharmaceuticals include, but not limited to,

ABRAXANE® (paclitaxel bound albumin nanoparticles), CRLXlOl (CPT conjugated to a linear

cyclodextrin-based polymer), CRLX288 (conjugating docetaxel to the biodegradable polymer

poly (lactic-co-glycolic acid)), cytarabine liposomal (liposomal Ara-C, DEPOCYT™),

daunorubicin liposomal (DAUNOXOME®), doxorubicin liposomal (DOXIL®, CAELYX®),

encapsulated-daunorubicin citrate liposome (DAUNOXOME®), and PEG anti-VEGF aptamer

(MACUGEN®).

In some embodiments, the multispecific molecule is administered in combination with

paclitaxel or a paclitaxel formulation, e.g., TAXOL®, protein-bound paclitaxel (e.g.,

ABRAXANE®). Exemplary paclitaxel formulations include, but are not limited to, nanoparticle

albumin-bound paclitaxel (ABRAXANE®, marketed by Abraxis Bioscience), docosahexaenoic

acid bound-paclitaxel (DHA-paclitaxel, Taxoprexin, marketed by Protarga), polyglutamate

bound-paclitaxel (PG-paclitaxel, paclitaxel poliglumex, CT-2103, XYOTAX, marketed by Cell

Therapeutic), the tumor-activated prodrug (TAP), ANG105 (Angiopep-2 bound to three

molecules of paclitaxel, marketed by ImmunoGen), paclitaxel-EC-1 (paclitaxel bound to the

erbB2-recognizing peptide EC-1; see Li et a , Biopolymers (2007) 87:225-230), and glucose-

conjugated paclitaxel (e.g., 2'-paclitaxel methyl 2-glucopyranosyl succinate, see Liu et a ,

Bioorganic &Medicinal Chemistry Letters (2007) 17:617-620).

Exemplary RNAi and antisense RNA agents for treating cancer include, but not limited

to, CALAA-01, siG12D LODER (Local Drug EluteR), and ALN-VSP02.

Other cancer therapeutic agents include, but not limited to, cytokines (e.g., aldesleukin

(IL-2, Interleukin-2, PROLEUKIN®), alpha Interferon (IFN-alpha, Interferon alfa, INTRON® A

(Interferon alfa-2b), ROFERON-A® (Interferon alfa-2a)), Epoetin alfa (PROCRIT®), filgrastim

(G-CSF, Granulocyte - Colony Stimulating Factor, NEUPOGEN®), GM-CSF (Granulocyte

Macrophage Colony Stimulating Factor, sargramostim, LEUKINE™), IL-11 (Interleukin-11,

oprelvekin, NEUMEGA®), Interferon alfa-2b (PEG conjugate) (PEG interferon, PEG-



INTRON™), and pegfilgrastim (NEULASTA™)), hormone therapy agents (e.g.,

aminoglutethimide (CYTADREN®), anastrozole (ARIMIDEX®), bicalutamide (CASODEX®),

exemestane (AROMASIN®), fluoxymesterone (HALOTESTIN®), flutamide (EULEXIN®),

fulvestrant (FASLODEX®), goserelin (ZOLADEX®), letrozole (FEMARA®), leuprolide

(ELIGARD™, LUPRON®, LUPRON DEPOT®, VIADUR™), megestrol (megestrol acetate,

MEGACE®), nilutamide (ANANDRON®, NILANDRON®), octreotide (octreotide acetate,

SANDOSTATIN®, SANDOSTATIN LAR®), raloxifene (EVISTA®), romiplostim

(NPLATE®), tamoxifen (NOVALDEX®), and toremifene (FARESTON®)), phospholipase A2

inhibitors (e.g., anagrelide (AGRYLIN®)), biologic response modifiers (e.g., BCG

(THERACYS®, TICE®), and Darbepoetin alfa (ARANESP®)), target therapy agents (e.g.,

bortezomib (VELCADE®), dasatinib (SPRYCEL™), denileukin diftitox (ONTAK®), erlotinib

(TARCEVA®), everolimus (AFINITOR®), gefitinib (IRESSA®), imatinib mesylate (STI-571,

GLEEVEC™), lapatinib (TYKERB®), sorafenib (NEXAVAR®), and SU11248 (sunitinib,

SUTENT®)), immunomodulatory and antiangiogenic agents (e.g., CC-5013 (lenalidomide,

REVLIMID®), and thalidomide (THALOMID®)), glucocorticosteroids (e.g., cortisone

(hydrocortisone, hydrocortisone sodium phosphate, hydrocortisone sodium succinate, ALA-

CORT®, HYDROCORT ACETATE®, hydrocortone phosphate LANACORT®, SOLU-

CORTEF®), decadron (dexamethasone, dexamethasone acetate, dexamethasone sodium

phosphate, DEXASONE®, DIODEX®, HEXADROL®, MAXIDEX®), methylprednisolone (6-

methylprednisolone, methylprednisolone acetate, methylprednisolone sodium succinate,

DURALONE®, MEDRALONE®, MEDROL®, M-PREDNISOL®, SOLU-MEDROL®),

prednisolone (DELTA-CORTEF®, ORAPRED®, PEDIAPRED®, PRELONE®), and

prednisone (DELTASONE®, LIQUID PRED®, METICORTEN®, ORASONE®)), and

bisphosphonates (e.g., pamidronate (AREDIA®), and zoledronic acid (ZOMETA®))

In some embodiments, the multispecific molecule is used in combination with a tyrosine

kinase inhibitor (e.g., a receptor tyrosine kinase (RTK) inhibitor). Exemplary tyrosine kinase

inhibitor include, but are not limited to, an epidermal growth factor (EGF) pathway inhibitor

(e.g., an epidermal growth factor receptor (EGFR) inhibitor), a vascular endothelial growth

factor (VEGF) pathway inhibitor (e.g., an antibody against VEGF, a VEGF trap, a vascular

endothelial growth factor receptor (VEGFR) inhibitor (e.g., a VEGFR-1 inhibitor, a VEGFR-2



inhibitor, a VEGFR-3 inhibitor)), a platelet derived growth factor (PDGF) pathway inhibitor

(e.g., a platelet derived growth factor receptor (PDGFR) inhibitor (e.g., a PDGFR-β inhibitor)), a

RAF-1 inhibitor, a KIT inhibitor and a RET inhibitor. In some embodiments, the anti-cancer

agent used in combination with the AHCM agent is selected from the group consisting of:

axitinib (AG013736), bosutinib (SKI-606), cediranib (RECENTIN™, AZD217 1), dasatinib

(SPRYCEL®, BMS-354825), erlotinib (TARCEVA®), gefitinib (IRESSA®), imatinib

(Gleevec®, CGP57148B, STI-571), lapatinib (TYKERB®, TYVERB®), lestaurtinib (CEP-701),

neratinib (HKI-272), nilotinib (TASIGNA®), semaxanib (semaxinib, SU5416), sunitinib

(SUTENT®, SU11248), toceranib (PALLADIA®), vandetanib (ZACTIMA®, ZD6474),

vatalanib (PTK787, PTK/ZK), trastuzumab (HERCEPTIN®), bevacizumab (AVASTIN®),

rituximab (RITUXAN®), cetuximab (ERBITUX®), panitumumab (VECTIBIX®), ranibizumab

(Lucentis®), nilotinib (TASIGNA®), sorafenib (NEXAVAR®), alemtuzumab (CAMPATH®),

gemtuzumab ozogamicin (MYLOTARG®), ENMD-2076, PCI-32765, AC220, dovitinib lactate

(TKI258, CHIR-258), BIBW 2992 (TOVOK™), SGX523, PF-04217903, PF-02341066, PF-

299804, BMS-777607, ABT-869, MP470, BIBF 1120 (VARGATEF®), AP24534, JNJ-

26483327, MGCD265, DCC-2036, BMS-690154, CEP-11981, tivozanib (AV-951), OSI-930,

MM-121, XL-184, XL-647, XL228, AEE788, AG-490, AST-6, BMS-599626, CUDC-101,

PD153035, pelitinib (EKB-569), vandetanib (zactima), WZ3146, WZ4002, WZ8040, ABT-869

(linifanib), AEE788, AP24534 (ponatinib), AV-951(tivozanib), axitinib, BAY 73-4506

(regorafenib), brivanib alaninate (BMS-582664), brivanib (BMS-540215), cediranib (AZD217 1),

CHIR-258 (dovitinib), CP 673451, CYC116, E7080, Κ 8751, masitinib (AB1010), MGCD-265,

motesanib diphosphate (AMG-706), MP-470, OSI-930, Pazopanib Hydrochloride,

PD173074,nSorafenib Tosylate(Bay 43-9006), SU 5402, TSU-68(SU6668), vatalanib, XL880

(GSK1363089, EXEL-2880). Selected tyrosine kinase inhibitors are chosen from sunitinib,

erlotinib, gefitinib, or sorafenib. In one embodiment, the tyrosine kinase inhibitor is sunitinib.

In one embodiment, the multispecific molecule is administered in combination with one

of more of: an anti-angiogenic agent, or a vascular targeting agent or a vascular disrupting agent.

Exemplary anti-angiogenic agents include, but are not limited to, VEGF inhibitors (e.g., anti-

VEGF antibodies (e.g., bevacizumab); VEGF receptor inhibitors (e.g., itraconazole); inhibitors

of cell proliferatin and/or migration of endothelial cells (e.g., carboxyamidotriazole, TNP-470);



inhibitors of angiogenesis stimulators (e.g., suramin), among others. A vascular-targeting agent

(VTA) or vascular disrupting agent (VDA) is designed to damage the vasculature (blood vessels)

of cancer tumors causing central necrosis (reviewed in, e.g., Thorpe, P.E. (2004) Clin. Cancer

Res. Vol. 10:415-427). VTAs can be small-molecule. Exemplary small-molecule VTAs

include, but are not limited to, microtubule destabilizing drugs (e.g., combretastatin A-4

disodium phosphate (CA4P), ZD6126, AVE8062, Oxi 4503); and vadimezan (ASA404).

Immune checkpoint inhibitors

In other embodiments, methods described herein comprise use of an immune checkpoint

inhibitor in combination with the multispecific molecule. The methods can be used in a

therapeutic protocol in vivo.

In embodiments, an immune checkpoint inhibitor inhibits a checkpoint molecule.

Exemplary checkpoint molecules include but are not limited to CTLA4, PD1, PD-L1, PD-L2,

TIM3, LAG3, CD160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCN1), HVEM

(TNFRSF14 or CD270), BTLA, KIR, MHC class I, MHC class II, GAL9, VISTA, BTLA,

TIGIT, LAIR1, and A2aR. See, e.g., Pardoll. Nat. Rev. Cancer 12.4(2012):252-64, incorporated

herein by reference.

In embodiments, the immune checkpoint inhibitor is a PD-1 inhibitor, e.g., an anti-PD-1

antibody such as Nivolumab, Pembrolizumab or Pidilizumab. Nivolumab (also called MDX-

1106, MDX-1 106-04, ONO-4538, or BMS-936558) is a fully human IgG4 monoclonal antibody

that specifically inhibits PD1. See, e.g., US 8,008,449 and WO2006/121168. Pembrolizumab

(also called Lambrolizumab, MK-3475, MK03475, SCH-900475 or KEYTRUDA®; Merck) is a

humanized IgG4 monoclonal antibody that binds to PD-1. See, e.g., Hamid, O. et al. (2013) New

England Journal of Medicine 369 (2): 134-44, US 8,354,509 and WO2009/1 14335. Pidilizumab

(also called CT-01 1 or Cure Tech) is a humanized IgGlk monoclonal antibody that binds to

PD1. See, e.g., WO2009/10161 1. In one embodiment, the inhibitor of PD-1 is an antibody

molecule having a sequence substantially identical or similar thereto, e.g., a sequence at least

85%, 90%, 95% identical or higher to the sequence of Nivolumab, Pembrolizumab or

Pidilizumab. Additional anti-PDl antibodies, e.g., AMP 514 (Amplimmune), are described, e.g.,

in US 8,609,089, US 2010028330, and/or US 201201 14649.



In some embodiments, the PD-1 inhibitor is an immunoadhesin, e.g., an immunoadhesin

comprising an extracellular/PD- 1 binding portion of a PD-1 ligand (e.g., PD-Ll or PD-L2) that is

fused to a constant region (e.g., an Fc region of an immunoglobulin). In embodiments, the PD-1

inhibitor is AMP-224 (B7-DCIg, e.g., described in WO2011/066342and WO2010/027827), a

PD-L2 Fc fusion soluble receptor that blocks the interaction between B7-H1 and PD-1.

In embodiments, the immune checkpoint inhibitor is a PD-Ll inhibitor, e.g., an antibody

molecule. In some embodiments, the PD-Ll inhibitor is YW243.55.S70, MPDL3280A, MEDI-

4736, MSB-0010718C, or MDX-1105. In some embodiments, the anti-PD-Ll antibody is

MSB0010718C (also called A09-246-2; Merck Serono), which is a monoclonal antibody that

binds to PD-Ll. Exemplary humanized anti-PD-Ll antibodies are described, e.g., in

WO2013/079174. In one embodiment, the PD-Ll inhibitor is an anti-PD-Ll antibody, e.g.,

YW243.55.S70. The YW243.55.S70 antibody is described, e.g., in WO 2010/077634. In one

embodiment, the PD-Ll inhibitor is MDX-1105 (also called BMS-936559), which is described,

e.g., in WO2007/005874. In one embodiment, the PD-Ll inhibitor is MDPL3280A (Genentech /

Roche), which is a human Fc-optimized IgGl monoclonal antibody against PD-Ll. See, e.g.,

U.S. Patent No.: 7,943,743 and U.S Publication No.: 20120039906. In one embodiment, the

inhibitor of PD-Ll is an antibody molecule having a sequence substantially identical or similar

thereto, e.g., a sequence at least 85%, 90%, 95% identical or higher to the sequence of

YW243.55.S70, MPDL3280A, MEDI-4736, MSB-0010718C, or MDX-1105.

In embodiments, the immune checkpoint inhibitor is a PD-L2 inhibitor, e.g., AMP-224

(which is a PD-L2 Fc fusion soluble receptor that blocks the interaction between PD1 and B7-

Hl. See, e.g., WO2010/027827 and WO20 11/066342.

In one embodiment, the immune checkpoint inhibitor is a LAG-3 inhibitor, e.g., an anti

LAG-3 antibody molecule. In embodiments, the anti-LAG-3 antibody is BMS-986016 (also

called BMS986016; Bristol-Myers Squibb). BMS-986016 and other humanized anti-LAG-3

antibodies are described, e.g., in US 2011/0150892, WO20 10/0 19570, and WO2014/00821 8.

In embodiments, the immune checkpoint inhibitor is a TIM-3 inhibitor, e.g., anti-TIM3

antibody molecule, e.g., described in U.S. Patent No.: 8,552,156, WO 2011/155607, EP 2581113

and U.S Publication No.: 2014/044728.



In embodiments, the immune checkpoint inhibitor is a CTLA-4 inhibitor, e.g., anti-

CTLA-4 antibody molecule. Exemplary anti-CTLA4 antibodies include Tremelimumab (IgG2

monoclonal antibody from Pfizer, formerly known as ticilimumab, CP-675,206); and Ipilimumab

(also called MDX-010, CAS No. 477202-00-9). Other exemplary anti-CTLA-4 antibodies are

described, e.g., in U.S. Pat. No. 5,811,097.

EXAMPLES

The following examples are intended to be illustrative, and are not meant in any way to

be limiting.

Examples directed to Multispecific Molecules and Uses Thereof

General Methods:

1. Construction of the plasmids.

The DNA encoding the protein sequences was optimized for expression in Cricetulus

griseus, synthesized, and cloned into the pcDNA3.4-TOPO (Life Technologies A14697) using

Gateway cloning. All constructs contained an Ig Kappa leader sequence (SEQ ID NO: 84

ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCCAGGATCTACA

GGA, SEQ ID NO 16: METDTLLLWVLLLWVPGSTG). The nucleic acid sequences used are

shown in Table 1.

2 . Expression and Purification.

The plasmids were co-transfected into either Expi293 cells (Life Technologies A14527)

or ExpiCHO cells (Life Technologies A29127). Transfections were performed using 1 mg of

total DNA for a multispecific construct with a 1:1 knob to hole heavy chain ratio and 3:2 light

chain to heavy chain ratio. When biotinylation was required, 250 µg of SEQ ID NO: 226 BirA

was added per liter in addition to the multispecific construct DNA. Transfection in Expi293 cells

was done using linear 25,000 Da polyethylenimine (PEI, Polysciences Inc 23966) in a 3:1 ratio

with the total DNA. The DNA and PEI were each added to 50 mL of OptiMem (Life

Technologies 31985088) medium and sterile filtered. The DNA and PEI were combined for 10

minutes and added to the Expi293 cells with a cell density of 1.8 - 2.8 x 106 cells/mL and a



viability of at least 95 %. The ExpiCHO transfection was performed according to the

manufacturer's instructions. Expi293 cells were grown in a humidified incubator at 37 °C with 8

% CO 2 for 5-7 days after transfection and ExpiCHO cells were grown for 14 days at 32 °C with

5 % C0 2. The cells were pelleted by centrifugation at 4500 x g and the supernatant was filtered

through a 0.2 µιη membrane. Protein A resin (GE 17-1279-03) was added to the filtered

supernatant and incubated for 1-3 hours at room temperature. The resin was packed into a

column, washed with 3 x 10 column volumes of Dulbecco's phosphate-buffered saline (DPBS,

Life Technologies 14190-144). The bound protein was eluted from the column with 20 mM

citrate, 100 mM NaCl, pH 2.9. When necessary, the proteins were further purified using ligand

affinity and/or size exclusion chromatography on a Superdex 200 column with a running buffer

of DPBS.

3 . ELISA assay.

ELISA assays were performed using either Pierce 96-well streptavidin coated high

capacity plates (15500) or Nunc-Immuno 96-well maxisorp plates (Invitrogen 44-2404-21). The

plates were washed with 1 X phosphate buffered saline tween 20 (Pierce 28352) and then coated

with 10 g/mL of the capture protein. After incubating for 2 hours at room temperature with

shaking, the plate was washed with IX PBST and the molecule was added in rows A-G using a

serial dilution of 1 µΜ - 1 pM. The plate was incubated for 30 minutes, washed, and 100 µ ΐ of

either peroxidase-conjugated affinipure goat anti-human IgG (109-035-008) or streptavidin-HRP

(R&D Systems DY998) was added to each well. The plate was incubated for 30 minutes with

shaking, washed, and 100 µ ΐ of 1-step turbo TMB-ELISA substrate solution (Thermo Scientific

34022) was added to each well. The plate was incubated for 5 minutes, the reaction was stopped

with 100 µ ΐ of 1 M HC1, and the plate was read using the absorbance at 450 nm on a

SpectraMax i3x plate reader.

4 . Cell-killing assay.

To assess the activity of the constructs produced, a BxPC3-luciferase cell-killing assay

was performed. BxPC3 cells containing luciferase (Genecopia SCL-C012-HLG) were grown in

RPMI 1640 (Gibco 11875119) and 10 % fetal bovine serum (Gibco 10082147) with 1 g/mL



puromycin (Gibco A l 113802). The cells were used to seed a 96-well plate with 15,000 cells per

well. After incubating for a day, the media was removed and replaced with the serum-free media

RPMI 1640 with 0.5 % Pen/Strep (Gibco 15140122). PBMCs (C.T.L. Lot # LP_123) in the

serum-free media were added to rows A-G of the 96-well plate at 450,000 cells/well. The

compounds were added to columns, in triplicate, with concentrations ranging from 1 µΜ to 1 pM

in rows A-F. The plates were incubated for 6 or 24 hours before measuring. Before proceeding

with the cell-killing measurement, 120 µ ΐ was removed from each well and added to a 96-well

low-binding protein plate. This left 80 µ ΐ in the plate, and 80 µ ΐ of Bright-Glo (Promega

E2610) was added to each well. The plate was then read on a SpectraMax i3x plate reader.

5 . Cytokine release assay.

For the cytokine release assay, the supernatant removed from the cell-killing plate was

diluted 5-fold with the quansys wash buffer. The manufacturer's instructions were followed for

the Quansys human IFNy (Quansys 464649HU) singleplex assay kit. The plates were imaged on

a BioRad ChemiDoc XRS+ and analyzed using the Quansys Q-view software.

Example 1

Multispecific molecule 1 containing a Fab arm targeting mesothelin and an IL2 effector

arm, comprising of three distinct protein chains: SEQ ID: 168, SEQ ID: 169, and SEQ ID: 196,

was expressed by co-transfecting cells with SEQ ID NO: 116, SEQ ID NO: 118, and SEQ ID

NO: 119. Multispecific molecule 1 was purified and a SDS-PAGE gel of the final product is

shown in FIG 21. FIG 43 shows the size exclusion chromatogram of multispecific molecule 1.

An ELISA performed with human mesothelin of SEQ ID NO: 181 gave an EC50 of 112 pM (FIG

48). FIG 53 shows binding with human IL2 receptor a of SEQ ID NO: 182 was assessed and

gave an EC5oof 111 pM. The EC5oin the cell-killing assay was 79 pM (FIG 58). FIG 59 shows

the cytokine release data of IFNy for multispecific molecule 1 in the assay.

Example 2

Multispecific molecule 2 containing a Fab arm targeting mesothelin, an IL2 effector arm,

and an anti-NKp30 NK-cell engager, comprising of: SEQ ID: 174, SEQ ID: 169, SEQ ID: 196,



was expressed by co-transfecting cells with SEQ ID NO: 117, SEQ ID NO: 118, and SEQ ID

NO: 119. Multispecific molecule 2 was purified and a SDS-PAGE gel of the final product is

shown in FIG 22. An ELISA performed with human mesothelin of SEQ ID NO: 181 gave an

ECso of 1.38 nM (FIG 48). FIG 53 shows binding with human IL2 receptor a of SEQ ID NO:

182 with an EC5o of 154 pM. Binding with human NKp30 generated from SEQ ID NO: 180

gave an EC50 of 230 nM (FIG 55). The EC50 in the cell-killing assay was 4.7 pM (FIG 58). FIG

59 shows the cytokine release data of IFNy for multispecific molecule 2 in the assay.

Example 3

Multispecific molecule 3 containing a mesothelin targeting arm and an anti-NKp30 NK-

cell engager, comprising of: SEQ ID NO: 174, SEQ ID NO: 169, and SEQ ID NO: 197, was

expressed by co-transfecting cells with SEQ ID NO: 117, SEQ ID NO: 118, and SEQ ID NO: 125.

Multispecific molecule 3 was purified and a SDS-PAGE gel of the final product is shown in FIG

23. An ELISA performed with human mesothelin of SEQ ID NO: 181 gave an EC5o of 152 pM

(FIG 48). Binding with human NKp30 generated from SEQ ID NO: 180 gave an EC50 of 93.4

nM (FIG 55). The EC50 in the cell-killing assay was 5.9 pM (FIG 58). FIG 59 shows the

cytokine release data of IFNy for multispecific molecule 3 in the assay.

Example 4

Multispecific molecule 4 containing an IL2 effector arm, comprising of: SEQ ID: 176

and SEQ ID: 196, was expressed by co-transfecting cells with SEQ ID NO: 124and SEQ ID

NO: 119. Multispecific molecule 4 was purified and a SDS-PAGE gel of the final product is

shown in FIG 24. FIG 53 shows binding with human IL2 receptor a of SEQ ID NO: 182 was

assessed and gave an EC 50 of 110 pM. The EC 50 in the cell-killing assay was 4 1 pM (FIG 58).

FIG 59 shows the cytokine release data of IFNy for multispecific molecule 4 in the assay.

Example 5

Multispecific molecule 5 containing a mesothelin targeting arm and a PDL1 targeting

arm, comprising of: SEQ ID: 172, SEQ ID NO: 173, SEQ ID NO: 192, and SEQ ID: 171, was

expressed by co-transfecting cells with SEQ ID NO: 122, SEQ ID NO: 123, SEQ ID NO: 135,



and SEQ ID NO: 121. Multispecific molecule 5 was purified and a SDS-PAGE gel of the final

product is shown in FIG 25. FIG 44 shows the size exclusion chromatogram of multispecific

molecule 5 . An ELISA performed with human mesothelin of SEQ ID NO: 181 gave an EC 50 of

163 nM (FIG 49). An ELISA performed with human PDL1 of SEQ ID NO: 178 gave an EC50 of

250 pM (FIG 51). Multispecific molecule 5 had no significant effect in the cell-killing assay

(FIG 60).

Example 6

Multispecific molecule 6 containing a mesothelin targeting arm, a PDL1 targeting arm,

and an IL2 effector arm, containing comprising of: SEQ ID: 172, SEQ ID NO: 173, SEQ ID NO:

177, and SEQ ID: 171, was expressed by co-transfecting cells with SEQ ID NO: 122, SEQ ID

NO: 123, SEQ ID NO: 120, and SEQ ID NO: 121. Multispecific molecule 6 was purified and a

SDS-PAGE gel of the final product is shown in FIG 26. An ELISA performed with human

mesothelin of SEQ ID NO: 181 gave an EC 50 of 13.1 nM (FIG 49). An ELISA performed with

human PDL1 of SEQ ID NO: 178 gave an EC50 of 363 pM (FIG 51). FIG 54 shows binding

with human IL2 receptor a of SEQ ID NO: 182 was assessed and gave an EC 50 of 156 pM.

Multispecific molecule 6 displayed an EC 50 of 159 pM in the cell-killing assay shown in FIG 60.

Example 7

Multispecific molecule 7 containing a mesothelin targeting arm, a PDL1 targeting arm,

and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 193, SEQ ID: 173, SEQ ID NO:

192, and SEQ ID NO: 171, was expressed by co-transfecting cells with SEQ ID NO: 136, SEQ

ID NO: 123, SEQ ID NO: 135, and SEQ ID NO: 121. Multispecific molecule 7 was purified and

a SDS-PAGE gel of the final product is shown in FIG 27. An ELISA performed with human

mesothelin of SEQ ID NO: 181 gave an EC 50 of 2.37 nM (FIG 49). An ELISA performed with

human PDL1 of SEQ ID NO: 178 gave an EC 50 of 158 pM (FIG 51). FIG 56 shows binding

with human NKp46 from SEQ ID NO: 179, with an EC50 of 450 pM. Multispecific molecule 7

showed proliferation of cells in the cell-killing assay with an EC 50 of 15 pM (FIG 60).

Example 8



Multispecific molecule 8 containing a mesothelin targeting arm, a PDL1 targeting arm,

an IL2 effector arm, and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 193, SEQ ID

NO: 173, SEQ ID NO: 192, and SEQ ID: 171, was expressed by co-transfecting cells with SEQ

ID NO: 136, SEQ ID NO: 123, SEQ ID NO: 135, and SEQ ID NO: 121. Multispecific molecule

8 was purified and a SDS-PAGE gel of the final product is shown in FIG 28. An ELISA

performed with human mesothelin of SEQ ID NO: 181 gave an EC5oof 1.77 nM (FIG 49). An

ELISA performed with human PDL1 of SEQ ID NO: 178 gave an EC50 of 255 pM (FIG 52).

FIG 54shows binding with human IL2 receptor a of SEQ ID NO: 182 with an EC50 of 84 pM.

FIG 57 shows binding with human NKp46 from SEQ ID NO: 179, with an EC5oof 670 pM.

Multispecific molecule 8 showed proliferation of cells in the cell-killing assay with an EC 50 of

44 pM (FIG 60).

Example 9

Multispecific molecule 9 containing a mesothelin targeting arm, a PDL1 targeting arm,

and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 193, SEQ ID: 173, SEQ ID NO:

192, and SEQ ID NO: 171, was expressed by co-transfecting cells with SEQ ID NO: 136, SEQ

ID NO: 123, SEQ ID NO: 135, and SEQ ID NO: 121. Multispecific molecule 9 was purified and

a SDS-PAGE gel of the final product is shown in FIG 29. An ELISA performed with protein 1 of

SEQ ID NO: 181 gave an EC50 of 275 nM (FIG 50). An ELISA performed with human PDL1 of

SEQ ID NO: 178 gave an EC50 of 124 pM (FIG51). FIG 56 shows binding with human NKp46

from SEQ ID NO: 179, with an EC 50 of 6.2 nM. Multispecific molecule 9 showed proliferation

of cells in the cell-killing assay with an EC 50 of 84 pM (FIG ) .

Example 10

Multispecific molecule 10 containing a mesothelin targeting arm, a PDL1 targeting arm,

an IL2 effector arm, and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 193, SEQ ID

NO: 173, SEQ ID NO: 192, and SEQ ID: 171, was expressed by co-transfecting cells with SEQ

ID NO: 136, SEQ ID NO: 123, SEQ ID NO: 135, and SEQ ID NO: 121. Multispecific molecule

10 was purified and a SDS-PAGE gel of the final product is shown in FIG 30. An ELISA

performed with human mesothelin of SEQ ID NO: 181 gave an EC 50 of 263 nM (FIG 50). An



ELISA performed with human PDL1 of SEQ ID NO: 178 gave an EC50 of 1.91 nM (FIG 52).

FIG 54 shows binding with human IL2 receptor a of SEQ ID NO: 182 with an EC5o of 88 pM.

FIG 57 shows binding with human NKp46 from SEQ ID NO: 179, with an EC50 of 1.8 nM.

Multispecific molecule 10 showed proliferation of cells in the cell-killing assay with an EC 50 of

35 pM (FIG 61).

Example 11

Multispecific molecule 11 containing a mesothelin targeting arm, a PDL1 targeting arm,

and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 193, SEQ ID: 173, SEQ ID NO:

192, and SEQ ID NO: 171, was expressed by co-transfecting cells with SEQ ID NO: 136, SEQ

ID NO: 123, SEQ ID NO: 135, and SEQ ID NO: 121. Multispecific molecule 11 was purified

and a SDS-PAGE gel of the final product is shown in FIG 31. FIG 45 shows the size exclusion

chromatogram of multispecific molecule 11. An ELISA performed with human PDL1 of SEQ

ID NO: 178 gave an EC 50 of 206 pM (FIG 52). FIG 56 shows binding with human NKp46 from

SEQ ID NO: 179, with an EC 50 of 8.7 nM. Multispecific molecule 11 showed proliferation of

cells in the cell-killing assay with an EC 50 of 119 pM (FIG 62).

Example 12

Multispecific molecule 12 containing a mesothelin targeting arm, a PDL1 targeting arm,

an IL2 effector arm, and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 193, SEQ ID

NO: 173, SEQ ID NO: 192, and SEQ ID: 171, was expressed by co-transfecting cells with SEQ

ID NO: 136, SEQ ID NO: 123, SEQ ID NO: 135, and SEQ ID NO: 121. Multispecific molecule

12 was purified and a SDS-PAGE gel of the final product is shown in FIG 32. FIG 26 shows the

size exclusion chromatogram of multispecific molecule 12. An ELISA performed with human

mesothelin of SEQ ID NO: 181 gave an EC 50 of 216 nM (FIG 50). An ELISA performed with

human PDL1 of SEQ ID NO: 178 gave an EC 50 of 1.82 nM (FIG 52). FIG 54 shows binding

with human IL2 receptor a of SEQ ID NO: 182 with an EC50 of 107 pM. FIG 57 shows binding

with human NKp46 from SEQ ID NO: 179, with an EC50 of 19.3 nM. Multispecific molecule 12

showed proliferation of cells in the cell-killing assay with an EC 50 of 16 pM (FIG 62).



Example 13

Multispecific molecule 13 containing a HER3 targeting arm, an IGF1R targeting arm,

and an IL2 effector arm, comprising of: SEQ ID: 187, SEQ ID NO: 185, and SEQ ID: 184, was

expressed by co-transfecting cells with SEQ ID NO: DNA BH022, SEQ ID NO: 128, and SEQ

ID NO: 127. Multispecific molecule 13 was purified and a SDS-PAGE gel of the final product is

shown in FIG 33. FIG 47 shows the size exclusion chromatogram of multispecific molecule 13.

An ELISA of multispecific molecule 13 with human IL2Ra from SEQ ID NO: 182 gave an EC 50

of 85 pM (FIG 65). The EC50 in the cell-killing assay was 14 pM (FIG 67). FIG 68 shows the

cytokine release data of IFNy for multispecific molecule 13 in the assay.

Example 14

Multispecific molecule 14 containing a HER3 targeting arm, an IGF1R targeting arm,

and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 188, SEQ ID NO: 183, and SEQ

ID: 184, was expressed by co-transfecting cells with SEQ ID NO: 131, SEQ ID NO: 126, and

SEQ ID NO: 127. Multispecific molecule 14 was purified and a SDS-PAGE gel of the final

product is shown in FIG 34. FIG 66 shows binding with human NKp46 from SEQ ID NO: 179

with an EC 50 of 2.3 nM. The EC 50 in the cell-killing assay was 100 pM (FIG 67). FIG 68 shows

the cytokine release data of IFNy for multispecific molecule 14 in the assay.

Example 15

Multispecific molecule 15 containing a HER3 targeting arm, an IGF1R targeting arm,

and a CD3 targeting arm, comprising of: SEQ ID: 189, SEQ ID NO: 183, and SEQ ID: 184, was

expressed by co-transfecting cells with SEQ ID NO: 132, SEQ ID NO: 126, and SEQ ID NO:

127. Multispecific molecule 15 was purified and a SDS-PAGE gel of the final product is shown

in FIG 35. The EC 50 in the cell-killing assay was 277 pM (FIG 69). FIG 70 shows the cytokine

release data of IFNy for multispecific molecule 15 in the assay.

Example 16

Multispecific molecule 16 containing a HER3 targeting arm, an IGF1R targeting arm,

anti-NKp46 NK-cell engager, and an IL2 effector arm, comprising of: SEQ ID: 188, SEQ ID



NO: 185, and SEQ ID: 184, was expressed by co-transfecting cells with SEQ ID NO: 131, SEQ

ID NO: 128, and SEQ ID NO: 127. Multispecific molecule 16 was purified and a SDS-PAGE

gel of the final product is shown in FIG 36. An ELISA of multispecific molecule 16 with human

IL2Ra from SEQ ID NO: 182 gave an EC50 of 167 pM (FIG 65). The EC50 n the cell-killing

assay was 330 pM (FIG 67). FIG 68 shows the cytokine release data of IFNy for multispecific

molecule 16 in the assay.

Example 17

Multispecific molecule 17 containing a HER3 targeting arm, an IGF1R targeting arm, a

CD3 targeting arm, and an IL2 effector arm, comprising of: SEQ ID: 189, SEQ ID NO: 185, and

SEQ ID: 184, was expressed by co-transfecting cells with SEQ ID NO: 132, SEQ ID NO: 128,

and SEQ ID NO: 127. Multispecific molecule 17 was purified and a SDS-PAGE gel of the final

product is shown in FIG 37. An ELISA of multispecific molecule 17 with human IL2Ra from

SEQ ID NO: 182 gave an EC50 of 116 pM (FIG 65). The EC50 in the cell-killing assay was 18

pM (FIG 69). FIG 70 shows the cytokine release data of IFNy for multispecific molecule 17 in

the assay.

Example 18

Multispecific molecule 18 containing a HER3 targeting arm and an IGF1R targeting arm,

comprising of: SEQ ID: 187, SEQ ID NO: 183, and SEQ ID: 184, was expressed by co-

transfecting cells with SEQ ID NO: DNA BH022, SEQ ID NO: 126, and SEQ ID NO: 127.

Multispecific molecule 18 was purified and a SDS-PAGE gel of the final product is shown in

FIG 38. The EC50 in the cell-killing assay was 28 pM (FIG 67). FIG 68 shows the cytokine

release data of IFNy for multispecific molecule 18 in the assay.

Example 19

Multispecific molecule 19 containing a HER3 targeting arm, an IGF1R targeting arm,

and an IL7 effector arm, comprising of: SEQ ID: 187, SEQ ID NO: 186, and SEQ ID: 184, was

expressed by co-transfecting cells with SEQ ID NO: 130, SEQ ID NO: 129, and SEQ ID NO:



127. Multispecific molecule 19 was purified and a SDS-PAGE gel of the final product is shown

in FIG 39.

Example 20

Multispecific molecule 20 containing a HER3 targeting arm, an IGF1R targeting arm, a

CD3 targeting arm, and an IL7 effector arm, comprising of: SEQ ID: 189, SEQ ID NO: 186, and

SEQ ID: 184, was expressed by co-transfecting cells with SEQ ID NO: 132, SEQ ID NO: 129,

and SEQ ID NO: 127. Multispecific molecule 20 was purified and a SDS-PAGE gel of the final

product is shown in FIG 40. The EC5o in the cell-killing assay was 445 pM (FIG 71). FIG 72

shows the cytokine release data of IFNy for multispecific molecule 20 in the assay.

Example 2 1

Multispecific molecule 2 1 containing a HER3 targeting arm, an IGF1R targeting arm, an

anti-NKp46 NK-cell engager, and an IL7 effector arm, comprising of: SEQ ID: 190, SEQ ID

NO: 169, SEQ ID NO: 186, and SEQ ID: 184, was expressed by co-transfecting cells with SEQ

ID NO: 133, SEQ ID NO: 118, SEQ ID NO: 128, and SEQ ID NO: 127. Multispecific molecule

2 1 was purified and a SDS-PAGE gel of the final product is shown in FIG 41. FIG 46 shows

binding with human NKp46 from SEQ ID NO: 179 with an EC5oof 1.3 nM. The EC5oin the

cell-killing assay was 770 pM (FIG 73). FIG 74 shows the cytokine release data of IFNy for

multispecific molecule 2 1 in the assay.

Example 22

Multispecific molecule 22 containing a mesothelin targeting arm, a PDL1 targeting arm

with an IL2 effector, and an anti-NKp46 NK-cell engager, comprising of: SEQ ID: 190, SEQ ID

NO: 169, SEQ ID NO: 192, and SEQ ID: 191, was expressed by co-transfecting cells with SEQ

ID NO: 133, SEQ ID NO: 118, SEQ ID NO: 135, and SEQ ID NO: 134. Multispecific molecule

22 was purified and a SDS-PAGE gel of the final product is shown in FIG 42. An ELISA of

multispecific molecule 22 with human mesothelin from SEQ ID NO: 181 gave an EC 50 of 310

pM (FIG 63). FIG 44 displays the data for multispecific molecule 22 binding to human PDL1

from SEQ ID NO: 178 with an EC 50 of 8 pM. An ELISA of multispecific molecule 22 with



human IL2Ra from SEQ ID NO: 182 gave an EC50 of 8.2 nM (FIG 65). FIG 46 shows binding

with human NKp46 from SEQ ID NO: 179 with an EC5oof 2.4 nM. The EC5o in the cell-killing

assay was 995 pM (FIG 75). FIG 76 shows the cytokine release data of IFNy for multispecific

molecule 22 in the assay.

Example 23

Multispecific molecule 23 containing a mesothelin targeting arm and a PDL1 targeting

arm comprising of SEQ ID NO:168, SEQ ID NO: 169, SEQ ID NO: 192, and SEQ ID NO: 171,

was expressed by co-transfecting cells with SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO:

135, and SEQ ID NO: 121. Multispecific molecule 23 was purified and used in the cell-killing

assay shown in FIG 75, giving an EC 50 of 250 pM. FIG 76 shows the cytokine release data of

IFNy for multispecific molecule 23 in the assay.

Examples directed to Multispecific Molecules comprising a stromal modifying moiety and uses

Thereof

General Methods:

1. Construction of the plasmids.

The DNA encoding the protein sequences was optimized for expression in Cricetulus

griseus, synthesized, and cloned into the pcDNA3.4-TOPO (Life Technologies A14697) using

Gateway cloning. All constructs contained an Ig Kappa leader sequence (SEQ ID NO: 84

ATGGAAACCGACACACTGCTGCTGTGGGTGCTGCTCTTGTGGGTGCCAGGATCTACA

GGA, SEQ ID NO:64 METDTLLLWVLLLWVPGSTG). The nucleic acid sequences used are

shown in Table 10.

2 . Expression and Purification.

The plasmids were co-transfected into either Expi293 cells (Life Technologies

A14527) or ExpiCHO cells (Life Technologies A29127). Transfection were performed using 1

mg of total DNA for a multispecific construct with a 1:1 knob to hole heavy chain ratio and 3:2

light chain to heavy chain ratio. When biotinylation was required, 250 µg of SEQ ID: 144 226



BirA was added per liter in addition to the multispecific construct DNA. Transfection in

Expi293 cells was done using linear 25,000 Da polyethylenimine (PEI, Polysciences Inc 23966)

in a 3 :1 ratio with the total DNA. The DNA and PEI were each added to 50 niL of OptiMem

(Life Technologies 31985088) medium and sterile filtered. The DNA and PEI were combined

for 10 minutes and added to the Expi293 cells with a cell density of l.8 - 2.8 x l 06 cells/mL and

a viability of at least 95 %. The ExpiCHO transfection was performed according to the

manufacturer's instructions. Expi293 cells were grown in a humidified incubator at 37 °C with 8

% C0 2 for 5-7 days after transfection and ExpiCHO cells were grown for 14 days at 32 °C with

5 % CO2. The cells were pelleted by centrifugation at 4500 x g and the supernatant was filtered

through a 0.2 µιη membrane. Protein A resin (GE 17-1279-03) was added to the filtered

supernatant and incubated for 1-3 hours at room temperature. The resin was packed into a

column, washed with 3 x 10 column volumes of Dulbecco's phosphate-buffered saline (DPBS,

Life Technologies 14190-144). The bound protein was eluted from the column with 20 mM

citrate, 100 mM NaCl, pH 2.9. When necessary, the proteins were further purified using ligand

affinity and/or size exclusion chromatography on a Superdex 200 column with a running buffer

of DPBS.

3 . ELISA assay.

ELISA assays were performed using either Pierce 96-well streptavidin coated high capacity

plates (15500) or Nunc-Immuno 96-well maxisorp plates (Invitrogen 44-2404-21). The plates

were washed with 1 X phosphate buffered saline tween 20 (Pierce 28352) and then coated with

10 g/mL of the capture protein. After incubating for 2 hours at room temperature with shaking,

the plate was washed with IX PBST and the molecule was added in rows A-G using a serial

dilution of 1 µΜ - 1 pM. The plate was incubated for 30 minutes, washed, and 100 µ ΐ of either

peroxidase-conjugated affinipure goat anti-human IgG (109-035-008) or streptavidin-HRP (R&D

Systems DY998) was added to each well. The plate was incubated for 30 minutes with shaking,

washed, and 100 µ ΐ of 1-step turbo TMB-ELISA substrate solution (Thermo Scientific 34022)

was added to each well. The plate was incubated for 5 minutes, the reaction was stopped with

100 µ ΐ of 1 M HCl, and the plate was read using the absorbance at 450 nm on a SpectraMax i3x

plate reader.



4 . Cell-killing assay.

To assess the activity of the constructs produced, a BxPC3-luciferase cell-killing assay was

performed. BxPC3 cells containing luciferase (Genecopia SCL-C012-HLG) were grown in

RPMI 1640 (Gibco 118751 19) and 10 % fetal bovine serum (Gibco 10082147) with 1 g/mL

puromycin (Gibco Al 113802). The cells were used to seed a 96-well plate with 15,000 cells per

well. After incubating for a day, the media was removed and replaced with the serum-free media

RPMI 1640 with 0.5 % Pen/Strep (Gibco 15140122). PBMCs (C.T.L. Lot # LP_123) in the

serum-free media were added to rows A-G of the 96-well plate at 450,000 cells/well. The

compounds were added to columns, in triplicate, with concentrations ranging from 1 µΜ to 10

pM in rows A-F. The plates were incubated for 6 or 24 hours before measuring. Before

proceeding with the cell-killing measurement, 120 µΐ was removed from each well and added to

a 96-well low-binding protein plate. This left 80 µΐ in the plate, and 80 µΐ of Bright-Glo

(Promega E2610) was added to each well. The plate was then read on a SpectraMax i3x plate

reader.

5 . Cytokine release assay.

For the cytokine release assay, the supernatant removed from the cell-killing plate was

diluted 5-fold with the quansys wash buffer. The manufacturer's instructions were followed for

the Quansys human IFNy (Quansys 464649HU) singleplex assay kit. The plates were imaged on

a BioRad ChemiDoc XRS+ and analyzed using the Quansys Q-view software.

6 . Turbidimetric hyaluronidase enzyme assay.

To test hyaluronidase activity, enzyme assays were performed as described previously

(Dorfman, A., Ott, M. L. A Turbidimetric Method for the Assay of Hyaluronidase, Journal of

Biological Chemistry, 1948.). A stock solution of hyaluronic acid (Sigma 53747) was prepared

at 1 mg/mL in 300 mM sodium phosphate, pH 5.35. The hyaluronidase-containing constructs

were diluted to 1 mg/mL in 20 mM sodium phosphate, pH 7.0, 77 mM sodium chloride, 0.01 %

bovine serum albumin (Sigma A6003). Enzyme constructs from 0.01 mg/mL to 1 mg/mL were

combined with 1 mg/mL hyaluronic acid and incubated at 37 °C for 45 minutes. An acidified



BSA solution (24 n M sodium acetate, 79 mM acetic acid, 0.1 % bovine serum albumin, pH

3.75) was then added to the enzyme and substrate. After incubating for 10 minutes at room

temperature, the activity was measured with the absorbance at 540 nm. Hyaluronidase activity is

seen as a decrease in absorbance, as the enzyme breaks down the hyaluronic acid.

7 . Hyaluronidase zymogram.

To further demonstrate hyaluronidase activity, a 12 % SDS-PAGE gel was made containing 0.1

mg/mL hyaluronic acid (Sigma 53747). The constructs were run on the gel and then the gel was

incubated in 3 % Triton X-100 (Sigma 93443) for one hour. The gel was then incubated in assay

buffer (20 mM citrate, 150 mM sodium chloride, pH 3.5) for 16 hours at 37 °C. The gel was

stained for hyaluronidase activity using 0.5 % Alcian Blue (Sigma B8438), which stains

hyaluronic acid blue and leaves clear spots where the enzyme degraded hyaluronic acid.

8. Gelatinase A enzyme assay.

Enzymatic activity of constructs containing MMP-2 was determined using the EnzChek

gelatinase/collagenase assay kit (Molecular Probes E-12055), according to the manufacturer's

instructions.

Example 24

Multispecific molecule 24 containing Fab arms targeting FAP and a hyaluronidase arm,

comprising of three distinct protein chains: SEQ ID: 214, SEQ ID: 215, and SEQ ID: 219, was

expressed by co-transfecting cells with SEQ ID NO: 202, SEQ ID NO:203, and SEQ ID NO:

207. Multispecific molecule 23 was purified and a SDS-PAGE gel of the final product is shown

in FIG 77. The size exclusion chromatogram of multispecific molecule 23 is shown in FIG 86.

An ELISA was performed with human FAP generated from SEQ ID NO: 225 and gave an EC50

of 144 nM (FIG 94). FIG 98 demonstrates that multispecific molecule 24 has hyaluronidase

activity. The presence of white bands on the blue background in the hyaluronidase zymogram

(FIG 100) further demonstrates hyaluronidase activity of multispecific molecule 24.

Example 25



Multispecific molecule 25 containing Fab arms targeting FAP, an IL2 effector arm, and a

hyaluronidase arm, comprising of: SEQ ID: 218, SEQ ID: 215, SEQ ID: 219, was expressed by

co-transfecting cells with SEQ ID NO: 206, SEQ ID NO: 203, and SEQ ID NO: 207.

Multispecific molecule 24 was purified and a SDS-PAGE gel of the final product is shown in

FIG 78. The size exclusion chromatogram of multispecific molecule 24 is shown in FIG 87. An

ELISA was performed with human FAP generated from SEQ ID NO: 225 and gave an EC 50 of

128 nM (FIG 94). FIG 781 shows binding of multispecific molecule 25 to human IL2Ra

(generated from SEQ ID NO: 182) with an EC50 of 101 nM. FIG 98 demonstrates that

multispecific molecule 25 has hyaluronidase activity. The presence of white bands on the blue

background in the hyaluronidase zymogram (FIG 100) further demonstrates hyaluronidase

activity of multispecific molecule 25.

Example 26

Multispecific molecule26 containing a FAP targeting arm and a hyaluronidase arm,

comprising of: SEQ ID NO: 214, SEQ ID NO: 215, and SEQ ID NO: 224, was expressed by co-

transfecting cells with SEQ ID NO: 202, SEQ ID NO:203, and SEQ ID NO:212. Multispecific

molecule 25 was purified and a SDS-PAGE gel of the final product is shown in FIG 79. The size

exclusion chromatogram of multispecific molecule25 is shown in FIG 88. An ELISA was

performed with human FAP generated from SEQ ID NO: 225 and gave an EC 50 of 18.5 nM (FIG

94). FIG 98 demonstrates that multispecific molecule 26 has hyaluronidase activity. The

presence of white bands on the blue background in the hyaluronidase zymogram (FIG 100)

further demonstrates hyaluronidase activity of multispecific molecule 26.

Example 27

Multispecific molecule 27 containing a PDLl targeting arm, a FAP targeting arm, and a

hyaluronidase arm, comprising of: SEQ ID: 220, SEQ ID: 171, SEQ ID NO: 219, and SEQ ID

NO: 215, was expressed by co-transfecting cells with SEQ ID NO: 121, SEQ ID NO: 207, and

SEQ ID NO: 208. Multispecific molecule 26 was purified and a SDS-PAGE gel of the final

product is shown in FIG 80. An ELISA performed with human PDLl of SEQ ID NO: 178 gave

an EC 50 of 52 pM (FIG 93). An ELISA was performed with human FAP generated from SEQ ID



NO: 225 and gave an EC50 of 44 nM (FIG 94). FIG 99 demonstrates that multispecific molecule

27 has hyaluronidase activity. The presence of white bands on the blue background in the

hyaluronidase zymogram (FIG 100) further demonstrates hyaluronidase activity of multispecific

molecule 27.

Example 28

Multispecific molecule 28 containing a PDL1 targeting arm, a FAP targeting arm, an IL2

effector arm, and a hyaluronidase arm, comprising of: SEQ ID: 221, SEQ ID: 171, SEQ ID NO:

219, and SEQ ID NO: 215, was expressed by co-transfecting cells with SEQ ID NO: 209, SEQ

ID NO: 121, SEQ ID NO: 207, and SEQ ID NO: 208. Multispecific molecule 27 was purified

and a SDS-PAGE gel of the final product is shown in FIG 81. The size exclusion chromatogram

of multispecific molecule 27 is shown in FIG 90. An ELISA performed with human PDL1 of

SEQ ID NO: 178 gave an EC50 of 0.207 nM (FIG 93). An ELISA was performed with human

FAP generated from SEQ ID NO: 225 and gave an EC50 of 69 nM (FIG 95). FIG 97 shows

binding of multispecific molecule 27 to human IL2Ra (generated from SEQ ID NO: 182) with

an EC50 of 97 nM. FIG 99 demonstrates that multispecific molecule 28 has hyaluronidase

activity. The presence of white bands on the blue background in the hyaluronidase zymo gram

(FIG 100) further demonstrates hyaluronidase activity of multispecific molecule 28.

Example 29

Multispecific molecule 29 containing a PDL1 targeting arm, an anti-NKp46 NK-cell

engager, an IL2 effector arm, and a hyaluronidase arm, comprising of: SEQ ID: 221, SEQ ID:

171, SEQ ID NO: 222, and SEQ ID NO: 223, was expressed by co-transfecting cells with SEQ

ID NO: 209, SEQ ID NO: 121, SEQ ID NO: 210, and SEQ ID NO: 211. Multispecific molecule

28 was purified and a SDS-PAGE gel of the final product is shown in FIG 82. The size

exclusion chromatogram of multispecific molecule 28 is shown in FIG 91. An ELISA

performed with human PDL1 of SEQ ID NO: 178 gave an EC50 of 866 pM (FIG 93). An ELISA

with human NKp46 from SEQ ID NO: 179 gave an EC50 of 126 pM (FIG 96). FIG 97 shows

binding of multispecific molecule 6 to human IL2Ra (generated from SEQ ID NO: 182) with an

EC50 of 48 nM. FIG 99 demonstrates that multispecific molecule 29 has hyaluronidase activity.



The presence of white bands on the blue background in the hyaluronidase zymogram (FIG 100)

further demonstrates hyaluronidase activity of multispecific molecule 29.

Example 30

Multispecific molecule 30 containing FAP targeting arms and a gelatinase arm,

comprising of: SEQ ID: 214, SEQ ID: 215, and SEQ ID NO: 216, was expressed by co-

transfecting cells with SEQ ID NO: 202, SEQ ID NO: 203, and SEQ ID NO: 207. Multispecific

molecule 29 was purified and a SDS-PAGE gel of the final product is shown in FIG 83. The size

exclusion chromatogram of multispecific molecule 30 is shown in FIG 92. An ELISA was

performed with human FAP generated from SEQ ID NO: 225 and gave an EC5oof 385 nM (FIG

95). FIG 101 demonstrates that multispecific molecule 30 has collagenase activity.

Example 31

Multispecific molecule 31 containing a FAP targeting arm and a gelatinase arm,

comprising of: SEQ ID: 214, SEQ ID: 215, and SEQ ID NO: 217, was expressed by co-

transfecting cells with SEQ ID NO: 202, SEQ ID NO: 203, and SEQ ID NO: D205.

Multispecific molecule 30 was purified and a SDS-PAGE gel of the final product is shown in

FIG 84. The size exclusion chromatogram of multispecific molecule 3 1 is shown in FIG 93. An

ELISA was performed with human FAP generated from SEQ ID NO: 225 and gave an EC50 of

466 nM (FIG 95). FIG 101 demonstrates that multispecific molecule 3 1 has collagenase activity.

Example 32

Multispecific molecule 32 containing a PDL1 targeting arm, a FAP targeting arm, an IL2

effector arm, and a gelatinase arm, comprising of: SEQ ID: 221, SEQ ID: 171, SEQ ID NO: 216,

and SEQ ID NO: 215, was expressed by co-transfecting cells with SEQ ID NO: 209, SEQ ID

NO: 121, SEQ ID NO: 204, and SEQ ID NO: 203. Multispecific molecule 3 1 was purified and a

SDS-PAGE gel of the final product is shown in FIG 85. An ELISA performed with human

PDL1 of SEQ ID NO: 178 gave an EC50 of 155 pM (FIG 93). An ELISA was performed with

human FAP generated from SEQ ID NO: 225 and gave an EC50 of 85 nM (FIG 95). FIG 97

shows binding of multispecific molecule 32 to human IL2Ra (generated from SEQ ID NO: 182)



with an EC50 of 36 nM. FIG 101 demonstrates that multispecific molecule 32 has collagenase

activity.

INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hereby incorporated by reference in

their entirety as if each individual publication or patent was specifically and individually

indicated to be incorporated by reference.

EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain using no more than routine

experimentation, many equivalents to the specific embodiments of the invention described

herein. Such equivalents are intended to be encompassed by the following claims.



We claim:

1. A multispecific or multifunctional molecule polypeptide, comprising:

(i) a tumor-targeting moiety, e.g., a first tumor-targeting moiety, that binds to a cancer

antigen; and

two or all of:

(ii) an immune cell engager chosen from an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager;

(iii) a cytokine molecule; and

(iv) a stromal modifying moiety.

2 . The multispecific or multifunctional molecule polypeptide of claim 1, comprising (i),

(ii) and one or both of (iii) and (iv).

3 . The multispecific or multifunctional molecule polypeptide of claim 1, comprising (i),

(iii) and one or both of (ii) and (iv).

4 . The multispecific or multifunctional molecule polypeptide of claim 1, comprising:

(i) , (ii) and (iii), or (i), (ii) and (iv).

5 . The multispecific or multifunctional molecule polypeptide of claim 1, comprising (i),

(ii), (iii) and (iv).

6 . A multispecific or multifunctional molecule polypeptide, comprising:

(i) at least two tumor targeting moieties, e.g., a first and second tumor-targeting moiety,

that bind to one or more cancer antigens; and

one or both of:

(ii) an immune cell engager chosen from an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager; and

(iii) a stromal modifying moiety.



7 . A multifunctional (e.g., bifunctional) molecule polypeptide comprising a stromal

modifying moiety and a tumor-targeting moiety (e.g., an antibody molecule, a ligand molecule,

or a receptor molecule) that binds to a tumor antigen or a stromal antigen.

8. The multispecific or multifunctional molecule polypeptide of any of claims 1-5 or 7,

further comprising a second tumor-targeting moiety, wherein the second tumor-targeting moiety

binds to the same or a different cancer antigen as the first tumor-targeting moiety, e.g., the

tumor-targeting moiety in (i).

9 . The multispecific or multifunctional molecule polypeptide of claim 6 or 8, wherein the

second tumor-targeting moiety binds to a different epitope on the same cancer antigen as the first

tumor-targeting moiety.

10. The multispecific or multifunctional molecule polypeptide of claim 6 or 8, wherein

the second tumor-targeting moiety and the first tumor-targeting moiety bind to different cancer

antigens.

11. The multispecific or multifunctional molecule polypeptide of claim 10, wherein the

different cancer antigens are present on the same cell or tumor tissue.

12. The multispecific or multifunctional molecule polypeptide of claim 10, wherein the

different cancer antigens are present on different cells or tumor tissues.

13. The multispecific or multifunctional molecule polypeptide of claim 11 or 12, wherein

the affinity, e.g., the combined affinity, for the cancer antigens of the first tumor-targeting

moiety and the second tumor-targeting moiety is equal to or greater than the affinity of (ii), (iii)

or (iv) (either alone or as part of the multispecific molecule) for its corresponding binding

member.



14. The multispecific or multifunctional molecule polypeptide of claim 13, wherein the

affinity, e.g., the combined affinity, for the cancer antigens of the first tumor-targeting moiety

and the second tumor-targeting moiety is at least 2, 5, 10, 20, 30, 40, 50, 75 or 100 times greater

than the affinity of (ii), (iii) or (iv) (either alone or as part of the multispecific molecule) for its

corresponding binding member.

15. The multispecific or multifunctional molecule polypeptide of claim 11 or 12,

wherein the affinity, e.g., the combined affinity, of the first tumor-targeting moiety in and the

second tumor-targeting moiety for the tumor, e.g., a cancer cell or a stromal cell, is equal to or

greater than the affinity of a similar multispecific or multifunctional molecule polypeptide

having only one of the tumor-targeting moiety or the second tumor-targeting moiety.

16. The multispecific or multifunctional molecule polypeptide of claim 15, wherein the

affinity, e.g., the combined affinity, of the first tumor-targeting moiety and the second tumor-

targeting moiety for the tumor, e.g., a cancer cell or a stromal cell, is at least 2, 5, 10, 20, 30, 40,

50, 75 or 100 times greater than the affinity of a similar multispecific or multifunctional

molecule polypeptide having only one of the tumor-targeting moiety or the second tumor-

targeting moiety.

17. The multispecific or multifunctional molecule polypeptide of any of claims 1-16,

which comprises at least two non-contiguous polypeptide chains.

18. A multispecific or multifunctional molecule polypeptide comprising:

A, B-[dimerization module] -C, -D

wherein:

(1) the dimerization module comprises an immunoglobulin constant domain, e.g., a heavy

chain constant domain (e.g., a homodimeric or heterodimeric heavy chain constant region, e.g.,

an Fc region), or a constant domain of an immunoglobulin variable region (e.g., a Fab region);

and



(2) A, B, C, and D are independently absent; (i) a tumor-targeting moiety, e.g., a first

and/or second tumor-targeting moiety; (ii) an immune cell engager chosen from an NK cell

engager, a T cell engager, a B cell engager, a dendritic cell engager, or a macrophage cell

engager; (iii) a cytokine molecule; or (iv) a stromal modifying moiety, wherein said multispecific

or multifunctional molecule polypeptide comprises:

(i) the tumor-targeting moiety, e.g., a first tumor-targeting moiety, that binds to a cancer

antigen; and

one, two or all of:

(ii) an immune cell engager chosen from an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager;

(iii) a cytokine molecule; and

(iv) a stromal modifying moiety,

provided that:

if (ii) and (iii) are absent, then (i) and (iv) are present,

if one (i) and one (ii) are present, then (iii) or (iv) or both are present, or

if one (i) and one (iii) are present, then (ii) or (iv) or both are present.

19. The multispecific or multifunctional molecule polypeptide of claim 18, wherein:

(i) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a first immune cell engager, and D comprises a second immune cell

engager (e.g., A and B comprise same or different targeting moieties, and C and D comprise

same or different immune cell engagers);

(ii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a first cytokine molecule, and D comprises a second cytokine molecule

(e.g., A and B comprise same or different targeting moieties, and C and D comprise same or

different cytokine molecules);

(iii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a first stromal modifying moiety, and D comprises a second stromal

modifying moiety (e.g., A and B comprise same or different targeting moieties, and C and D

comprise same or different stromal modifying moieties);



(iv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises an immune cell engager, and D comprises a cytokine molecule (e.g., A and

B comprise same or different targeting moieties);

(v) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a cytokine molecule, and D comprises an immune cell engager (e.g., A and

B comprise same or different targeting moieties);

(vi) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises an immune cell engager, and D comprises a stromal modifying moiety (e.g.,

A and B comprise same or different targeting moieties);

(vii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a stromal modifying moiety, and D comprises an immune cell engager (e.g.,

A and B comprise same or different targeting moieties);

(viii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a cytokine molecule, and D comprises a stromal modifying moiety (e.g., A

and B comprise same or different targeting moieties);

(ix) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a stromal modifying moiety, and D comprises a cytokine molecule (e.g., A

and B comprise same or different targeting moieties);

(x) A comprises a tumor-targeting moiety, and at least one, two, or three of B, C, and D

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;

(xi) B comprises a tumor-targeting moiety, and at least one, two, or three of A, C, and D

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;

(xii) C comprises a tumor-targeting moiety, and at least one, two, or three of A, B, and D

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;



(xiii) D comprises a tumor-targeting moiety, and at least one, two, or three of A, B, and C

comprises a second tumor-targeting moiety, an immune cell engager, a cytokine molecule, a

stromal modifying moiety, or is absent, provided that if (ii) and (iii) are absent, then (i) and (iv)

are present;

(xiv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are an immune cell engager and absent, respectively;

(xv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and an immune cell engager, respectively;

(xvi) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a cytokine molecule and absent, respectively;

(xvii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a cytokine molecule, respectively;

(xviii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a stromal modifying moiety and absent, respectively;

(xix) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a stromal modifying moiety, respectively;

(xx) A comprises a tumor-targeting moiety, and one of B, C or D comprises a stromal

modifying moiety;

(xxi) B comprises a tumor-targeting moiety, and one of A, C or D comprises a stromal

modifying moiety;

(xxii) C comprises a tumor-targeting moiety, and one of A, B or D comprises a stromal

modifying moiety;

(xxiii) D comprises a tumor-targeting moiety, and one of A, B or C comprises a stromal

modifying moiety;

(xiv) A or B comprises a tumor-targeting moiety, and C comprises an immune cell

engager, and D comprises a cytokine molecule;

(xv) A or B comprises a tumor-targeting moiety, and D comprises an immune cell

engager, and C comprises a cytokine molecule;

(xvi) A and/or B comprises one or two immune cell engagers, and D comprises a tumor-

targeting moiety, and C comprises a cytokine molecule;



(xvii) A and/or B comprises one or two immune cell engagers, and C comprises a tumor-

targeting moiety, and B comprises a cytokine molecule;

(xviii) A and/or B comprises one or two cytokines, and D comprises a tumor-targeting

moiety, and C comprises a immune cell engager; or

(xix) A and/or B comprises one or two cytokines, and C comprises a tumor-targeting

moiety, and D comprises a immune cell engager.

20. The multispecific or multifunctional molecule polypeptide of claim 18, wherein:

(i) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises an immune cell engager (e.g., dendritic cell engager), and D comprises a

cytokine molecule (e.g., A and B comprise same or different targeting moieties);

(ii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C comprises a cytokine molecule, and D comprises an immune cell engager (e.g., A and

B comprise same or different targeting moieties);

(iii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are an immune cell engager and absent, respectively;

(iv) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and an immune cell engager, e.g., a T cell engager, respectively;

(v) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a cytokine molecule and absent, respectively;

(vi) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a cytokine molecule, respectively;

(vii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are a stromal modifying moiety and absent, respectively;

(viii) A comprises a first tumor-targeting moiety, B comprises a second tumor-targeting

moiety, C and D are absent and a stromal modifying moiety, respectively; or

(ix) A comprises a tumor-targeting moiety, and one of B, C or D comprises a stromal

modifying moiety.



21. The multispecific or multifunctional molecule polypeptide of claim 19 or 20,

wherein the first and second tumor targeting moieties bind to a different epitope on the same

cancer antigen.

22. The multispecific or multifunctional molecule polypeptide of claim 19 or 20,

wherein the first and second tumor targeting moieties bind to different cancer antigens.

23. The multispecific or multifunctional molecule polypeptide of claim 22, wherein the

different cancer antigens are present on the same cell or tumor tissue.

24. The multispecific or multifunctional molecule polypeptide of claim 22, wherein the

different cancer antigens are present on different cells or tumor tissues.

25. The multispecific or multifunctional molecule polypeptide of claim 2 1 or 22, wherein

the affinity, e.g., the combined affinity, for the cancer antigens of the first and the second tumor-

targeting moiety is equal to or greater than the affinity of (ii), (iii) or (iv) (either alone or as part

of the multispecific molecule) for its corresponding binding member.

26. The multispecific or multifunctional molecule polypeptide of claim 25, wherein the

affinity, e.g., the combined affinity, for the cancer antigens of the first and the second tumor-

targeting moiety is at least 2, 5, 10, 20, 30, 40, 50, 75 or 100 times greater than the affinity of

(ii), (iii) or (iv) (either alone or as part of the multispecific molecule) for its corresponding

binding member.

27. The multispecific or multifunctional molecule polypeptide of claim 2 1 or 22,

wherein the affinity, e.g., the combined affinity, of the first and the second tumor-targeting

moiety for the tumor, e.g., a cancer cell or a stromal cell, is equal to or greater than the affinity of

a similar multispecific or multifunctional molecule polypeptide having only one of the tumor-

targeting moiety or the second tumor-targeting moiety.



28. The multispecific or multifunctional molecule polypeptide of claim 27, wherein the

affinity, e.g., the combined affinity, of the first and the second tumor-targeting moiety for the

tumor, e.g., a cancer cell or a stromal cell, is at least 2, 5, 10, 20, 30, 40, 50, 75 or 100 times

greater than the affinity of a similar multispecific or multifunctional molecule polypeptide

having only one of the tumor-targeting moiety or the second tumor-targeting moiety.

29. The multispecific or multifunctional molecule polypeptide of any of claims 1-28,

wherein the immune cell engager binds to, but does not activate, an immune cell, e.g., an effector

cell.

30. The multispecific or multifunctional molecule polypeptide of any of claims 1-28,

wherein the immune cell engager binds to and activates an immune cell, e.g., an effector cell.

31. The multispecific or multifunctional molecule polypeptide of any of claims 1-30,

wherein the tumor-targeting moiety comprises an antibody molecule, a receptor molecule (e.g., a

receptor, a receptor fragment or functional variant thereof), or a ligand molecule (e.g., a ligand, a

ligand fragment or functional variant thereof), or a combination thereof, that binds to the cancer

antigen.

32. The multispecific or multifunctional molecule polypeptide of any of claims 1-31,

wherein the tumor-targeting moiety binds to a cancer antigen present on a hematological cancer,

a solid tumor, a metastatic cancer, soft tissue tumor, metastatic lesion, or a combination thereof.

33. The multispecific or multifunctional molecule polypeptide of any of claims 1-32,

wherein the cancer antigen is a tumor antigen or stromal antigen, or a hematological antigen.

34. The multispecific or multifunctional molecule polypeptide of claim 33, wherein the

tumor antigen or stromal antigen is present on a fibrotic or desmoplastic solid tumor.



35. The multispecific or multifunctional molecule polypeptide of either of claim 33 or

34, wherein the tumor antigen or stromal antigen is present on a tumor, e.g., a tumor of a class

typified by having one or more of: limited tumor perfusion, compressed blood vessels, or

fibrotic tumor interstitium.

36. The multispecific or multifunctional molecule polypeptide of claim 32, wherein the

tumor, e.g., solid tumor, is chosen from one or more of pancreatic (e.g., pancreatic

adenocarcinoma), breast, colorectal, lung (e.g., small or non-small cell lung cancer), skin,

ovarian, or liver cancer.

37. The multispecific or multifunctional molecule polypeptide of claim 32, wherein the

hematological cancer is chosen from one or more of B-cell or T cell malignancy, e.g., Hodgkin' s

lymphoma, Non-Hodgkin's lymphoma (e.g., B cell lymphoma, diffuse large B cell lymphoma,

follicular lymphoma, chronic lymphocytic leukemia, mantle cell lymphoma, marginal zone B-

cell lymphoma, Burkitt lymphoma, lymphoplasmacytic lymphoma, hairy cell leukemia), acute

myeloid leukemia (AML), chronic myeloid leukemia, myelodysplastic syndrome, multiple

myeloma, or acute lymphocytic leukemia.

38. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the cancer, e.g., solid tumor, antigen is chosen from: PDL1, mesothelin, CD47,

gangloside 2 (GD2), prostate stem cell antigen (PSCA), prostate specific membrane antigen

(PMSA), pro state-specific antigen (PSA), carcinoembryonic antigen (CEA), Ron Kinase, c-Met,

Immature laminin receptor, TAG-72, BING-4, Calcium-activated chloride channel 2, Cyclin-Bl,

9D7, Ep-CAM, EphA3, Her2/neu, Telomerase, SAP-1, Survivin, NY-ESO-l/LAGE-1, PRAME,

SSX-2, Melan-A/MART- 1, Gpl00/pmell7, Tyrosinase, TRP-1/-2, MC1R, β-catenin, BRCAl/2,

CDK4, CML66, Fibronectin, p53, Ras, TGF-B receptor, AFP, ETA, MAGE, MUC-1, CA-125,

BAGE, GAGE, NY-ESO-1, β-catenin, CDK4, CDC27, CD47, a actinin-4, TRPl/gp75, TRP2,

gplOO, Melan-A/MARTl, gangliosides, WT1, EphA3, Epidermal growth factor receptor

(EGFR), CD20, MART-2, MART-1, MUC1, MUC2, MUM1, MUM2, MUM3, NA88-1, NPM,

OA1, OGT, RCC, RUI1, RUI2, SAGE, TRG, TRP1, TSTA, Folate receptor alpha, Ll-CAM,



CAIX, EGFRvIII, g A33, GD3, GM2, VEGFR, Intergrins (Integrin alphaVbeta3, Integrin

alpha5Betal), Carbohydrates (Le), IGF1R, EPHA3, TRAILR1, TRAILR2, or RANKL.

39. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the cancer antigen is chosen from: PDLl, Mesothelin, GD2, PMSA, CEA, Ron Kinase,

or c-Met.

40. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the cancer antigen is a stromal antigen chosen from fibroblast activating protease (FAP),

TGF-beta, hyaluronic acid, collagen, e.g., collagen IV, tenascin C, or tenascin W .

41. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the cancer antigen is a hematological antigen chosen from CD19, CD33, CD47, CD123,

CD20, CD99, CD30, BCMA, CD38, CD22, SLAMF7, or NY-ESOl.

42. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the tumor-targeting moiety is chosen from an antibody molecule to a cancer antigen

chosen from mesothelin, PDLl, HER3, IGF1R, FAP, CD47 or CD123.

43. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the tumor-targeting moiety comprises an antibody molecule (e.g., Fab or scFv) that

binds to mesothelin.

44. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the tumor-targeting moiety comprises an antibody molecule (e.g., Fab or scFv) that

binds to PDLl.

45. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

which comprises two or three antibody molecules to two or three cancer antigens chosen from

mesothelin, PDLl, HER3, IGF1R, FAP, CD123 or CD47.



46. The multispecific or multifunctional molecule polypeptide of any of claims 42, 44 or

45, wherein the tumor-targeting moiety binds to PDLl and inhibits an interaction of PDLl with

PD1.

47. The multispecific or multifunctional molecule polypeptide of any of claims 42, 44 or

45, wherein the tumor-targeting moiety binds to PDLl and does not inhibit an interaction of PD

LI with PDl.

48. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the first and second tumor targeting moieties are an anti-mesothelin antibody molecule

and an anti-PDLl antibody molecule, respectively.

49. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the second and first tumor targeting moieties are an anti-mesothelin antibody molecule

and an anti-PDLl antibody molecule, respectively.

50. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the first and second tumor targeting moieties are an anti-FAP antibody molecule and an

anti-PDLl antibody molecule, respectively.

51. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the second and first tumor targeting moieties are an anti-FAP antibody molecule and an

anti-PDLl antibody molecule, respectively.

52. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the first and second tumor targeting moieties are an anti-HER3 antibody molecule and

an anti-IGFlR antibody molecule, respectively; or

wherein the second and first tumor targeting moieties are an anti- HER3 antibody

molecule and an anti- IGF1R antibody molecule, respectively.



53. The multispecific or multifunctional molecule polypeptide of any of claims 1-37,

wherein the first and second tumor targeting moieties are an anti-CD 123 antibody molecule and

an anti-CD47 antibody molecule, respectively; or

wherein the second and first tumor targeting moieties are an anti- CD 123 antibody

molecule and an anti- CD47 antibody molecule, respectively.

54. The multispecific or multifunctional molecule polypeptide of any of claims 1-53,

wherein the immune cell engager is chosen from an NK cell engager, a T cell engager, a B cell

engager, a dendritic cell engager, or a macrophage cell engager, or a combination thereof.

55. The multispecific or multifunctional molecule polypeptide of any of claims 1-54,

wherein the immune cell engager comprises an NK cell engager that mediates binding to and

activation of, an NK cell.

56. The multispecific or multifunctional molecule polypeptide of any of claims 1-54,

wherein the immune cell engager comprises an NK cell engager that mediates binding to but not

activation of, an NK cell.

57. The multispecific or multifunctional molecule polypeptide of any of claims 1-56,

wherein the NK cell engager is chosen from an antibody molecule, e.g., an antigen binding

domain, or ligand that binds to (e.g., activates): NKp30, NKp40, NKp44, NKp46, NKG2D,

DNAM1, DAP10, CD16 (e.g., CD16a, CD16b, or both), CRTAM, CD27, PSGL1, CD96,

CD 100 (SEMA4D), NKp80, CD244 (also known as SLAMF4 or 2B4), SLAMF6, SLAMF7,

KIR2DS2, KIR2DS4, KIR3DS1, KIR2DS3, KIR2DS5, KIR2DS1, CD94, NKG2C, NKG2E, or

CD160.

58. The multispecific or multifunctional molecule polypeptide of any of claims 1-56,

wherein the NK cell engager is an antibody molecule, e.g., an antigen binding domain.



59. The multispecific or multifunctional molecule polypeptide of claim 58, wherein the

NK cell engager is an antibody molecule, e.g., an antigen binding domain, that binds to NKp30

or NKp46.

60. The multispecific or multifunctional molecule polypeptide of any of claims 1-54,

wherein the NK cell engager is a ligand, optionally, the ligand further comprises an

immunoglobulin constant region, e.g., an Fc region.

61. The multispecific or multifunctional molecule polypeptide of claim 60, wherein the

ligand of NKp44 or NKp46 is a viral HA.

62. The multispecific or multifunctional molecule polypeptide of claim 60, wherein the

ligand of DAP 10 is a coreceptor for NKG2D.

63. The multispecific or multifunctional molecule polypeptide of claim 60, wherein the

ligand of CD 16 is a CD16a/b ligand, e.g., a CD16a/b ligand further comprising an antibody Fc

region.

64. The multispecific or multifunctional molecule polypeptide of any of claims 1-54,

wherein the immune cell engager mediates binding to, or activation of, or both of, one or more of

a B cell, a macrophage, and/or a dendritic cell.

65. The multispecific or multifunctional molecule polypeptide of claim 64, wherein the

immune cell engager comprises a B cell, macrophage, and/or dendritic cell engager chosen from

one or more of CD40 ligand (CD40L) or a CD70 ligand; an antibody molecule that binds to

CD40 or CD70; an antibody molecule to OX40; an OX40 ligand (OX40L); an agonist of a Toll

like receptor (e.g., a TLR4, e.g., a constitutively active TLR4 (caTLR4) or a TLR9 agonist); a

41BB; a CD2 agonist; a CD47; or a STING agonist, or a combination thereof.



66. The multispecific or multifunctional molecule polypeptide of claim 64, wherein the

B cell engager is a CD40L, an OX40L, or a CD70 ligand, or an antibody molecule that binds to

OX40, CD40 or CD70.

67. The multispecific or multifunctional molecule polypeptide of claim 64, wherein the

macrophage cell engager is a CD2 agonist; a CD40L; an OX40L; an antibody molecule that

binds to OX40, CD40 or CD70; an agonist of a Toll-like receptor (TLR)(e.g., a TLR4, e.g., a

constitutively active TLR4 (caTLR4) or a TLR9 agonist); CD47; or a STING agonist.

68. The multispecific or multifunctional molecule polypeptide of claim 64, wherein the

dendritic cell engager is a CD2 agonist, an OX40 antibody, an OX40L, 4IBB agonist, a Toll-like

receptor agonist or a fragment thereof (e.g., a TLR4, e.g., a constitutively active TLR4

(caTLR4)), CD47 agonist, or a STING agonist.

69. The multispecific or multifunctional molecule polypeptide of claim 67, wherein the

STING agonist comprises a cyclic dinucleotide, e.g., a cyclic di-GMP (cdGMP), a cyclic di-

AMP (cdAMP), or a combination thereof, optionally with 2', 5' or 3',5' phosphate linkages, e.g.,

wherein the STING agonist is covalently coupled to the multispecific or multifunctional

molecule polypeptide.

70. The multispecific or multifunctional molecule polypeptide of any of claims 1-69,

wherein the cytokine molecule is chosen from interleukin-2 (IL-2), interleukin-7 (IL-7),

interleukin-12 (IL-12), interleukin-15 (IL-15), interleukin-18 (IL-18), interleukin-21 (IL-21), or

interferon gamma, or a fragment or variant thereof, or a combination of any of the aforesaid

cytokines.

71. The multispecific or multifunctional molecule polypeptide of claim 70, wherein the

cytokine molecule is a monomer or a dimer.

72. The multispecific or multifunctional molecule polypeptide of any of claims 70-71,



wherein the cytokine molecule further comprises a receptor dimerizing domain, e.g., an

IL15Ralpha dimerizing domain.

73. The multispecific or multifunctional molecule polypeptide of claim 70, wherein the

cytokine molecule (e.g., IL-15) and the receptor dimerizing domain (e.g., an IL15Ralpha

dimerizing domain) are not covalently linked, e.g., are non-covalently associated.

74. The multispecific or multifunctional molecule polypeptide of any of claims 1-73,

wherein the stromal modifying moiety causes one or more of: decreases the level or production

of a stromal or extracellular matrix (ECM) component; decreases tumor fibrosis; increases

interstitial tumor transport; improves tumor perfusion; expands the tumor microvasculature;

decreases interstitial fluid pressure (IFP) in a tumor; or decreases or enhances penetration or

diffusion of an agent, e.g., a cancer therapeutic or a cellular therapy, into a tumor or tumor

vasculature.

75. The multispecific or multifunctional molecule polypeptide of claim 74, wherein the

stromal or ECM component decreased is chosen from a glycosaminoglycan or an extracellular

protein, or a combination thereof.

76. The multispecific or multifunctional molecule polypeptide of claim 75, wherein the

glycosaminoglycan is chosen from hyaluronan (also known as hyaluronic acid or HA),

chondroitin sulfate, chondroitin, dermatan sulfate, heparan sulfate, heparin, entactin, tenascin,

aggrecan and keratin sulfate.

77. The multispecific or multifunctional molecule polypeptide of claim 75, wherein the

extracellular protein is chosen from collagen, laminin, elastin, fibrinogen, fibronectin, or

vitronectin.



78. The multispecific or multifunctional molecule polypeptide of any of claims 1-73,

wherein the stromal modifying moiety comprises an enzyme molecule that degrades a tumor

stroma or extracellular matrix (ECM).

79. The multispecific or multifunctional molecule polypeptide of any of claims 1-78,

wherein the enzyme molecule is chosen from a hyaluronidase molecule , a collagenase molecule,

a chondroitinase molecule, a matrix metalloproteinase molecule (e.g., macrophage

metalloelastase), or a variant (e.g., a fragment) of any of the aforesaid.

80. The multispecific or multifunctional molecule polypeptide of any of claims 1-73,

wherein the stromal modifying moiety decreases the level or production of hyaluronic acid.

81. The multispecific or multifunctional molecule polypeptide of any of claims 1-73,

wherein the stromal modifying moiety comprises a hyaluronan degrading enzyme, an agent that

inhibits hyaluronan synthesis, or an antibody molecule against hyaluronic acid.

82. The multispecific or multifunctional molecule polypeptide of claim 81, wherein the

hyaluronan degrading enzyme is a hyaluronidase molecule or a variant (e.g., fragment thereof)

thereof.

83. The multispecific or multifunctional molecule polypeptide of claim 81, wherein the

hyaluronan degrading enzyme is active in neutral or acidic pH, e.g., pH of about 4-5.

84. The multispecific or multifunctional molecule polypeptide of claim 82 or 83,

wherein the hyaluronidase molecule is a mammalian hyaluronidase molecule, e.g., a recombinant

human hyaluronidase molecule, or a variant thereof (e.g., a truncated form thereof).

85. The multispecific or multifunctional molecule polypeptide of claim 84, wherein the

hyaluronidase molecule is chosen from HYALl, HYAL2, or PH-20/SPAM1, or a variant thereof

(e.g., a truncated form thereof).



86. The multispecific or multifunctional molecule polypeptide of claim 84 or 85,

wherein the truncated form lacks a C-terminal glycosylphosphatidylinositol (GPI) attachment

site or a portion of the GPI attachment site.

87. The multispecific or multifunctional molecule polypeptide of any of claims 82-86,

wherein the hyaluronidase molecule is glycosylated, e.g., comprises at least one N-linked glycan.

88. The multispecific or multifunctional molecule polypeptide of any of claims 82-87,

wherein the hyaluronidase molecule comprises the amino acid sequence of

SEQ ID NO:61, or a fragment thereof, or an amino acid sequence substantially identical thereto

(e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not more

than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions) to the amino acid sequence of SEQ ID NO: 61.

89. The multispecific or multifunctional molecule polypeptide of any of claims 82-88,

wherein the hyaluronidase molecule comprises:

(i) the amino acid sequence of 36-464 of SEQ ID NO: 61;

(ii) the amino acid sequence of 36-481, 36-482, or 36-483 of PH20, wherein PH20 has

the sequence of amino acids set forth in SEQ ID NO: 61; or

(iii) an amino acid sequence having at least 95% to 100 % sequence identity to the

polypeptide or truncated form of sequence of amino acids set forth in SEQ ID NO: 61; or

(iv) an amino acid sequence having 30, 20, 10, 5 or fewer amino acid substitutions to the

amino acid sequence set forth in SEQ ID NO:61.

90. The multispecific or multifunctional molecule polypeptide of any of claims 82-88,

wherein the hyaluronidase molecule comprises an amino acid sequence at least 95% (e.g., at

least 95%, 96%, 97%, 98%, 99%, 100%) identical to the amino acid sequence of SEQ ID NO:

61.



91. The multispecific or multifunctional molecule polypeptide of any of claims 82-88,

wherein the hyaluronidase molecule is encoded by a nucleotide sequence at least 95% (e.g., at

least 96%, 97%, 98%, 99%, 100%) identical to the nucleotide sequence of SEQ ID NO: 61.

92. The multispecific or multifunctional molecule polypeptide of any of claims 82-88,

wherein the hyaluronidase molecule is PH20 e.g., rHuPH20.

93. The multispecific or multifunctional molecule polypeptide of any of claims 82-87,

wherein the hyaluronidase molecule is HYAL1 and comprises the amino acid sequence of

SEQ ID NO: 62, or a fragment thereof, or an amino acid sequence substantially identical

thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid alteration, but not

more than five, ten or fifteen alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions) to the amino acid sequence of SEQ ID NO: 62.

94. The multispecific or multifunctional molecule polypeptide of any of claims 82-93,

wherein the hyaluronan degrading enzyme, e.g., the hyaluronidase molecule, further comprises a

polymer, e.g., is conjugated to a polymer, e.g., PEG.

95. The multispecific or multifunctional molecule polypeptide of claim 94, wherein the

hyaluronan-degrading enzyme is a PEGylated PH20 enzyme (PEGPH20).

96. The multispecific or multifunctional molecule polypeptide of any of claims 82-93,

wherein the hyaluronan degrading enzyme, e.g., the hyaluronidase molecule, further comprises

an immunoglobulin chain constant region (e.g., Fc region) chosen from, e.g., the heavy chain

constant regions of IgGl, IgG2, IgG3, and IgG4, more particularly, the heavy chain constant

region of human IgGl, IgG2, IgG3, or IgG4.

97. The multispecific or multifunctional molecule polypeptide of claim 96, wherein the

immunoglobulin constant region (e.g., the Fc region) is linked, e.g., covalently linked to, the

hyaluronan degrading enzyme, e.g., the hyaluronidase molecule.



98. The multispecific or multifunctional molecule polypeptide of claim 96 or 97,

wherein the immunoglobulin chain constant region (e.g., Fc region) is altered, e.g., mutated, to

increase or decrease one or more of: Fc receptor binding, antibody glycosylation, the number of

cysteine residues, effector cell function, or complement function.

99. The multispecific or multifunctional molecule polypeptide of any of claims 82-93,

wherein the hyaluronan degrading enzyme, e.g., the hyaluronidase molecule, forms a dimer.

100. The multispecific or multifunctional molecule polypeptide of any of claims 1-81,

wherein the stromal modifying moiety comprises an inhibitor of the synthesis of hyaluronan,

e.g., an HA synthase.

101. The multispecific or multifunctional molecule polypeptide of claim 100, wherein

the inhibitor comprises a sense or an antisense nucleic acid molecule against an HA synthase or

is a small molecule drug.

102. The multispecific or multifunctional molecule polypeptide of claim 101, wherein

the inhibitor is 4- methylumbelliferone (MU) or a derivative thereof (e.g., 6,7-dihydroxy-4-

methyl coumarin or 5,7-dihydroxy-4-methyl coumarin), or leflunomide or a derivative thereof.

103. The multispecific or multifunctional molecule polypeptide of any of claims 1-81,

wherein the stromal modifying moiety comprises a coUagenase molecule, e.g., a mammalian

coUagenase molecule, or a variant (e.g., fragment) thereof.

104. The multispecific or multifunctional molecule polypeptide of claim 103, wherein

the coUagenase molecule is coUagenase molecule IV, e.g., comprising the amino acid sequence

of

(SEQ ID NO: 63, or a fragment thereof, or an amino acid sequence substantially

identical thereto (e.g., 95% to 99.9% identical thereto, or having at least one amino acid



alteration, but not more than five, ten or fifteen alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions) to the amino acid sequence of SEQ ID NO: 63.

105. The multispecific or multifunctional molecule polypeptide of any of claims 1-104,

which comprises two binding specificities or functions, e.g., it is a bispecific or a bifunctional

molecule, e.g., which comprises:

i) the tumor-targeting moiety and the immune cell engager, provided that when the

multispecific molecule comprises the tumor-targeting moiety and the immune cell engager only,

the immune cell engager is not an antibody molecule to an NK cell antigen; or

ii) the tumor- targeting moiety and the stromal modifying moiety.

106. The multispecific or multifunctional molecule polypeptide of any of claims 1-104,

which comprises three or four binding specificities or functions, e.g., is a trispecific or a

tetraspecific molecule.

107. The multispecific or multifunctional molecule polypeptide of any of claims 1-104,

which comprises:

(i) at least two tumor-targeting moieties, the immune cell engager, and the cytokine

molecule;

(ii) the tumor-targeting moiety, the immune cell engager, and the stromal modifying

moiety; or

(iii) at least two tumor-targeting moieties that bind to two cancer antigens chosen from

mesothelin, PDL1, HER3, Fibroblast Activation Protein (FAP), or insulin growth factor 1R

(IGFIR), CD47 or CD123, provided that the two cancer antigens are not FAP and IGFIR; and a

cytokine molecule.

108. The multispecific or multifunctional molecule polypeptide of any of claims 1-104,

which comprises:

(i) one tumor-targeting moiety;

(ii) two immune cell engagers (e.g., same or different immune cell engagers); and



one or both of:

(iii) one cytokine molecule, or

(iv) one stromal modifying moiety.

109. The multispecific or multifunctional molecule polypeptide of any of claims 1-104,

which comprises:

(i) two tumor-targeting moieties (e.g., same or different targeting moieties);

(ii) one immune cell engager; and

one or both of:

(iii) one cytokine molecule, or

(iv) one stromal modifying moiety.

110. The multispecific or multifunctional molecule polypeptide of any of claims 1-104,

which comprises:

(i) one tumor-targeting moiety;

(ii) one immune cell engager; and

one or both of:

(iii) two cytokine molecules (e.g., same or different cytokine molecules).

111. The multispecific or multifunctional molecule polypeptide of claim 109, wherein

one of the two tumor targeting moieties binds PDLl; one of the two tumor targeting moieties

binds mesothelin; the immune cell engager binds NKp46 or NKp30; and the cytokine molecule

is IL2.

112. The multispecific or multifunctional molecule polypeptide of any of claims 1-111,

wherein the tumor-targeting moiety or the immune cell engager, or both, comprises (i) an

antibody molecule, e.g., at least one immunoglobulin domain; and/or (ii) a receptor or a ligand,

or a fragment thereof.



113. The multispecific or multifunctional molecule polypeptide of claim 112, wherein

the tumor-targeting antibody molecule binds to the solid tumor antigen and/or the stromal

antigen with a dissociation constant of less than about 10 nM, and more typically, 10 - 100 pM.

114. The multispecific or multifunctional molecule polypeptide of claim 112, wherein

the immune cell engager antibody molecule binds to the NK cell antigen, the B cell antigen, the

dendritic cell antigen, and/or the macrophage cell antigen with a dissociation constant of less

than about 10 nM, and more typically, 10 - 100 pM.

115. The multispecific or multifunctional molecule polypeptide of claim 112, wherein

the tumor-targeting antibody molecule binds to a conformational or a linear epitope on the tumor

antigen or the stromal antigen.

116. The multispecific or multifunctional molecule polypeptide of claim 114, wherein

the immune cell engager antibody molecule binds to a conformational or a linear epitope on the

NK cell antigen, the B cell antigen, the dendritic cell antigen, and/or the macrophage cell

antigen.

117. The multispecific or multifunctional molecule polypeptide of claim 112, wherein

the tumor-targeting antibody molecule is a monospecific antibody molecule, a bispecific

antibody molecule, or a trispecific antibody molecule.

118. The multispecific or multifunctional molecule polypeptide of claim 112, wherein

the tumor-targeting antibody molecule is a monovalent antibody molecule, a bivalent antibody

molecule, or a trivalent antibody molecule.

119. The multispecific or multifunctional molecule polypeptide of claim 116, wherein

the immune cell engager antibody molecule is a monospecific, a bispecific antibody molecule, or

a trispecific antibody.



120. The multispecific or multifunctional molecule polypeptide of claim 116, wherein

the immune cell engager antibody molecule is a monovalent, a bivalent, or a trivalent antibody.

121. The multispecific or multifunctional molecule polypeptide of any of claims 112-

120, wherein the tumor targeting antibody molecule and/or immune cell engager antibody

molecule is a full antibody (e.g., an antibody that includes at least one, and preferably two,

complete heavy chains, and at least one, and preferably two, complete light chains), or an

antigen-binding fragment (e.g., a Fab, F(ab')2, Fv, a single chain Fv, a single domain antibody, a

diabody (dAb), a bivalent antibody, or bispecific antibody or fragment thereof, a single domain

variant thereof, or a camelid antibody).

122. The multispecific or multifunctional molecule polypeptide of any of claims 112-

120, wherein the tumor targeting antibody molecule and immune cell engager antibody molecule

are, independently, a full antibody (e.g., an antibody that includes at least one, and preferably

two, complete heavy chains, and at least one, and preferably two, complete light chains), or an

antigen-binding fragment (e.g., a Fab, F(ab')2, Fv, a single chain Fv fragment, a single domain

antibody, a diabody (dAb), a bivalent antibody, or bispecific antibody or fragment thereof, a

single domain variant thereof, or a camelid antibody).

123. The multispecific or multifunctional molecule polypeptide of claim 122, wherein

the tumor targeting antibody molecule and/or immune cell engager antibody molecule comprises

a heavy chain constant region chosen from IgGl, IgG2, IgG3, or IgG4, or a fragment thereof.

124. The multispecific or multifunctional molecule polypeptide of claim 122 or 123,

wherein the tumor targeting antibody molecule and/or immune cell engager antibody molecule

comprises a light chain constant region chosen from the light chain constant regions of kappa or

lambda, or a fragment thereof.

125. The multispecific or multifunctional molecule polypeptide of claim 112, wherein

the tumor-targeting moiety or the immune cell engager, or both, comprises a receptor or receptor



fragment, or a ligand or ligand fragment, that binds to the tumor antigen and/or the stromal

antigen, or the NK cell antigen, the B cell antigen, the dendritic cell antigen, and/or the

macrophage cell antigen.

126. The multispecific or multifunctional molecule polypeptide of any of claims 1-125,

which further comprises an immunoglobulin constant region (e.g., Fc region) chosen from the

heavy chain constant regions of IgGl, IgG2, and IgG4, more particularly, the heavy chain

constant region of human IgGl, IgG2 or IgG4.

127. The multispecific or multifunctional molecule polypeptide of claim 126, wherein

the immunoglobulin constant region (e.g., an Fc region) is linked, e.g., covalently linked to, one

or more of the tumor-targeting moiety, the immune cell engager, or the cytokine molecule.

128. The multispecific or multifunctional molecule polypeptide of claim 126 or 127,

wherein the immunoglobulin chain constant region (e.g., Fc region) is altered, e.g., mutated, to

increase or decrease one or more of: Fc receptor binding, antibody glycosylation, the number of

cysteine residues, effector cell function, or complement function.

129. The multispecific or multifunctional molecule polypeptide of any of claims 1-128,

wherein the tumor-targeting moiety or immune cell engager comprises a light chain constant

region chosen from the light chain constant region of kappa or lambda, or a fragment thereof.

130. The multispecific or multifunctional molecule polypeptide of claim 129, comprising

a first tumor-targeting moiety and a second tumor-targeting moiety, wherein the first tumor-

targeting moiety comprises a kappa light chain constant region, or a fragment thereof, and the

second tumor-targeting moiety comprises a lambda light chain constant region, or a fragment

thereof.

131. The multispecific or multifunctional molecule polypeptide of any of claims 1-128,

comprising a first tumor moiety and a second tumor-targeting moiety, wherein the first tumor-



targeting moiety and the second tumor-targeting moiety comprise a common light chain variable

region.

132. The multispecific or multifunctional molecule polypeptide of any of claims 1-128,

wherein the immunoglobulin constant region (e.g., an Fc region) is linked, e.g., covalently linked

to, one or more of tumor-targeting moiety, the immune cell engager, the cytokine molecule, or

the stromal modifying moiety.

133. The multispecific or multifunctional molecule polypeptide of any of claims 1-132,

wherein an interface of a first and second immunoglobulin chain constant regions (e.g., Fc

region) is altered, e.g., mutated, to increase or decrease dimerization, e.g., relative to a non-

engineered interface.

134. The multispecific or multifunctional molecule polypeptide of claim 133, wherein

the dimerization of the immunoglobulin chain constant region (e.g., Fc region) is enhanced by

providing an Fc interface of a first and a second Fc region with one or more of: a paired cavity-

protuberance ("knob-in-a hole"), an electrostatic interaction, or a strand-exchange, such that a

greater ratio of heteromultimenhomomultimer forms, e.g., relative to a non-engineered interface.

135. The multispecific or multifunctional molecule polypeptide of claim 133 or 134,

wherein the immunoglobulin chain constant region (e.g., Fc region) comprises an amino acid

substitution at a position chosen from one or more of 347, 349, 350, 351, 366, 368, 370, 392,

394, 395, 397, 398, 399, 405, 407, or 409, e.g., of the Fc region of human IgGl.

136. The multispecific or multifunctional molecule polypeptide of any of claims 133-

135, wherein the immunoglobulin chain constant region (e.g., Fc region) comprises an amino

acid substitution chosen from: T366S, L368A, or Y407V (e.g., corresponding to a cavity or

hole), or T366W (e.g., corresponding to a protuberance or knob), or a combination thereof.



137. The multispecific or multifunctional molecule polypeptide of any of claims 1-136,

further comprising a linker, e.g., a linker between one or more of: the targeting moiety and the

cytokine molecule or the stromal modifying moiety, the targeting moiety and the immune cell

engager, the cytokine molecule or the stromal modifying moiety, and the immune cell engager,

the cytokine molecule or the stromal modifying moiety and the immunoglobulin chain constant

region (e.g., the Fc region), the targeting moiety and the immunoglobulin chain constant region,

or the immune cell engager and the immunoglobulin chain constant region.

138. The multispecific or multifunctional molecule polypeptide of claim 137, wherein the

linker is selected from: a cleavable linker, a non-cleavable linker, a peptide linker, a flexible

linker, a rigid linker, a helical linker, or a non-helical linker.

139. The multispecific or multifunctional molecule polypeptide of claim 138, wherein the

linker is a peptide linker.

140. The multispecific or multifunctional molecule polypeptide of claim 139, wherein the

peptide linker comprises Gly and Ser.

141. The multispecific or multifunctional molecule polypeptide of any of claims 1-140,

which is a bispecific molecule comprising a first and a second non-contiguous polypeptides,

wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CH1 of a Fab molecule), that binds to, e.g., a cancer antigen, e.g., a solid tumor, a stromal or a

hematological antigen, connected, optionally via a linker to, a cytokine molecule, a stromal

modifying moiety, or an immune cell engager, e.g., an antibody molecule, e.g., a scFv that binds

to an immune cell antigen; and

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a second portion of

the first antigen domain, e.g., a first VL-CL of the Fab, that binds to, e.g., a cancer antigen, e.g.,



a solid tumor, a stromal or a hematological antigen (e.g., the same tumor or stromal antigen

bound by the first VH-CH1).

142. The multispecific or multifunctional molecule polypeptide of any of claims 1-140,

which is a bispecific molecule comprising a first and a second non-contiguous polypeptides,

wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CH1 of a Fab molecule), that binds to, e.g., a cancer antigen, e.g., a solid tumor, a stromal or a

hematological antigen, connected, optionally, via a linker to, a first domain that promotes

association between the first and the second polypeptide (e.g., a first immunoglobulin constant

domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine

molecule, a stromal modifying moiety, or an immune cell engager (e.g., an antibody molecule,

e.g., a scFv, that binds to an immune cell antigen), connected, optionally, via a linker to, a

second domain that promotes association between the first and the second polypeptide (e.g., a

second immunoglobulin constant domain (e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion of the

first antigen domain, e.g., a first VL-CL of the Fab, that binds to the cancer antigen.

143. The multispecific or multifunctional molecule polypeptide of any of claims 1-140,

which is a trispecific molecule comprising a first, a second and a third non-contiguous

polypeptide, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CH1 of a Fab molecule), that binds to, e.g., a cancer antigen, connected, optionally, via a linker

to, a first domain that promotes association between the first and the second polypeptide (e.g., a

first immunoglobulin constant domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine

molecule, a stromal modifying moiety, or an immune cell engager (e.g., an antibody molecule,



e.g., a scFv, that binds to an immune cell antigen), connected, optionally, via a linker to, a

second domain that promotes association between the first and the second polypeptide (e.g., a

second immunoglobulin constant domain (e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to the cancer antigen,

wherein either the first or the second polypeptide further comprise a cytokine molecule or

an immune cell engager, optionally covalently linked to the C-terminus of the first or second

immunoglobulin constant domain.

144. The multispecific or multifunctional molecule polypeptide of any of claims 1-140,

which is a tetraspecific molecule comprising a first, a second and a third non-contiguous

polypeptide, wherein:

(i) the first polypeptide includes, e.g., in the N- to C-orientation, a tumor-targeting

moiety, e.g., an antibody molecule (e.g., a first portion of a first antigen domain, e.g., a first VH-

CHI of a Fab molecule), that binds to, e.g., a cancer antigen, connected, optionally, via a linker

to, a first domain that promotes association between the first and the second polypeptide (e.g., a

first immunoglobulin constant domain (e.g., a first Fc molecule as described herein);

(ii) the second polypeptide includes, e.g., in the N- to C-orientation, a cytokine

molecule, a stromal modifying moiety, or an immune cell engager (e.g., an antibody molecule,

e.g., a scFv, that binds to an immune cell antigen), connected, optionally, via a linker to, a

second domain that promotes association between the first and the second polypeptide (e.g., a

second immunoglobulin constant domain (e.g., a second Fc molecule as described herein); and

(iii) the third polypeptide includes, e.g., in the N- to C-orientation, a second portion

of the first antigen domain, e.g., a first VL-CL of the Fab, that binds to the cancer antigen,

wherein the first and the second polypeptide further comprise a cytokine molecule and/or

an immune cell engager, optionally covalently linked to the C-terminus of the first or second

immunoglobulin constant domain.

145. A multispecific or multifunctional molecule polypeptide of any of claims 1-140,

comprising



a) a first polypeptide comprising:

a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and

two polypeptides selected from: a tumor-targeting moiety; an immune cell engager; a

stromal modifying moiety, and a cytokine molecule

b) a second polypeptide comprising:

a domain that promotes association of the first and second polypeptide, e.g., an Fc

molecule; and

two polypeptides selected from: a tumor-targeting moiety; an immune cell engager; and

a cytokine molecule,

wherein the multispecific or multifunctional molecule polypeptide comprises a tumor-

targeting moiety; an immune cell engager; a stromal modifying moiety; and a cytokine molecule.

146. The multispecific or multifunctional molecule polypeptide of claim 145,

comprising:

a tumor-targeting moiety; an immune cell engager; and two cytokine molecules or

two stromal modifying moieties;

a tumor-targeting moiety; two immune cell engagers; and a cytokine molecule or

a stromal modifying moiety; or

two tumor targeting moieties; an immune cell engager; and a cytokine molecule

or a stromal modifying moiety.

147. The multispecific or multifunctional molecule polypeptide of claim 146, comprising

two tumor targeting moieties; an immune cell engager; and a cytokine molecule, wherein one of

the two tumor-targeting moiety is an antibody molecule that binds PDLl; one of the two tumor-

targeting moiety binds mesothelin; the immune cell engager binds NKp46 or NKp30; and the

cytokine is IL2.

148. The multispecific or multifunctional molecule polypeptide of claim 146, comprising,



i) a first polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-

targeting moiety; a domain that promotes association of the first and second polypeptide, e.g., an

Fc molecule; and an immune cell engager;

ii) a first polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-

targeting moiety; a domain that promotes association of the first and second polypeptide, e.g., an

Fc molecule; and a cytokine molecule or a stromal modifying moiety; or

iii) a first polypeptide comprises, e.g., in the N-C or C-N direction a cytokine; a

domain that promotes association of the first and second polypeptide, e.g., an Fc molecule; and

an immune cell engager; and

iv) a second polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-

targeting moiety; a domain that promotes association of the first and second polypeptide, e.g., an

Fc molecule; and an immune cell engager;

ii) a second polypeptide comprises, e.g., in the N-C or C-N direction, a tumor-

targeting moiety; a domain that promotes association of the first and second polypeptide, e.g., an

Fc molecule; and a cytokine molecule or a stromal modifying moiety; or

iii) a second polypeptide comprises, e.g., in the N-C or C-N direction a cytokine;

a domain that promotes association of the first and second polypeptide, e.g., an Fc molecule; and

an immune cell engager.

149. The multispecific or multifunctional molecule polypeptide of any of claims 1-148,

wherein:

(i) the tumor- targeting moiety comprises:

(ia) an antibody molecule against a solid tumor antigen chosen from: PDL1, Mesothelin,

HER3, IGF-1R, GD2, PMSA, CEA, Ron Kinase, or c-Met; and/or

(ib) an antibody molecule against a stromal antigen is chosen from: FAP, hyaluronic

acid, collagen IV, tenascin C, or tenascin W; or

a combination of the antibody molecule against the solid tumor antigen and the antibody

molecule against the stromal antigen; and

(ii) one, two or all of :



(iia) the immune cell engager chosen from one, two, three, or all of a CD40L or a CD70

ligand; an antibody molecule that binds to CD40 or CD70; an antibody molecule to OX40; an

OX40L; B7-H6, or a STING agonist, or a combination thereof;

(iib) the cytokine molecule chosen from IL-2, IL-12, IL-15, IL-18, IL-7, or IL-21,

fragment or variant thereof, or a combination of any of the aforesaid cytokine molecules;

(iic) the stromal modifying moiety chosen from hyaluronidase or gelatinase.

150. The multispecific or multifunctional molecule polypeptide of claim 149, which

comprises an antibody molecule to mesothelin, e.g., human mesothelin; a CD40L polypeptide;

and an IL-15 or IL-2 molecule.

151. The multispecific or multifunctional molecule polypeptide of claim 150, wherein

the antibody molecule comprises a Fab against mesothelin having a light and a heavy chain.

152. The multispecific or multifunctional molecule polypeptide of claim 151, wherein

the heavy chain of the Fab against mesothelin further comprises the IL-15 or IL-2 molecule, e.g.,

human IL-15 molecule, optionally, wherein the Fab and the IL-15 or IL-2 molecule are linked,

e.g., via a linker comprising Gly and Ser.

153. The multispecific or multifunctional molecule polypeptide of claim 152, which has

the following configuration: Heavy chain of the Fab (e.g., VH - CHI) against mesothelin to IL-

15 or IL-2, from N- to C-terminus, optionally, comprising a Gly-Ser linker between the Fab and

the IL-15 or IL-2.

154. The multispecific or multifunctional molecule polypeptide of any of claims 150-

153, wherein the light chain of the Fab to mesothelin further comprises a CD40L, optionally,

wherein the Fab and the CD40L are linked, e.g., via a linker comprising Gly and Ser.

155. The multispecific or multifunctional molecule polypeptide of claim 154, which has

the following configuration: Light chain of the Fab (e.g., VL - CL1) to mesothelin fused to



CD40L, from N- to C-terminus, optionally, comprising a Gly-Ser linker between the Fab and the

CD40L.

156. The multispecific or multifunctional molecule polypeptide of claim 149, which

comprises an antibody molecule to FAP, e.g., human FAP, and an IL-15 or IL-2 molecule.

157. The multispecific or multifunctional molecule polypeptide of claim 156, wherein

the antibody molecule comprises a Fab against FAP having a light and a heavy chain.

158. The multispecific or multifunctional molecule polypeptide of claim 157, wherein

the heavy chain of the Fab to FAP further comprises a first Fc region having a member of a

paired cavity-protuberance (knob-in-a hole) in the Fc interface of the first Fc region.

159. The multispecific or multifunctional molecule polypeptide of claim 158, which has

the following configuration: Heavy chain of the Fab (e.g., VH - CHI) of FAP fused to First Fc

region (e.g., CH2 to CH3), from N- to C-terminus.

160. The multispecific or multifunctional molecule polypeptide of any of claims 156-

159, wherein the IL-15 or IL-2 molecule, e.g., human IL-15 or IL-2 molecule, further comprises

a second Fc region having a second member of a paired cavity-protuberance (knob-in-a hole) in

the Fc interface of the second Fc region, e.g., connected via a linker comprising Gly and Ser.

161. The multispecific or multifunctional molecule polypeptide of claim 160, which has

the following configuration: IL-15 or IL-2 molecule- Second Fc region (e.g., CH2 to CH3),

from N- to C-terminus, e.g., wherein the IL-15 or IL-2 molecule and the second Fc region are

connected via a linker comprising Gly and Ser.

162. The multispecific or multifunctional molecule polypeptide of any of claims 156-

161, further comprising an immune cell engager.



163. The multispecific or multifunctional molecule polypeptide of claim 162, wherein

the immune cell engager comprises a CD40 ligand.

164. The multispecific or multifunctional molecule polypeptide of claim 162 or 163,

wherein the immune cell enhancer is linked, e.g., covalently linked, to the second Fc region

having the second member of the paired cavity-protuberance (knob-in-a hole) and the IL-15 or

IL-2 molecule, e.g., human IL-15 or IL-2 molecule, optionally comprising a linker comprising

Gly and Ser between the IL-15 or IL-2 molecule and the second Fc region, and/or between the

second Fc region and the immune cell enhancer.

165. The multispecific or multifunctional molecule polypeptide of claim 164, which has

the following configuration: IL-15 or IL-2 molecule- Second Fc region (e.g., CH2 to CH3) -

Immune cell enhancer, from N- to C-terminus, optionally comprising a linker comprising Gly

and Ser between the IL-15 or IL-2 molecule and the second Fc region, and/or between the

second Fc region and the immune cell enhancer.

166. The multispecific or multifunctional molecule polypeptide of any of claims 156-

165, further comprising a second immune cell enhancer.

167. The multispecific or multifunctional molecule polypeptide of claim 166, wherein

the second immune cell enhancer comprises a B7H6 molecule.

168. The multispecific or multifunctional molecule polypeptide of claim 166 or 167,

wherein the second immune cell enhancer is linked, e.g., covalently linked, to the first Fc region

having the first member of the paired cavity-protuberance (knob-in-a hole) in the Fc interface of

the first Fc region and the heavy chain of the Fab, optionally comprising a linker comprising Gly

and Ser between the B7H6 molecule and the first Fc region.



169. The multispecific or multifunctional molecule polypeptide of claim 149, which

comprises a targeting antibody molecule to a solid tumor antigen or a stromal antigen, and at

least two immune cell enhancers.

170. The multispecific or multifunctional molecule polypeptide of claim 169, wherein

the antibody molecule binds to mesothelin or FAP.

171. The multispecific or multifunctional molecule polypeptide of claim 169 or 170,

wherein the immune cell enhancers are a TLR agonist (e.g., a TLR9 agonist) or a STING agonist

and an antibody molecule against OX40.

172. The multispecific or multifunctional molecule polypeptide of claim 171, wherein

the STING agonist comprises a cyclic dinucleotide, e.g., a cyclic di-GMP (cdGMP), a cyclic di-

AMP (cdAMP), or a combination thereof, optionally with 2', 5' or 3',5' phosphate linkages, and

optionally, wherein the STING agonist is coupled (e.g., directly conjugated) to the targeting

antibody or the immune cell enhancer.

173. The multispecific or multifunctional molecule polypeptide of claim 171, wherein

the TLR agonist comprises an unmethylated CpG sequences

174. The multispecific or multifunctional molecule polypeptide of any of claims 92-96,

which comprises a bispecific antibody having a first binding specificity for mesothelin or FAP,

and a second binding specificity for OX40.

175. An isolated nucleic acid molecule encoding the multispecific or multifunctional

molecule polypeptide of any of claims 1-174.

176. An isolated nucleic acid molecule encoding one or more of:

(i) the tumor- targeting moiety of any of claims 1-174;

(ii) the immune cell engager of any of claims 1-174;



(iii) the cytokine molecule of any of claims 1-174; and

(iv) optionally, the linkers of any of claims 137-174.

177. An isolated nucleic acid molecule, which comprises the nucleotide sequence

encoding any of the multispecific or multifunctional molecules described herein, or a nucleotide

sequence substantially homologous thereto (e.g., at least 95% to 99.9% identical thereto).

178. A vector, e.g., an expression vector, comprising one or more of the nucleic acid

molecules of any one of claims 175-177.

179. A host cell comprising the nucleic acid molecule or the vector of any one of claims

175-178.

180. A method of making, e.g., producing, the multispecific or multifunctional molecule

polypeptide of any of claims 1-174, comprising culturing the host cell of claim 179, under

suitable conditions, e.g., conditions suitable for gene expression and/or homo- or

heterodimerization .

181. A pharmaceutical composition comprising the multispecific or multifunctional

molecule polypeptide of any one of claims 1-174 and a pharmaceutically acceptable carrier,

excipient, or stabilizer.

182. A method of treating a cancer, comprising administering to a subject in need thereof

the multispecific or multifunctional molecule polypeptide of any one of claims 1-174, wherein

the multispecific antibody is administered in an amount effective to treat the cancer.

183. The method of claim 182, wherein the cancer is a solid tumor cancer, or a metastatic

lesion.



184. The method of claim 183, wherein the solid tumor cancer is one or more of

pancreatic (e.g., pancreatic adenocarcinoma), breast, colorectal, lung (e.g., small or non-small

cell lung cancer), skin, ovarian, or liver cancer.

185. The method of claim 182, wherein the cancer is a hematological cancer.

186. The method of any of claims 182-185, further comprising administering a second

therapeutic treatment.

187. The method of claim 186, wherein the second therapeutic treatment comprises a

therapeutic agent (e.g., a chemotherapeutic agent, a biologic agent, hormonal therapy), radiation,

or surgery.

188. The method of claim 187, wherein the therapeutic agent is selected from: a

chemotherapeutic agent, or a biologic agent.

189. The multispecific or multifunctional molecule polypeptide of claim 6, wherein the

first tumor- targeting moiety binds to CD 123, the second tumor- targeting moiety binds to CD47

and the T cell engager is or comprises a CD3 agonist.

190. The multispecific or multifunctional molecule polypeptide of any of claims 1-54,

wherein the immune cell engager comprises a T cell engager that mediates binding to and

activation of, a T cell.

191. The multispecific or multifunctional molecule polypeptide of any of claims 1-54,

wherein the immune cell engager comprises a T cell engager that mediates binding to but not

activation of, a T cell.



192. The multispecific or multifunctional molecule polypeptide of any of claims 190-191,

wherein the T cell engager binds to CD3, TCRa, TCRp, TCRy, TCRC, ICOS, CD28, CD27,

HVEM, LIGHT, CD40, 4-lBB, OX40, DR3, GITR, CD30, TIMl, SLAM, CD2, or CD226.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Thi s International Searching Authori t y found mul tiple (groups of)
i nventions i n thi s international appl i cation , as fol l ows :

1. claims: 55-63(completely) ; 1-4, 17, 29-39, 41, 54, 106, 108,
110, 112-129 , 132-140, 149, 175-188(parti al ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and e.g. ( i i i ) a
cytokine, wherein the immune cel l engager i s an NK cel l
engager.

2 . claims: 190-192(compl etely) ; 1-4, 17 , 29-39, 41, 54, 105 , 106,
108, 110, 112-129, 132-140, 149, 175-189 (partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ei ther ( i i i ) a
cytokine or (iv) a stromal modi f i er, wherein the immune cel l
engager i s a T cel l engager.

3 . claims: 64-69(completely) ; 1-4, 17, 29-39, 41, 54, 105, 106,
108, 110, 112-129, 132-140, 149, 175- 188 (part a 1 )

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ei ther ( i i i ) a
cytokine or (iv) a stromal modi f i er, wherein the immune cel l
engager i s a B-cel l , macrophage and/or dendri t i c cel l
engager.

4 . claims: 1-4, 17, 29-39, 41, 70-73, 106, 108, 110, 112, 113, 115,
117, 118, 121-129, 132-140, 149, 175-188(al l partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ( i i i ) a cytokine
molecule whi ch i s I L-2.

5 . claims: 1-4, 17, 29-39, 41, 70-73, 106, 108, 110, 112, 113, 115,
117, 118, 121-129, 132-140, 149, 175-188(al l partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ( i i i ) a cytokine
molecule whi ch i s I L-7.

6. claims: 1-4, 17, 29-39, 41, 70-73, 106, 108, 110, 112, 113, 115,
117, 118, 121-129, 132-140, 149, 175-188(al l partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ( i i i ) a cytokine
molecule whi ch i s I L-12.
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7. claims: 1-4, 17, 29-39, 41, 70-73, 106, 108, 110, 112, 113, 115,
117, 118, 121-129, 132-140, 149, 175-188(al l partial ly)

A mul t i speci f c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ( i i i ) a cytokine
molecule whi ch i s I L-15.

8 . claims: 1-4, 17, 29-39, 41, 70-73, 106, 108, 110, 112, 113, 115,
117, 118, 121-129, 132-140, 149, 175-188(al l partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ( i i i ) a cytokine
molecule whi ch i s I L-18.

9 . claims: 1-4, 17, 29-39, 41, 70-73, 106, 108, 110, 112, 113, 115,
117, 118, 121-129, 132-140, 149, 175-188(al l partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ( i i i ) a cytokine
molecule whi ch i s I L-21.

claims: 1-4, 17 , 29-39, 41, 70-73, 106, 108, 110, 112, 113,
115 , 117, 118, 121-129, 132-140, 149, 175-188(al l
partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumor-targeting
moiety, and ( i i ) an immune cel l engager and ( i i i ) a cytokine
molecule whi ch i s interferon gamma.

claims: 5 , 7-16, 74-104(completely) ; 1-4, 17, 29-39 , 4 1 ,
105-108, 110, 112, 113, 115 , 117-129, 132-140, 149,
175-188(partial ly)

A mul t functi onal polypeptide compri sing (iv) compri sing a
stromal modi fying moi ety and at l east ( i ) a tumor-targeti ng
moiety.

claims: 6, 48-51, 109, 111, 130, 131(completely) ; 17, 29-33 ,
106-108, 110, 112, 113, 115 , 117, 118, 121-129,
132-140, 149, 175-189 (parti al ly)

A mul t i speci f i c polypepti de compri sing ( i ) two
tumor-targeti ng moieties and e.g. ( i i ) an immune cel l
engager or ( i v) stromal modi fier.

13. claims: 18-28, 141-148(compl etely) ; 17, 29-39, 41, 42, 45, 106,
108, 110, 112, 113, 115 , 117, 118, 121-129, 132-140,
149 , 175-188(partial ly)



International Application No. PCTV US2Q17/ 023483

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine and a dimeri zati on domai n, or wherei n the
polypepti de compri ses a f i rst and a second non-contiguous
polypepti de.

claims: 43, 150-155 (completely) ; 106, 108, 110, 112 , 113, 115,
117 , 118, 121-129, 132-140, 149 , 174-188(partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tu-mour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s mesothel i n .

claims: 44, 46, 47(compl etely) ; 106, 108, 110, 112, 113 , 115,
117 , 118, 121-129, 132-140, 149 , 175-188(partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s PDL1.

claims: 156-168(completely) ; 40, 174-188(partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s FAP.

claims: 38, 42, 45, 52, 175-188(al l partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s HER3.

claims: 38, 42, 45, 52, 175-188 (al partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s IGF1R.

19. claims: 38, 40, 42, 45, 175-188(al l partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s hyal uronidate.
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claims: 41, 42, 45, 53, 175-189 (al partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s CD47.

claims: 41, 42, 45, 53, 175-189 (al partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, wherei n the
tumour antigen i s CD123.

22. claims: 169-173 (completely) ; 175-188(partial ly)

A mul t i speci f i c polypepti de compri sing ( i ) a tumour
targeting moei t y and e.g. ( i i ) an immune cel l engager and
( i i i ) a cytokine or (iv) stromal modi fier, and addi t i onal l y
compri sing immune cel l enhancers .



International application No
Information on patent family members

PCT/US2017/023483

Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2015197593 Al 30-12-2015 AU 2015279316 Al 12-01-2017
CA 2952727 Al 30-12-2015
EP 3161002 Al 03-05-2017
P 2017521400 A 03-08-2017

US 2017198038 Al 13-07-2017
O 2015197593 Al 30-12-2015

W0 2015197582 Al 30-12-2015 NONE


	abstract
	description
	claims
	drawings
	wo-search-report

