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D19 COMPOSITIONS AND METHODS FOR IMMUNOTHERAPY

CROSS REVERENCETO RELATED APPLICATIONS

{6061}  This application clains priority to the US Provisional Patent Application No.
62/466,601, filed on March 3, 2017 entitied Compositions and Methods for Immunotherapy and
the US Provisional Patent Application No. 62/484,052, filed on April 11, 2017 entitled Anti
CB19 compositions and methods for immunotherapy, the contents of cach of which are herein
icorporated by reference in their entirety.

SEQUENCE LISTING

[0002] The present application is being filed along with a Sequence Listing in electronic
format. The Sequence Listing i3 provided as a file entitled 2095 1201PCT SL ¢, created on
March 2, 2018, which is 2,116,001 bvtes in size. The information in the clectronic format of the
sequence listing 1s incorporated herein by reterence in its entirety.

FIELD OF THE INVENTION

0003} The present invention relates to compositions and methods for tmmunotherapy.
Provided in the present invention include polypeptides of biocircuit systems, effector modules,
stinnulus response clements (SREs) and immunotherapeutic agents, polyvnucleotides encoding the
same, vectors and cells containing the polypeptides and/or polyvnucleotides for use 1o cancer
vamunotherapy. In one embodiment, the compositions comprise destabilizing domains (DDs)
which tune protem stability.

BACKGROUND OF THE INVENTIORN

10004] Cancer immunotherapy aims to eradicate cancer cells by repivenating the tumoncidal
functions of tumor-reactive immune cells, predomunantly T cells. Strategies of cancer
mmmunotherapy tnclading the recent development of checkpomt blockade, adoptive cell transfer
(ACT) and cancer vaccines which can increase the anti-tumor immmune effector cells have
produced remarkable results in several tumors.

[0005]  The wpact of host anti-tumor immunity and cancer immunotherapy 1s impeded by
three major hurdles: 1) low number of tumor antigen-~specific T cells due to clonal deletion; 2)
poor activation of innate immune cells and accumulation of tolerogenic antigen-presenting cells
in the tumor microenvironment; and 3} formation of an tmmunosuppressive twmor
microenvironment. Particularly, 1o solid tumors the therapeutic efficacy of immunotherapeutic
regimens remains unsatistactory due to lack of an effective an anti-tomor response in the
TOOUROSUPPressive tumor microcuvironment. Tumor cells often induce tmmune tolerance or

suppression and such tolerance 1s acquired because even truly foreign tumor antigens will
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become tolerated. Such iolerance is also active and dominant because cancer vaccines and
adoptive transfer of pre-activated tmmune effector cells (e.g., T cells), are subject to suppression
by mhibitory factors in the tumor microenvironment { TME).

[00636]  In addition, administration of enginecred T cells could result in on/off target toxicities
as well as a cytokine release syndrome (reviewed by Tey Clin. Transi. Immunol., 2014, 3: 17
10.1038).

[0007] Development of a tunable switch that can tirn on or off the transgenic
immunotherapeutic agent expression is needed in case of adverse events. For exampie, adoptive
cell therapies mav have a very long and an indefinite half-life. Since toxicity can be progressive,
a safety switch is desired to elimnate the nfused cells. Systems and methods that can tune the
transgenic protein level and expression window with high flexability can enhance therapeutic
benehit, and reduce potential side effects.

[0008] To develop regulatable therapeutic agents for discase therapy, in particular cancer
mmmunotherapy, the present invention provides biocireuit systems to control the expression of
immunatherapeutic agents. The biocircuit system comprises a stimulus and at lcast one effector
module that responds to the stimulus. The effector module may mclude a stimulus response
clement (SRE) that binds and is responsive to a stimulus and an immunotherapeutic agent
operably linked to the SRE. In one example, a SRE is a destabilizing domain (DD} which i
destabilized m the absence of its specific ligand and can be stabilized by binding to s specific
ligand.

SUMMARY OF THE INVENTION

[000%] The present invention provides compositions and methods for immunctherapy. The
compositions relate to tunable systems and agents that induce anti-cancer iynuUne responses in a
cell or n a subject. The tunable system and agent may be a biocirenit system comprising at least
one effector module that is responsive to at least one stimulus. The biocircuit system may be, but
is not imited to, a destabilizing domain {BD) biocircuit system, a dimerization biociraut system,
a receptor biocircuit system, and a cell biocircuit system. These systems are further taught i co-
owned U.S. Provisional Patent Application No. 62/320,864 filed Apnil 11, 2016, 62/466,596
filed March 3, 2017 and the International Publication W02017/180587 (the contents of each of
which are herein incorporated by reference in their entirety).

{00161  In some embodiments, the composition for inducing an immune response may
comprise an effector module. In some embodiments, the effector module may comprise a
stimulus response clement (SRE} operably linked to at least one payload. In one aspect, the

pavioad may be an immunactherapeutic agent.
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16011} In some embodiments, the immunotherapeutic agent may be selected from, but is not
timited to a chimernic antigen receptor (CAR) and an antibody.

{0012} In one aspect, the SRE of the composition may be responsive o or interact with at least
one stimulus.

[6013] In somc embodiments, the SRE may comprise a destabilizing domain (D). The DD
may be dertved from a parent protein or from a mutant protein having one, two, there, or more
amino acid mutations compared to the parent protein. In some embodiments, the parent protein
may be selected from, but is not imited to, human protein FKBP, comprising the aming acid
sequence of SEQ D NO. 3; human DHFR (hDHFR), comprising the amino acid sequence of
SEQID NG. 2; E. Coli DHFR, comprising the amino acid sequence of SEQ 1D NO. 1; PDES,
comprising the amino acid sequence of SEQ IB NO. 4; PPAR, gamma comprising the amino
acid sequence of SEQ 1D NG, 5; CA2, comprising the amino acid sequence of SEQ ID NG 6; or
NGO2Z, compnsing the amino acid sequence of SEQ 1D NO. 7.

[0014] In one aspect, the parent protein s hDHFR and the DD comprises a mutant protein. The
mutant profein may comprise a single mutation and may be selected from, but not limited to
KDHFR (17V), hDHFR (F398), hDHFR (N65D), hDHFR (K&1R), hDHFR (A107V), hDHFR
(Y1220, hDHFR (N127Y), hDHFR (M 1400), hDHFR (K185E), hDHFR (N186D)), and hDHFR
(M140D), hDHFR (Amino actd 2-187 of WT, NI127Y), hDHFR (Amino acid 2-187 of WT,
117V, hDHFR {(Amino acid 2-187 of W'E;, Y1221), and hDHFR (Amino acid 2-187 of WT;
K185E). In some embodiments, the mutant protein may comprise two mutations and may be
selected from, but not limited to, hDHFR (C7R, Y163(), hDHFR (A 10V, H88YY, hDHFR
{Q36K, Y122, hDHFR (M53T, R1381), hDHFR (T57A, [72A), hDHFR (E63G, 1176F),
WDHFR (G217, Y1220, hDHFR (L74N, Y1225, hDHFR (VT75F, Y1221, hDHFR (L94A,
TH47A), DHFR (VI21A, Y220, hDHFR (Y1221, A125F), hDHFR (HI3 IR, E144G), hDHFR
(T137R, F143L), hDHFR (Y 178H, E18IG), and hDHFR (Y183H, K185E), hDHFR (E162G,
[176Fy hDHFR (Amino acid 2-187 of WT, 117V, Y1221, hDHFR {Amino acid 2-187 of W'T;

Y 1221, M1401), hDHFR (Amino acid 2-187 of WT, N127Y, Y1221}, hDHFR (Anuno acid 2-187
of W, E162G, 1176F), and BDHFR (Anuno acid 2-187 of WT, HI31R, E144G), and hDHFR
{Amino acid 2-187 of WT, Y1221, A125F). In some embodiments, the mutant may comprise
three muutations and the mutant may be selected from hDHFR (V9A 593R, P150L), hDHFR
(I8V, K133, Y163C), hDHFR (L2358, VI21A, YVI370), hDHFR (KI19E, F8OL, EI81G),
hDHFR (Q36F, N65F, Y122I), hDHFR {(G54R, M140V, S168C), hDHFR (VI10A, V136M,
KI77R), hDHFR (Q36F, Y1221, A125F), hDHFR (N49D, F395, B153G), and hDHFR (G21E,
72V, 1176T), hDHFR (Anuno acid 2-187 of WT, Q36F, Y1221, A125F), hDHFR (Amino acid

-3



WO 2018/161017 PCT/US2018/020741

2-187 of WT; Y1221, HI31R, F144G), hDHFR (Amino acid 2-187 of WT, E31D, F32M,
V1161, and hDHFR {(Amino acid 2-187 of WT; Q36F, N65F, Y 1221). In some embodiments,
the mutant may comprise four or more mutations and the mutant may be selected from hDHFR
{(V2A, R33(G, Q36R, L1060P, K185R), hDHFR (Amino acid 2-187 of WT, D225, F32M, R33§,
Q368, N63S), hDHFR (17N, LosS, KOoR, MI12T, EI51G, E162G, Ei72G), hDHFR (G165,
7V, F&OL, D96, KI123E, M140V, D146, K156R), hDHFR (K&1R, K99R, L100P, E102(,
WNI108D, KI123R, HI28R, D142G, FI80L, KI185E), hDHFR (R1338(, D142G, F1435, K156R,
KI38E, E162G, V166A, KI77E, Y178C, KI85E, NI868), hDHFR (N145, P24S, F35L, MS3T,
K56E, RO2G, 893G, N1278, HI28Y, FI35L, FI1438, Li159P, L160P, E173A, FIS0OL), hDHFR
(F35L, R37(, No5SA, L6888, KoOE, R71G, L8P, KO0G, G117D, L132P, 1139V, M 1401, D142G,
Di46G, E173G, D187G), hDHFR (L28P, N30H, M38Y, V44A, L1685, N73G, R78G, A9TT,
KOOR, A107T, KI09R, D1HIN, L134P, FI35V, TI4TA 1152V, K138R, E172G, VI&2A,
E184R), hDHFR (V2A 117V, N30D, E31G, Q36R, F598, K6OE, {727, HB8Y, F89L, N108D,
KIO0OE, VII0A, ITISV, V122D, L132P, FI33S, M40V, E144G, TI47A, YI57C, VIT70A,
K174R N1868), hDHFR (L100P, E102G, Q103R, P104S, E103G, N108D, V1I3A WII4R,
YA122C, MI26L NI2ZTR, HI2RY, LI32P, F135P, T139T, F148S8, FI40L, 1152V, DI53A, DISYG,
VI70A, T176A, KI177R, V182A, KI85R, N186S), and hDHFR (A 10T, QI3R, N148, N20D,
P248, N30S, M38T, T40A, K47R, N49S, K56R, I61T, K64R, K69R, 1724, R78G, E82G, FE9L,
DO6G, NIOSD, M112V, WI114R, V122D, K123E, 1139V, QI41R, D142G, F148L, E151G,
EISSG, YISTR, QI71R, YIR3C, 184G, K185del, DIRTN).

[0015]  In one aspect, the stimulus of the SRE may be Trmethoprim or Methotrexate.

[0016] In some embodiments, the immunotherapeutic agent of the effector module s a
chimeric antigen receptor {CAR). The chimeric antigen may comprise an extraceHular target
moicty; a transmembrane domain; an intraceliular signaling domain; and optionally, one or more
co-stimulatory domains,

16017] In one aspect, the CAR may be selected from, but is not himited o a standard CAR a2
split CAR, an off-switch CAR, an on-switch CAR, a first-generation CAR, a second-generation
CAR, athird-genecration CAR, or a fourth-generation CAR.

[0018] In some embodiments, the extracellular target moiety of the CAR may be selected
from, but is not hmited to an fg NAR, a Fab fragment, a Fab' fragment, a F(ab)'2 fragment. a
F(ab)'3 fragment, an Fv, a single chain variable fragment (scFv), a bis-scFv, a (scFv)2, a
mimbody, a diabody, a triabody, a tetrabody, an intrabody, a disulfide stabilized Fv protein

{dsFv}, a urabody, a nanobody. and an antigen binding region derived from an antibody that may
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specifically bind to any of a protein of interest, a ligand, a receptor, a receptor fragment or a
peptide aptamer,

[001%]  In one aspect, the extracellular target motety may be an sc¥Fv derived from an antibody.
In one aspect, the scFv may specifically bind to a CD 19 antigen

[6020]  In one aspect, the scFv of the CAR may be a CD9 scFv. In some embodiments, the
CD19 scFv may comprise a heavy chain vanable region having an amino acid sequence
imdependently selected from the group consisting of SEQ 1D NO: 49-80, and a light chain
variabie region having an amino acid sequence independently selected from the group consisting
of anv of SEQ 1D NOs: 81-122 . In some embodiments, the CD19 scFv may comprise an anunoc
acid sequence selected from the group consisting of any of SEQ 1D NQOs: 123-267 and 624,
(00621}  In some embodiments, the mtracellular signaling domaim of the CAR may be a
signaling domain derived from T cell receptor CD3zeta. In some embodiments, the ntracellolar
signaling domain may be selected from a cell surface molecule selected from the group
consisting of FeR gamma, FcR beta, CD3 gamma, CD3 delta, CD3 epsilon, CDS5, CD22, CD79a,
D79, and CD66d. In ong aspect, the CAR may include a co-stimulatory domain. In some
embodiments, the co-stimulatory domain may be selected from the group consisting of 284,
HVEM, ICOS, LAG3, DAPIO, DAPI2, CD27, CD28, 4-1BBE (CD137), OX40(CD134), CD30,
CD40, KCOS (C278), glucocorticoid-induced tumor necrosis factor receptor (GITR),
vmphocyte function-associated antigen-1 (LFA-1), €D2, CD7, LIGHT, NKG2C, and B7-H3.
[0022)  (b) the co-stimulatory domain is present and is selected from the group consisting of
28B4, HVEM, ICOS, LAG3, DAPIC, DAPI2, CD27, CD28, 4-1BB (CD137), OX40(CD134),
CD30, CB40, ICOS (CD278), glucocorticoid-induced tomor necrosts factor receptor (GITR),
Iymphocyte fimetion-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, and B7-H3.
[6023]  In some embodiments, the intracelular signaling domain of the CAR may bea T cell
receptor CD3zeta signaling domain, which may comprise the amino acid sequence of SEQ 1D
NQO: 339,

{6024 In somc embodiments, T cell receptor CD3zeta signaling domain of the CAR,
comprising the amino acid sequence of SEQ 1D NO: 626 may further comprise at least one co-
stimulatory domain, The co-stimulatory domain may comprise an amine acid sequence of SEQ
1D NQOs: 268-374.

0025}  In one embodiment, the transmembrane domain of the CAR may be derived from a
transmembrane region of an alpha, beta or zeta chain of a T-cell receptor. In one aspect, the
transmembrane domain may be denived from the CD3 epsilon chain of a T-cell receptor. In one

ermbodiment, the transmembrane domain may be derived from a molecule selected from CD4,
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CDS, CD8, CD8a, CDY, CD16, CD22, CD33. CD2&, CD37. CD45, D64, CDRO, CD86,
CD148, DAP 10, EpoRi, GITR, LAG3, ICOS, Her2, OX40(CD134), 4-1BB (CD137), CD152,
CD154, PD-1, or CTLA-4, In another embodiment, the transmembrane domain may be denived
from an immunoglobulin selected from IgGl, IgD, 1pG4, and an 1G4 Fo region. In one aspect,
the transmembrane domain may comprise an amme acid scquence selected from the group
consisting of any of SEQ 1D NOs: 375-425 and 897-907.

[0026] In some embodiments, the CAR of the effector module may further comprise a hinge
region near the transmembrane domain. In one aspect, the hinge region may comprise an amino
acid sequence sclected from the group consisting of any of SEQ 13 NOs: 426-504.

{00277 In some embodiments, the immunotherapeutic agent may be an antibody that is
spectfically immunoreactive to an antigen selected from a tumor specific antigen (TSA}, a tumor
associated antigen {TAA), or an antigenic epitope.

[6028]  In one aspect, the antigen may be an antigenic cptiope. In some embodiments, the
antigenic epitope may be CD19.

160291  In some embodiments, the antibody may comprise a heavy chain variable region having
an aming acid sequence independently selected from the group counsisting of any of SEQ ID
NOs: 49-80 and a light cham vanable region having an amino acid sequence independently
selected from the group consisting of any of SEQ 1D NOs: 81-122. In one aspect, the antibody
may comprise an aming acid sequence selected from the group consisting of any of SEQ [D
NOs: 123-267 and 624.

[0036] In one aspect, the first effector module may comprise the amino acid sequence of any
of SEQ ID NO: 635-649, 1005-1010, 1015-1018 and 1215-1231.

10031}  In some embodiments, the first SRE of the effector module may stabilize the
mmmunotherapeutic agent by a stabilization ratio of | or more, wherein the stabilization ratio may
comprise the ratio of expression, function or level of the mmmunotherapeutic agent n the
presence of the stimulus to the expression, function or level of the immunotherapeutic agent in
the absence ot the stimulus.

[B032]  In some embodiments, the SRE may destabilize the immunotherapeutic agent by a
destabilization ratio between 0, and 0.09, wherein the destabilization ratio may comprise the ratio
of expression, function or level of the tmmunotherapeutic agent in the absence of the stimulus
specific to the SRE to the cxpression, function or level of the immunotherapeutic agent that is
expressed constitutively, and in the absence of the simulus specific to the SRE.

16033] The present invention also provides polynucleotides comprising the compositions of the

MVEntion.
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10034] In one aspect, the polvnucleotides may be a DNA or RNA molecule. In one aspect, the
polvnucicotides may comprise spaticteraporally selected codons. In one aspect, the
polvnucleotides of the imvention may be a DNA molecule. In some embodiments, the
polyvnucleotides may be an RNA molecule. In one aspect, the RNA molecule may be a
messenger molecule. In some crabodiments, the RNA molecule may be chemically modified.
[0035]  In some embodiments, the polynucleotides may further comprise, at least one
additional feature selected from, but not limited to, a promoter, a linker, a signal peptide, atag, a
cleavage site and a targeting peptide.

[0036] The present invention also provides vectors comprising polynucleotides described
herem. In one aspect, the vector may be a viral vector. In some embodiments, the viral vector
may be a retroviral vector, a lentiviral vector, a gamma retroviral vector, a recombinant AAV
vector, an adeno viral vector, and an oncolytic viral vector,

[0037F The present invention also provides immune cells for adoptive cell transfer (ACT)
which may express the compositions of the invention, the polynucleotides described herein. In
one aspect, the immune cells may be infected or transfected with the vectors described herein.
The ramune cells for ACT may be selected from, but not hmited to a CD8+ Teell, aCD4+ T
cell, a helper T cell, a natural kaller (NK) cell, a NKT cell, a cytotoxic T ymphoceyte (CTL), a
tumor mfiltrating lvmphoeyte {TIL), a memory T cell, a regulatory T {Treg) cell, a cytokine-
induced killer {CIK} cell, a dendritic cell, a human embryonic stem cell, a mesenchymal stem
cell, a hematopoietic stem cell, or a mixture thercof.

[0038] In some embodiments, the mmmune cells may be autologous, allogeneic, syngeneic, or
xenogeneic in relation to a particular individual subject.

[363%]  In some embodiments, the immune cell may further express a composition comprnsing
a second effector module, said second effector module compnising a second SRE linkedto a
second immunotherapeutic agent. In one aspect, the second immunotherapeutic agent may be
selected from a cytokine, and a cytokine- cytokine receptor fusion.

[0046] In one aspect, the second immunotherapeutic agent may be a cytokine. In one aspect,
the cytokime may be IL12 or {L15.

(0041} In one aspect, the second immunotherapeutic agent may be a cytokine- cytokine
receptor fusion polypeptide.

[0042]  In some embodiments, the cytokine-cyiokine receptor fusion polypeptide may be
selected from, but is not limited to a [L12-IL12 receptor fusion polvpeptide, a IL13-IL15

receptor fusion polypeptide, and a IL15-1L.15 receptor sushi domain fusion polypeptide.
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10043} The present mvention provides methods for reducing a tumeor volume or burden in a

herem, is a method for inducing an anti-tumor Inimune response in a subject, Comprising
administering the immumne cells of the system to the subject.

[6044] The present invention also provides methods for enhancing the expansion and/or
survival of immune cells, compnising contacting the immune cells with the compositions of the
mvention, the polynucleotides of the invention, and/or the vectors of the mvention.

10045]  Alsc provided herein, is a method for inducing an immune response in a subject,
adnunistering the compositions of the invention, the polynucleotides of the invention, and/or the
immune cells of the nvention to the subject.

[00id46] The present invention also provides a method of identifying a domain of 3 CD19
antigen which will not bind the FMC63 antibody (FMU63-distinet CD19 binding domain). The
method may comprise {a) preparing a composition comprising a CD19 antigen, (b) contacting
the compostition m (a} with saturating levels of FMU63 antibody, {¢) contacting the composition
of step (b} with one or more selected members of a library of potential CD19 binders; and {d)
identifving a binding domain on the CI319 antigen based on the ditferential bindmg of the
selected members of the library of CD19 binders compared to the binding of FMC63. In some
embodiments, the binding domaing of the library may be generated using phage display
techniques with the CD 19 antigen as the seed sequence. In one aspect, the binding domain may
be selected from a Fab fragment, a Fab' fragment, a F{ab)'2 fragment, a F(ab}'3 fragment, Fv, a
single chain vanable fragment (scFv), a bis~scFv, a (scFv)2, a minibody, a diabody, a tnabody, a
tetrabody, a disulfide stabibized Fv protein (dsFv), a unibody, a nanobody, or an antigen binding
region of an antibody, and an antibody fragment. In ong aspect, the CD19 antigen may be
selected from a whole or a portion of a human CD19 antigen, and a whole or a portion ofa
Rhesus CD1Y antigen.

10047] The present invention also provides chimeric antigen receptors that may comprise the
FMCo63-distinct CD19 binding domain obtained according to the methods described herein.
Also, provided herein is a stimulus response clement (SRE) operably linked to the chimeric
antigen receptors that melude the FMC63-distinct CD 9 binding domain.

10048]  In some embodiments, the effector module comprises a stimulug response clement
(SRE) and at lcast onc payload comprising a protein of interest (POL).

[0049] In some cmbodiments, the SRE may be a destabilizing domain (BB}, In some

examples, the DD is a mutant domain derived from a protein such as FKBP (FK506 binding
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protein}, E. cobt DHFR (Dihydrofolate reductase) (ecDHFR), human DHFR (hDHFR), or any
protein of micrest. In this context, the biocircuit system is a DD biocircuit system.

[6038] The pavicad may be any immunotherapeutic agent used for cancer immunotherapy
such as a chimerie agent receptor (CAR) such as CD19 CAR that targets any molecule of tumor
cells, an antibody, an antigen binding domain or combination of antigen binding domains, a
cytokine such as IL12, IL1S or IL15/IL 1 5Ra fusion, or any agent that can induce an mmmune
response. The SRE and pavioad may be operably linked through one or more linkers and the
positions of components may vary within the effector module.

[00351]  In some embodiments, the effector module may further comprise of one or more
additional features such as linker sequences (with specific sequences and lengths), cleavage sites,
regulatory elements (that regulate expression of the protein of interest such as microRNA
targeting sites), signal sequences that lead the effector module to a specific cellular or subcelludar
location, penetrating scquences, or tags and biomarkers for tracking the effector module.

[0052]  In some embodiments, the DD may stabilize the immunotherapeutic agent with a
stabilization ratio of at least one in the presence of the stimulus. According to the present
invention, the DD may destabilize the immunoctherapeutic agent in the absence of ligand with a
destabibization ratio between 0, and .99,

[0083] The invention provides isolated biocirouit polypeptides, effector modules, stimulus
response elements (SREs) and payloads, as well as polymucleotides encoding any of the
foregoing; vectors comprusing polynucleotides of the invention; and cells expressing
polypeptides, polynucleotides and vectors of the invention. The polypeptides, polyvnucleotides,
viral vectors and cells are useful for indacing anti-tumor immmune responses in a subject.

10054] In some embodiments, the vector of the invention is a viral vector. The viral vecior may
mclude, but 1s not limited fo a retroviral vector, an adenoviral vector, an adeno-associated viral
vector, or g lenbiviral vector.

16055]  In some embodiments, the vector of the invention may be a non-viral vector, such as a
nanoparticles and liposomes.

[8056] The present invention also provides immune cells engineered to inciude one or more
polvpeptides, polynuclectides, or vectors of the present mvention. The cells may be immune
effector cells, including T cells such as cytotoxic T cells, helper T cells, memory T cells,
regulatory T cells, natural kaller (NK) cells, NK T cells, eytokine-induced killer (CIK ) cells,
cvtotoxic T lvmphocvtes (CTLs), and tumor infiltrating lymphocvtes (TILs). The engincered cell

may be used for adoptive cell transfer for treating a disease (e.g.. a cancer).
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10057 The present mvention also provides methods for inducing immune responses in a
subject using the compositions of the invention. Also provided are methods for reducing a tumor
burden in a subject using the compositions of the invention.

[0038] Also provided herein are methods for identifving FMC63-distinet binding domains and
using CP19 antigens in which the FMC63 binding epitope is masked or absent. In some
embodiments, the FMC63 binding domain may be imncluded in the pavioads and effector modules
of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]  Figure 1 shows an overview diagram of a biocirenit svstem of the invention. The
biocircuit comprises a stimulus and at least one effector module responsive to a stimulus, where
the response to the stimulus produces a signal or outcome. The effector module comprises at
least one stimulus response ¢lement (SRE) and one payicad.

[0066] Figure 2 shows representative effector modules carrving one payload. The signal
sequence (55}, SRE and payload may be located or positioned in varous arrangements without
{Ato Fyorwith (G to Z, and AA to DD) acleavage site. An optional linker may be mserted
between each component of the effector module.

{0061} Figure 3 shows representative effector modules carrving two payloads without a
cleavage site. The two payloads may be either directly linked to each other or separated.

10062] Figure 4 shows representative effector modules carrving two payloads with a cleavage
sitc. In one embodiment, an S8 is positioned at the N-terminus of the construct, while other
components: SRE, two pavioads and the cleavage site mav be located at different positions (A to
L}. In another embodiment, the cleavage site is positiongd at the N-terminus of the construct (M
to X). An optional linker mav be inserted between cach component of the effector module.
{0063} Figure 5 shows effector modules of the invention carrving two pavicads, where an SRE
1s positioned at the N-terminus of the construct (A to L), while 85, two payloads and the
cleavage site can be in any configuration. An optional linker may be inserted between each
component of the effector module.

[0064] Figure 6 shows effector modules of the mvention carryving two payloads, where either
the two pavlcads (A to F} or one of the two pavioads (G to X) is posttioned at the N-terniinus of
the construct (A to L}, while 55, SRE and the cleavage site can be in any configuration. An
optional linker may be nserted between cach component of the effector module.

[6063] Figure 7 depicts representative configurations of the stimulus and effector module
within a biocircuit svstem. A trans-mermbrance cffector module is activated either by a free

stumulus (Figure 7A) or a membrane bound stimulus (Figure 7B) which binds to SRE. The
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response to the stimulus causes the cleavage of the intracellular signal/payicad, which activates
down-stream effector/payioad.

[0066] Figure 8 depicts a dual stimulus-dual presenter biocircutt system, where two bound
stimuli {A and B) from two different presenters {¢.g., different cells) bind to two different
effector modules in a single receiver {e.g.. another single cell) simultancously and create a dual-
signal to downstream paviocads.

[0067] Figure 9 depicts a dual stimulus-single presenter biocircuit system, where two bound
stimuli (A and B) from the same presenter (e.g., a single cell} bind to two different effector
modules in another single cell simultancously and create a dual-signal.

[0068]  Figure 10 depicts a single-stimulus-bridged recetver biocircut system. In this
configuration, a bound stimulus {A} binds to an effector module in the bndge cell and creates a
signal to activate a payload which is a stimulus {B) for another effector module 1n the final
receiver {e.g., another cell).

[0069] Figure 11 depicts a single stimulus-single receiver biocircuit syster, wherein the single
recetver contains the two effector modules which are sequentially activated by a single stimulus.
[6676] Figure 12 depicts a biocirenit system which requires a dual activation. In this
embodiment, one stimulus must bind the transmembrane effector module first to prime the
receiver cell being activated by the other stimuhus. The receiver only activates when it senses
both stimuli (B).

[6071] Figure 13 depicts a standard cffoctor module of a chimeric antigen receptor {CAR)
system which comprises an antigen binding domain as an SRE, and signaling domain(s) as
payload.

10072] Figure 14 depicts the structure design of a regulatable CAR system, where the trans-
membrane effector modules comprise antigen binding domains sensing an antigen and a first
switch domain and the mtracellular module comprises a second switch domain and signaling
domaing. A stimulus {e.g., a dimerization small molecule) can dimerize the first and second
switch domains and assemble an activated CAR system.

[8073] Figure 15 shows schematic representation of CAR systems having one {A) or two (B
and €} SREs incorporated nto the effector module.

10074] Figure 16 depicts a sphit CAR design to control T cell activation by a dual stimulus
(c.g., an antigen and small molecule). Figure 16A shows nommal T cell activation which entails a
dual activation of TCR and co-stinnilatory receptor. The regular CAR design (Figure 16B)
combines the antigen recognition domain with TCR signaling motif and co-stimulatory motif in

a single molecule. The split CAR system scparates the components of the regular CAR into two
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separate effector modules which can be reassembled when a heterodimerizing small molecule
(stimulus}) is present.

[6075]  Figure 17 depicts the positive and negative regulation of CAR enginecred T cell
activation. The absence or presence of a second stimulus can negatively (A) or positively (B)
control T cell activation.

[0076] Figure 18 shows schematic representation of gated activation of CAR engineered T
cells, Ifa normal cell that has no stimulus (e.g., an antigen} (Figure 18A) or an antigen that
cannot bind to the trans-membrane effector module (Figure18BY, or only an antigen that activates
the trans-membrane cffector module and prmes the recetver T cell to express the second effector
(Fig 18C), the receiver T cell remains mactive. When both stimuli (e.g. two antigens) that bind
the trans-membrane effector modale and the primed effector, are present on the presenter cell
(c.g. acancer cell), the T cell is activated (Figure 18D3).

[6077] Figure 19A 1s a bar graph depicting [L.12 levels in the various dilutions of media
derived from cells expressing DD-TL12. Figure 19B 1s a bar graph depicting the Shield-1 dose
responsive induction of BD- IL12. Figure 19C depicts plasma IL12 levels in mice implanted
with SKOV3 cells. Figure 190 depicts plasma 1112 levels in mice 1n response to different
Shield-1 dosing regimens.

[0078] Figure 20A 18 a western blot of IL13 protein levels in 293 cells. Figure 20B and 20C
are histograms depicting surface expression of HL15 and 1L15Ra. Figure 20 D is a western blot of
TE15 and bDHFR 1 HCT116 celis.

[0079]  Figure 21A and Figure 21B are western blots of depicting the protein levels of CB3
Zeta of the DB- D19 CAR construct and actin. Figure 21C shows the expression of CD19
chimeric antigen receptors in a western blot using 4-1BB antibody. Figure 21D is a bar graph
depicting the surface expression of CD19 CAR.

[0080] Figure 22 denotes the frequency of IFNgamma positive T cells.

{6081} Figure 23A depicis IFN gamma production in T cells. Figure 23B depicts T cell
expansion with IL15/1L15Ra treatment. Figure 23C is a dot plot depicting percentage human
cells after in vivo cell transfer. Figure 23D 1s scatter plot depicting CD4A+/CD8+ T cells.

[0082] Figure 24A depicts T cell subpopulations expressing CB19 CAR. Figure 28B depicts
cell death caused by CDI9 CAR expressing T cells.

[0083] Figure 25A is a bar graph depicting 1L.15Ra positive celis with 24 hour TMP treatment.
Figure 25B is a bar graph depicting IL15Ra positive cells with 48 hoar TMP treatment. Figure
25€ 1s a bar graph depicting IL15Ra positive cells in response to varyving concentrations of TMP.

[6084] Figure 26 is a western blot of 1L15Ra protein levels in HCTH6 cells.
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[3085] Figure 27A represents percentage of human T cells blood with respect to mouse T celis.
Figure 278 represents the mumber of T cells in blood. Figure 27C represents ratic of €4 to
CD8 cells in the blood. Figure 27D represents the percentage of 1L 15Ra positive CD4 and CDE
T cells in the blood.

[6086] Figure 28A depicts the expansion of T cells 1n response to cytokine treatment. Figure
28B, Figure 28C and Figure 28D depict the frequency of IFN gamma positive cells with {112
treatment.

{3087} Figure 29 is a bar graph representing the effect of promoters on transgene expression.
[0088] Figure 30A shows the expression of CI9 in parental K562 cclis and K562-CD19
cells. Figure 30B shows the proliferation of K562 cells cocultured with T cells expressing DD
regulated CAR constructs, in the presence or absence of ligand. Figore 30C shows the area of
target cells killed by T cells expressing DD regulated CAR constracts, in the presence of ligand.
[6089]  Figure 31A shows IFNgamma concentration. Figure 318 shows 1.2 concentration.
[0096] Figure 32A provides the final 1112 concentration for cach of the four groups tested.
Figure 32B shows that 1112 is detectable in kidney and Figure 32C shows that 112 is detectable
0 tumor.

{0091} Figure 33A shows the reguiation of 1112 over 24 hours. Figure 338 shows the
regulation in the plasma and Figure 33C shows the detection of flexi-IL12 m the kidneys.

16092] Figure 34A shows that restimulation increased the expression of HL12. Figure 348 and
Figure 34C show that ligand increased production of H.12.

[0093] Figure 35A shows the concentration-dependent induction of {L12 secretion of 1112
secretion from primary human T cells. Figure 35B shows the time course induction of 112
secretion from primary human T cells.

[0094] Figure 36A shows the dose response of Aquashicld-Induced DD-1L.12 regulation iw
vive. Figure 368 shows that plasma levels of IL12 remain high in animals transplanted with
constitutive 1L 12 transduced T cells.

[6095]  Figure 37A and 378 show the expression of 112 @2 vivo over 7 days. Figure 37C and
37D show the expression of IL12 in vive over 11 days. Figure 37E shows the Geometric MFI
{GeoMFET} of Granzyme B {(GrB) after 7 days in CD8+ T cells. Figure 37F shows the GeoMFI of
Perforin at dav 7 in CD8+ T cells.

[0056] Figure 38A shows the regulation of 1112 with PGK and EF1a promoters and FKBP
domains. Figure 388 shows the relative expression of IL12.

16097] Figure 39 depicts the kinetics of 1L.15Ra surface expression on D4 T cells afier TMP

treatment.
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[0098] Figure 40 represents a western blot of IL15-1L15Ra protein in HCT116 tumors from
mice treated with TMP for 17 days in xenograft assays.

(6059  Figure 41 is a graph of the results of the MSD assay of IL15 protein levels m HEK293
cells.

[60106] Figure 42A provides FACS plots showing the expression of membrane bound H.15
after a dose response study of TMP. Figure 42B is two graphs showing the dose and time of
exposure of TMP in vifre influences membrane bound IL15 expression.

100161 Figures 43A- 43( show the regulation of membrane bound 115 using HL15 (Figure
434), IL15Ra (Figure 43B), or IL15/11.15Ra double ++ staining (Figure 43C). Figure 431 shows
FACS plots of the expreasion of [L15. Figure 43E is a graph of the regulation of IL.15 in blood
and Figure 43F is a graph of the plasma TMP levels.

[60102] Figure 44 represents the regulation of membrane bound IL15 with PO or IP dosing of
TM™MP.

DETAILED DESCRIPTION OF THE INVENTION

100163] The details of one or more embodiments of the invention are set forth in the
accompanying description below. Although any materials and methods similar or equivalent to
those described herein can be used n the practice or testing of the present invention, the
preferred materials and methods are now described. Other features, obiects and advantages of the
invention will be apparent from the description. In the description, the singular forms also
melude the plural unless the context clearly dictates otherwise. Unless defined otherwise, 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 mvention belongs. In the case of conflict, the present
description will control.

LINTRODUCTION

[00104] Cancer immunotherapy aims’ at the induction or restoration of the reactivity of the
tmmune sysiem towards cancer. Siganificant advances m immunotherapy research have led to the
development of various strategics which may broadly be classified into active immunotherapy
and passive immunotherapy. In general, these strategies may be utilized to divectly kill cancer
cells or to counter the immunosuppressive tumor microcnvironment. Active immunoctherapy
aims at induction of an endogenous, long-lasting tumor-antigen specific immune response. The
response can further be enhanced by non-specific stimulation of immune response modificrs
sach as cvtokines. In contrast, passive immunotherapy includes approaches where tmmune
effector molecules such as tumor-antigen specific cytotoxic T cells or antibodies are

administered to the host. This approach is short lived and requires multiple applications.
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100165] Despite significant advances, the efficacy of current immunotherapy strategies is
{imited by associated toxicitics. These arc often related to the narrow therapeutic window
associated with immwnotherapy, which 1n part, emerges from the need to push therapv dose to
the edge of potentially fatal toxicity to get a clinically meaningful treatment effect. Further, dose
expands 77 vivo since adoptively transterred tomune cells continue to proliferate within the
patient, often unpredictably.

[001066] A major risk involved o immunctherapy 1s the on-target but off tumor side effects
resulting from T-cell activation in response to normal tissue expression of the fumor associated
antigen (FAA). Clinical trials utilizing T cells expressing T-cell receptor against specific TAA
reported skin rash, colitis and heanng loss m response to immunotherapy.

[00107] Immunotherapy may also produce on target, on-tumor toxicities that emerge when
tumor cells are killed in regponse to the immunoctherapy. The adverse effects include tumor bysis
syndrome, cytokine release syndrome and the related macrophage activation syndrome.
Importantly, these adverse effects may occur during the destruction of tumors, and thus even a
successful on-tumor immunotherapy might result in toxicity. Approaches to regulatably control
immunotherapy are thus highly destrable since they bave the potential to reduce toxicity and
maximize efficacy.

[00108] The present invention provides systems, compositions, immunotherapeutic agents and
methods for cancer imounotherapy. These compositions provide tunable regulation of gene
expression and function in immunotherapy. The present invention also provides biocirenit
svstems, effector modules, stimulus response elements (SREs) and payloads, as well as
polynuclectides encoding any of the foregomng. In one aspect, the systems, compositions,
immunotherapeutic agents and other components of the invention can be controlied by a
separately added stimulus, which provides a sigmificant flexibility to regulate cancer
mmmunotherapy. Further, the systems, compositions and the methods of the present invention
may also be combined with therapeotic agents such as chemotherapeutic agents, small
molecules, gene therapy, and antibodics.

[0016%] The tunable nature of the systems and compositions of the invention has the potential to
improve the potency and duration of the efficacy of immunotherapies. Reversibly silencing the
biclogical activity of adoptively transferred cells using compositions of the present invention
allows maximizing the potential of cell therapy without irretrievably killing and terminating the

therapy.
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100110] The present mvention provides methods for fine tuning of immunoctherapy after
adnunistration to paticnts. This in turn improves the safety and cfficacy of immunotherapy and
mereases the subject population that may benefit from immunotherapy.

L COMPOSITIONS OF THE INVENTION

j00111] According to the present invention, biocircuit systems are provided which compnse, at

their core, at least one effector module system. Such effector module svstems comprise at least
one effector module having associated, or integral therewith, one or more stimudus response
clements {(SREs). The overall architecture of a biocircuit system of the invention is illustrated in
Figure 1. In general, a stimulus response element (SRE) may be operably linked to a payioad
construct which could be any protein of interest (POI) {e.g., an immunotherapeutic agent), to
form an effector module. The SRE, when activated by a particular stimulus, e.g., a small
molecule, can produce a signal or outcome, to regulate transcription and/or protein levels of the
tinked pavload cither up or down by perpetuating a stabilizing signal or destabilizing signal, or
any other types of regulation. A much-~detailed descrniption of a brocircuit system can be found in
U.S. Provisional Patent Application No. 62/320,864 filed April 11, 2016 or in US Provisional
Application No. 62/466,596 filed March 3, 2017 and the Intemational Publication
WO2017/180587 (the contents of cach of which are herem incorporated by reference n their
entirety). In accordance with the present invention, biocircuit systems, effector modules, SREs
and components that tune expression levels and activities of any agents used for immunotherapy
are provided.

[00112] Asused herein, a “biocircuit” or “brocircuit system” is defined as a circuit within or
useful in biologic systems comprising a stimubus and at least one effector module responsive to a
stimulus, where the response to the stimulus produces at least one signal or outcome within,
between, as an indicator of, or on a biologic system. Biologic systems are generally understood
to be any cell, tissue, organ, organ system or organism, whether animal, plant, fungi, bactenial, or
viral. It is also understood that biocircuits may be artificial circuiis which employ the stiauli or
effector modules taught by the present invention and effect signals or outcomes in acellular
environments such as with diagnostic, reporter systems, devices, assays or kits. The artificial
circuits may be associated with one or more electronic, magnetic, or radicactive components or
parts.

[06113] In accordance with the present invention, a hiocircutt system may be a destabilizing
domain (DD biocircuit svstem, a dimerization biocircuit system, a receptor biocircuit system,
and a ccll biccircait system. Any of these systems may act as a signal to any other of these

biocircutt systems.
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Effector modules and SREs for imumunotherapy

[00114] In accordance with the present invention, biocircuit systems, effector modules, SREs,
and components that tune expression levels and activities of any agents used for immunotherapy
are provided. As non-limiting examples, an immunctherapeutic agent may be an antibody and
fragments and varants thercof, a cancer specific T cell receptor (TCR) and variants thercof, an
anti-tumor specific chimeric antigen receptor (CAR), a chimenc switch receptor, an inhibitor of
a co-nhibitory receptor or hgand, an agonist of a co-stimulatory receptor and ligand, a cyickine,
chemokine, a cytokine receptor, a chemoking receptor, a soluble growth factor, a metabolic
factor, a suicide gene, a homing receptor, or any agent that induces an immune response in a cell
and a subject.

[00115]  As stated, the biocircuits of the invention include at least one effector module as a
component of an effector module system. As used herein, an “effector moduie™ 15 a single or
multi-component construct or complex comprising at least {a) onc or more stimulus response
elements (1.¢. proteins of mterest (POIs). As used herein a “stimulus response clement (SRE}Y 18
a component of an effector module which is joined, attached, linked to or agsociated with one or
more pavioads of the effector module and in some nstances, 1s responsible for the responsive
nature of the effector module to one or more stimuli. As used herein, the “responsive” nature of
an SRE to a stimulus may be characierized by a covalent or non-covalent interaction, a direct or
indirect association or a structural or chemical reaction to the stimulus. Further, the regponse of
any SRE to a stimulus may be a matier of degree or kind. The response may be a partial
response. The response may be a reversible response. The response may uitimately lead to a
regulated signal or cutput. Such output signal may be of a relative nature to the stimulus, ¢.g.,
producing a modulatory effect of between 1% and 100% or a factored increase or decrease such
as 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or more.

[60116] In some cmbodiments, the present mvention provides methods for modulating protein
expression, function or level. In some aspects, the modulation of protein expression, function or
level refers to modulation of expression, function or level by at feast about 20%, such as bv at
least about 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% and 100%, or at least 20-30%, 20-
40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-55%, 20-100%, 30-40%, 30-50%, 30-
60%, 30-70%, 30-80%. 30-90%. 30-93%. 30-100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-
0%, 40-93%, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 30-95%, 50-100%, 60-70%, 60~
80%, 60-90%, 60-95%, 60-100%, 70-80%, 70-90%, 70-95%, T70-100%, 80-90%, 80-95%, §0-
100%, 90-95%, 90-100% or 95-100%.
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[36117] In some embodiments, the present invention provides methods for modulating protein,
expression, function or level by measuring the stabilization ratio and destabilization ratio. As
used herein, the stabilization ratio may be defined as the ratio of expression, funciion or level of
a protein of interest in response to the stimulus to the expression, function or level of the protein
ot interest in the absence of the stimulus specific to the SRE. In some aspects, the stabilization
ratio s at least 1, such as by at least 1-10, 1-20, 1 <30, 1-40, 1-50, 1- 60, 170, 1-80, 1- 90, 1-100,
20-30, 20-40, 20-30, 20-60, 20-70, 20-80, 20-90, 20-95, 20-100, 30-40, 30-50, 30-60, 30-70, 30~
20, 30-90, 30-95, 30-100, 40-50. 40-60, 40-70, 40-80, 40-90, 40-95, 40-100. 50-60, 50-70, 50-
80, 50-90, 50-93, 50-100, 60-70, 60-80, 60-90, 60-95, 60-100, 70-80, 70-90, 70-95, 70-100, 80-
80, 80-95, 80~100, 90-95, 90-100 or 95-100. As used herein, the destabilization ratio may be
defined as the ratio of expression, function or level of a protein of interest in the absence of the
stimulos specific to the effector module to the expression, function or level of the protein of
uderest, that 1s expressed constitutively and i the absence ot the stimulus specific to the SRE.
As used herein “constifutively” refers to the expression, function or level of a protein of interest
that 1s not linked to an SRE, and s therefore expressed both in the presence and absence of the
stimulus. In some aspects, the destabilization ratio is at least 0, such as by atleast 0.1, 0.2, 0.3,
04,05,06,07, 08,09, oratleast, 0-0.1, 0-0.2, 0 -0.3, 0-0.4, (-0.5, 0-0.6, 0-0.7, 0-0.8, 3-0.9,
0.1-02,0.1-03,0.1-04, 0.1-0.5,0.1-06, 0.1-0.7, 0.1-0.8, 0.1-09,0.2 -0.3,02-04,0.2-05,0.2-
0.6,02-07,02-08 02-09,03-04,03-05,03-06,03-0.7 03-08, 03-09,04-05, 04-0.6,
0.4-07,04-08,04-09,05-0.6,0.5-0.7,05-0.8,05-09,06-07, 06-08,06-09,07-08, 0.7-
0.9 0r0.8-0.9,

[00118] In some embodiments, the stimulus of the present invention maybe ultrasound
stimulation. In some embodiments, the SREs of the present invention may derived from
mechanosensitive proteins. In one embodiment, the SRE of the present invention may be the
mechamically sensitive ion channel, Piezol.

[00119] Expression of the pavioad of interest 1n such instances is tuned by providing focused
uitrasound stimulation. In other embodiments, the SREs of the present mvention may be derived
from calcium biosensors, and the stimulus of the present invention may calcium. The calcium
may be generated by the ultrasound induced mechamcal stimulation of mechanosensitive ion
channels. The ultrasound activation of the ion channel causes a calcium influx thereby generating
the stimulus. In one cmbodiment, the mechanosensitive ion channel is Piezo 1. Mechanosensors
may be advantageous to use since they provide spatial control to a specific location in the body.
100128] The SRE of the effector module may be selected from, but is not limited to, a peptide,

peptide complex, peptide-protein complex, protein, fusion protein, protein complex, protein-
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protein comaplex. The SRE may comprise one or more regions derived from any natural or
mutated protein, or antibody. In this aspect, the SRE is an element, when responding to a
stimulus, can tune mtraceliular localization, intramolecular activation, and/or degradation of
pavicads.

[00121] In some embodiments, effector modules of the present mvention may comprise
additional features that facilitate the expression and regulation of the effector module, such as
one or more signal sequences (58s), one or more cleavage and/or processing sites, One o1 More
targeting and/or penetrating peptides, one or more tags, and/or one of more linkers. Additionally,
ctfector modules of the present invention may further comprise other regulatory moieties such as
mducible promoters, enhancer sequences, microRNA sites, and/or microRNA targeting sites.
Each aspect or tuned modality may bring {0 the effector module or biccircuit a differentially
tuned feature. For example, an SRE may represent a destabilizing domaim, while mutations in the
protein payload may alter its cleavage sites or dimerization propertics or half-life and the
nclasion of one or more microRNA or microRNA binding site may impart cellular detargeting
or trafficking features. Consequently, the present invention embraces biocircuits which are
multifactorial in their tenability. Such biocircuiis may be engincered to contain one, two, three,
four or more tuned teatures.

[00122] In some embodiments, effector modules of the present invention may clude one or
more degrons to tune expression. As used herein, a "degron” refers to a minimal sequence within
a protein that is sufticient for the recoguition and the degradation by the protealvtic system. An
important property of degrons is that they are transferrable, that 1s, appending a degronto a
sequence confers degradation upon the sequence. In some embodiments, the degron may be
appended to the destabilizing domaiuns, the payload or both. Incorporation of the degron within
the effector module of the mvention, confers additional protein instability to the effector module
and may be used to minimize basal expression. In some embodiments, the degron may be an N-
degron, a phospho degron, a heat inducible degron, a photosensitive degron, an oxygen
dependent degron. As a non-linuting example, the degron may be an Omithine decarboxylase
degron as described by Takeuchi et al. (Takeuchi J et al. (2008). Biochem I, 2008 Mar
1:410(2):401-7; the contents of which are incorporated by reference in their entirety}, Other
examples of degrons useful in the present invention include degrons described in International
patent publication Nos. WO2017004022, W02016210343, and WO2011062962; the contents of
cach of which are incorporated by reference in their entirety.

[68123] As shown in Figure 2, representative effector module embodiments comprising oune

pavioad, 1.¢. one immunotherapeutic agent are illustrated. Each components of the effector
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module may be located or positionad in various arrangements without (A to Fy orwith (G to Z,
and AA to DD} acleavage site. An optional linker may be inserted between each component of
the effector module.

[00124] Figures 3 to 6 illustrate representative effector module embodiments comprising two
pavioads, 1.¢. two inmunoctherapeutic agents. In some aspects, more than two
mmmunotherapeutic agents (payloads) may be included in the effector module under the

regulation of the same SRE (e.g.

=

the same DE). The two or more agents may be ctther direetly
linked to each other or separated (Figure 3). The SRE may be positioned at the N-terminus of the
construct, or the C-terminus of the construct, or in the internal location.

[001253] In some aspects, the two or more immunotherapeutic agents may be the same type such
as two antibodies, or different tvpes such as a CAR construct and a cytokine 1012, Biocircuits
and componenis utilizing such cffector molecules are given in Figures 7-12.

[00126] In some embodiments, biocircuits of the invention may be modified to reduce thewr
mmunogenicity. Immunogenicity 1s the result of a complex series of responses to a substance
that is percetved as foreign and may include the production of neutralizing and non-neutralizing
antibodics, formation of tmone complexes, complement activation, mast cell activation,
mitlammation, hypersensifivity responses, and anaphylaxis. Several factors can contnibuie to
protemn immunogenicity, including, but not imited to protein sequence, route and frequency of
administration and paticnt population. In a preferred embodiment, protein engineering may be
used to reduce the immunogenicity of the compositions of the invention. fn some embodiments,
modifications to reduce inmunogenicity may include modifications that reduce binding of the
processed peptides derived from the parent sequence to MHC proteins. For example, amino acid
modifications may be engincered such that there are no or a minimal of number of Immune
epitopes that are predicted to bind with high affinity, to any prevalent MHC alleles. Several
methods of identifying MHC binding epitopes of known protein sequences are known in the art
and may be used to score epitopes m the compositions of the present invention. Such methods
are disclosed in US Patent Publication No. US 20020119492, US20040230380, and US
20060148009, the contents of each of which are incorporated by reference in their entirety.
[00127] Epttope wdentification and subseguent sequence modification may be applied to reduce
immunogenicity. The dentification of mmmunogenic epitopes may be achieved cither phvsically
or computationally. Physical methods of eptiope identification may include, for example, mass
spectrometry and tissue culture/cellular techniques. Computational approaches that stilize
information obtained on antigen processing, loading and display, structural and/or protecmic

data toward identifving non-sclf-peptides that may result from antigen processing, and that arc
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likely to have good binding characteristics in the groove of the MHC may also be utilized. One
or more mutations may be introduced into the biocircuits of the invention directing the
expression of the protein, to maintain 1ts functionality while simultancously rendering the
identified epttope less or non-immunogenic.

[60128] In some embodiments, protein modifications engineered mto the structure of the
compositions of the invention to miterfere with antigen processing and peptide loading such as
glycosyiation and PEGvlation, may also be useful in the present invention. Compositions of the
imvention may also be engineered to include non-classical amine acid sidechains to design less
immunogenic compositions. Any of the methods discussed in International Patcnt Publication
No. W02005051975 for reducing immunogenicity may be usetinl in the present invention (the
contents of which are incorporated by reference in their entirety).

160129 In one embodiment, patients may also be stratified according to the immunogenic
peptides presented by thetr immune cells and may be wtilized as a parameter to determine
suitable patient cohorts that may therapeutically benefit for the compositions of the invention.
160130] In some embodiments, reduced immunogenicity may be achieved by hinuting
immuproteasome processing. The proteasome s an umportant cellular protease that 1s found in
two forms: the constitutive proteasome, which is expressed m all cell types and which contains
active ¢.g. catalvtic subunits and the immunoproteasome that is expressed i cell of the
hematopoietic lineage, and which contains different active subunits termed low molecular weight
proteins (LMP) namely LMP-2, LMP- 7 and LMP-10. Imnunoproteasomes exhibit altered
peptidase activities and cleavage site preferences that result in more efficient liberation of many
MHC class I epitopes. A well described fanction of the immunoproteasome 18 {0 generate
peptides with hydrophobic C terminus that can be processed to fit in the groove of MHC class |
molecules. Deol P et al. have shown that immunoproteasomes may lead to a frequent cleavage of
spectfic peptide bonds and thereby to a faster appearance of a certaim peptide on the surface of
the antigen presenting cells; and enhanced peptide quantities {Deol P et al. (2007} J Immunol 178
(12) 7557-7562; the contents of which are incorporated herein reference in its entirety). This
study indicates that reduced immunoproteasome processing may be accompanied by reduced
immunogenicity. In some embodiments, immunogenicity of the compositions of the mvention
may be reduced by modifying the sequence encoding the compositions of the invention to
prevent inounoproteasome processing. Bioctrouits of the present invention may also be
combined with immunoproteasome-sclective inhibitors to achicve the same effects. Examples of
inhibitors useful in the present invention include UK-101 (Bli selective compound), IPSI-001,

ONX 0914 (PR-937), and PR-924 (IPSD).
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1. Destabilizing domaing (BDs)

[00131] In some embodiments, biocirenit svstems, effector modules, and compositions of the
present invention relate to post-translational regudation of protein (payload} function anti-tumor
immune responses of immunotherapeutic agents. In one embodiment, the SRE isa
stabilizing/destabilizing domain (DD). The presence, absence or an amount of a small molecule
higand that binds to or interacts with the DD, can, upon such binding or interaction modulaie the
stability of the payload(s) and consequently the function of the payload. Depending on the
degree of binding and/or interaction the altered function of the pavlcad may vary, hence
providing a “tuning” of the pavicad function.

[36132] In some embodiments, destabilizing domains described herein or known in the art may
be vsed as SREs in the biocircuit systems of the present invention in association with any of the
immunotherapeutic agents (pavioads) taught hercin. Destabilizing domains (D1s) are small
protein domains that can be appended to a target protein of interest. DPs render the attached
protein of mterest unstable in the absence of a DD-binding ligand such that the protein is rapidly
degraded by the ubiquitin-proteasome system of the cell (Stankunag, K| et al, Mol Cell, 2003,
12: 1615-1624; Banaszynski, ef af., Cell; 2006, 126(5): 995-1004; reviewed in Banaszynski,
LA, and Wandless, T.J. Chem. Biol; 2006, 13:11-21 and Rakiut R et al., Chem Biol. 2014;
21(9y:1238-1252). However, when a spectfic small molecule ligand binds its intended DDy as a
ligand binding parter, the mstability 1s reversed and protem function 1s restored. The conditional
nature of DI stability allows a rapid and non-perturbing switch from stable protein to unstable
sabstrate for degradation. Moreover, its dependency on the concentration of its ligand further
provides tunable control of degradation rates.

[00133] In some cmbodiments, the desired characteristics of the DDs may include, but are not
limited to, low protein levels in the absence of a ligand of the DD (1.¢. low basal stability), large
dynamic range, robust and predictable dose-response behavior, and rapid kinetics of degradation.
DDs that bind to a desired ligand but not endogenous molecules may be preferred.

[00134] Several protein domains with destabilizing propertics and their paired small molecules
have been identitfied and used to control protein expression, including FKBP/shield-1 system
(Egeleretal., J Biol Chem 2011, 286(36): 32328-31336; the contents of which are incorporated
herein by reference in their entirety), ecDHFR and s ligand trimethoprim (TMP); estrogen
receptor domains which can be regulated by several estrogen receptor antagonists (Mivazaki et
al, JAm Chem. Soc., 2012, 134(9): 3942-3945; the contents of which are incorporated by

reference herein in their entirety); and fluorescent destabilizing domain (FDD) derived from
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bilirubin-inducible fluorescent protein, Una(G and its cognate ligand bilirubin {(BR} { Navarro ¢t
al., ACS Chem Biol , 2016, June 6; the contents of which are incorporated herein by reference in
their entirety).

[00135] Known DDs also mchude those described in U5, Pat. NO. 8,173,792 and U.S. Pat. NO.
8.530,636, the contents of which are cach incorporated herein by reference in their entirety,
[00136] In some embodiments, the DDs of the present invention may be denived from some
known sequences that have been approved to be capable of post-translational regulation of
proteins. For example, Xiong et al | have demonstrated that the non-catalyvtic N-terminal domain
(54-residues) of ACST (1-aminocyclopropane-1-carboxvlate synthasc) in Arabidopsis, when
fused to the f-glucuronidase (GUS) reporter, can sigmificantly decrease the accumulation of the
GUS fusion protemn (Xiong t al,, J. Exp. Bot, 2014, 65(15). 4397-4408). Xiong ct al. further
demonstrated that both exogenous 1-aminocyclopropane-1-carboxyvlic acid (ACC) treatment and
salt can rescue the levels of accumulation of the ACS N-terminal and GUS fusion protein. The
ACS N-erminus mediates the regulation of ACS7T stability through the ubiquitin—-2635
proteasome pathway.

001371 Another non-limiting example 1s the stability control region (SCR, residucs 97-118) of
Tropomyosin (Tm}, wiich controls protein stabilitv. A destabilizing mutation L110A, and a
stabilizing mutation A109L dramatically affect Tropomyvosin protein dynamics {Kirwan and
Hodges, /. Biol. Chem., 2014, 289: 4356-4366). Such sequences can be sereened for ligands that
bind them and regulate their stability. The identificd sequence and ligand pairs may be used as
components of the present invention.

[00138] In some embodiments, the DDs of the present mvention may be developed from known
proteins. Regions or portions or domains of wild type proteins may be utilized as SREs/DDs in
whole or in part. They may be combined or rearranged to create new peptides, proteins, regions
or domains of which any may be ssed as SREs/DDs or the starting point for the design of further
SREs and/or DBs.

00139 Ligands such as small molecules that are well known to bind candidate proteins can be
tested for their regulation n protein responses. The small molecules may be chinically approved
to be safe and have appropriate pharmaceutical kinetics and distribution. In some embodiments,
the stimmitlus 1s a ligand of a destabilizing domain (DD), for example, a small molecule that binds
a destabilizing domain and stabilizes the POI fused to the destabilizing domain. In sone
embodiments, ligands, DDs and SREs of the present mvention, include without limitation, any of
those taught in Tables 2-4 of copending commonly owned U.S. Provisional Patent Application

No. 62/320,864 filed on 4/11/2016, or in US Provisional Application No. 62/466,596 filed
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March 3, 2017 and the International Publication WO2017/180587, the contents of cach of which
are ncorporated herein by reference in thetr entirety. Some examples of the proteins that may be
used to develop DDs and their ligands are histed 1n Table 1.

Table 1: Proteins and their bindine licands

Protein Prolein Sequence Protein | Ligaads
SEG [
MO
E. coli MISLIAALAVDRVIGMENAMPWNLPADL | 1 Methotrexate
Dihydrofolate AWFKRNTLNEPVIMGRHTWESIGRPLPGR MT)
reductase KNILSSQPGTDDRVTWYKSVDEAIAACG Trimethoprim
{ecBHFR) DVPEIMVIGGGRVYEQFLPKAQKLYLTHI {TMP)
(Uniprot 11 DAEVEGDTHFPDYEPDDWESVEFSEFHDA
POAB(4) DAQNSHSYCFEILERR
Human MVGSLNCIVAVSONMGIGKNGDLPWPPL | 2 Methotrexate
Dihydrofolate RNEFRYFQRMTTTSSVEGKOQNLVIMGKK MTX)
reductase TWFSIPEK NRPLKGRINLVLSRELKEPPOG Triruethoprm
(hDHTR) AHFLSRSLDDALKLTEQPELANKVYDMYW (TMF)
{Uniprot 1D: WGGSSVYKEAMNHPGHLKLFVTRIMQDF
P00374) ESDTFFPEIDLEKYELLPEYPGQVLSDVQEE
EGIKYKFEVYEKND
FK506 binding GVOVETISPGDGRTFPKRGOTCVVHYTG | 3 Shieid-f
protein (FKEP) MLEDGKKFDSSRDRNKPFKFMLGKQEVI
(Uniprot 1D: RGWEEGVAQMSVGQRAKLTISPDYAYGA
P62942) TGHPGUPPHATLVFDVELLKLE
Phosphodiesteras | MEETRELOQSLAAAVVPSAQTLKITDFSFS | 4 Sildenafil;
¢ 3 (PDES), DFELSDLETALCTIRMFTDLNLVONFOMIC Vardenafil,
ligand binding HEVLCRWILSVKKNYREKNVAYHNWRHA Tadatafil
domain (Uniprot | FNTAQUMFAALKAGKIQNKLTDLEILALL
1D Uniprot ID TAALSHDLDHRGVNNSYIOQRSEHPLAQLY
076074) CHSIMEHHHFDQCLMILNSPGMNQILSGLSI
EEYKTTLKIKQAILATDLALYIKRRGEFFE
LIRKNGFNLEDPHOKELFLAMLMTACDLS
ATTKPWPIQORIAELVATEFFDOGDRERKE
INIEPTDLMNREKKNKIPSMOVGFIDAICL
QLYEALTHVSEDCFPLLDGCRENRQKWQ
ALAHQQ
PPAR gamma, SVEAVQEITEYAKSIPGFVNLDLNDGQVTL | 5 Posiglitazone
ligand binding LKYGVHEIIY TMLASLMNKDGVLISEGOG Pioglitazone
domain (Uniprot | FMTREFLKSLRKPFGDFMEPKFEFAVKEN
D P372314; ALFELDDSDLAIFIAVIILSGDRPGLLNVKPI
amino acids 317- | EDIQDNLLOALELQLKLNHPESSQLFAKL
305) LOKMTDLROIVIEHVOLLOVIKKTETDMS
LHPLLOEIYKDLY
Carbonic MSHHWGYGKHNGPEHWHEKDFPIAKGER | 6 Celecoxib
anbydrase I QSPVDIDTHTAKYDPSLEPLIVIYDOATS Acetazolamide
(CAZ)y (Undprot LRILNNGHAFNVEFDDSQDKAVLKGGPL
1 PO0918) DGTYRLIQFHFHWGSLDGQGSEHTVDKK
KYAAELHLVAWNTKYGDFGKAVOQPDG
LAVLGIFLKVGSAKPGLOKVVDVLDSIKT
KGKSADFTNFDPRGLLPESLDYWTYPGSL
TTPPLLECVTWIVLKEPISVSSEQVLKFRK
LNFNGEGEPEELMVDNWRPAQPLKNRJE
KASFK
NRH: Quinone MAGKEVLIVYAHOQEPKSENGSLKNVAVD | 7 Imatinib
oxidoreductase 2 | ELSRQGUTVIVSDLY AMNLEPRATDKDIT Melatonin
(NQO2y (Uniprot | GTLANPEVENYGVETHEAYKQRSLASDIT
1D P16083) DEQKKVREADLVIFQFPLYWFERVPAILKG
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WMDRVLCQGFAFDIPGFYDSGLLOQGKLA
LLSVITGGTAEMYTKTGYNGDSRYFLWP
LOHGTLHFCGPE VL APQISFAPEIASEEER
KGMVAAWSQRLOTTWKEEPIPCTAHWHF
GO

[00148] In some embodiments, DDs of the invention may be FKBP DD or ecDHFR DDs such
as those listed in Table 2. The position of the mutated amino acid listed in Table 2 1s relative to
the ecDHFR {Uniprot ID: POABQ4) of SEQ ID NO. 1 for ecDHFR DDs and relative to FKBP

(Uniprot ID: P62942) of SEQ 113 NO. 3 for FKBP DDs.

Table 2: ecDBHFR DDs and FRBP Dhis

DD Sequence SEQID
NO:
ccDHFR MISLIAALAVDYVIGMENAMPWNLPADLAWEKRNTL | 8
RI12Y, NKPVIMGRHTWESIGRPLPGRKNIILSSQPGTDDRVTW
Y100D VESVDEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLY
LTHIDAEVEGDTHFPDYEPDDWESVFSEFHDADAQNS
HSYCFEILERR
ecDHFR ISLIAALAVDYVIGMENAMPWNLPADLAWFKRNTLN | 9
{Amius acid KPVIMGRHTWESIGRPLPGRKNHLSSQPGTDDRVIWY
2-159 of WT) | KSYDEAIAACGDVPEIMVIGGGR VIEQFLPKAQKLYLT
RI12Y, HIDAEVEGDTHFPDYEPDDWESVFSEFHDADAQNSHS
Y100D YCFEILERR
ccDHFR ISLIAALAVDHVIGMENAMPWNLPADLAWFKRNTLN | 10
{Amino acid KPVIMGRHTWESIGRPLPGRKNILSSGPGTDDRVIWY
2-159 of WT) | KSVDEAIAACGDVPEIMVIGGGRVYEQFLPKAQKLYL
(R1ZH, THIBAEVEGDTHFPDYKPDDWESVFSEFHDADAQNSH
E129K) SYCFEILERR
FKBP (F36V, | GVOVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKY | 11
L106P) DSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRA
KLTISPDYAYGATGHPGIPPHATLVFDVELLKPE
FKBP (E31G, | GVQVETISPGDGRTFPERGOTCVVHYTGMLGDGKKY | 12
F36V,R71G, | DSSRDRNKPFEKIMLGKOQEVIRGWEEGVAQMSYVGQGA
KI105E) KLTISPDYAYGATGHPGIPPHATLVEDYVELLELE

[00141] Inventors of the present invention have tested and identified several candidate human
proteins that may be used to develop destabilizing domains. As show in Table 2, these candidates
include human DHFR (hBHFR), PBES {phosphodiesterase 3), PPAR gamma {peroxisome
proliferator-activated receptor gamma), CA2 {(Carbomic anhvdrase ) and NQGO2 (NRH:

Guimone oxidoreductase 23, Candidate destabilizing domaimn sequence identified from protein
domaing of these proteins {as a template) may be mutated to generate hibraries of mutants based
on the template candidate domain sequence. Mutagenesis strategics used to generate DD librarics
may mclude site-directed mutagenesis ¢.g. by using structure guided information; or random
mutagencsis e.g. using error-prone PCR, or a combination of both. In some embodiments,

destabilizing domains identified using random mutagenesis may be used to identify structural
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propertics of the candidate DDs that may be required for destabilization, which may then be used
1o further generate librarics of mutations using site directed mutagencsis.

[00142] In some embodiments, novel DDs derived from E.coli DHFR {(ecDHFR) may comprise
amino actds 2-139 of the wild type ecDHFR sequence. This may be referred to as an Midel
mutation.

[00143] In some embodiments, novel DBDs denved from ecDHFR may comprise ammo acids 2-
159 of the wild type ecDHFR scquence {also referred to as an Midel muutation), and may include
one, two, three, four, five or more mutations including, but not limited to, Mldel, R12Y, R12H,
Y1001, and E129K.

[00144] In some embodiments, novel DDs derived from FKBP may comprise amino acids 2-
107 of the wild type FKBP sequence. This may be referred to as an M1del mutation.

160145] In some embodiments, novel DDs derived from FKBP may comprise aming acids 2-
107 of the wild tvpe FBKP scquence (also referred to as an Midel mutation}, and may wnclude
one, two, three, four, five or more mutations including, but not imited to, Mlidel, E31G, F36V,
R71G, K105E, and L106P.

[00146] In some embodiments, DD mutant librarics may be screened for mutations with altered,
preferably higher binding affinity to the ligand, as compared to the wild type protein. BD
Libraries may also be screcned using two or more higands and DD mutations that are stabilized by
some ligands but not others may be preferentially selected. DD mutations that bind preferentially
to the hgand compared to a naturally occurring protein may also be selected. Such methods may
be used to optimize ligand selection and ligand binding affinity of the DD. Additionally, such
approaches can be used to mimimize deleterious effects caused by off-target ligand binding.
160147] In some embodiments, suitable DDs may be identified by screening mntant libraries
using barcodes. Such methods may be used to detect, identify and guantify individual mutant
clones within the heterogencous mutant ibrary. Each DD muotant within the library may have
distinct barcode sequences {with respect to each other}. In other instances, the polynucleotides
can also have different barcode sequences with respectto 2, 3,4, 5, 6, 7, 8, 9, 10 or more nucleic
acid bases. Hach DD mutant within the library may also comprise a plurality of barcode
sequences. When used in plurality may be used such that cach barcode is unique to any other
barcode. Alternatively, each barcode used may not be unique, but the combination of barcodes
used may create a unique sequence that can be individually tracked. The barcode sequence may
be placed upstream of the SRE, downstream of the SRE, or in some mstances may be placed
within the SRE. DD mutants may be ideantified by barcodes using sequencing approaches such as

Sanger sequencing, and next gencration sequencing, but also by polymerase chain reaction and
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quantitative polymerase chain reaction. In some embodiments, polymerase chain reaction
primers that amplify a different size product for each barcode may be used to identify cach
barcode on an agarose gel. In other instances, each barcode may have a unique guantitative
polymerase chain reaction probe scquence that enables targeted amplification of each barcode.
[00148] In some cmbodiments, Dk of the mvention may be denved from human dibvdrofolate
reductase (hDHFR). hDHFR 15 a small (18 kDa) enzyme that catalyzes the reduction of
dihvdrofolate and plays a vital role in variety of anabolic pathway. Dihvdrofolate reductase
{(PHFR) is an essential enzyme that converts 7 8-dihydrofolate {DHF) 10 5,6,7 8, tetrahvdrofolate
(THF) in the presence of micotinamide adenine dibydrogen phosphate (NADPH). Anti-folate
drugs such as methotrexate (MTX), a structural analogue of folic acid, which bind to DHFR
more strongly than the natural substrate DHF, interferes with folate metabolism, mainly by
inhibition of dihydrofolate reductase, resulting in the suppression of purine and pynimidine
precursor synthesis. Other inhibitors of hDHFR such as folate, TQD, Trimethoprim (TMP),
epigallocatechin gallate (EGCG) and ECG (epicatechin gallate) can also bind to hDHFR mutants
and regulates its stability.In one aspect of the invention, the DDs of the invention may be
hHFR mutants including the single mutation hDHFR (Y1221, hDHFR (K81R), hDHFR
(F5985), hDHFR 17V}, hDHFR (N65D), hDHFR (A 107V), hDHFR (Ni127Y), hDHFR
(K185E), hDHFR (N186D}, and hDHFR (M1401); double mutations: hDHFR (M53T, R1381},
hDHFR (V75F, Y1220, hDHFR {(A125F, Y1220, hDHFR (L74N, Y1221}, hDHFR (L94A
T147A), hDHFR (G2Z1T, Y1220, hDHFR (VI21A, Y1221, hDHFR (Q36K, Y1221, hDHFR
{(CTR, Y163C)L hDHFR (Y 178H, EI8IG), hDHFR (A 10V, H8RY), hDHFR (TI137R, F143L),
hDHFR (E63G, 1176F), hDHFR (T37A, 172A), hDHFR (H131R, E144G), and hDHFR (Y 183H,
K185E); and triple mutations: hDHFR (Q36F, N65F, Y1221), hDHFR (GZ1E, 172V, [1767),
hDHFR (18V, K1I33E, Y163(C), hDHFR (V9A, S93R, PI50L), hDHFR (K19E, FRSL, E181(G),
hDHFR (G34R, M40V, S168C), hDHFR (L2385, VI21A, Y157C), hDHFR (V110A, VI36M,
K177R), and hDHFR (N49D, F395, D153G).

00149 In onc cmbodiment, the stimulus is a small molecule that binds to a SRE to post-
translationally regulate protein levels. In one aspect, DHFR hgands: trimethoprim (TMP) and
methotrexate (MTX) are used to stabilize hDHFR mutants. The hDHFR based destabilizing
domains are listed in Table 3. The position of the mutated aming acid listed m Table 3 is relative
to the human DHFR (Uniprot 1D: P0O0374) of SEQ 1D NO. 2 for human DHFR.  In Table 3,
“del” means that the mutation is the deletion of the aminoe acid at that position relative to the

wild type sequence.
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Table 3: Human DHFR mutants and novel destabilizine domains

Mutanis Aming acid Seguence SEQID
NGO
KDHFR {117V} MVGSLNCIVAVSONMOVGENGDLPWPPLENEFRYF(QR 13

MITTSSVEGKONLVIMGEKTWEFRIPEK NRPLKGRINL VL
SRELKEPPOQGAHFLSEALDDALKLTEQPELANKVIMVW
VGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFPED
LEKYKLLPEYPGVLIDVOEEKGIKYKFEVYEKMND

hIMIEFR (F59S) MVGSLNCIVAVSQNMGIGKNGDLFWPPLRNEFRYFQR 14
MTTTSSVEGKONLVIMGKETWSSIPEKNRPLEKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKTAMNHPGHLELFVIRIMODFESDTEFFPEID
LEKYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

hDHFR (N63D) MVGSLNCIVAVSONMGIGKNGDLPWPPLENETRYFQR i35
MTITTSSVEGKONLVIMGEKTWEFSIPEKDRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTRIMQDFESDTFFPEID

hDHFR (K81R) MVGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR 16
MTTTSSVEGKONLVIMGKKTWESIPEK NRPLKGRINL VL
SRELREPPOGAHFLSRSLDDALKLTEQPELANKVDMVYW
IVGGESVYKEAMNHPGHLKLFVIRIMOQDFESDTFFPEID
LEKYKLLPEYPGYVLSDVOEEKGIKYKFEVYEKND

hIDHFR (A107V) MYGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFOR 7
MTTFSSVEGKONLVIMGKETWEFSIPEKNRPLEGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELVNKVDMVW

IVGGSSVYKEAMNHPGHLELFVTRIMODFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

hDHFR (¥Y122D) MVGSLNCIVAVSONMGIGENGDLPWPPLENEFRYFOR 18
MITTSSVEGEKONLVIMGEKTWESIPEKNRPLKGRINL VL
SRELKEPPQGAHFLSRSLDDALKLTEQPELANKVIMYW
IVGGSSVIKEAMNHPGHLKLEFVTRIMODFESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEK GIKYKFEVYEKND

hDHFR (N127Y) MVGSLNCIVAVSQONMGIGKNGDLFWPPLRNEFRYFQR 19
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMYHPGHLKLFVIRIMQDFESDTFFFEID
LEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (M1401) MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFOR 20
MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLKGRINL VL
SRELKEPPOQGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVIRIQDFESDTFFPEIDL
EXYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

hDHFR (K 18356} MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR 21
MITTSSVEGKONLVIMGEKTWEFRIPEK NRPLKGRINL VL
SRELKEPPOQGAHFLSEALDDALKLTEQPELANKVIMVW
VGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFPED

hIVHFR (N186D3) MYGSLNCIVAVSQNMGIGKNGDLFWPPLRNEFRYFQR 22
MTTTSSVEGKONLVIMGKETWESIPEKNRPLKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKTAMNHPGHLELFVIRIMODFESDTEFFPEID
LEKYKLLPEYPGVLSDVOQEEKGIKYKFEVYEKDD

hDHFR (C7R, Y163C) MVGSLNRIVAVSQNMGIGKNGDLPWPPLRNEFRYFOR 23
MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTRIMODEFESDTFFPEID
LEKYKLLPECPGVLSDVQEEKGIKYKFEVYEKND
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hDHFR (A10V, H88Y) MVGSLNCIVVVSONMGIGENGDLPWPPLENEFRYFOR 24
MITTSSVEGEKONLVIMGEKTWESIPEKNRPLKGRINL VL
SRELKEPPQGAYFLSRSLDDALKLTEQPELANKVIMYW
VGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFPED

hDHFR (Q36K, Y1221) MVGSLNCIVAVSQNMGIGKNGDLFWPPLRNEFRYFKR 25
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVIKEAMNHPGHLEKLFVTIRIMODPESDTFFPEIDL
EEYKLLPEYPGVLSDVOQEEKGIK YKFEVYEKND

hDHFR (MS53T, R138T) MVGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFOR 26
MTTTSSVEGKONLVITGKK TWESIPEXNRPLICGRINLVL

SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTIIMOQDFESDTIFPEIDL
EKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (T37A, [72A) MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR 27
MITTSSVEGEKONLVIMGKKAWFSIPEKNRPLEGRANLY
LSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMY
WIVGGSSVYKEAMNHPGHLKLFVIRIMODFESDTEFPEL
DLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (E63G, 1176F) MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFPFQR 28
MTTTSSVEGKONLVIMGKETWESIPGKNRPLKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEGPE NKVDMVW
IVGGSSVYKEAMNHPGHLELFVTRIMODFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGFK YKFEVYEKND

hDHFR (G217, Y1221) MVGSLNCIVAVSONMGIGENTDLFWFPLRNEFRYFQRM | 29
TTTSSVEGKONLYIMGKKTWEFSIPEKNRPLEGRINLVLS
RELKEPPQGAHFLSESLDDALKLTEQPELANKVDMVWI
VGOGSSVIKEAMNHPGHLUKLFVIRIMODFPESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEKGIKYKFEVYEEND

hDHFR (L74N, Y1221) MVGSENCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR 30
MTITTSSVEGKONLVIMGKKTWESIPEK NRPLKGRINNVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVIKEAMNHPGHLEKLFVTIRIMODFESDTFFPEIDL
EXYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hIDHFR (V7SF, Y1220) MYGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQR 31
MTTTSSVEGKONLVIMGKETWESIPEKNRPLEGRINLEL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVIKEAMNHPGHLKLFVTIRIMODFESDTFFPEIDL
EXYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

hDHFR (L94A, T147A) MVGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFOR 32

SRELKEPPQGAHFLSRSADDALKLTEGPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTRIMODFESDAFFPEID

DHFR (V121A, Y221 MVGSLNCIVAVSQONMGIGKNGDLFWPPLRNEFRYFQR 33
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSAIKEAMNHPGHLKLFVTIRIMODFESDTFFPEIDL

hDHFR (Y1221, A125F) MVGSENCIVAVSONMGIGKNGDLPWPPLRNEFRYFOR 34
MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLEKGRINL VL
SRELKEPPOQGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVIKEFMNHPGHLELFVTRIMODFESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (H13IR, E144G) MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR 35
MITTSSVEGEKONLVIMGEKKTWEFRIPEK NRPLKGRINL
SRELKEPPOQGAHFLSEALDDALKLTEQPELANKVIMVW
IVGGESVYRKEAMNHPGRLKLFVTRIMODFGSDTFPPEID
LEKYKLLPEYPGVLIDVOEEKGIKYKFEVYEKMND
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hDHFR (T137R, Fi43L)

MVGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFOR

MITTSSVEGKONLVIMGEKTWESIPEKNRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKLTEQPELANKVIMYW
IWGGESVYRKEAMNHPGHLKLEVERIMODLESDTEFPEID

hDHFR (Y178H, E18IG)

MVGSLNCIVAVSQONMGIGKNGDLFWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKTAMNHPGHLELFVIRIMODFESDTEFFPEID
LEKYKLLPEYPGVLSDVOEEKGIKHKFGVYEKND

hDHFR (Y183H, K183E}

MVGSENCIVAVSONMGIGKNGDLPWPPLRNEFRYFOR
MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLEKGRINL VL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTRIMODEFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIK YK FEVHEEND

hDHFR (V9A, S93R, PI150L)

MVGSLNCIAAVSONMGIGENGDLPWPPLRNEFRYFOR
MITTSSVEGKONLVIMGEKTWEFRIPEK NRPLKGRINLVL
SRELKEPPQGAHFLSRRLDDALKLTEQPELANKVDMVW
IVGGESVYKEAMNHPGHLKLFVIRIMODFESDTFFLEID
LEKYKLLPEYPGVLIDVOEEKGIKYKFEVYEKND

hDHFR (I8, K133E, Y163(C)

MYGSLNCYVVAVSQNMGIGKNGDLPWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKETWESIPEKNRPLKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
TVGGSSVYKEAMNHPGHLELF VIRIMQDFESDTFFPEID
LEKYKLLPECPGVLSDVQEEKGIKYKFEVYEKND

40

hDHFR (L2385, VI21A Y157C)

MVGSLNCIVAVSONMGIGEKNGDSPWPPLRNEFRYFQR
MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSAYKEAMNHPGHLKLFVTRIMQDFESDTFFPEID

41

hDHFR (K19E, F89L., EI81G)

MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFORM
TTTISVEGKONLYIMGKKTWESIPEKNRPLKGRINLVLS
RELKEPPOGAHLLSRSLDDAL KL TEQPELANKVDMVWI
VGGSSVYKEAMNHPGHLKLFVTRIMODFESDTFFPEIDL
B YKLLPEYPGVLSDVOEEKGIKYKFGVYEKND

42

hIDHFR (Q36F, N6SF, Y1220

MYGSENCIVAVSQONMGIGKNGDLPWPPLRNEFRYFFRM
TTTSSVEGKONLVIMGKK TWESIPERFRPLEGRINL VLS
RELKEPPQGAHFLARSLDDALKLTEQPELANKVDMYWI
VGGISVIKEAMNHPGHLKLFVIRIMQDFESDTFFPEIDL
EXYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

43

hDHFER (GS54R, M140V, S168C)

MVGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFOR

44

hDHFR (V110A, V136M, K177R)

MVGSLNCIVAVSONMGIGKNGDLFWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKADMVW
IVGGSSVYKEAMNHPGHLKLFMTRIMOQDFESDTFFPEID
LEKYKLLPEYPGVLSDVOEERGIRYKFEVYERND

hDHFR (Amino acid 2-187 of WT,

Q36F, Y1221, Al25F)

YVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFFRMT
TTSSVEGKONLVIMGKK TWESIPEKNRPLEKGRINLVLSR

ELKEPPOGAHFLIRSLDDALKLTEQPELANKVDMVWIV
GGSSVIKEFMNHPGHLKL FVTRIMQDFESDTFFPEIDLEK
YKLLPEYPGVLSDVQEEKGIKYKFEVYEKND

46

hDHFR (N49D, F595, D153G)

MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR
MITTSSVEGKODLVIMGEKTWSSIPEK NRPLKGRINL VL
SRELKEPPOQGAHFLSEALDDALKLTEQPELANKVIMVW
WWGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFPEIG
LEKYKLLPEYPGVLIDVOEEKGIKYKFEVYEKMND
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hDHFR (G21E, 172V, [176T)

MVGSLNCIVAVSONMOGIGENEDLPWEPPLRNEFRYFORM
TTTISVEGKONLYIMGKKTWESIPEKNRPLKGRYNLVLS
RELKEPPOGAHFLSRSLDDALKLTEQPELANEVIMVWI

VGGSSVYKEAMNHPGHLELEVIRIMOQDFESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEK GTKYKFEVYERND

43

hDHFR (L100P, E102G, Q103R,
P1045, E103G, N108D, VIIGA,
WIHI4R, Y122C, M126L N127R,
Hiz8Y, L132P, F135P, [1397,
F1488, F149L, 1152V, 1534,
3169G, VIT0A, 1176A, K177R,
V182A, KI85R, N186S)

MVGSLNCIVAVSQONMGIGKNGDLPWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKPTGRSGLADKVIIMAR
IVGGSSVCKEAIRYPGHPKIPVIRTMODTESDTSLPEVA
LEKYKLLPEYPGVLSGAQEEKGARYKFEAYERSD

hDHFR (V2A, R33G, Q36R,
L100P KI185R)

MAGSLNCIVAVSONMGIGEKNGDLPWPPLENEFGYFRR
MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPOQGAHFLSRSLDDALKPTEQFELANKVDMVYW
IVGGSSVYKEAMNHPGHLKLFVTRIMODEFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIKYEFEVYERND

HDHFE (G168, 117V, F89L,
D96G, KI23E, MI46V, D146G.
K136R)

MVGSLNCIVAVSONMSVGKNGDLPWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKKTWESIPEK NRPLKGRINL VL
SRELKEPPOGAHLLSRSLDGALKLTEQPELANKVDMVW
IVGGESVYEEAMNHPGHLKILFVIRIVODFESGTIFFPEIDL
ERYKLILPEYPGVLSDVOERKGIKYKFEVYEKND

hDHFR (F351., R37G, N63A,
1688, KoSE, R71G, L30P, K99G,
GHTD, L132P, 1139V, M140],
D142G, D146G, E173G, DIST(G)

MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYLQG
MTTFSSVEGKONLVIMGKETWESIPEKARPIEGGINLVL
SREPKEPPQGAHFLSRSLDDALGLTEQPELANK VIMVW
IVDGSSVYKEAMNHPGHPKLFVIRVIQGFESGTEFPEIDL
EEYEKLLPEYPGVLSDVOECKGIKYKFEVYEKNG

hDHFR ({I17N, L9885, K99R,
MUL2T, BI51G, E162G, E172G)

MVGSLNCIVAVSONMGNGENGDLPWPPLRNEFRYFQR
MITTSSVEGEKONLVIMGEKTWESIPEKNRPLKGRINL VL
SRELKEPPQGAHFLSRSLDDASRLTEQPELANKVDTVWI
VOGSSVYKEAMNHPGHLK LFVIRIMOQDFESDTEFFPGIDL
EKYKLLPGYPGYLSDVOQGEK GIKYKFEVYEEND

hDHFR (R138G, D142G, F1438,
KIS6R, K158E, E162G. VIG6A,
K177E, Y178C, K185E, N186S)

MVGSLNCIVAVSQONMGIGKNGDLPWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTGIMQGSESDTFFPEID
LERYELLPGYPGALSDVOEEKGIECKFEVYEESD

876

hIDHFR (K8IR, K99R, L100P,
E102G, N108D, K123R, Hi128R,
D1i42G, F180L, K185E)

MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFOR
MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLKGRINL VL
SRELREPPOGAHFLSRSLDDALRPTGOPELADKVDMVW
IVGGSSVYREAMNRPGHLKLFVTRIMOQGFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIKYKLEVYEEND

hDHFR (N148, P248, F35L,
M53T, KSGE, R92G, 89345,
N1278, Hi28Y, F1351, F1438,
L1391, L160P, E173A, FI8GL)

MVGSLNCIVAVSQSMGIGKNGDLIWEPPLRNEFRYLORM
TTTSSVEGKONLVITGKETWESIPEKNRPLKGRINLVLSR

KYKPPPEYPGVLSDVOEAKGIKYKLEVYEKND

hDHFR (VZA, 117V, N30D,
E31G, Q36R, F595, KavE, 1727,
HS88Y, FBOL, N108D, KI109E,
VII0A, [113V, Y122D, L132P,
F1358, M140V, E1440G, T147A,
Y157C, VIT0A, KI74R, N186%)

MAGSLNCIVAVSOQONMGVGKNGDLPWFPLRDGFRYFRR
MTTTSSVEGKONLVIMGKIKTWSSIPEKNRPLEGRTNLY
LSRELKEPPOGAYLLSRSLDDALKLUTEQPELADEAGMY

DLEKCKLLPEYPGVESDAQEERGIKYKFEVYEKSD

hDHFR (L28P, N30H, M38V,
V44A, L68S, N73G, R78G, A97T,
K99R, AL07T, KI09R, DI1IIN,
LI34P, Fi35V TI47A, 1152V,
K138R, E172G, VI82ZA, E184R)

MVGSLNCIVAVSONMGIGKNGDLPWPPPRHEFRYTQRV
TTTSSAEGKONLVIMGKKTWESIPEKNRPSKGRIGLVLS
GELKEPPQGAHFLSRSLDDTLRLTEQPELTNRVNMVWI
VGGSSVYKEAMNHPGHLRPVVTRIMODFESDAFFFEVD
LEKYRLLPEYPGVLSDVOGEKGIKYKFEAYRKND

880

hIDHFR (A10T, Q13H, Ni4S,
N20D, P24S, N30S, M38T, T40A,

MVGSLNCIVTVSRSMGIGKDGDLSWPPLRSEFRYFOQRTT
ATSSVEGROSLVIMGKRTWESTPERNRPLRGRANLVLS

881
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K47R, N49S, K36R, 16T, K64R,
K69R, 172A, R78(G, B82G, FaYL,
396G, N108D, M112V, WII4R,
Y1225, K123E, 1139V, Q141R,
131424, FI481, BE131G, E135G,
YISTR, QUTIR, Y183, E184G,
K.385del, D87

GELKGPPOGAHLLSRSIDGALKLTEQPELADKVDVVRI
VGGSSVDEEAMNHPGHLKLFVTRVMRGFESDTLEPGID
LOGKRKLLPEYPGVLSDVREEK GIKYKLEVCGNN

BIHFR (Amino acid 2-187 of WT,
137V, Yi22h

VGELNCIVAVSOQNMGYGENGDLPWPPLRNEFRYFOQRM
TTTSSVEGKONLVIMGKK TWESIPEENRPLKGRINLVLS
RELKEPPOQGAHFLSRSLDDALKLTEQPELANK VDM VWI
VOGSSVIKEAMNHPGHLKLFVTRIMOQDFESDTEFPEIDL

hDHFR (Amino acid 2-187 of WT,
Y1221, M140L)

VGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFEYFORMT
TTSSVEGKONLVIMGEKTWFESIPEKNRPLKGRINLVLSR

ELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVYWIV
GGSSVIKEAMNHPGHLKLFVTRIIQDFESDTFFPEIDLEK

YRKLLPEYPGVLSDVOQEEKGIKYKFEVYEKND

hDHFR (Amino acid 2-187 of WT,
Ni27Y, Y1220

VGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFORMT
TTSSVEGKONLVIMGKKTWESIPEKNRPLKGRINLVLSR
ELKFEPPOGAHFLSRSLDDALKLTEQPELANKVDMVWIV
GGSSVIKEAMYHPGHLKLFVIRIMODFESDTFFPEIDLE
KYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

884

BIHFR (Amino acid 2-187 of WT,
Y1221, Hi31R, £144G)

VGELNCIVAVSQNMGIGKNGDLPWEPPLRNEFRYFQRMT
TTSSVEGKOQNLVIMGKK TWEFSIPEENRPLKGRIMNLVLSR
ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMYWIV
GGSSVIKEAMNHPGRLELFVIRIMODFGRIDTFFPEILE
KYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

hDHFR (Amino acid 2-187 of WT,
D228, F32M, R338, (3368, N653)

VGSLNCIVAVSQMNMGIGKNGSLPWPPLENEMSYFSEMT
TTSSVEGKONLYVIMGKKTWESIPEK SRPLKGRINLVLSR

GOGSSVYKEAMNHPGHLKLFVTRIMODFESDTFFPEIDLE
KYKLLPEYPGVLSDVOEEKGIKYKFEVYEEND

886

hDHFR (Amino acid 2-187 of WT,;
E31D, F32M, V116D

VGSLNCIVAVSONMGIGKNGDLPWPPLENDMRYFQRM
TTTSSVEGKONLVIMGKKTWISIPEKNRPLKGRINLVLS
RELKEPPOQGAHTLSRSLDDALKLTEQPELANKVDMVYWII
GGSSVYKEAMNHPGHLELFVIRIMODFESDTFFPEIDLE
KYKLLPEYPGVLSDVOQEEKGIK YKFEVYEKND

887

hIDHFR (Amino acid 2-187 of WT,
E162G, I176F)

/GRLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMT
TTSSVEGKONLVIMGKK TWESIPEKNRPLEKGRINLVLSR
ELKEPPOGAHFLIRSLDDALKLTEQPELANKVDMVWIV
GGSSVYKEAMNHPGHLKLFVIRIMODFESDTFFPEIDLE
KYKLLPGYPGVLSDVOEEKGFK YKFEVYEKND

888

hDHFR (Amino acid 2-187 of WT,
K185E)

VGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQRMT
TTSSVEGKONLYVIMGKKTWESIPEKNRPLKGRINLVLSR

GGISVYKEAMNHPGHLKLFVTRIMQDFESDTEFPEILE
KYKLLPEYPGVLSDYVQOEEKGIKYKFEYYEEND

o el
x
Nel

hDHFR (Amino acid 2-187 of WT,;
Y1221, A125F)

VGSLNCIVAVSONMGIGKNGDLPWFPLRNEFRYFOQRMT
TTSSVEGKONLVIMGKKTWESIPEKNRPLKGRINLVLSR
ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMYWIV
GGSSVIKEFMNHPGHLKLFVTRIMOQDFESDTTFPEIDLEK
YKLLPEYPGVLSDYOQEEE GIKYKFEVYEEND

890

hDHFR (Amino acid 2-187 of WT,
Q36F, NasF, Y1221

YVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFFRMT
TTSSVEGKONLVIMGKKTWEFSIPEKFRPLKGRINLVLSR

ELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVYWIV
GGSSVIKEAMNHPGHLKLFVTRIMODFESDTFFPEIDLE

KYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

891

KDHFR {Awmino acid 2-187 of WT;
NI27Y)

VGSLNCIVAVSONMGIGK NGDLPWPPLENEFRYFORMT
TTESVEGKONLVIMGKKTWPSIPEKNRPLKGRINLVLSR
ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVWIV

892
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GGOSSVYKEAMYHPGHLEKLFVIRIMODFESDTFFPEIDLE
EYRKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (Amino acid 2-187 of WT; | VGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMT | 893
HI3ZIR, E144G) TTSSVEGKONLVIMGEKTWFESIPEKNRPLKGRINLVLSR
ELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVYWIV
GGSSVYKEAMNHPGRLKLFVTRIMODEFGSDTIFPEIDLE
KYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (Amino acid 2-187 of WT; | VGSLNCIVAVSONMGVGKNGDLPWPPLRNEFRYFOQRM | 894
7V TTTISVEGKONLYIMGKKTWESIPEKNRPLKGRINLVLS

RELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVWI
YVOGSSVYKEAMNHPGHLKLFVIRIMODFESDTFFPEIDL
EXYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hIDHFR (Amino acid 2-187 of WT; | VGELNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMT | 895
Y1221) TTSSVEGKOQNLVIMGKK TWEFSIPEENRPLKGRIMNLVLSR
ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMYWIV
GGSSVIKEAMNHPGHLKLFVIRIMODFESDTFFPEIDLE

KYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

hDHFR {£162G, 1176F) MVGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFOR 896
MITTSSVEGKONLVIMGEKTWESIPEKNRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKLTEQPELANKVIMYW
IVGGSSVYKEAMNHPGHLKLFVTRIMQDFESDTFFPEID

LEKYKLLPGYPGVLSDVOEEKGFK YKFEVYEKND
hDHFR (Amino acid 2-187 of WT; | VGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFKRMT | 981
Q36K Y1220} TTSSVEGKONLVIMGKKTWEFSIPEKNRPLKGRINLVLSR

ELKEPPOQGAHFLSRSLDDALKLTEGPELANKVDMVWIYV
GGSSVIKEAMNHPGHLELFVTRIMQDFESDTFFPEIDLE
KYKLLPEYPGVLSDVOQEEKGIKYKFEVYEKND

[00150] In some embodiments, DD mutations that do not inhibit ligand binding may be

preferentiaily selected. In some embodiments, ligand binding may be improved by mutation of
residues in DHFR. Amino acid positions selected for mutation include aspartic acid at posttion
22 of SEQ ID NO. 2, glutamic acid at position 31 of SEQ 1D NO. 2; phenyl alaning at position
32 of SEQ ID NO. Z; arginine at position 33 of SEQ 1D NG. 2; glutamine at position 36 of SEQ
[ NO. 2; asparagine at position 65 of SEQ 1D NO. 2; and valine at position 115 of SEQ 1D NO.
2. In some embodiments, one or more of the following mutations may be utilized in the DDs of
including but not limited to, D228, E310, F32M,
R338, (3368, N63S, and V1161 The posttion of the mutated amino acids is relative to the
wildtvpe human DHFR (Uniprot 1D: PO0374) of SEQ D NO. 2.

[00153] In some embodiments, novel DDs dertved from human DHER may include one, two,

the present invention to improve TMP binding

[y

three, four, five or more mutations including, but not himuted 1o, Mldel, VZA C7R IRV, VOA,
ALOT, AIOV, QI3R, N14S, Gl6S, TN, I17V, KI19E, N20D, G217, G2Z1E, D228, L2385, P248,
L28P, N30D, N30H, N30S, E31G, E31D, F32M, R33(G, R335, F35L, Q36R, (368, (336K,
(Q36F, R37(G, M38V, M38T, T40A, V44A, K4TR, N49S, N4SD, M53T, G54R, K56E, K56R,
T57A, F398, 161T, K64R, N65SA, N63S, No3D, N6SF, Le8S, K69E, K69R, R71G, 1727, 172A,
72V, NT3G, L74N, VT5F, R78G, L30P, KA1R, E82(G, HERY, FE9L, R92G, 893G, S93R, 1944,
DS6G, A97T, LO8S, KooG, K9OR, L100P, E102G, QIO03R, PI04S, E105G, A107T, A107V,

7
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NI108D, KI109E, KI109R, VII0A, DITIN MEI2T, M1TI2V, VII3A WI4R, F115V 11150,
VIS GUTD, VIZ2EA, YI22C, Y1220, Y1221 KI23R, K123E, A125F, Mi261, N127R,
NI1278, NI27Y, HI28R, HI128Y, HI3IR, L132P, K133E, L134P, FI35P, F135L, F135S,
F135V, V136M, TI37R, R138(G, R138L, 11397, [139V, M140I, M140V, Q141R, D142G,
F1l438, FI43L, E144G, D146G, T147A, FI1488, F1481, F149L, PI5SOL, E151G, 1152V, D153A,
DI53G, EI155G, KI56R, YI57R, YI57C, KI38E, K158R, L159P, L160P, Ei62G, Y163C,
V16oA, S168C, 169G, VI70A, Q171IR, E172G, E173G, E1T73A, K174R, 1176A, 1176F, 11767,
KI77E, K177R, Y178C, Y178H, Fi80L, E181G, VI82A, YI83(, Y183H, F184R, E184G,
KIi85R, Ki85del, KI85E, N186S, N186D, DIRTG, and DIETN,

[00152] In some embodiments, novel DDs derived from human DHFR may comprise amino
acids 2-187 of the wild type homan DHFR sequence. This may be referred to as an Mldel
mutation.

[00153] In some embodiments, novel DDs derived from human DHFR may comprise aming
acids 2-187 of the wild tvpe human DHFR sequence {also referred to as an Mldel mutation), and
may mnclude ong, two, three, four, five or more mutations includimg, but not Linuted to, Mldel,
V2A, CTR, I8V, VOA, AI0T, AI0V, QI3R, N14S, Gl6S, 17N, [17V, K19E, N20D, G217,
G21E, D228, 1238, P24S5, L28P, N30D, N30H, N30S, E31G, E31D, F32M, R33G, R33§, F35L,
(Q36R, 368, 36K, Q36F, R37G, M3V, M38T, T40A, V44A, K4TR, N49S, N49D, M53T,
G34R, K56E, K56R, T57A, F598, 1617, KadR, N6SA, N65S, N63D, N6SF, L6888, K69E, K6OR,
RUG, 72T, 1724, 172V, NT3G, L74N, VT5F, R78G, LROP, KRR, E82G, HERY, F89L, R92G,
S93G, SP3R, Lo4A, DO6G, A9TT, LU8S, K99G, K99R, L100P, E102G, QI03R, PI045, E105G,
ALOTT, A107V, N108D, K109E, K109R, VII0A, D11IN, MIEI2T, M112V, VII3A WII4R,
FLISY, IHISE, VEIGEL GHITD, VIZTA YI22C Y1220, Y1221 KI123R, K123E, A125F, M1261,
NI27R, NI27S, N127Y, HI28R, HI28Y, HIZIR, LI132P, KI33E, LI34P, FI135P, FI35L,
F1355, FI35V, VI36M, T137R, RI138G, RI38L 11397, 1139V, M140f, M140V, G141R,
D142G, F1438, Fi431L, BE144G, D146G, T147A, F1488, F148L, F1400L, P150L, FI51G, 1152V,
DIS3A, DIS3G, EISSG, KIS6R, YISTR, YIS7C, KIS8E, KI158R, L139P, L160P, E162G,
Y163C, VI66A, SI68C, D169G, VIT0A, QI7IR, E172G, E173G, E173A, K174R, 11764,
F176F, 11767, K177E, KI77R, Y178C, Y178H, FI80L, E181G, VI8ZA, Y183(C, Y183H,
EI84R, F184G, K185R, Ki85del, K185E, N186S, N186D, DBTG, and D18TN.

2. Pavicads: Immunotherapeutic agenis

[00154] In some embodiments, payloads of the present invention may be immumotherapeutic
agents that induce immung responses in an organism. The immunoctherapeutic agent may be, but

1s not linuted to, an antibody and tragments and variants thercof, a chimeric antigen receptor
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{(CAR), a chimenic switch receptor, a cytokine, chemokine, a cytokine receptor, a chemaoking
receptor, a cvickine-cytokine receptor fusion polypeptide, or any agent that mduces an immune
response. In one embodiment, the immunotherapeutic agent induces an anfi-cancer inimune
response in a cell, or in a subject.

Antibodies

[B0155] In some embodiments, antibodies, fragments and vanants thereot are pavioads of the
present invention.

100156] In some embodiments, antibodies of the present invention, inchide without limitation,
any of those taught in Table 5 of copending commonly owned U.S. Provisional Patent
Application No. 62/320,864 filed on 4/11/2016, or n US Provisional Application No.
62/466,596 filed March 3, 2017 and the Intemational Publication W(2017/180587, the contents
of each of which are incorporated herein by reference in their entirety.

Antibody fragments and variands

[B0157] In some embodiments, antibody fragments and variants may comprise antigen binding
regions from intact antibodies. Examples of antibody fragments and variants may mchide, but
are not himited to Fab, Fab', F{ab')2, and Fv fragments; diabodics; lincar antibodics; single-chain
antibody molecules such as single chain variable fragment {scFv); and multispecific antibodies
formed from antibody fragments. Papain digestion of antibodics produces two identical antigen-
binding fragments, called "Fab" fragments, cach with a single antigen-binding site. Also
produced 1s a residual "Fc" fragment, whose name reflects wts ability to crvstaliize readily. Pepsin
treatment vields an F(ab')? fragment that has two antigen-binding sites and is stilf capable of
cross-linking with the antigen. Pharmaceutical compositions, biocircuits, biocircuit components,
effector modules including their SREs or payloads of the present invention may comprise one or
more of these fragments.

[00E58] For the purposes herein, an "antibody” may comprise a heavy and light vanable domain
as well as an Fo region. As used herein, the term "native antibody” usually refers to a
heterotetrameric ghycoprotein of about 150,000 daltons, composed of two identical light (1)
chains and two identical heavy (H) chams. {enes encoding antibody heavy and light chains are
known and segments making up each have been well characterized and described (Matsuda et
al., The Journal of Experimental Medicine. 1998, 188(11): 2151-62 and Li et al |, Blood, 2004,
103(12): 4602-4609; the content of cach of which are herein incorporated by reference in their
entirety). Hach light chain is linked to a heavy chain by one covalent disulfide bond, while the
number of disulfide linkages varies among the heavy chains of different immunoglobulin

1sotypes. Each heavy and light chain also has regularly spaced mtrachain disulfide bridges. Each
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heavy chain has at one end a vanable domain (VH} followed by a number of constant domains.
Fach light chain has a variable domain at one end (VL) and a constant domain at its other end;
the constant domain of the Light chain 1s aligned with the first constant domain of the heavy
chain, and the light chain variable domain is aligned with the variable domain of the heavy chain.
j00159] As used herein, the torm "variable domain” refers to specific antibody domains found
on both the antibody heavy and light chans that differ extensively in sequence among antibodies
and are used in the binding and specificity of each particudar antibody for its particular antigen.
Variable domains comprise hvpervariable regions. As used herein, the term "hypervariable
region” refers to a region within a variable domain comprising amino acid residues responsibic
for antigen binding. The amino acids present within the hvpervanable regions determine the
structure of the complementanity determining regions (CDRs) that become part of the antigen-
binding site of the antibody. As used herein, the term “CDR” refers to a region of an antibody
comprising a structure that is complimentary to its target antigen or epitope. Other portions of
the vanable domain, not inferacting with the antigen, are referred fo as framework (FW) regions.
The antigen-binding site (also known as the antigen combining site or paratope) comprises the
amino acid residucs necessary to interact with a particular antigen. The exact residues making up
the antigen-binding site are typically elucidated by co-crystallography with bound antigen,
however computational asscasments based on comparisons with other antibodies can also be
used (Strobl, W .R. Therapeutic Antibody Engineering. Woodhead Publishing, Philadelphia PA.
2012, Ch. 3, p47-54, the contents of which are herein incorporated by reference in their entirety).
Determining residues that make up CDRs may mclude the use of numbering schemes mcluding,
but not himited to, those taught by Kabat (Wu et al., JEAS, 1970, 132(2)3:211-250 and Johnson et
al., Nucleic Acids Res. 2000, 28(1): 214-218, the contents of cach of which are herein
meorporated by reference in their entirety), Chothia (Chothia and Lesk, 1. Mol Biol 1987, 196,
901, Chothia et al., Nature, 1989, 342, 877, and Al-Lazikam et al., J Mol Biol. 1997, 273(4):
927-948, the contents of each of which are herein incorporated by reference in their entirety},
Lefranc (Lefranc et al., Immunome Res. 2005, 1:3) and Honegger (Honegger and Pluckthun, J.
Mbol. Biol. 2001, 309(3). 637-70, the contents of which are herein mcorporated by reference in
their entirety).

100160] VH and VL domains have three CDRs each. VL CDRs arg referred 1o herein as CDR-
L1, CBR-L2 and CDR-L3, 1 order of occurrence when moving from N-to C- terminus along
the vanable domain polypeptide. VH CDRs are referred to herein as CDR-HI, CDR-H2 and
CDR-H3, in order of occurrence when moving from N- to - terminus along the vanable domain

polypeptide. Each of CDRs has favored canonical structures with the exception of the CDR-H3,
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which comprises amino acid sequences that may be highly variable in sequence and fength
between anttbodies resulting in a variety of three-dimensional structures in antigen-binding
domaimns (Nikoloudis, et al., PeerJ 2014, 2: ¢456). In some cases, CDR-H3s may be analvzed
among a panel of related antibodies to assess antibody diversity. Various methods of determining
CDR sequences arc known i the art and may be applied to known antibody sequences {Strohl,
W.R. Therapeutic Antibody Engineering. Woodhead Publishing, Philadelphia PA 2012, Ch. 3,
pd7-54, the contents of which are herein incorporated by reference m their entivety}.

100161 Asused herein, the torm “Fv7 refers to an antibody fragment comprising the mmimum
fragment on an antibody needed to form a complete antigen-binding site. These regions consist
of a dimer of one heavy chamm and one hight chain vanable domain m tight, non-covalent
association. Fv fragments can be generated by proteclytic cleavage, but are largely unstable.
Recombinant methods are known in the art for generating stable Fv fragments, typically through
msertion of a flexible linker between the light chain variable domain and the heavy chain
variable domain {to form a single chain Fv (scFv}) or through the introduction of a disulfide
bridge between heavy and light chain variable domains {Strohl, W R, Therapeutic Antibody
FEngineering. Woodhead Publishing, Philadelphia PA. 2012, Ch. 3, pd6-47, the contents of which
are herein incorporated by reference in their entirety).

[00162] As used herein, the term "light chain” refers to a component of an antibody from any
vertebrate species assigned to one of two clearly distingt types, called kappa and lambda based
on amino acid sequences of constant domains. Depending on the amino acid sequence of the
constant domain of their heavy chains, antibodies can be assigned to different classes. There are
five major classes of intact antibodies: IgA, IgD) IgE, 12(, and IgM, and several of these may be
further divided into subclasses (isotypes), ¢.g., IgGl, g2, 1963, 1G4, IeA, and IgA2.

[00163] As used herein, the term "single chain Fv™ or "scFv" refers to a fusion protein of VH
and VL anttbody domaings, wherein these domains are linked together into a single polypeptide
chain by a flexible peptide linker. In some embodiments, the Fv polypeptide linker enables the
scFv to form the desired structure for antigen binding. In some embodiments, scFvs are utihized
in conjunction with phage display, yeast displav or other display methods where they may be
expressed in association with a surface member (¢.g. phage coat proten) and used in the
identification of high affinity peptides for a given antigen.

[00164] Using molecular genetics, two scFvs can be engineercd in tandem into a single
polypeptide, separated by a inker domain, called a “tandem scFv” {taseFv). Constraction of a
tasclv with genes for two different scFvs yields a “bispecific single-chain variable fragments”

(bis~scFvs). Only two tascFvs have been developed clinically by commercial firms; both are
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bispecific agents in active early phase development by Micromet for oncologie mdications, and
are described as “Bispecific T-cell Engagers (BiTE).” Blinatumomab 1s an anti-CD 1 9/anti-CD3
bispecific tascFv that potentiates T-cell responses to B-cell non-Hodgkin lymphoma in Phase 2.
MT110 is an anti-EP-CAM/anti-CD3 bigpecific tascFy that potentiates T-cell responses to solid
tumors in Phase | Bispecific, tetravalent “TandAbs” are also being resecarched by Affimed
{Nelson, A. L., MAbs,, 2010, Jan-Feb; 2(1):.77-83). maxibodies {bivalent scFv fused to the
amino terminus of the Fo (CH2-CH3 domains) of IgGG may also be inchuded.

100165] Asused herein, the term “hispecific antibody™ refers to an antibody capable of binding
two differcnt antigens. Such antibodies typically comprise regions from at least two different
antibodies. Bispecitic antibodies may include any of those described i Riethmuiler, G. Cancer
Immunity. 2012, 12:12-18, Marvin et al., 2003, Acia Pharmacologica Sinica. 2005, 26(6}; 649
658 and Schaefer et al., PNAS. 2011, 108(27%:11187-11192, the contents of cach of which are
herein mcorporated by reference in their entirety.

[00166] Asused herein, the term "diabody” refers to a small antibody fragment with two
antigen-binding sites. Diabodies arc functional bispecific single-chain antibodies {(bscAb).
Diabodies comprise a heavy chain vanable domain VH connected to a light chain variable
domamn VL in the same polypeptide chain. By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are forced 1o pair with the
complementary domains of another chain and create two antigen-binding sites. Diabodies are
described more fully m, for example, EP 404,097, W0 93/11161; and Hollinger et al. (Hollinger,
P.etal, “Diabodies™ Small bivalent and bispecific antibody fragments. PNAS, 1993, 90: 6444-
6448); the contents of each of which are incorporated herein by reference in their entirety.
100167 The term “mntrabody” refers to a form of antibody that is not secreted from a cell in
which it 1s produced, but instead targets one or more infracellular proteins. Intrabodies may be
used to affect a multitude of cellular processes tnclading, but not limited to intracelhudar
trafficking, transcription, translation, metabolic processes, proliferative signaling and cell
division. In some embodiments, methods of the present invention may include intrabody-based
therapies. In some such embodiments, vanable domam sequences and/or CDR sequences
disclosed herein may be incorporated mto one or more constructs for intrabody-based therapy.
100168] Asused herein, the torm "monoclonal antibody” refers to an antibody obtained from a
population of substantially homogencous celis {or clones), i.¢., the individual antibodics
comprising the population are identical and/or bind the same epitope, except for possible vanants
that may arise during production of the monoclonal antibodics, such variants generally being

present in minor amounts. In contrast to polyclonal antibody proparations that typically include
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different antibodies directed against different determinants {epitopes), each monoclonal antibody
is directed against a single detcrminant on the antigen.

[00169] The moditier "monoclonal” indicates the character of the antibody as being obtaine
from a substantially homogeneous population of antibodies, and 18 not to be construed as
requiring production of the antibody by any particular method. The monoclonal antibodics herein
include "chimeric" antibodies (immunoglobulins} in which a portion of the heavy and/or light
chain 15 identical with or homelogous to corresponding sequences in antibodies derived from a
particular species or belonging to a particular antibody class or subelags, while the remainder of
the chain(s) is identical with or homologous to corresponding sequences in antibodies derived
from another species or belonging to ancther antibody class or subclass, as well as fragments of
such antibodies.

I60178] As used herein, the term "humanized antibody” refers to a chimeric antibody
comprising a minimal portion from one or more non-human {¢.g., murinc} antibody source(s})
with the remainder derived from one or more human immunoglobulin sources. For the most part,
humanized antibodies are human immunoglobulins {recipient antibody ) in which residues from
the hvpervanable region tfrom an antibody of the recipient are replaced by residues from the
hypervariable region from an antibody of a non-human specics (donor antibody} such as mouse,
rat, rabbit or nonhuman primate having the desired specificity, affinity, and/or capacity. In ong
ermbodiment, the antibody may be a humanized full-length antibody. As a non-limiting example,
the antibody may have been humanized using the methods taught in US Patent Publication NO.
US20130303399, the contents of which are herem mcorporated by reference 1n its entirety.
[00173] Asused herein, the term “antibody variant” refers to a modified antibody (in relation o
a native or starting antibody} or a biomolecule resembling a native or starting antibody n
structure and/or function {¢.g., an antibody mimetic). Antibody variants may be alicred in their
amino actd sequence, composition or structure as compared to a native antibody. Antibody
variants may include, but are not limited to, antibodies with altered 1sotypes {e.g., IgA, gD, IgE,
IgG1, 1gG2, 1gG3, 1gG4, or IgM), humanized variants, optimized variants, multispecitic
antibody varants {(e.g., bispecific varants), and antibody fragments.

[00172] In some embodiments, pharmaceutical compositions, biocireuts, biocircut
components, effector modules including their SREs or pavicads of the present wnvention may be
antibody mimetics. As used herein, the term “antibody nmumetic” refers to any molecule which
mimics the function or effect of an antibody and which binds specifically and with high affimty
to their molecular targets. In some embodiments, antibody mimetics may be monobodies,

designed to incorporate the fibronectin tyvpe (Il domain (Fn3) as a protein scaffold (US
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6,673,901, US 6,348 384} In some embodiments, antibody mimetics may be those known in the
art including, but are not limited to affibody molecules, affilins, affitins, anticalins, avimers,
Centyrins, DARPINSTM, Fynomers and Kunitz and domain peptides. In other embodiments,
antibody mimetics may include one or more non-peptide regions.

601731 In one cmbodiment, the antibody may comprise a modified Feregion. As a non-
limiting example, the moditied Fe region may be made by the methods or may be any of the
regions described in US Patent Publication NO. US20150065690, the contents of which are
herein incorporated by reference in its entirety.

[00174] In some embodiments, payloads of the invention may encode multispecific antibodies
that bind more than ong epitope. As used herein, the terms “multibody™ or “multispecific
antibody™ refer to an anobody wherein two or more variable regions bind to different epitopes.
The epitopes may be on the same or different targets. In one embodiment, the multispecific
antibodv may be generated and optimnized by the methods described in International Patent
Publication NO. W(2011109726 and US Patent Publication NO. US20150252119, the contents
of which cach of which are herein incorporated by reference in their entirety. These antibodies
are able to bind to multiple antigens with high specificity and high affinity.

[001753] In certain embodiments, a multi-specific antibody 1s a "bispecific antibody” which
recognizes two different epitopes on the same or different antigens. In one aspect, bispecific
antibodies are capable of binding two different antigens. Such antibodics typically comprise
antigen-binding regions from at least two different antibodies. For example, a bispecific
monoclonal antibody (BsMAb, BsAbj is an artificial protein composed of fragments of two
different monoclonal antibodies, thus allowing the BsAb to bind to two different types of
antigen. Bispecific antibody frameworks may imchude any of those described m Ricthmuller, G..
2012, Cancer Immunity, 2012, 12:12-18; Marvin et al., Acta Pharmacologica Simica. 2005,
26(6):6495-638; and Schacfer et al., PNAS. 2011, 108(27): 11187-11192, the contents of each of
which are herein incorporated by reference i their entirety. New gencrations of BsMAD, called
“trifunctional bispecific” antibodics, have been developed. These consist of two heavy and two
light chains, one cach from two ditferent antibodies, where the two Fab regions {the arms) are
directed against two antigens, and the Fe region {the foot) comprises the two heavy chains and
forms the third binding site.

[00176] In some embodiments, payloads may encode antibodics comprising a single antigen~
binding domain. These molecules are extremely small, with molecular weights approximately
ong-tenth of those observed for full-sized mAbs. Further antibodies may include “nancbodies”

dertved from the antigen-binding variable heavy chain regions (VHHSs) of heavy chain antibodies
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found in camels and Uamas, which lack hight chains {(Nelson, AL L, MAbs 2010, Jan-Feb;
2{1377-83).

[00177] In some embodiments, the antibody may be “muniaturized”. Among the best examples
of mAb miniaturization are the small modular immunopharmaceuticals {(SMIPs} from Trubion
Pharmaceuticals. These molecules, which can be monovalent or bivalent, are recombinant single-
chain molecules contaiming one VL, one VH antigen-binding domain, and one or two constant
“effector” domains, all connected by linker domains. Presumably, such a molecule might offer
the advantages of increased tissue or tumor pengiration claimed by fragments while retaiming the
immune effector functions conterred by constant domains. At least three “ouniaturized” SMiPs
have entered clinical development. TRU-015, an anti-CD20 SMIP developed in collaboration
with Wyeth, 1s the most advanced project, having progressed to Phase 2 for rheomatoid arthritis
(RA}. Earlier attempts in systemic fupus erythrematosus (SLE} and B cell lymphomas were
ultimately discontinued. Trubion and Facet Biotechnology are collaborating in the development
of TRU-016, an anti-CD37 SMIP, for the treatment of CLL and other lvmphoid neoplasias, a
project that has reached Phase 2. Wyeth has licensed the anti-CD20 SMIP SBI-087 for the
treatment of antoinumune discascs, including RA, SLE and possibly multiple sclerosis, although
these projects remain in the carliest stages of clinical testing. (Nelson, A. L., MAbs, 2010, Jan-
Feb; 2(1):77-83).

160178] On example of mimaturized antibodies is called “unibody” 1 which the hinge region
has been removed from IgG4 molecules. While 12G4 molecules are unstable and can exchange
light-heavy cham heterodimers with one another, deletion of the hinge region prevents heavy
chain-heavy chain pairing entirely, leaving highly specific monovalent light/heavy heterodimers,
while retaining the Fe region to ensure stability and half-life 10 vivo. This configuration may
mimmize the risk of immune activation or oncogenic growth, as fg(G4 mteracts poorly with FcRs
and monovalent umbodies fail to promote intracellular signaling complex formation (see, e.g.,
Melson, A. L., MAbs, 2010, Jan-Feb; 2{1}.77-83).

[00179] In some embodiments, pavioads of the invention may encode single-domain antibodics
{sdAbs, or nanobodics) which are antibody tragment consisting of a single monomeric variable
antibody domatn. Like a whole antibody, it 1s able to bind selectively to a specific antigen. In
one aspect, a sdAb may be a “Camel Ig or "camelid VHH". As used herein, the term “camel Ig”
refers to the smallest known antigen-binding unit of a heavy chain antibody (Koch-No lte, et al,
FASER J., 2007, 21: 3490- 3498). A "heavy chain antibody” or a "camelid antibody" refers to an
antibody that contains two VH domains and no light chains {Riechmann L. et al, J. fmamnol.

Methods, 1999, 231: 25-38; International patent publication NOs. W0 1994/04678 and
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W01994/025591; and U S. Patent No. 6,005,079}, In ancther aspect, asdAbmay be a
“tromunoglobulin new antigen receptor” (IgNAR). As used herein, the term "1nununoglobulin
new antigen receptor” refers to class of antibodies from the shark immnme repertoire that consist
of homodimers of one variable new antigen receptor {(VNAR) domain and five constant new
antigen receptor {CNAR) domains. IgNAKRSs represent some of the smallest known
immunoglobulin-based proten scaffolds and are highly stable and possess efficient binding
characteristics. The imherent stabrlity can be attributed to both (i) the underlying g scaffold,
which presents a considerable number of charged and hydrophilic surface exposed residues
compared to the conventional antibody VH and VL domains found in murine antibodies; and (11)
stabilizing structural features m the complementary deteroining region {CDBR) loops including
miter-loop disulphide bridges, and patterns of intra-loop hydrogen bonds.

160188] In some embodiments, payloads of the invention may encode intrabodies. Intrabodies
arc a form of antibody that is not secreted from a cell in which 1t is produced, but instead targets
one or more infracellular proteins. Intrabodies are expressed and function intracellularly, and
may be used to affect a multitude of cellular processes inchiding, but not hmited to intracelinlar
trafficking, transcription, translation, metabolic processes, proliferative signaling and cell
division. In some embodiments, methods described herein include mirabody-based therapies. In
some such embodiments, variable domain sequences and/or CDR sequences disclosed herein are
incorporated into one or more constructs for intrabody-based therapy. For example, intrabodics
may target one or more glycated intraceliular proteins or may modulate the interaction between
one or more glveated intracellular proteins and an alternative protem.

{00183 The mtraccHular expression of intrabodics in different compartments of mammalian
cells allows blocking or modulation of the function of endogenous molecules (Bioeca, et al
FMBO J. 1990, 9: 101-108; Colby et al., Proc. Natl. Acad. Sci. U.S.4. 2004, 101: 17616-176213.
Intrabodies can alter protein folding, protein-protein, protein-DNA| protein-RNA interactions
and protein modification. They can induce a phenotypic knockout and work as neutralizing
agents by direct binding to the target antigen, by diverting its intracellular trafficking or by
inhubiting its association with binding partners. With high specificity and affimty to target
antigens, intrabodies have advantages to block certain binding interactions of a particular target
molecule, while sparing others.

[00182] Sequences from donor antibodies may be used to develop intrabodies. Intrabodies arc
often recombinantly expressed as single domain fragments such as isclated VH and VL domains
or as a single chain variable fragment {scFv) antibody within the cell. For example, intrabodies

are often expressed as a single polvpeptide to form a single chain antibody comprising the
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vartable domains of the heavy and light chains joined by a flexible inker polypeptide.
Intrabodies typically lack disulfide bonds and are capable of modulating the expression or
activity of target genes through their specific binding activity. Single chamn intrabodies are often
expressed from a recombinant nacleic acid molecule and engincered to be retained mtracellolarly
{(c.g.. retained m the cvioplasm, endoplasmic reticulum, or periplasm). Intrabodies may be
produced using methods known m the art, such as those disclosed and reviewed in: (Marasco et
al., PNAS, 1993, 90: 7889-7893; Chen et al., Hum. Gene Ther. 1994, 5:595-601; Chen et al.,
1994, PNAS, 91 53932-5936; Maciejewski et al., 1995, Nature Med | 1. 667-673; Marasco, 1993,
Immunotech, 1: 1-19; Mhashilkar, et al., 1995, EMBO 7 14: 1542-51; Chen ct al, 1996, Hum.
Gene Therap., 7. 1515-1525; Marasco, Gene Ther. 4:11-15, 1997; Rondon and Marasco, 1997,
Anmu. Rev. Microbiol 51:257-283; Cohen, et al., 1998, Oncogene 17:2445-56; Proba et al |
1998, 1. Mol Biol. 275:245-253; Cohen et al , 1998, Oncogene 17:2445-2456; Hassanzadeh, ot
al., 1998, FEBS Lett. 437:81-6; Richardson et al., 1998, Gene Ther. 5:635-44; Ohage and Steipe,
1999, J. Mol. Biol. 291:1119-1128; Ghage ¢t al., 1999, J. Mol. Biol. 291:1129-1134; Wirtz and
Steipe, 1999, Protein Sci. 8:2245-2250; Zhu et al, 1999, ). Immunol. Methods 231:207-222;
Arafat et al., 2000, Cancer Gene Ther. 7:1250-6; der Maur et al., 2002, §. Biol. Chem.
277:45075-85; Mhashulkar et al., 2002, Gene Ther. 9:307-19; and Wheeler ¢t al,, 2003, FASEB
J.17: 1733-5; and references cited therein}.

100183] In some aspects, payloads of the invention may encode biosynthetic antibodics as
described i U.S. Patent No. 5,091,513, the contents of which are herein incorporated by
reference in their entirety. Such antibody may nclude one or more sequences of anino acids
constituting a region which behaves as a biosynthetic antibody binding site (BABS). The sites
comprise 1) non-covalently associated or disulfide bonded synthetic VH and VL dimers, 2) VH-
VL or VL-VH single chains wherein the VH and VL are attached by a polvpeptide linker, or 3)
mdivideals VH or VL domains. The binding domains compnise linked CDR and FR regions,
which may be derived from separate immuonoglobuling. The biosynthetic antibodies may alse
melude other polvpeptide sequences which function, e.g., as an enzyme, toxin, binding site, or
stte of attachment to an immobilization media or radioactive atom. Methods are disclosed for
producing the biosynthetic antibodies, for designing BABS having any specificity that can be
elicited by in vivo generation of antibody, and for producing analogs thereof,

{00184 In some embodiments, payloads may encode antibodics with antibody acceptor
frameworks taught in U5, Patent No. 8,399,625, Such antibody acceptor frameworks may be

particularly well suited accepting CDRs from an antibody of interest.
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[06185] In onc embodiment, the antibody may be a conditionally active biologic protein. An
antibody may be used to gencrate a conditionally active biologic protein which are reversibly or
irreversibly mactivated at the wild type normal physiological conditions as well as to such
conditionally active biologic proteins and uses of such conditional active biologic proteins are
provided. Such methods and conditionally active proteins are taught in, for example,
International Publication No. W(Q2015175375 and WO2016036916 and US Patent Publication
No. US20140378660, the contents of cach of which are incorporated herein by reference in their
entirety.

Antibody preparations

[00186] The preparation of antibodies, whether monoclonal or polvelonal, is known in the art.
Technigues for the production of antibodies are well known n the art and described, eg. in
Harlow and Lane "Antibodies, A Laboratory Manual”, Cold Spring Harbor Laboratory Press,
1988; Harlow and Lanc “Using Antibodics: A Laboratory Manual” Cold Spring Harbor
Laboratory Press, 1999 and “Therapeutic Antibody Engineening: Current and Future Advances
Driving the Strongest Growth Area in the Pharmaccutical Industry” Woodhead Publishing, 2012,
{00187 The antibodies and fragments and variants thercof as described herein can be produced
using recombinant polynucieotides. In one embodiment, the polynucleotides have a modular
design to encode at least one of the antibodies, fragments or vanants thergof. As a non-limiting
example, the polymucleotide construct may encode any of the following designs: (1) the heavy
chain of an antibody, (2) the light chain of an antibodv, (3} the heavy and light chain of the
antibody, (4} the heavy chain and light cham separated by a linker, (3) the VH1, CHI, CH2, CH3
domains, a linker and the light chain or (6} the VH1, CHI, CH2, CH3 domains, VL region, and
the light chain. Any of these designs may also comprise optional linkers between any domain
and/or region. The polynucieotides of the present invention may be engineered to produce any
standard class of immunoglobuling using an antibody described herein or any of its component
parts as a starting molecule.

[00188] Recombinant antibody fragments mav also be 1solated from phage antibody libraries
using technigues well known in the art and deseribed in ¢.g. Clackson et al., 1991, Nature 352:
624-628; Marks et al., 1991, ] Mol. Biol. 222: 581-597. Recombinant antibody fragments may
be derived from large phage antibody hibraries generated by recombination in bacteria (Shlattero
and Bradbury, 2000, Nature Bictechnology 18:75-80; the contents of which arc incorporated
herein by reference in ifs entirety).

Antibodies used for immunotherapy

- 44 -



WO 2018/161017 PCT/US2018/020741

100189] In some embodiments, payloads of the present mvention may be antibodies, fragments
and varianis thereof which are specific to tumor specific antigens (TSAs} and tumor associated
antigens {TAAs). Antibodies civculate throughout the body until they find and attach to the
TSA/TAA. Once attached, they recruit other parts of the immuume system, increasing ADCC
{antibody dependent cell-mediated cytotoxicity) and ADCP (antibody dependent cell-mediated
phagocytosis) to destroy tumor cells. As used herein, the term “tumor specific antigen (T5A)”
means an antigenic substance produced in tumor cells, which can trigger an anti-tumor immune
response in a host organism. In one embodiment, a TSA may be a tumor necantigen. The tumor
antigen specific antibody mediates complement-dependent cyiotoxic response against tumor
cells expressing the same antigen.

[00190] In some cmbodiments, the tumor specific antigens {TSAs}, tumor assoctated antigens
(TAAs). pathogen associated antigens, or fragments thereof can be expressed as a peptide or ag
an mtact protein or portion thereof. The intact protein or a portion thereof can be native or
mutagenized. Antigens associated with cancers or virus-induced cancers as described herein are
weli-known in the art. Such a TSA or TAA may be previously associated with a cancer or may
be identified by anv method known in the art.

[001%1] In one embodiment, the antigen is CDY, a B-cell surface protein expressed throughout
B-cell development. CDY 15 a well-known B cell surface molecule, which upon B cell receptor
activation enhances B-cell antigen receptor induced signaling and expansion of B cell
populations. CD19 is broadly expressed in both normal and neoplastic B cells. Malignancics
denved from B cells such as chromc lymphocytic leukemia, acute lyvmphocyvtic leukemia and
many non-Hodgkin lvmphomas frequently retain CD19 expression. This near universal
expression and specificity for a single cell lincage has made CD19 an attractive target for
mmmunotherapies. Human CD1Y has 14 exons wherein exon 1-4 encode the extracellular portion
of the CP19, exon 5 encodes the transmembrane portion of CB19 and exons 6-14 encode the
cytoplasmic tail.

[00192] In onc embodiment, pavloads of the present invention may be antibodies, fragments
and variants thereof which are specific to CD19 antigen.

[00183] In one embodiment, the payload of the mvention may be a FMC63 antibody, antibody
fragment of variant. FMC63 is an 1gG2a mouse monocional antibody clone specific to the CB19
antigen that reacts with CD19 antigen on cells of the B cell ineage. The epitope of CD9
recognized by the FMCG3 antibody is in exon 2 {(Sotillo et al (2015) Cancer Discov ;5(12):1282-

95 the contents of which are incorporated by reference in their entirety). In some embodiments,
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fimited to 4G7, SI25C1, CVID3/429, CVID3/155, HIBIY, and §3-119.

[001%4] In some embodiments, the payvioads of the present invention may nclude variable

heavy chain and vanable light chain comprising the anino acid sequences selected from those in

Table 4.

Table 4: Variable Heavy and Lioht Chain Sequences

Target Antibody SEQ D Source

chain NG
CD19 VH 49 SEQ ID NGO 28 in WO2616168773A3
D19 VH 50 SEGID NO: 29 in WO2016168773 A3
D19 VH 51 SEQ ID NO: 32 in WO2016168773A3
1o VH 52 SEGID NO: 33 in WO2016168773A3
D19 VH 33 SEQ ID NO: 34 in WO2016168773A3
CDI9 VH 54 SEQ ID NG: 35 1n WO2016168773A3
D19 VH 55 SEQID NG: 31 in WOZ016187349A1
D9 YVH 56 SEQ D NG: 20 in 1J820160039942
D19 VH 57 SEGID NG 1inW02014184143
D19 VH 58 SEQID NO. 51in US20160145337A1
D9 YVH 59 SEQ D NG 15 in 1820160319020
1o VH &0 SEQ I3 NO: 166 in US20160152723
D19 VH ol SEQID NO: 167 in US20160152723
CDI9 VH 62 SEG 1D NO: 168 in US20160152723
CD19 VH 63 SEQID NO: 17 in EP3057991 A1
D9 VH 64 SEQID NO: 172 10 US20160152723
D19 VH 65 SEG D NQG: 176 in US20160152723
D19 VH 66 SEG ID NQ: 177 in US20160152723
D19 VH 67 SEQID NO: 181 in US2016015272
1o VH o8 SEQ I3 NO: 183 in US20160152723
D19 VH 69 SEQID NO: 184 in US2016015272
CDI9 VH 70 SEQ ID NO: 185 in US20160152723
1o VH 71 SEQ TD NO: 62 in US20160152723
CDI9 VH 72 SEQ ID NQO: 62 in WO2016097231
CD19 VH 73 SEQID NGO, 12in W02016134284
D19 VH 74 SEQID NO: 111 inUS20160333114A1
D9 VH 75 SEQID NG 11310 US20160333114A1
D19 VH 76 SEQID NO: 33in EP3057994 A1
D19 VH 77 SECQ D NG: 34 in EP3057994A1
D19 VH 78 SEQ ID NQO: 35 in EP3057994 A1
1o VH T4 SEGID NGO, 53 in W02016120216
CDI9 VH 80 SEQ ID NO. 35 in W(2016120216
D19 VE 81 SEQ ID NO: 13 in US20160319020
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CD1% VI 82 SEQ ID NO: 6 1o US20160319020
CDI% VL 83 SEQ ID NO: 27 in WO2016168773 A3
Ch1% VL 84 SEQ ID NO: 31 in WO2016168773A3
D19 VL 83 SEQID NO: 40 in WO2Z016187349A1
CDio VL 86 SEQ ID NO. 11 ia W0O2016134284
Ch1% VL 87 SEQ ID NO. 194 in US20140134142A1
CDio VL 88 SEQ ID NO. 54 in W02016120216
CDIg VL g9 SEQ ID NQO. 36 in W0O2016120216
CD1% VL 94 SEQ ID NO: 12 in US20160152723
CDI% VL 91 SEQID NO: 14 in US20160152723
CD1% VL 92 SEQ ID NO: 15 in US20160152723
CD1S VL 93 SEQ ID NO: 16 1n US20160152723
D1y YL 94 SEQID NG 17 in US20160152723
Ch1% VL 95 SEG ID NO: 186 in US20160152723
CDio VL 96 SEQ ID NO: 187 1o US201601527
CDIg VL 97 SEQ ID NO: 188 UJS20160132723
CD1o VL 98 SEQ 13 NO: 18% in US20160132723
CDI% VL g SEQ ID NO: 192 in US20160152723
CD1% VL6 100 SEQ ID NO: 196 in US28160152723
CD1S VL 101 SEQ ID NG: 197 in US20160152723
D19 VL 102 SEQ ID NO: 198 10 US20160152723
Ch1% VL 103 SEQ ID NO: 199 in US20160152723
D19 VL 104 SEQ ID NO: 200 10 US20160152723
CDIg VL 103 SEGQ ID NO: 201 in US2016G152723
CD1o VL 186 SEQ 13 NO: 202 in US20160132723
CD19 VL 167 SEQ ID NO: 203 in US20160152723
D19 VL6 108 SEQ ID NO: 204 in US20160152723
CD1S VL 109 SEQ ID NO: 203 in US20160152723
D1y YL {10 SEQID NG 22 in UR20160039942
Ch1% VL 111 SEQ ID NO: 63 in W02016097231
CDio VL 112 SEQID NO: 64 in US20160152723
Ch1% VL 113 SEQ ID NO: 66 in US20160152723
CD1o VL 114 SEQ D NO: 67 in US20160132723
CDI% VL 115 SEQ 1D NG: 68 in US20160152723
CD1% VL 116 SEQ ID NO: 69 in US20160152723
CDI% VL 117 SEQID NO: 70 in US20160152723
D1y YL £18 SEQID NG 71 in US20160152723
CD1% VL 119 SEQ ID NO: 91 in US20160152723
CDio VL 120 SEQ ID NO. 3 in US28160145337A1
Ch1% VL 121 SEQID NG: 112 in US20160333114A1
CD1o VL 122 SEQID NO: 114 in US20160333114A1
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100195] A tamor specific antigen (TSA) may be a tumor neoantigen. A necantigen is a mutated
antigen that 1s only expressed by tumaor cells because of genetic mutations or alterations in
transcription which alter protein coding sequences, therefore creating novel, foreign antigens.
The genetic changes result from genetic substitution, msertion, deletion or any other genetic
changes of a native cognate protein {(1.c. a molecule that is expressed in normal cells). In the
context of CD1Y, necantigens such as a transcript vanant of CD19 lacking exon 2 or Jacking
exon 5-6 or both have been described (see International patent publication No, W(O2016061368;
the contents of which are incorporated herein by reference i their entiretv}. Since FMC63
binding epitope is 1n exon 2, CI 9 neoantigen lacking exon 2 is not recognized by FMC63
antibody. Thus, in some embodiments, pavioads of the invention may mclude FMC63-distinct
antibodies, or fragments thereof. As used herein "FMC63-distinct” refers, to an antibody or
fragment thereof that is immunologically specific and binds to an epitope of the CD19 antigen
that is different or unlike the epttope of C219 antigen that is bound by FMC63. fn some
instances, antibodies of the invention may include CD 19 antibodies, antibody fragments or
variants that recognize {19 neoantigens including the CD19 neoantigen lacking exonZ. In one
embodiment, the antibody or fragment thereof is immunologically specific to the CD19 encoded
by exon 1, 3 and/or 4. In one example, the antibody or fragment thercof is specific to the epitope
that bnidges the portion of CDY encoded by exon 1 and the portion of CD19 encoded by exon 3.
160196] Chimeric antigen receptors {CARs)

601971 In some embodiments, pavloads of the prescut invention may be a chimeric antigen
receptors (CARs) which when transduced into immune cells (e.g., T cells and NK cells), can re-
direct the immune cells against the target {e.g., a tumor cell} which expresses a molecule
recoguized by the extracellolar target moiety of the CAR.

[00198] As used herein, the term “chimeric antigen recepior (CAR)” refers to a synthetic
receptor that mimics TCR on the surface of T cells. In general, a CAR is composed of an
extracelhilar targeting domain, a transmembrane domain/region and an intracellular
signaling/activation domain. In a standard CAR receptor, the componenis: the extracellular
targeting domain, transmembrane domain and mitracctiular signaling/activation domain, are
linearly constructed as a single fusion protein. The extracellular region comprises a targeting
domain/moicty {¢.g., a schFv) that recognizes a specific tumor antigen or other tumor cell-surface
molecules. The intracellular region may contain a signaling domain of TCR complex {c.g., the
signal region of CD3L), and/or one or more costimulatory signaling domains, such as those from
CD28, 4-1BB {CD137) and OX-40 (CD134). For example, a “first-generation CAR” only has

the CD3{ signaling domain. in an cffort to augment T-cell persistence and proliferation,
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costimmulatory intracellular domains are added, giving rise to sccond generation CARs having a
C33(signal domain plus one costimulatory signaling domain, and third gencration CARs having
CD3( signal domain plus two or more costimulatory signaling domains. A CAR, when expressed
by a T cell, endows the T cell with antigen specificity determined by the extracellular targeting
nmotety of the CAR. Recently, 1t is also desirable to add one or more elements such as homing
and suicide genes to develop a more competent and safer architecture of CAR, so called the
fourth-generation CAR.

160199] In some embodiments, the extracellular targeting domain is joined through the hinge
(also called space domain or spacer) and transmembrane regions to an intraceliular signaling
domam. The hinge connects the extracellular targeting domain to the transmembrane domain
which transverses the cell membrane and conmects to the intracellular signaling domain. The
hinge may need to be varied to optimize the potency of CAR transformed cells toward cancer
cells due to the size of the target protein where the targeting moicty binds, and the size and
affinity of the targeting domain itsclf. Upon recognition and binding of the targeting moiety to
the target cell, the intracellular signaling domain leads to an activation signal to the CAR T cell,
which is further amplificd by the “second signal” from one or more intracellular costimulatory
domaimns. The CAR T cell, once activated, can destroy the target cell.

[00200] In some embodiments, the CAR of the present invention may be split into two parts,
cach part is linked a dimerizing domain, such that an input that tnggers the dimerization
promotes assembly of the intact functional receptor. Wa and Lim recently reported a sphit CAR
in which the extracetiular CD19 binding domain and the intracellular signaling element are
separated and linked to the FKBP domain and the FRB* (T2089L mutant of FKBP-rapamycin
binding} domain that heterodimerize in the presence of the rapamycin analog AP21967. The split
receptor 18 assembled n the presence of AP21967 and together with the specific antigen binding,
activates T cells (Wu et al, Science, 2015, 625(6258): aab4077).

160261] In some embodiments, the CAR of the present invention may be designed as an
mductble CAR. Sakemura ot al recently reported the incorporation of a Tet-On inducible system
to the CDY CAR construct. The CD19 CAR is activated only in the presence of doxyevcline
{Pox). Sakemura reported that Tet-CD19CAR T cells in the presence of Dox were equivalently
cytotoxic against CD19™ cell lines and had equivalent cytokine production and proliferation upon
CD19 stimulation, compared with conventional CD19CAR T cells (Sakemura et al, Cancer
Immune. Res., 2016, Jun 21, Epub ahead of print). In one example, this Tet-CAR may be the
pavicad of the effector module under the control of SREs {e.g., DDs) of the invention. The dual

systeras provide more flexibility to tum-on and off of the CAR expression in transduced T cells.
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100262] According to the present invention, the payload of the present invention may be a first-
generation CAR, or a second-generation CAR, or a third-generation CAR, or a fourth-generation
CAR. Representative cffector module embodiments comprising CAR constructs are illustrated n
Figures 13-18. In some embodiments, the payload of the present invention may be a full CAR
construct composed of the extraccliular domain, the hinge and transmembrane domain and the
ntraceltular signaling region. In other embodiments, the pavicad of the present invention may be
a component of the full CAR construct including an extracellular targeting moiety, a hinge
region, a transmembrane domain, an intracelivlar signaling domain, one or more co-stimulatory
domain, and other additional ¢lements that improve CAR archifecture and functionality
including but not limited 1o a leader sequence, a homing clement and a safety switch, or the
combination of such components.

160263] CARg regulated by biocircuits and composttions of the present invention are tunable
and thercby offer several advantages. The reversible on-off switch mechanism allows
management of acute toxicity caused by excessive CAR-T cell expansion. Pulsatite CAR
expression using SREs of the present invention may be achieved by cycling ligand level. The
ligand conferred regulation of the CAR may be effective 1n offsetting tumor escape induced by
antigen loss, avoiding functional exhaustion caused by tonic signaling due to chronic antigen
exposure and improving the persistence of CAR expressing cells in vivo.

100264] In some embodiments, biocircuits and compositions of the invention may be utilized to
down regulate CAR cxpression to limit on target on tissue toxicity caused by tumor vsis
syndrome. Down regulating the expression of the CARs of the present invention following anti-
tumor efficacy may prevent {1} On target off tumor toxicity caused by antigen expression in
normal tissue, {2) antigen independent activation 7 vivo.

[60205] In one embodiment, selection of a CAR with a lower atfinity may provide more T cell
signaling and less toxicity.

Extracellular targeting domain/moiety

[00206] In accordance with the invention, the extraceliular target moiety of a CAR may be any
agent that recognizes and binds to a given target molecule, for example, a necantigen on tumor
cells, with high specificity and affinity. The target motety may be an antibody and variants
thereof that specifically binds to a target molecule on tumeor cells, or a peptide aptamer selected
from a random sequence pool based on its ability to bind to the target molecule on tumor cells, or
a variant or fragment thereof that can bind to the target molecule on tumor cells, or an antigen

recognition domain from native T- cell receptor (TCR) (¢.g. CB4 extracellular domain fo
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recognize HIV infected cells}, or exotic recognition components such as a linked cytokine that
icads to recognition of target cclls bearing the cvtokine receptor, or a natural ligand of a receptor.
[00287] In some embodiments, the targeting domain of a CAR may be a Ig NAR, a Fab
fragment, a Fab' fragment, a F(ab)'2 fragment, a F(ab}'3 fragment, Fv, a single chain variable
fragment {scFv), a bis-scFv, a (s¢Fv)2, a nunibody, a diabody, a triabody, atetrabody, a disulfide
stabilized Fv protein {daFv}, a unithbody, a nanobody, or an antigen binding region dernved from
an antibody that specifically recognizes a target molecule, for example a tumor specific antigen
{(T5A). In one embodiment, the targeting motety 1s a scFy antibody. The scFv domain, when it is
expressed on the surface of a CAR T celi and subsequently binds to a target protein on g cancer
cell, 13 able to maintain the CAR T cell m proximity to the cancer cell and to trigger the
activation of the T cell. A scFv can be generated asimg routine recombinant DNA technology
techniques and is discussed in the present invention.

[00208] In onc ombodiment, the targeting motety of the CAR may recognize CDI9. CD19isa
well-known B cell surface molecule, which upon B cell receptor activation enhances B-cell
antigen receptor induced signaling and expansion of B cell populations. CD19 is broadly
expressed in both normal and neoplastic B cells. Malignancies derived from B cells such as
chronic tvmphocvtic leukemia, acute lymphocytic leukenua and many non-Hodgkin lymphomas
frequently retain CD19 expression. This near universal expression and specificity for a single
cell lineage has made CD19 an atiractive target for immunotherapies. Homan CD19 has 14
exons wherein exon 1-4 encode the extracchular portion of the CD19, exon 5 encodes the
transmembrane portion of CD19 and exons 6-14 encode the cvtoplasmic tail. In one
embodiment, the targeting moiety may comprise scFvs derived from the variable regions of the
FMC63 antibody. FMC63 is an 1g(G2a mouse monocional antibody clone specific to the CB19
antigen that reacts with CD19 antigen on cells of the B lincage. The epitope of CD19 recognized
by the FMC83 antibody 1s in exon 2 {(Sotillo et al (2015) Cancer Discov ;5{12):1282-05; the
contents of which are incorporated by reference in their entirety}. In some embodiments, the
targeting moicty of the CAR may be derntved from the vanabie regions of other CDI19
monoclonal antibody clones including but not limited to 4G7, SI25C1, CVID3/429, CVID3/155,
HIB19, and J3-119.

100209] In some embodiments, the targeting moiety of a CAR may recognize a tumor specific
antigen (TSA), for example a cancer ncoantigen that is only expressed by tumor cells because of
genetic mutations or alterations in transcription which alter protein coding sequences, thercfore
creating novel, foreign antigens. The genetic changes result from genetic substitution, insertion,

deletion or any other genetic changes of a native cognate protein {i.¢. a molecule that is
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expressed in normal cells). In the context of CD19, TSAs may include a transcript variant of
human CD19 lacking exon 2 or lacking exon 5-6 or both (sec Intemational patent publication
No. W02016061368; the contents of which are mncorporated herein by reference m thewr
entirety). Since FMC63 binding epitope 1s in exon 2, CD19 lacking exon 2 is not recognized by
FMC63 antibody. Thus, in some embodiments, the targeting moiety of the CAR may be an
FMCo3-distinet scFV. As used herein "FMCG63-distinet” refers, to an antibody, scFv ora
fragment thereof that 1s immunologically specific and binds to an epttope of the CD19 antigen
that is different or unlike the epitope of CE¥19 antigen that is bound by FMU63. In some
instances, targeting moiety may recognize a CD 19 antigen lacking exon?2. In one embodiment,
the targeting moiety recognizes a fragment of CD9 encoded by exon 1, 3 and/or 4. In one
example, the targeting moiety recognizes the epitope that bridges the portion of CD19 encoded
by exon 1 and the portion of U119 encoded by exon 3.

j00218] In some crabodiments, the targeting moietics of the present mvention may be scFv
comprising the aminoe acid sequences in Table 5.

Table 5: scFv sequences

Target Bescription SEQID Souree

NG
CD1% sci'v 123 SEQ ID NQO. 53 in EP3083671A1
CD19 scfy 124 SEQ ID NO. 54 in EP3083671A1
D19 schv 125 SEQ D NO. 1 in WO2015157252
D19 SCEv 126 SEQID NQ. 10 in W(20151572 ‘:2
CPD19 sciv 127 SEQ ID NO. 10 1n W0201603357¢
CD19% scHy 128 SEQID NG, 11 in WO2015157252
{D1g scEv i2% SEQID NGO, 12 in WO20151872582
CD1% sci'v 130 SEQ ID NO. 2 in WO2015157252
CD19 schv 131 SEQ ID NO. 2 in W02016033570
D19 schv 132 SEQ D NG, 206 in WO2016033570
D19 SCEv 133 SEG 1D NQ. 207 in WO201603357
CPD19 sciv 134 SEQ ID NG, 208 in W(2016033570
CD19% sciv 135 SEQ ID NG, 209 in WO2016033570
{D1g scEv i36 SEQID NG 216 1a WO2016033370
CD1% sci'v 37 SEQ ID NQ. 211 in WO201603357(
CD19 schv 138 SEQ ID NG. 213 in WO2016033570
D19 schv 139 SEQ D NG, 214 in WO2016033570
D19 ScEv 140 SEQID NQ. 218 in WO201603357
CD19 sciv 141 SEQ ID NG, 216 in WO20160! ﬂ‘*”’
CD19% sciv 142 SEQID NG, 217 in W02016033370
D19 scEv 143 SEQ D NG, 218 in W(O2016033570
CD1% sci'v 144 SEQ ID NO. 219 in W(O2016033570
1o schy 145 SEQ ID NG, 220 in WO201603357)
D19 schv 146 SEQ D NG 221 in WO2016033570
D19 ScEv 147 SEQ 1D NQ. 222 in WO20160 ‘»35’7
CD19 sciv 148 SEQ ID NG, 223 in WO201603357(
CD19 scfy 149 SEQ ID NG. 224 in WO20 Ef,a()3j57()
D19 scEv 150 SEQ D NG, 225 in WO2016033570
CD1% sci'v 151 SEQ ID NO. 3 in W0O2015137252
e schy 152 SEQIDNQO. 4 in WO2015157252
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D19 schv 153 SEQ 1D NO. 4 in WO2816033570
CD19% sckv 134 SEQ ID NO. 45 in WO2016033570
CDig ScEv 155 SEO D NO. 47 in WO2016033570
D19 sciv 156 SEQ ID NQO. 49 in W02016033570
Do schy 157 SEQ D NQ. 5 in WO231315534 1AL
CDI9 schv 158 SEQ 1D NG, 51 WO2015157252
CDIg scEv 159 SEQ ID NQ. 31 in WO2016033570
D19 schv 160 SEQ 1D NO. 53 in WO2016033570
CD1o sckv 161 SEQ ID NO. 55 in WO2016033570
CDig ScEv 162 SEO D NO. 37 in WO20 16033570
D19 sciv 163 SEQ ID NQ. 59 in W(02015157252
Do schy 164 SEQ 1D NO. 59 in WO2016033570
CDI9 schv 165 SEQ ID NG 6 in WO2015157252
CDIg scEv 166 SEQ ID NQ. 6 1n W0O2016033570
CD1% schv 167 SEQ ID NG. 7in WO2014184143
CD1% sckv 168 SEQID NO. 7in WO2015157252
CDig ScEv 169 SEO 1D NG, 81 WO2015157252
D19 sciv 176 SEQ ID NQO. 8 in WO2016033570
Do schy 173 SEQ ID NO. 87 1o WO201603357¢
CD195 scfv 172 SEQ ID NO. 9 in WO2015157252
CDIg scEv i73 SEQ ID NO.9 in WG2016139487
CD1% schv 174 SEQ ID NO. 10 in US20160132723
CD1% sckv 175 SEQIDNG. 2inU ‘201601“2”23’
CDIo schv 176 SEQ ID NGO 206 1u UJS20160152723
D19 sciv 177 SEQ ID NQO. 207 in US20160152723
Do schy 178 SEQ ID NO. 208 in 1J820160152723
CD195 scfv 1749 SEQ ID NG, 209 in US20160152723
D19 scEv 180 SEQID NG, 210 10 US20160152723
CD1% schv 181 SEQID NG. 211 in US20160152723
CD1% sckv 182 SEQID NO. 212 in US20160152723
CDIo schv 183 SEQID NG 2131 US20160152723
D19 sciv 184 SEQ ID NQO. 214 in US20160152723
Do schy 185 SEQ ID NO. 215 in US20160352723
CD19% sckv 186 SEQ 1D NO. A(ﬁ in US20160152723
D19 scEv i87 SEO D NG, 217 n USZ20160152723
CD1% schv 188 SEQ 1D NO. AS in US20160152723
CD1% sckv 189 SEQID NO. 210 in US20160152723
CDI9 schv 156 SEQ ID NGO, 220 3 US20160152723
CDIg scEv i91 SEQID NG, 221 i US20160152723
Do schy 192 SEQ ID NO. 222 in US20160352723
CD19% sckv 193 SEQ 1D NO. 42? in US20160152723
CDig scEv 194 SEO D NG 224 10 USZ20160152723
D19 sciv 193 SEQ ID NQ. 225 in US20160152723
CD1% sckv 196 SEQ ID NO. 32 in EP3083691 A2
CDI9 schv 197 SEQ ID NG 35 in EP3083691A2
CDig scEv 198 SEQ ID NO. 38 in EP3083601A2
D19 schv 199 SEQ ID NG. 4 in1]520160152723
CD19% sckv 200 SEQ ID NO. 45 in US20160152723
CDig ScEv 201 SEQID NG 47 in US201603152723
D19 sciv 202 SEQ ID NQ. 49 in US20160152723
Do schy 203 SEQ D NQ. 51 10 US20160152723
CDI9 schv 204 SEQ 1D NG, 33 in US20160152723
CDIg scEv 205 SEQ ID NQ. 32 in US201601352723
Do schy 206 SEQ ID NO. 5710 US20160152723
CD19% sckv 207 SEQ ID NO. 391n US20160152723
CDig ScEv 208 SEO D NG, 630 US20160152723
D19 sciv 209 SEQIDNQO. 8in LSL0160152723
CD1% sckv 216 SEQ ID NO. 87 in US26G160152723
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D19 schy 211 SEQ ID NOG. 8910 US20160152723
CD19% sckv 212 SEQ ID NO. 39 in W0O2016109410
CDig ScEv 213 SEQID NGO 37 in EP3083671A1
D19 sciv 214 SEQ ID NO. 174 in WO2016115482
Do schy 215 SEQ ID NO. 20 16 WO2012079000
CDI9 schv 216 SEQ ID NGO 32 in WO2015092024
CDIg scEv 217 SEQ ID NQ. 33 in WO2015092024A2
D19 schv 218 SEQ ID NG. 35 10 WO2015092024A2
CD1o sckv 219 SEQIDNG. 38in ‘WOQOI{‘(B G2024A2
CDig ScEv 220 SEO D NO. 40 in WO2016109410
D19 sciv 221 SEQIDNQ. 41in ‘\7\'02016 109410
Do schy 222 SEQ 1D NO. 47 1n W2016109410
CDI9 scEv 223 SEQ ID NG 43 in WO2016109418
CDIg scEv 224 SEQ ID NQO. 44 in WO2016109410
CD1% schy 225 SEQ ID NQO. 45 1n W0201610941¢
CD1% sckv 226 SEQ ID NG. 46 in W2 016 109410
CDig ScEv 227 SEO D NG, 47 in WO2016109410
D19 sciv 228 SEQID NQO. 481in ‘\7\'02016 109410
Do schy 228 SEQ ID NO. 49 10 W2016109410
CD195 scfv 236G SEQID NG, 5in WO2015155341A1
CDIg scEv 231 SEQ ID NQ. 30 in WO2016109410
CD1% schv 232 SEQ ID NO. 51 in W0201610941¢
CD1% sckv 233 SEQID NO. 7in US20160145337A1
CDIo schv 234 SEQID NG 910 US20160145337A1
D19 sciv 233 SEQ ID NQ.20 in US949962982
Do schy 236 SEQ ID NO.6 in WO20131535341A1
CD195 scfv 237 SEQ ID NO.73 in WO2016164580
D19 scEv 238 SEQID NG 10 US20160152723
CD1% schv 239 SEQIDNQ. 2inlU Q“O}F;Ol‘*%’
CD1% sckv 249 SEQ ID NO. 206 in US20160 152’723
CDIo schv 241 SEQID NGO 207 1a US20160152723
D19 sciv 242 SEQ ID NQO. 209 in US20160152723
Do schy 243 SEQ ID NQO. 210 in US20160152723
CD19% sckv 244 SEQID NO. 212 in US20160152723
D19 scEv 245 SEO D NG 216 n USZ20160152723
CD1% schv 246 SEQ ID NO. 23 8 in US20160152723
CD1% sckv 247 SEQID NO. 210 in US20160152723
CDI9 schv 248 SEQ ID NGO, 220 3 US20160152723
CDIg scEv 249 SEQID NG, 221 i US20160152723
Do schy 250 SEQ ID NO. 222 in US20160352723
CD19% sckv 251 SEQ ID NO. 223 in US20160152723
CDig scEv 252 SEO D NG 224 10 USZ20160152723
D19 sciv 253 SEQ ID NQ. 225 in US20160152723
CD1% sckv 254 SEQID NO. 4 in US201601352723
CDI9 schv 258 SEQ ID NG 45 in US20160152723
CDig scEv 256 SEQ ID NQ. 47 in US201601352723
D19 schv 257 SEQ ID NG. 4910 US20160152723
CD19% sckv 238 SEQ ID NG. 51 in US20160152723
CDig ScEv 258 SEQID NG, 33 in US201603152723
D19 sciv 260 SEQ ID NQ. 55 in US20160152723
Do schy 263 SEQ D NQ. 5710 US20160152723
CDI9 scEv 262 SEQ 1D NG, 39 in US20160152723
CDIg scEv 263 SEQID NO. 61in US20160152723
Do schy 264 SEQ ID NQO. 8 in1]520160152723
CD19% sckv 265 SEQ ID NO. 87 in US20160152723
CDig ScEv 266 SEQ ID NG 89 in US201603152723
D19 sciv 267 SEQ ID NQO. 5 in WO2016055551
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Intracellular signaling domains

[00211] The mtracellular domain of a CAR fusion polypeptide, after binding to its target
molecule, transmits a signal to the tmmune effector cell, activating at least one of the normal
ctfector functions of immaune effector cells, including cytolytic activity {e.g., cvtokine secretion}
or helper activity. Therefore, the mntracetiular domain comprises an “intracellular signaling
domamn” of a T cell receptor (TCR).

[00212] In some aspects, the entire intracellular signaling domain can be emploved. In other
aspects, a truncated portion of the intracellular signaling domain may be used in place of the
intact chain as long as it transduces the effector function signal.

[60213] In some embodiments, the intraccHular signaling domain of the present invention may
contain signaling motifs which are known as immunoreceptor tyrosine-based activation motifs
(FTAMSs). Examples of ITAM containing cytoplasmic signaling sequences include those derived
from TCR CD3zeta, FeR gamma, FoR beta, CD3 gamma, CD3 delta, CD3 epsilon, T3, CD22,
CD79a, CD79b, and CD66d. In one example, the intracellular signaling domain 1s a CD3 zeta
(CD3) signaling domain.

[00214] In some embodiments, the mtraceliular region of the present mvention further
comprises one or more costimulatory signaling domains which provide additional signals to the
mmmune effector cells. These costimulatory signaling domains, in combination with the signaling
domain can further iaprove expansion, activation, memory, persistence, and tumor-cradicating
efficiency of CAR cngincered tmowne cells {c.g., CAR T cells). In some cases, the
costimulatory signaling region containg 1, 2, 3, or 4 cytoplasmic domains of one or more
mtracellolar signaling and /or costimulatory molecules. The costimulatory signaling domain may
be the intracellular/cyioplasmic domain of a costimulatory molecule, including but not limited to
CD2, CD7, CD27, CD2E, 4-1BB (CD137), OX40(CD134), CD30, CD40, ICOS (CD278), GITR
{glucocorticoid-induced tumor necrosis factor receptory, LEFA-1 (lymphocyte function-associated
antigen~ 1), LIGHT, NKG2C, B7-H3. In one example, the costimulatory signaling domain is
derived from the cyvtoplasmic domain of CD28. In another example, the costimulatory signaling
domain is derved from the cvioplasmic domain of 4-1BB (CD137). In another example, the co-
stimulatory signaling domain may be an intracellular domain of GITR as taught in U8, Pat. NO .
9, 175, 308; the contents of which are incorporated hergin by reference in ifs entirety.

[00215] In some embodiments, the intracellular region of the present mvention may comprisc a
fumetional signaling domatn from a protein sclected from the group consisting of an MHC class [
molecule, a TNF receptor protein, an immunoglobulin-like protein, a cytokine receptor, an

udegrin, a signaling lvmphoeytic activation protein (SLAM) such as CD4R8, CD229, 2B4, CDE4,
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NTB-A, CRACC, BLAME CD2F-10, SLAMF6, SLAME7, an activating NK cell receptor,
BTLA, a Toll ligand receptor, OX40, CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1,
LFA-1{CD11a/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR,
BAFFR, LIGHT, HVEM (LIGHTR}, SLAMF7, NKp80 (KLRF1), NKp4d, NKp30, NKp46,
CD19, CD4, CDsalpha, CD8beta, IL2R beta, IL2R gamma, IL7R alpha, IL15Ra, ['TGA4,
VELAL CD49a, ITGA4, 1A4, CD4OD, ITGAG, VLA-6, CD49f ITGAD, CDild, ITGAE,
D103, ITGAL, CD1la, LFA-L ITGAM, CD11b, ITGAX, CDlle, ITGBI, CD29 ITGBZ,
CD18, LFA-1, ITGB7, NKG2D, NKG2C, NKD2C SLP76, TNFR2, TRANCE/RANKL,
DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CDY6 (Tactiley, CEACAMI, CRTAM, Ly9
(CD229), CD160 (BYSS), PSGLIL, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lv108),
SLAM (SLAMF1, CD 50, 1PO-3), BLAME (SLAMEFS), SELPLG (CD162), LTBR, LAT,
CD270 (HVEM), GADS, SLP-76, PAG/Chp, CD19a, a ligand that specifically binds with CDE3,
DAP 10, TRIM, ZAP70, Killer immunoglobulin receptors (KIRs) such as KIR2DL1,
KIR2DL2/L3, KIR2DL4, KIR2DLSA, KIR2DLSE, KIR2DS T, KIR2DS2, KIR2DS3, KIR2DS4,
KIRZDSS, KIR3DL/ST, KIR3DL2, KIR3DL3, and KIRZDPI; lectin related NK cell recepiors
such as Lyv49, Ly49A, and Lv49C.

[00216] In some embodiments, the intraceHular signaling domain of the present invention may
contain signaling domains denved from JAK-STAT. In other embodiments, the mntracellular
signaling domain of the present invention may contain signaling domains derived from DAP-12
(Death associated protein 12) (Topfer et al., fmmunol | 2015, 194: 32061-3212; and Wang et al ,
Cancer Immunol., 2015, 3: 813-826). DAP-12 is a key signal transduction receptor m NK cells.
The activating signals mediated by DAP-12 play important roles in triggering NK cell
cytotoxicity responses toward certain tumor celis and virally imfected cells. The cytoplasmic
domaim of DAPI2 contams an Immunoreceptor Tyrosine-based Activation Motif (ITAM).
Accordingly, a CAR containing a DAP12-derived signaling domain may be used for adoptive
transfer of NK cells.

602171 In some embodiments, T cells engincered with two or more CARs incorporating
distinct co-stimulatory domains and regulated by distinct BD may be used to provide kinetic
control of downstream signaling.

100218] In some embodiments, the intracellular domain of the present invention may comprise

amino acid sequences of Table 6.
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Table 6: Intracellular sionaline and co-stimulatory domains

Description Amino Acid Sequence Axmino
Acid
SEQID

284 co-stimulatory WRRERKERKQGSETSPKEFLTIVEDVKDLE TRRNHEQEQTFP | 268

domain GOOGSTIYSMIQSQSSAPTSQEPAYTLYSLIQPSRKSGSRKRN
HSPSFNSTIVEVIGKSQPKAQNPARLSRKELENFDVYS

D27 co-stimulatory HORRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYR | 269

domain KPEPACSP

CD272 (BTLAL co- RRHQGKONELSDTAGRENLVDAHLKSEQTEASTRONSG | 270

stimulatory domain VLLAETGIVDNDPDLOFRMOQEGSEVY SNPULEENKPGYVY A
SLNHSVIGPNSRLARNVEEAPTEY ASICVRS

D272 (BTLAL) co- CCLRRHOGKONELSDTAGREINLVDAHLKSEQTEASTRG | 271

stimulatory domain NSQVLLSETGIYDNDPDLCFRMOQEGSEVY SNPCLEENKPG
IVYASLNHSVIGPNSRLARNVKEAPTEY ASICYRS

D28 co-stinwiatory FWVLVVVGGVLACYSLLVTVAFIIFWVY 272

CD28 co-stimulatory KRGREKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC | 273

domain EL

(D28 co-stimulatory FWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDF | 274

domain AAYRS

D28 co-stimulatory RSERSRGGHSDYMNMTIPREPGPTREHYQPYAPPRIFAAY | 275

domain RS

D28 co-stinmlatory RSKRSRGGHSDYIVINMTPRRPGPTRKHY(QPYAPPRDFAA | 276

domain YRS

{28 co-stinulatory MLELLLALNLFPSIQVTGNKILVEQGSPMLVAYDNAVNLSC | 277

signaling region KYSYNLFSEEFRASLHKGLDSAVEVIVVYGNYSQOLOVY
SKTGFNCDGKLGNESVTIFYLONLYVNOQTDIYFCKIEVMYP
PPYLDNEKSNGTIHHVKGKHLCPSPLEFPGPSKPEFWVLVVVG
GVLACYSLLVTVAFIFWVRSKRSELLHSDYMNMTPRRPG
PTRKHYPY APPRDFAAYRS

D30 co-stimulatory RRACRERIRQKLHLCYPVQTSQPKLELVDSRPRRSSTOLR | 278

domain SGASVTEPYVAEBERGLMSOPLMETCHSVGAAYLESLPLGD
ASPAGGPSSPRILPEPRVSTEHTNNKIEKIVIMK ADTVIVG
TVKAELPEGRGLAGPAEPELEEELEADHTPHYPEQETEPPL
GSCRDVMLSVEEEGKEDPLPTAASGK

D30 co-stinulatory RRACRKRIRQKLHLCYPVQTSQPKLELVDSRPRRSSTQLR | 279

domain SGASVTEPVAEERGLMSQPLMETCHSVGAAYLESLPLOD
ASPAGGPSSPRDLPEPRVSTEHTNNKIEKIYIMKADTVIVG
TVEARLPEGRGLAGPAEPELEEELEADHTPHYPEQETEPPL
GSCSDVMLSVEEEGKEDPLPTAASGK

GITR co-stimulatory HIWQLRSQCMWPRETQLLLEVPPSTEDARSCGQFPEEERGE | 280

domain RSAEEKGRLGDLWY

HVEM co-stimulatory CVKRRKPRGDVVKVIVSVORKROQEAEGEATVIEALQAPP | 281

domain DVTTVAVEETIPSFTGRSPNH

ICOS co-stimulatory TKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL 282

domain

ICOS co-stirnniatory CWLTRKEYRSSVHDPNGEYMEFMRAVNTAKKARLTDVTL | 283

signaling domain

LAG-3 co-stimulatory HLWRRQOQWRPRRFSALEQGIHPPOAQSKIEELEQEPEPEPEP | 284

region EPEPEPEPEPEQL

(X406 co~-stimulatory ALYLIRRDQRILPPDAHKPPGGGSFRTPIQEEQADAHSTLA | 283

domain KI

OX40 co-stmulatory RRIDOQRLPPDAHKPPGGGSFRTPIGEEQADAHSTLAKI 286

domain

4-1BB intraceliular KRGRKKLLYIFKQPFMRPVQTIQEEDGCSCRFPEEEEGGCE | 287

domain L

4-1BB signaling KRGRKKXLLYIFKQPFMREPVQTTQEEDGUSCRFPEEEEGGY | 288

domain

EL

-57 .




WO 2018/161017 PCT/US2018/020741

4-1BB-CD)37Zeta TGTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG
intraceltular domain IDFACDIVIWAPLAGTCOVLLLSLVITLYCERGRKKLLYIF
KOQPFMRPVOTTOEEDGCSCRFPEEEEGGCELR VKFSRSAD
APAYGQGONQLYNELNLGRREEYDVLIKRRGRIDPEMGG
KPRREKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKG
HDGLYQGLSTATKDTYDALHMOQALPPR
4-1BB-Z endodomain KRGREKLLYIFKQPFMRPVOQTTQEEDGCSCRFPEEEEGGC
fusion ELRVKFSRSADAPAYOOGONCQLYNELNLGRREEYDVLIDEK
RRGRIPEMGGKPREKNPOQEGLYNELOQKDKMAEAY SEIG
MKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR
CD127 intraceliular KRIKPIVWPSLPDHKKTLEHLCKKPRENLNVSFNPESFLDC | 291
domain QIHRVDDIQARDEVEGFLODTFPQQLEESEKQRLGGDV(S
PNCPSEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRSL
DCRESGKNGPHVYQDLLLSLGTTINSTLPPPFSLOSGILTLN
PVAQGQPILTSLGSNQEEAY VIMSSFYOQNG
D137 intracelinlar RFSVVERGRKKLLYIFKQPFMRPYVOTTQEEDGCRCRFPEE | 292
domain EBEEGGCEL
{148 intraceliular REKREDAKNNEVSFSQIKPKKSKLIRVENFEAYFKEQOAD
domain SNCGFAEEYEDLKLVGISQPRYAAELAENRGENRYNNVL
PYDHSRVKLSVOTHSTDDYINANYMPGYHSKKDFIATOGP
LPNTLEDFWRMVWERKNYVY AIIMLTKCVEQGRTKCEEYW
PSEGAQDYGDITVAMTSEIVLPEWTIRDFTVKNIQTSESHP
LROFHFTSWPDHGVPDTTDLLINFRYLVRDYMESPPESPL
LVHCSAGVGRTGTFIAIDRLIVQIENENTVDVYGIVYDLR
MHREPLMVOTEDQYVFLNGCVLDIVRIQKDSKVDLIYQONT
TAMTIYENLAPVTTFGRTNGYI A
D27 intracellular QRREYRSNKGESPVEPAEPCHYSCPREEEGSTIPIQEDYRK | 294
domain PEPACSP
D28 intracelular FAAYRS 208
domain
{28 signaling chain FWVLVVVGGVLACYSLLVTVAFIFWVRSKRSRLLHSDY 296
MNMTPRRPGPTREKHYOPYAPPRIFAAYRS
CD28 signaling domain | RSKRSRLLHSDYMNMTPRRPGPTRKHYQFYAPPRDFAAY | 297
RS
CD728 signaling domain | SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYR | 298
8
D28 signaling domain | IEVMYPPPYLDNEK SNGTHHVKGKHLCPSPLFPGPSKPFW | 299
VLVVVGGYVLACYSLLVTVAFIIFWRSKRSRLLHSDYMNM
TPREPGPTREHY(QPYAPPRIFAAYRS
(D28, 4-1BB, and/or RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY | 300
CD3{ signaling domain | RARFSVVKRGRKKXLLYIFKQPFMRPVQTTQEEDGCSCRFP
EEEEGGCELRVKFSRSADAPAYQOQGONQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRREKNPQEGLYNELOQKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR
CD23/CDH3C AAAIEVMYPPPYLDNEKSNGTUHVEKGEHLCPSPLFPGPSK. | 301
PEFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRARLLHSDY
MNMTPREPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADA
PAYCQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK
PRRENPQEGLYNELQKDKMAFEAYSEIGMKGERRRGKGH
DGLYQGLSTATEDTYDALHMOQALPPR
CD28-0XZ intraceliular | RSKRSRLLHSDYNMTPRRPGPTRKHYQPYAPPRDFAAYRS | 302
domain

2
20
N

b2
D
<

2
Nel
(]

RSADAPAYOQOQGONOQLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRNPQEGLYNELQKDKMAEAYSEIGMKGERR
ROGKGHDGLYOGLSTATKDTYDALHEMQALPPR

CD28-4-1BB MFWVLVVVGGVLACYSLLVTVAFIIFWVERGRKKLLYIF | 30
intraceliular domain KOPFMRPVOQTTQEEDGCSCRFFEEEEGGCEL

(8]
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{D28-4-1RB IEVMYPPPYLDNEKSNGTIHVKGKHLCPSPLFPGPSKPEW | 304
intracellular domain VLVVVGGVLACYSLLVTIVAFIFWVKRGRKELLYIFKQPF
MRPVOTTOEEDGCSCRFPEEEEGGCEL

{D28-LD3 Zeta RSKRSRLLHSDYMNMTPRRPGPTREHYQPYAPPRDFAAY | 305

intracellular domain RSRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELGKDKMAEAYSEIG
MEGERRRGKGHDGLYQGLSTATEDTYDALHMGQALPFR

{'D28-CD37Z¢cta KRSRLLHSDYMMNMTPRRPGPTRKHYQPYAPPRIDFAAYRS | 306

intracellular domain RVKFIRSADAPAYCQOQGONQLYNELNLGRREEYDVLDKR
RGRUPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

("33 delta chain MEHSTFLSGLVLATLLIQVSPFKIPT EDRVFVNCNTSIT | 307

intracellutar signaling WVEGTVGTLLADITRLDLGKRILDPRGIYRONGTDIVEDK

domain ESTVOVHYRMCQSCVELDPATVAGIIVTDVIATLLLALGY
FCFAGHETGRLSGAADTQALLRNDOVYQPLRDRIDAQYS
HLGOGNWARNK

D3 delta chain MEHSTFLSGLVLATLLSQVSPFKIPIEELEDRVFVNCNTSIT | 308

intracellntar sigunaling WVEGTVGTLLSDITRLUDLGERILDPRGIYRCNGTDIYKDK

domain ESTVOVHYRTADTQALLRNDOVYQPLRDRDDAQYSHLG
GNWARNK

{"D3 delta chain DOVYQPLRDRDDAQYSHLGGN 309

intracellular signaling

domain

CD3 delta intraceliular | MEHSTFLRGLVLATLLSQVIPFKIPIEELEDRVEFVNUNTRIT | 3190

domain WYEGTVOTLLSDITRUDLGKRILDPRGIYRCNGTIDIYKDK
ESTVOVHYRMCQRCVELDPATVAGIIVIDVIATLLLALGY
FCFAGHETGRLSGAADTQALLRNDQVYQPLRDRDDAQYS
HLGGNWARNK

D3 delta intracellular | MEHSTFLSGLVLATLLSQVSPFKIPIEELEDRVEFVNCNTSIT | 311

domain WVEGTVGTLLSDITRLDLGKRILDPRGIYRONGTDIVEDK.
ESTVOVHYRTADTQALLENDQVYQPLRDEDDAQYSHLG
GNWARNK

(D3 delta intracellular | DOVYQPLRDRDDACQYSHLGGN 312

domain

CD3 epsilon MOSGTHWRVLGLCLLSVGYVWGODGNEEMGGITQTPYRY | 313

intracellnlar domain SIRGTTVILTCPOYPGSEILLWOQHNDKNIGGDEDDKNIGSDE
DHLILKEFSELEQSGYYVCYPRGSKPEDANFYLYLRARV(
ENCMEMDVMASVATIVIVDICITGGLLLLVYYWSKNRKAK
AKPVTIRGAGAGGRORGONKERPPPVPNPDYEPIRKGQRD
LYSGLNQRRI

D3 epsilon NPDYEPIRKGORDLYSGLINQR 314

intraceliular domain

D3 gamma MEQGKGLAVLILATT LOGTLAQSIKGNHLVKVYDYQEDG | 315

intracellular domain SVLLTCDAEAKNITWFKDGKMIGFLTEDKKKWNLGSNAK
DPRGMYQCKGSONKSKPLOVYYRMCONCIELNAATISGF
LFAEIVSIFVLAVGVYFIAGQDGVROSRASDKQTLLPNDQ
LYQPLKDREDDQYSHLOGNQLREN,

CD3 gamma DOLYQPLKDREDDGYSHLGGN 316

intracellular domain

CD3 gamma DOLYQPLKDREDDQYSHLOGN 317

intraceliular domain

D3 gamma MEQGKGLAVLILAIILLOGTLAQSIKGNHLVKVYDYQEDG | 318

intracellular domain SVLLTCDAEAKXKNITWFKDGKMIGFLTEDKKKWNLGSNAK
DPRGMYQCKGSONKSKPLOVYYRMCONCIELNAATISGF
LFAEIVSIFVLAVGVYFIAGQDGVROSRASDKQTLLPNDQ
LYQPLKDREDDQYSHLOQGNGQLEREN

CD3 zeta intracellular MKWKALFTAAILQAQLPITEAQSFGLLDPRLOYLLDGILEL | 319
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ABAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALFPR

CD3 zeta intracellular MEKWKALFTAAILGQAQLPITEAQSFGLLDPKLCYLLDGILFI | 320

domain YGVILTALFLRVKFSRSADAPAYQQGONQLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPQRRKNPQEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

D3 zeta intracellular MEKWKALFTAATLQAQLPITEAQSFGLLDPKLCYLLDGILFT | 321

domain YGVILTALFLRVKFSRSADAPAYQOGONQLYNELNLGRR
EEYDVLDKRRGRUDPEMGGKPQRRENPOQEGLYNELQKDK
MAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMOALPPR

CD3 zeta intracellular NQLYNELNLGRREEYDVLDKR 322

domain

D3 zeta domain 2 RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKR | 323

(NM_000734.3) RGRDPEMGGKPRRENPOEGLYNELOQKDKMAEAY SEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

D3 z¢ta intracellular DGLYQGLSTATKDTYDALHMQ 324

domain

D3 zeta intracellular RVKFSRSAEPPAYQQGONOLYNELNLGRREEYDVLDKRR | 325

doraain GRDPEMGGKPRRENPOEGLYNELQRKDKMAEAYSEIGME.
GERRRGKGHDGLYQGLSTATEDTYDALHMOALPPR

CD3 zeta intracellular RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKR | 326

domain RGRDPEMGGKPQRREKNPOEGLYNELQKDKMAEAYSEIG
MEKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

D3 zeta intracellular RERVEKFSESADAPAYQQGONQLYNELNLGRREEYDVLDK | 327

domain RRGRDPEMGGKPRRENPOEGLYNELQKDKMAEAYSEIG
MKGERRRGK GHDGLYOQGLSTATKDTYDALHMQALPPR

D3 zeta intracellular RVKFSRSADAPAYQQGEYDVLDKRRGRIPEMGGKPRRK | 328

dorsain NPQEGLYNELOQKDKMAEAYSEIGMKGERRRGEKGHDGLY
QGLSTATEKDTYDALHMOALPPR

CD3 zeta intracellular RVKFSRSADAPAYQQGONQLYNELNLGRREEVDVLDKR | 329

domain RGRDPEMGGKPRRKNPQEGLYNELQKDEKMAEAY SEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALFPR

D3 zeta intracellular MIPAVVLLLLLLVEQAAALGEPQLOYILDAILFLVGIVLTL | 330

domain LYVCRLKIQVREAAITSYEK SR VKFSRSADAPAYQOGONQL
YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELOQKDKMAEAVSEIGMKGERRRGK GHDGLYQGLSTA
TKDTYDALHMOALPPR

D3 zeta intracellular LRVKFSRSADAPAYVOQOQGONQLYNELNLGRREEYDVLDKR | 331

dorsain RGRIPEMGGKPRRENPOEGLYNELOQKDKMAEAYSEIGM
KGERRRGEGHDGLYQGLSTATRKDTYDALHMQALPPR

CD3 zeta intracellular RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKR | 332

domain RGRDPEMGGEPQRRENPOEGLY

CD3 zeta intracellular LRVKFSRSADAPAYQQGONQLYNELNLGRREEYDIVLDKR | 333

doraain RGRUPEMGGKPQRRKNPQEGLYNELOKDKMAEAYSEIG
MKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

D3 zeta intracelular RRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDK | 334

domain RRGRDPEMGGKPRRKNPOQEGLYNELQKDEMABAYSEIG
MEGERRRGKGHDGLYQGLSTATEDTYDALHMOALPPFR

D3 zeta intracellular NOLYNELMLGRREEYDVLDKR 333

domain

D3 zeta intracellular EGLYNELQKDKMAEAYSEIGMK 336

domain

D3 zeta intracellular DGLYQGLSTATKDTYDALHMQ 337

domain

CD3 zeta intracellular RVKFIRSADAPAYQQGQONQLYNELNLGRREEYDVLDKR | 338

domain

RGRDPEMGGKPREKNPOQEGLYNELOQKDKMAEAY SEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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domain

VLTVLIALAVYFLGRLVPRGRGAAEAATRKQRITETESPY
QELOGORSDVYSDLNTORPYYXK

{3 zeta intraceliular RVKFSRSADAPAYKOGONQLYNELNLGRREEYDVLDKR 339

domain RGRDPEMGGKPRRKNPOQEGLYNELOKDKMAEAYSEIGM
KGERRRGKGHIDGLYOQGLSTATKDTYDALHMOQALPPR

D3 zeta intraceliular RVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKR 340

domain RGRIDPEMGGKPRRENPOEGLYNELOQKDKMAFEAY SEIGM
KGERRRGKGHDGLYQGLITATKDTYDALHMOALP

CD3 zeta intraceliular DPRKLCYLLDGILFIYGVILTALFLRVKFISRSADAPAYQQGQ | 341

domain NGOLYNELNLGRREEYDVLDKRRGRDPEMGGKPORRKNP
QEGLYNELQKDKMAEAYSEIGMK GERRRGKGHDGLYQG
LSTATKDTYDALHMOALPPR

D3 zeta itracellular MKWKALFTAAILQAQLPITEAQSFGLLDPRLCYLLDGILFY | 342

domain YGVILTALFLRVEFSRSADAPAYQQGONQLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQEDEM
ABAYSEIGMKGERRREGKGHDGLYQGLSTATKDTYDALR
MOALPPR

CD40 intracelular RSRDQRLPPDAHKPPGGGSFRTPIOEEQADAHSTLAKI 343

domain

CD79A intracellular MPGGPGVLQALPATIFLLFLLSAVYLGPGCQALWMHKVP | 344

domain ASLMVSLGEDAHFQCPHNSSNNANVTWWRVLHGNYTWP
PEFLGPGEDPNGTLIIONVNKSHGGIYVCRVQEGNESYQQ
SCGTYLRVRQPPPRPFLDMGEGTKNRIITAEGILLFCAVVP
GTLLLFRKRWONEKLGLDAGDEYEDENLYEGLNLDDCS
MYEDISRGLOGTYQDVGSLNIGDVOLEKP

CD79A intracellular MPGGPGVLOALPATIFLLFLLSAVYLGPGCQALWMHKVP | 343

domain ASLMVSLGEDAHFQCPHNSSNNANVTWWRVLHGNYTWP
PEFLGPGEDRPNEPPPRPFLDMGOGEGTENRIUTAEGHLLFCAY
VPGTLLLFRERWONEKLGLDAGDEYEDENLYEGLNLDDC
SMYEDISRGLQGTYQDVGSLNIGDVQLEKP

CD79A intraceliular MPGGPGVLOQALPATIFLLFLLSAVYLGPGCQALWMHKYP | 3468

domain ASLMVSLGEDAHFQUPHNSSNNANVTWWRVLHGNYTW?
PEFLGPGEDPNGTLIONVNE SHGGIYVCRVOQEGNESY(QD
SCGTYLRVROPPPRPFLDMGEGTKNRIITAEGILLFCAVVP
GTLLLFRKRWONEKLGLDAGDEYEDENLYEGLNLDDCS
MYEDISRGLOGTYQDVOGSLNIGDVQLERP

CD79A intraceliular ENLYEGLNLDDCSMYEDISRG 347

domain

CDY iniracellular FVPVFLPARKPTTTPAPRPPIPAPTIASOPLSLEPEACRPAAG | 348

domain GAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHR
MNR

CD8 intracellular FVYPVFLPAKPITTIPAPRPPTIPAPTIASQPLSLRPEACRPAAG | 349

domain GAVHTRGLDFACDIYVIWAPLAGTCGVLLLSLVITLYCNHR
NE

{DRa intracellular PTTTPAPRPFTPAPTIASOPLSLRPEACRPAAGGAVHTRGL | 350

domain DFACDI

{TLA4 intracetinlar AVSLSEMELKKRSPLTTGVFVKMAPTEAECEKQFQPYFIPI 351

domain N

CTL A4 intraceliular AVSLSKMELKKRSPLTTGVYMNMTPRRPECEKQFQPYAPP | 352

domain RDFAAYRS

DAPLO intracellular RPRRSPAGDGKVYINMPGRG 353

domain

DAPI2 intracellular MGGLEPCSRLLLLPLLLAVSGLRPVQAQAQSDUSCSTVSP | 354

domain GVLAGIVMGDLVLTVLIALAVYFLGRLVPRGRGAAFAAT
RKQRITETESPYQELOQGORSDVYSDLNTORPYYK

DAPI2 intracellular MGGLEPCSRLLLLPLLLAVSGLRPVQAQAQSDCSCSTVSP | 335

domain GVLAGIVMGDLVLTVLIALAVYFLGRLVPRGRGAAEFATR
KQRITETESPYQELOGORSDVYSDLNTORPYYER

DAPI2 intracellular MGGLEPCSRLLLLPLLLAVSDCSCSTVSPGVLAGIVMGDL | 336
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DAP12 intracellular MGGLEPCSRLLLLPLLLAVSDCOSCSTVSPGVLAGIVMGDL | 357

domain VLTVLIALAVYFLGRLVPRGRGAAEATRKQRITETESPY(
ELOGORSDVYSDINTORPY YK

DPAP12 intracellular MGGLEPCSRLLLLPLLLAVSGLRPVOQAQAQSDCSCSTVSP | 358

domain GVLAGIVMGDLVLTVLIALAVYFLGRLVPRGRGAAEAAT
RKQRITETESPYQELQGORSDVYSDLNTOQRPYYK

DAPL2 intraceliular MGGLEPCSRLLLLPLLLAVSGLRPVQAQAQSD{SCSTVSE | 359

domain GVLAGIVMGDLVLTVLIALAVYFLGRLVPRGRGAAEATR
KQRITETESPYGELOQGORIDVYSDLNTORPYVYK,

DAP12 intracellular MGGLEPCSRLLLLPLLLAVSDCSCSTVSPGVLAGIVMGDL | 360

domain VLTVLIALAVYFLGRLVPRGRGAAEAATRKQRITETESPY
QELQGORSDVYSDLNTQRPYYE.

DPAP12 intracellular MGGLEPCSRLLLLPLLLAVSDCSCSTVSPGVLAGIVMGDL | 361

domain VLTVLIALAVYFLGRLVFRGRGAABEATRKORITETESPY(Q
ELOGORSDVYSDLNTORPYYI

D3 APL2 intracelinlar ESPYQELOQGORSDVYSDLNTQ 362

domain

3APIZ intracellular ESPYQELQGQORSDVYSDLNTO 363

domain

GITR intracellular RSQCMWPRETQLLLEVPPSTEDARSCQFPEEERGERSAEE | 364

domain KGRLGDLWV

ICOS intracelhular TKEKYSSSVHDPNGEFMFMREAVNTAKKSRLTDVTL 365

domain

IL.15Ra intracellular KSRQTPPLASVEMEAMEALPVTWGTSSRDEDLENCSHHL | 366

domain

OX40-CD3 Zeta RRIDQRLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKIRVE. | 367

intracelinlar domain FSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGER
DPEMGGKPRRENPOEGLYNELQKDKMAEAYSEIGMEGE
RRRGEKGHDGLYQGLSTATKDTYDALHMQALPPR

ZAPTO intracellular MPDPAAHLPFFYGSISRAEAEREHLKLAGMADGLFLLRQCL | 368

domain RSLGGYVLSLVHDVRFHHFPIERQLNGTYAIAGGRAHCGP
ABLCEFYSRDPDGLPCNLRKPCNRPSGLEPQPGVFDCLED
AMVEDYVROTWKLEGEALEQAIISQAPOVEKLIATTAHE
RMPWYHSSLTREEAERKLYSGAQTDGKFLLRPRKEQGTY
ALSLIYGRTVYHYLISODRKAGKYCIPEGTRFDTLWQLVEY
LKLKADGLIYCLKEACPNSSAANASGAAAPTLPAHPSTLY
HPQRRIDTLNSDGYTPEPARITSPDKPRPMPMDTSVYESPY
SDPEELKDKXLFLKRDNLLIADIELGCGNFGSVROQGVYRM
REKKQIDVAIKVLKQGTEK ADTEEMMREAQIMHOLDNFYI
VRLIGVCQAEALML VMEMAGGGPLHKFLVGKREEIPVSN
VAELLHQVSMGMKYLEEKNFVHRDLAARNVLLVNRHY A
KISDFGLSKALGADDSYYTARSAGKWPLKWYAPECINFR
KFSSRSDVWSYGVTIMWEALSYGQKPYKKMK GPFEVMAFI
EQGKRMECPFECPPELYALMSDCWIYKWEDRPDFLTVEQ
BRMRACYYSLASKVEGPPGSTORKAEAACA

D28 intracellular MERLLLALNLFPSIOVTGNKILVKQSPMLVAYDNAVNLSC | 369

domain KYSYNLFSREFRASLHKGLDSAVEVCVVYGNYSQQLOVY
SKTGFNCDGKLGNESVIFYLONLYYNQTDIVFCKIEVMYP
PPYLDNEKSNGTIHVKGKHLCPSPLFPGPSKPFWVLVVVG
GVLACYSLLVTIVAFIFWVR

4-1BB intraceliular MGNSCYNIVATLLLVINFERTRSLODPCSNCPAGTFCDNN | 370

domain RNQICSPCPPNSFSSAGGORTCDICROQCK GVFRTRKECSST
SNAECDCTPGFHCLGAGU SMCEQDCKQGQELTKKGCKD
COFGTFNDOQKRGICRPWTNCSLDGKSVLVNGTKERDVVC
GPAPADLSPGASSVTPPAPAREPGHSPOISFFLALTSTALLER
LLFFLTLRFSVVKRGREKKLLYIFKOPFMRPVQTTOQEEDG

Fc epsilon Receptor I MIPAVVLLLLLLVEQAAALGEPQLCYILDAILFLYGIVLTL | 371

gamma chain
intracellular domain

LYCRLKIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKH
EKFPQ
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Fe epsilon Receptor | DOVYTGLSTRNQETYETLKHE 372
gamua chain

intracelindar domain
F¢ epsilon Receptor { DPKLCYILDAILFLYGIVLTLLYCRLKIQVRKAAITSYEKSD | 373

gamma chain GVYTGLSTRNQETYETLKHEKPPQ
intracellular domain
Fe epsilon Receptor [ DGVYTGLSTRNQETYETLKHE 374

gamma chain
intracellular domain

Transmembrane domains

[06219] In some embodiments, the CAR of the present invention may compnise a
transmembrane domain. As used herein, the term “Transmembrane domain (TM) refers broadly
to an amino acid sequence of about 15 residues in length which spans the plasma membrane.
More preferably, a transmembrane domain mcludes at least 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30,31,32,33, 34,35, 36,37, 38, 39,40, 41, 42,43, 44, or 45 amine acid residues and spang the
plasma membrane. [n some embodiments, the transmembrane domain of the present invention
may be derived cither from a natural or from a synthetic source. The transmembrane domain of a
CAR may be derived from any naturally membrane-bound or transmembrane protein. For
example, the transmembrane region may be derived from (i.e. comprise at least the
transmembrane region{s) of) the alpha, beta or zeta chaim of the T-cell receptor, CDI3 epsilon,
CD4, CDS, CDE, CD8u, CD9, CDis, CD22, CD33, CD28, CD37, CD45, Chod, CDRE, CD8s,
D134, CD137, (D152, or CD154.

100220] Alternatively, the transmembrane domain of the present invention may be synthetic. In
some aspects, the synthetic sequence may comprise predominantfy hydrophobic residues such as
leucine and valine.

[06221] In some embodiments, the transmembrane domain of the present invention may be
selected from the group consisting of a {D8q transmembrane domain, a CD4 transmembrane
domain, a CD 28 transmembrane domain, a CTLA-4 transmembrane domain, a PD-1
transmembrane domain, and a human Iges Fe region. As non-limiting examples, the
transmerbrane domain may be a CTLA-4 transmembrane domain comprising the amino acid
sequences of SEQ 1D NOs. 1-5 of Intemational Patent Publication NO.: W0O2014/100385; and a
PD-1 transmembrane domain comprising the amino acid sequences of SEQ [D NOs.: 6-8 of
International Patent Pubhication NG .. WO2014100385; the contents of each of which are
incorporated herein by reference in their entirety.

[00222] In some embodiments, the CAR of the present invention may comprise an optional
hinge region (also called spacer). A hinge sequence is a short sequence of amino acids that

facilitates flexibility of the extracellular targeting domain that moves the target binding domain
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away from the effector cell surface to enable proper cell/cell contact, target binding and effector
cell activation {Patel et al., Gene Therapy, 1999; 6. 412-419). The hinge sequence may be
positioned between the targeting moiety and the transmembrane domain. The hinge sequence can
be any suitable sequence derived or obtained from any suitable molecule. The hinge sequence
may be derived from all or part of an immunoglobulin {c.g., 1gGl, 1gG2, 1g(3, IzG4) hinge
region, 1.¢., the sequence that falls between the CHI and CHZ domains of an immunoglobulin,
e.g., an Ig(G4 Fc hinge, the extracellular regions of type 1 membrane proteins such as CD8«u
P4, €28 and CD7, which may be a wild type sequence or a dervative. Some hinge regions
mclude an immunoglobulin CH3 domain or both a CH3 domain and a CH2 domamn. In certain
embodiments, the hinge region may be modified from an 1gG1, 1gG2, IgG3, or g4 that
mcludes one or more aming acid residues, for example, 1, 2, 3, 4 or 5 residues, substituted with
an amino acid residue different from that present in an unmodified hinge. Table 7 provides
various transmembrane regions that can be used in the CARs described herem.

Table 7: Transmembrane domains

Trapsmembrane domain | Amiao Acid Sequence SEG 1B
(D8 Transmembrane TTTPAPRPPTPAPTIASQPLSLEPEACRPAAGGAVHTIRGLDF | 373
domain ACDI

284 Transmembrane FLVOVILSALFLGTLALCFCY 424
domain

4-1BB Transmenibrane ISFFLALTSTALLFLLFFLTLRFSVVKRGR 376
domain

4-1BB Transmembrane IISFFLALTSTALLFLLFFLTLRFSVVY 377
domain

(D134 (OX40) VAAILGLGLVLGLLGPLAILLALYLL 378

Transmermbrane domain
(D148 Transmembrane AVFGCIFGALVIVIVGGFIFWRKKREKDAKNNEVSFSQIKPK. | 379
and intracellular domain KSKLIRVENFEAYFEKKOQOQADSNCGFAEEYEDLKLVGISQPK
YAAELAENRGENRYNNVLPYDISRVKLSVQTHSTDDYINA
NYMPGYHSKKDFIATQGPLPNTLKDFWEREMVWEKNVYAIL

MLTKCVEQGRTKCEEYWPSKQAQDYGDITVAMTSEIVLPE
VVTIRDFTVENIQTSESHPLREQFHFTSWPDHGVPDTTDLLIN
FRYLVRDYMKOSPPESPILVHCSAGVGRTGTFIAIDRLIY(QI

ENENTVDVYGIVYDLRMHRPLMYOQTEDQYVFLNQCVLDI
VESQKDSKVDLIYONTTAMTIVENLAPVTTFGETNGYIA
CD 148 Transmembrane AVFGCIFGALVIVIVGGFIFW 380
domain
CD2 Transmembrane KEITNALETWGALGQDINLDIPSFOMSDDIDDIK WEKTSIG | 381
domain KKIAQFRKEKETFKEKDTYKLFENGTLKIKHLETDDODIVK

VEIYDIKCK NVLEKIFDLEKIQERVSKPKISWTCINTTLTCEV
MNGTDPELNLYQDGKHLKLSQRVITHEKWTTSLSAKFKCTA
GNKVSKESSVEPVSCPEKGLD

CD28 Transmembrane and | [EVMYPPPYLDNEKSNGTITHVEKGKHLCPSPLFPGPSKPFW | 382

mtraceHular domain VEVVVGGVLACYSLLVIVAHIFWVRSKRSRLLHSDYMNM
TPRRPGPTREHYQPYAPPRIDFAAYRS

(D28 Transmembrane FWVLVVVGGVLACYSLLVTIVAFIIFWY 383

domain

D28 Transmembrane EVMYPPPYLDNEKSNGTIHVKGKHLOPSPLEPGPSKPFWY | 384

domain LVVVGGVLACYSLLVIVAFIIFWY
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CD28 Transmerbrane
domain

IFWVLVVVGQOGVLACYSLLVTIVAFIFWVRSKRR

(D28 Transmembrane FWVLVVVGGVLACYSLLVTVAFIIFWVRSKRESRLLHSDYM | 38¢

domain NMTPRRPGPTRKHY(P YAPPRDFAAYRS

D28 Transmembrane MEFWVLVYVGGVLACYSLLVIVAFIFWY 387

domain

28 Transmembrane FWVYLVVVGGVLACYSLLVIVAFHFWY 388

domain

D28 Transmembrane FWVLVVVGGVLACYSLLVTVAFIIFWVRAKRSRLLHSDYM | 425

domain NMTPRRPGPTRKHYQAYAAARDFAAYRS

C28 Transmernbrane TEVMYPPPYLDNEKSNGTIHVKGKHLCPSPLFPGPSKPFWY | 897

domain LWVGGVLACYSLLVIVAFIIFWVRSKRSRLLHSDYMNMTP
REPGPTRKHYOQPYAPPRDEAAYRS

D28 Transmembrane MEFWVLVVVGGVLACYSGGVTVAFIIFWY 389

domain

CD28 Transmembrane WVLVVVGGVLACYSLLVIVAFITFWY 390

domain

CD28 Transmerbrane FWVLVVVGGVLACYSLLVTVAFIIFWVR 898

domain

(D28 Transmembrane PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDY 391

domain MNMTPRRPGPTRKHYOQPYAPPRDFAAYRS

D28 Transmembrane FWVYLVVVGGVLACYSLLVIVAFIITFWVRSKRSRLLHSDYM | 392

domain and C1328 and NMTPRRPGPTREKHYOQPY APPRDFAAYRSRVKFSRSADAPA

{3 Zeta intracelinlar YOOQGONQLYNELNLGRREEYDVLDKRRGRIDPEMGGKPRER

domain KNPQEGLYNELOQKDKMAEAY SEIGMKGERRRGKGHDGLY
QGLSTATKDTYDALHMQALPPR

CD28 Transmerbrane FWVLVVVGGVLACYSLLVTVAFIFWVRSKRSRLLHSDYM | 393

domain and CD28, OX46, | NMTPRRPGPTRKHYOQPYAPPRDFAAYRSRIDORLPPDAHKP

and CD3 Zeta intracellular | PGOGGSFRTPIQEEQADAHSTLAKIRVEFSRSADAPAVOQGQ

domain NOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRREKNPOE

SLYMNELQKDEKMAEAYSEIGMKGERRRGKGHDGLYQGLST

ATKDTYDALHMOQALPPR

CD28 Transmembrane FWVLVVVGGVLACYSLLVTVAFIIFWVRRVKFSRSADAPA | 394

domain and CD3 Zeta YQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRE

intracellular domain KNPOQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLY
QGLSTATKDTYDALHMOALPPR

CD2S8 transmembrane-CD3 | AAAIEVMYPPPYLDNEKSNGTIHVKGKHLCPSPLFPGPSKP | 393

z¢ta signaling domain FWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYM

(“2827) NMTPRRPGPTRKHYQPY APPRDFAAYRSRVKFSRSADAPA
YOOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR
KNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY
QGLSTATKDTYDAL HMOALPPR

3 zeta Transmembrane LCYLLDGILFIYGVILTALFLRY 396

domain

D3 zeta Transmembrane | MKWEKALFTAAILQAQLPITEAGSFGLLDPKLCYLLDGILFIY | 397

domain GVILTALFL

CD3 zeta Transmembrane | LOYLLDGILFIYGVILTALFL 308

domain

CD4 Transmembrane ALIWVLGGVAGLLLFIGLGIFFCVRC 399

domain

D4 Transmembrane MALIVLGGVAGLLLFIGLGIFF 400

domain

{48 Transmembrane and | ALIAFLAFLOVTSIALLYVLYKIVDLHKKRSCNLDEQQELY | 401

mtracelular domain

ERDDEKQLMNVEPHADILLETYKREKIADEGRLFLAEFQSIP
RVFSKFPIKEARKPENONKNRY VDILPYDYNRVELSEINGD
AGSNYINASYIDGFKEPRKYIAAQGPRDETVDDFWRMIWE
OKATVIVMVTRCEEGNRNKCAEYWPSMEEGTRAFGDVVY
KINQGHKRCPDYHOKLNIVNKKEKATGREVTHIQFTSWPDH
GVPEDPHLLLEKLRRRVNAFSNFFSGPIWHCSAGVGRTGTY]
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GIDAMLEGLEAENKVDVYGYVVKLRROQRCIMVQVEAQY]
LIHQALVEYNQFGETEVNLSELHPY LHNMEKRDPPSEPSPL
EABFORLPSYRSWRTOQHIGNQEENKE SKNENSNVIPYDYNR
YPLEHELEMAKESEHDSDESS DD ADAEEPSKYINASFIMSY
WEPEVMIAAQGPLKETIGDFWOMIFOREVEVIVMLTELKH
GDOEICAQYWGEGKQTY GDIEVDLEDTDKSSTYTLRVFEL
RHSKRKDSRTVYQYQYTNWSYEQLPAEPKELISMIQWEOK
LPQENSSEGNKHHKSTPLLUIHCRDGSQOTGIFCALLNLLES
AETEEWDIFOWKALRK ARPCGMYSTFEQYQFLYDVIASTYP
AQNGOVEKNNHQEDKIEFDNEVDK VKOQDANCYNPLGAPE
KLPEAKEQABGSEPTSGTEGPEHSVNGPASPALNGGS

domain

HPEPNPKNN

D621 Transmembrane PLFIPVAVMVTAFSGLAFIIWLA 402

domain

CD7 Transmembrane ALPAALAVISFLLGLGLGVACVLA 403

domain

CD8 Transmembrang MALPVTALLLPLALLLHAARY 404

domain

CD8 Transmembrane AAAFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPA | 405

domain and CD28 AGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCN

signaling domain HENRSKRSRLLHSDYMNMTPRRPGPTRKHYPYAPPFRDFA
AYRSRFSVVEKRGRKKLLYIFKQPFMRPYOTTOQEEDGCSCRY

HEEEGGCELRVKEFSRSADAPAYQQGONQLYNELNLGRRE

EYDVLDKRRGRDPEMGGKPRRKNPOQEGLYNELOKDKMA
EAYSEIGMEKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALPPR

(D8 trausmembrane AAATTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 406

domain-CD137 (4-1BB) GLDFACDIVIWAPLAGTCGVLLLSLVITLYCKRGRKEKLLYI

signaling domain and CD3 | FKOQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSAD

zeta signaling domain APAYKOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGG

("BR2”) KPRRENPOEGLYNELOKDKMAEAY SEIGME GERRRGK GH
DGLYQGLSTATRDTYDALHMOQALPPR

CD8a Transmembrane FVPVFLPAKPTTTPAPRPPTPAPTIASGPLSLRPEACRPAAGG | 407

domain AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRN

D8a Transmembrane IWAPLAGTCGVLLLSLVITLYC 408

domain

CDRa Transmembraue IYIWAPLAGTCGVLLLSLVITLYC 409

domain

CD8a Transmembrane IYIWAPLAGTCGVLLLSLVITLYCR 410

domain

CD8a Transmenbrane PTTTPAPRPPTPAPTIASOPLSLRPEACRPAAGGAVHTRGLD | 411

domain FACDIYIWAPLAGTCGVLLLSLVITLYCN

CD8a Transmembrane IWIWAPLAGTCGVLLLSLVITLVCR 412

domain

D8a Transmembrane YIWAPLAGTCGVLLLALVIT 413

domain

CDRa Transmembraue IYIWAPLAGTCGVLLLSLVITLY 414

domain

CD8a Transmembrane TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAWTRGLDFAC 809

domain (NP 0011393451y | DIYIWAPLAGTCGVLLLSLVITLYCNHRNRERR

CD8b Transmerbrane LGLLVAGVLVLLVSLGVAIHLCC 900

domain

DAPIS Transmembrane TLLAGLVAADAVASLLIVGAVFLCARR 901

domain

EpoR Transmembrane APVGLVARLADESGHVVLRWLPPPETPMTSHIRYEVDIVSA | 413

domain GNGAGSVORVEILEGRTECVLSNLRGRTRYTFAVRARMAE
PSFGGFWSAWSEPVSLLTPSD

FcERI a Transmembrane FFIPLLVVILFAVDTGLFISTQOOVTIFLLKIKRTRKGFRLLNE | 416
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FeERI g~ Transmermbrane MAPAMESPTLLCVALLFFAPDGVLAVPOKPRKVSLNPPWNR | 417

domain FKGENVTLTONGNNFFEVSSTKWHFHNGSL SEETNSSLNIV
NAKFEDSGEYKCQHQOQVNESEPVYLEVFSDWLLLQASAEY
VMEGOPLFLRCHGWRNWDVYKVIYYKDGEALKYWYENH
NISITNATVEDSGTYYCTGK VWOLDYESEPLNITVIKAPRE
KYWLOFFIPLLYVVILFAVDTGLFISTOQOOVIFLLKIKRTRKG
FRLLNPHPKPNPKNN

FeBERI b- Transmembrane | MDTESNRRANLALPQEPSSYPAFEVLEISPOEVSSGRLLKSA | 418

region SSPPLHTWLTVLKKEQEFLGVTOILTAMICLCFGTVVCSVL
DISHIEGDIFSSFKAGYPFWGAIFFSISGMLSIISERRNATYLY
RGSLGANTASSIAGGTGITILINLKEK SLAYIHIHSCOQKFFETK
CFMASFSTEIVVMMLFLTILGLGSAVSLTICGAGEELKGNK
VPEDRVYEEILNIYSATYSELEDPGEMSPPIDL

FcERI g- Transmembrane | MIPAVVLLLLLLVEQAAALGEPQLCYILDAN FLYGIVLTLL | 419

region YCRLKIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKHEK
PPQ

FceRia Transmembrane DIFIPLLVVILFAVDTGLFISTQQOVTFLLKIKRTREGFRLLN | 426

domain PHPKPNPKNNR

GITR Transmembrane PLOGWLTVVLLAVAACVLLLTSAQLGLHIWQL 421

domain

Her? Transmembrane SHSAVVGILLVVVLGVVFGILI 422

domain

Her2 Transmembrane CHPECQPONGSVTUFGPEADQUVACAHYRKDPPPCVARCPS | 423

domain GVEPDLSYMPIWKFPDEEGACQPCPINCTHRCVDLDDKGE
PAEQRASPLTSHSAVVGILLVVVLGYVFGILI

ICOS Transmembrane FWLPIGCAAFVVVCILGCILI 902

domain

IgGlTransmembrane EPKSPDKTHTCPPCPAPPVAGPIVFLFPPKPKDTLMIARTPE | 903

domain VICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NATYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTI
SKAKGOPREPOVYTLPPSRDELTEKNQVSLTCLVKGFYPSDI
AVEWESNGOPENNYKTTPPVLDIDGSFFLYSKLTVDKIRW
QOOGNVFSCSVMHEALHNHYTOKSLSLSPGKED

LAG-3 Transmembrane LLFLILGVLSLLLLVTGAFGF 904

domain

OX40 Transmembrane VAAILGLGLVLGLLGPLAILL 903

domain

PD-1 Transmembrane VGWGGLLGSLVLLVWVLAVI 906

domain

Transmermbrane domain FWALVVVAGVLFCYGLLVTVALCVIWT 907

1602231 Hinge region sequences useful in the present invention are provided in Table 8A.

Table 8A: Hinve resions

Hinge Domain Aming Acid Sequence SEQ I
NQ.
Hinge DKTHT 426
Hinge CPPC 427
Hinge CPEFKSCDTPPPCPR 428
Hinge ELKTPLGDTTHT 429
Hinge KSCDKTHTCP 430
Hinge KCCVDCP 431
Hinge KYGFPCP 432
“2337 Hinge VEPKSPDKTHTCPPCP 433
{2338 Hinge LDPESSDETHTCPPCP 434
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D28 Hinge EVMYPPFYLDNEKSNGTIHVEGKHLCPSPFLEPGPSKE 435
{D8a Hinge GOAVHTRGLDEFA 436
CD8a Hinge TITPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHIRGLD | 437
FACD

CD8a Hinge AKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR | 438
GLDFACD

(CD8a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD | 439
FACD

{D8a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD | 440
FACD

CD8a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD | 441
FACDEPK SPDKTHTCPPCPAFPPVAGPSVELFPPEPKINT

CD8a Hinge PAKPTTTPAPRPPTPAPTIASQPLSERPEACRPAAGGAVHT | 442
RGLDFACDIY

CD8a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTIRGLD | 443
FACDIYIWAPLAGTCGVLLLSLVITLYC

(CD8a Hinge TTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDE | 444
ACD

(CD8a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD | 445
FACDIY

Deltas Hinge LDKTHTCPPCP 446

EpoR Hinge APVGLVARLADESGHVVERWLPPPETPMISHIRYEVDVS 447
AGNGAGSYQRVEILEGRTECVLANLRGRTRYTFAVRARM
APPSTGGEFWSAWSEPVALLTPRD

FCRHe Hinge GLAVSTISSIFPPGYQ 448

FeyRIlg Hinge | GLAVSTISSFFPPGY () 449

Hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATIRNTGR | 450
GGEEKKXEKEKEEQEERETKTPECPSHTQPLGVYLLTPAY
QDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTGGVY
EEGLLERHSNGSGSOHSRLTLPRSLWNAGTIVTICTLNHPS
LPPORLMALREPAAGAPVKLSLNLLASSDPPEAASWLLCE
VSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITW
AWSVLRVPAPPIPOPATYTCVYVSHEDSRTLLNASRSLEVS
YVIDH

Hinge YVTVSSODPAEPKSPDK THTCPPUPAPELLGGPSVELEPPE. | 451
PERDTLMISRTPEVICVVVDVSHEDPEVEFNWYVDGVEVH
NAKTEPREEQGYNSTYRVYSYLTVLHODWLNGKEYKCKY
SNKALPAPIEKTISKAKGQPREPQVY TLPPSRDELTKNQVS
LTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPYVLDIDGSE
FLYSKLTVDKSRWOOGNVESCSVMHEALHNHYTOKSLSE
SPGKKDPIC

Hinge KPTTTPAPRFPTPAPTIASQPLSLRPEACRPAAGGAVHTRG | 452
LDFA

Hinge LEPKSCDKTHTCPPCP 453

Hinge KPTTTPAPRPFTPAPTIASOPLSLRPEACRPAAGGAVHTRG | 454
LD

Hinge EPKSCDKTHTCPPCP 435

Hinge ELKTPLGDTHTCPRCP 456

Hinge EPKSCDTPPPCPRCF 457

Hinge ESKYGPPCPSCP 438

Hinge ERKCCVECPPCP 459

Hinge (CH2- ESKYGPPCPPCPAPEFLGGPSVFLFPPEKPKDTLMISRTPEVT | 460

CH3z) CVVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNS
TYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISK
AKGOFREPOVYTLPPSOEEMTENOQVSLTCLVKGFYPSDIA
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VEWESNGQPENNYE TTPPVLDSDGSFFLY SRLTVDKSRW
QEGNVESCIVMHEALHNHYTOESLSLSLGK

Hinge (CH3 ESKYGPPCPPCPGQPREPOVYTLPPSQEEMTKNQVSLTCL | 461
VKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY S
RLTVDKSRWOEGNVFSCSVMHEALHNHYTOKSLSLSLGK
1gl} Hinge RWPESPFK AQASSVPTAUPOAEGSLAKATTAPATTRNTGR | 462
GGEEKKKEKEKEEQEERETKTPECPSHTOPLGVYLLTPAV
ODLWLRDKATFTCFVVGSDLIKDAHLTWEVAGKVPTGGY
EEGLLERHSNGSQSCQHSRLTLPRSLWNAGTSVTCTLNHPS
LPPQRLMALREPAAQAPVKLSLNLLASSDPPEAASWLLCE
VSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITW
AWSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVS
YVIDH

1gl} Hinge RWPESPK AQASSVPTAQPOAEGSLAKATTAPATTRNTGR | 463
GOEEKKKEKE JEERETKTPECPSHTOPLGVYLLTPAVY
ODLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTGGY
EEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTUTLHPSL
PPOREMALREPAAQAPVKLSLNLLASSDPPEAASWLLCEY
SGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTIFWA
WEVLRVYPAPPSPOPATYTCVVSHEDSRTLLNASRSLEVSY
VIDH

Igly Hinge RWPESPKAQASSVPTAQPOAEGSLAKATTAPATTRNTGR | 464
GGEEKEKKEKEKEEQEERETK TPECPSHTOPLGVYLLTPAY
ODLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTGGY
EEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTUTLNHES
LPPORLMALREPAAQAPVKLSLNLLASSDPPEAASWLLCE
VSGFSPPNILIMYVLEDOQREVNTSGE APARPPPOPGSTITW
AWSVLRVPAPPSPOPATYTCVYVSHEDSRTLLNASRSLEVS

YVTDH

Igly Hinge ESPKAGASSVPTAQPOQATRGSLAKATTAPATTRNTGRGGEE | 465
KKKEKEKEEQEERETKTP

IgD Hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGR | 466

GGEEKKKEKEKEEQEERETKTPECPSHTOPLGVYLLTPAY
QDLWLRDKATFTCFVVGSDLKDAHL TWEVAGKVPTGGY
EEGLLERHSNGSQSOQHSRLTLFRSLWNAGTSVTCTLNHPS
LPPORLMALREPAAQAPVKLSLNLLASSDPPEAASWLLCE
VSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITW

AWSVLRVPAPPSPOPATYTCVVSHEDSRTLLNASRSLEVS

YVTIDH

IgD Hinge RWPESPKAQASSVPTAQPOAEGSLAKATTAPATIRNTGR | 467
GGEEKKXEKEKEEQEERETKTPECPSHTQPLGVYLLTPAY
QDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTGGVY
EEGLLERHSNGSGSOHSRLTLPRSLWNAGTIVTICTLNHPS
LPPORLMALREPAAGAPVKLSLNLLASSDPPEAASWLLCE
VSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITW

AWSVLRVPAPPSPOPATYTCVVSHEDSRTLLNASRSLEVS

YVIDH

gD Hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATIRNTGR | 468
GGEEEKXEKEKEEQEERETKTPECPSHTQPLGVYLLIPAY
ODLWLRDKATFTCPFVYGSDLEDAHLTWEVAGKVPTGGV
EEGLLERHSNGSGSOHSRLTLPRSLWNAGTIVTICTLNHPS
LPPORLMALREPAAGAPVKLSLNLLASSDPPEAASWLLCE
VSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITW

AWSVLRVPAPPIPOPATYTCVYVSHEDSRTLLNASRSLEVS

YVIDH

gD Hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATIRNTGR | 469
GGEEEKXEKEKEEQEERETKTPECPSHTQPLGVYLLIPAY
ODLWLRDKATFTCPFVYGSDLEDAHLTWEVAGKVPTGGV
EEGLLERHSNGSOSOHSRLTLPRSLWNAGTSVTCTLNHPS
LPPORLMALREPAAQAPVELSLINLLASSDPPEAASWLLCE
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VIGFSPPNILLMWLEDQREVNTSGE APARPPPOPGSTTFW
AWSVLRVPAPPSPOPATYTCVVSHEDSRTLLNASRSLEVS
YVTIDH

IgGl (CH2CH3)
Hinge domain

AEPKSPDETHTCPPCPAPPVAGPSVFLFPPKPKDTLMIART
PEVICVVVDVSHEDPEVEIFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVUTVLHODWLNGKEYKCK VSN ALPAPIE
KTISKAKGOQPREPOVYTLPPSRDELTKNQVSLTCLVKGEFY
PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWOQOGNVISCIVMHEALHNHYTCHCSLSLSPGKKD

IgGl (CH2CH3)
Hinge domain

AEPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMIART
PEVTCVVVDVSHEDPEVKENWY VDGVEVHNAKTKPREE

QYNSTYRVVSVLTVLHQDWLNGKEYKCKVINKALPAPIE
KTISKAKGOQPREPOVYTLPPSRDELTKNQVSLTCLVKGEFY

PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVD

KSRWOOGNVESCSYVMHEALHNHYTOKSLSLSPGKKD

471

1gGl Hinge

AEPKSPDKTHTCPPCPKDPK

IgGl Hinge

EPKSCDKTHTCPPCP

IgG1 Hinge

EPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMIARTP
EVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKFREEQ
YNSTYRVVSVLTVLHODWLNGKEVKCKVSNKALPAPIEK
TISKAKGOPREPQVYTLFPSRDELTKNQVSLTCLVKGEYPS
DIAVEWESNGOQPENNYETTPPVLDSDGSFFLVSKLTVRES
RWOQOGNVESCSVMHEALHNHYTOK SLSLSPGEKD

IgG1 Hinge

SVFLFPPKPKDTL

475

IgG1 Hinge

EPKSPDETHTCPPCPAPPVAGPSVFLFPPKPKDTLMIARTP
EVICVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGOPREPOVYTLPPSRDELTENQVSLTCLVKGEFYPS
DIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWOOONVEFSCSVMHEALHNHYTOKSLSLSPGK

476

IgG1 Hinge

EPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMIARTP
EVICVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPS
DIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWOOGNVESCSVMHEALHNHYTOKSLSLSPGKEKDPK

fp(3t Hinge

VECPPCPAPPYAGPSVFLFPPKPKDTLMISRTPEVTCYVVD
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV
SVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGQP
REPOVYTLPPSREEMTKNOVSLTCLVKGFYPSDIAVEWES
NGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNY
FSCSVMHEALHNHYTOXKSLSLSPGK

478

g1 Hinge
(CH2CH3
domain}

DPAEPKSPDKTHTCPPCPAPPVAGPSVFLIPPKPKDTLMIA
RTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVEVLTVLHODWILNGKEYKTKVSNKALPA
PIEKTISKAKGQPREPQVYTLPPSRDELTENQVSLTULVEG
FYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT

VPEKSRWOOGNVESCSVMHEALHNHYTOK SLALSPGEK

Ig32 Hinge

ERECCVECPPCP

1gG3 Hinge

ELKTPLGDTTHTCPRCP

fp(33 Hinge

ELKTPLGDTHTCPRCPEPKSCDTPRPPCPRCPEPKSCDTPRPC
PRCPEPKSCDTPPPCPRCP

Ig(G4 (CHZ aund
CH3)

ESKYGPPCPPCPAPEFLGGPSVELFPPE PKDTLMISRTPEVT
CVVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNS
TYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISK
AKGQPREPOVYTLPPSQEEMTENQVILTCLVKGFYPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVIKSRW
QEGNVESCSYMHEALHNHYTOKSLSLSLGKM
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1G4 (CH2 and
CH3)

ESKYGPPCPPCPAPEFEGGPSVELFPPKPKDTLMISRTPEVT
CVVVDVSQEDPEVOFNWYVIIGVEVHNAKTEPREIQFQS
TYRVVSYLTVLHODWLNGKEYKCEY SNEGLPSSIEKTISK.
AKGQOPREPOVYTLPPSQEEMTKNOVSLTCLVKGFYPSIHA
VEWESNGQPENNYE TIPPVLDSDGSFPFLYSRLTVDKSRW
QEGNYFSCIVMHEALHNHYTOK SLILSLGKM

484

IgG4 Hinge

SPNMYVPHAHHAG

485

Ig(34 Hinge

WESNGOPENNYKTTPPYLDSDGSFFLY SRLTVDKSRWOQE
GNVPSCSVMHEALHNHYTOKSLALSLGK

486

IgG4 Hinge

ESKYGPPCPPCPGGGSSGGGSGGOPREPQVYTLFPSQEEM
TENQVSLTCLVKGEFYPSDIAVEWESNGOQPENNYKTTPPVL
DSDGSFFLY SELTVDKSEWQEGNVEFSCSVMHEALHNHYT
OKSLSLSLGK

487

IgG4 Hinge

ESKYGPPCPSCPAPEFEGGPSYVFLFPPKPKDTEMISRTPEVT
CVVVDVSQEDPEVOFNWY VDGVEVHOAKTKPREEQENS
TYRVVSVLTVLHODWLNGKEYKCKVSNIKGLPSSIEKTISK
AKGQPREPOVYTLPPSQEEMTIKNOQVSLTCLVEGEFVPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW
QEGNVFSCSVMHEALHNHYTOKSLSLSLGK

488

fp(34 Hinge

ESKYGPPCPPCPAPEFEGGPSYFLFPPE PKDTLMISRTPEVT
CVVVDVSOEDPEVOFNWYVDGVEVHOAK TKPREEQENS
TYRVVSVLTVLHODWLNGKEYRECKVSNKGLPASIEKTISK
AKGQPREPOQVYTLPPRQEEMTENQVSLTCLVKGFVPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW
OEGNVFSCSVMHEALHNHYTOKSLSLSLGK

Ig(34 Hinge

ESKYGPPCPPCPAPEFLGGPSVFLFPPE PKDTLMISRTPEVT
CVVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNS
TYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISK
AKGQPREPOVYTLPPSQEEMTENQVILTCLVKGFYPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVIKSRW
QEGNVESCSYMHEALHNHYTOKSLSLSLGKM

490

1gG4 Hinge

GAATCTAAGTACGGACCGCCCTGCCCCCCTTGCCCT

491

1G4 Hinge

ESKYGPPCPPCE

492

fp(34 Hinge

VEGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGIFFLYS
RLTVDKSEWOEGNVESCSVMHEALHNHYTOKSLALSLGK

493

18G4 Hinge

ESKYGPPCPPCPAPEFLGGPSVELFPPKPKDTLMISRTPEVT
CVVVDVSQEDPEVOFNWY VIIGVEVHNAKTEPREIQFNS
TYRVVSYLTVLHODWLNGKEYKCEY SNEGLPSSIEKTISK.

VEWESNGQPENNYE TTPPVLDSDGSFFLYSRLTVDKSRW
QEGNVESCIVMHEALHNHYTOESLSLSLGK

494

IgG4 Hinge

ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSOQEDPEVOFNWY VDGVEVHNAKTEKPREEQFNS
TYRVVSVLTVLHODWLNGKEYKCEVSNEGLPSSIEKTISK
AKGQPREPOVYTLPPSQEEMTKNQVSLTCLVKGEYPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW
QEGNVESCIVMHEALHNHYTOESLILSLGK

495

Ig(G4 Hinge

ESKYGPPCPPCP

496

Ig(G4 Hinge

YGPPCPPCP

497

1G4 Hinge

KYGPPCPPCP

498

fp(34 Hinge

EVVKYGPPUPPCP

499

1gG4 Hinge

ESKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTEMISRTPEVT
CVVVDVSQEDPEVOFNWY VDGVEVHNAKTKPREEQFNS

TYRVVSVLTVLHODWLNGEKEYKCKVENKGLPSSIEKTISK
AKGOPREPOVYTLPPSOEEMTKNOQVSLTCLVKGFYPSDIA

500
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VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDLSRW
QEGNVESCIVMHEALHNHYTOESLSLSLGK

IgG4 Hinge and | ESKYGPPCPPCPGGGSSGGGSG 501
Linker
oGl Hinge EPKSPDKTHTUPPCPAPPVAGPSVFLFPPKPRIDTLMIARTP | 502

EVTCVVVDVSHEDPEVKEFNWY VDGVEVHENAKTKPREEQ
YNSTYRVVIVLTVLHODWLNGKEYKCKVINKALPAPIEK
TISKAKGOPREPOQVY TLPPSRDELTKNQVSLTCLVKGEYPS
DIAVEWESNGQPENNYKTIPPVLDEDGSFFLY SKLTVDKS
RWOOGNVFSCSVMHEALHNHYTOKSLILSPGK

tg(Gl Hinge EPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPEDTLMIARTE | 503
EVTCVVVDVSHEDPEVKEFNWY VDGVEVHENAKTKPREEQ
YNSTYRVVAIVLTVLHODWLINGKEYKCKVAINKALPAPIEK
TISKAKGOPREPOQVYTLPPSRDELTKNOVSLTCLVKGEFYPS
DIAVEWESNGQPENNYKTIPPVLDSDGSFFLY SKLTVDKS
RWOOGNVFICSVMHEALHNHYTQKE SLELSPGK

1gGl Hinge EPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMIARTP | 504
EVTCYVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWLNGKEYKCKVINEALPAPIEK
TISKAKGOPREPQVYTLPPSRDELTKNOVSLTCLVKGEYPS
DIAVEWESNGOQPENNYETTPPVLDSDGSFFLYSKLTVDRES
RWOQOGNVESCSVMHEALHNHYTOK SLSLSPGK

ke
¥

100224] Hinge and transmentbrang region sequences usctul in the present invention are
provided in Table 8B.

Table 8B: Hinoe and Transmembrane resions

Hinge Domain Amino Acid Sequence :};)Q 1B

CD8a Transmembrane TTPAPRPPIPAPTIASOPLSLRPEACRPAAGGAVHTRGLDE | 505

and Hinge ACDIYIWAPLAGTCGVLLLSLVITLYC

CD8a Transimembrane DIOMTOSSSYLSVSLGGRVTITCKASDHINNWLAWYQQK 506

and Hinge PGNAPRLLISGATSLETGVPSRFSGSGSGKDYTLSITSLOTE
DVATYYCQQYWSTPFTFGSGTKLEIK GGGGSGGGGSGGG
GSOVOLKESGPGLVAPSQSLSITSTVSGFSLSRYSVHWYVR
QPPGKGLEWLGMIWGGGSTDYNSALKSRLSISKDNSK S
VFLKMNSLOTDDTAMYYCARNEGDTTAGTWFAYWGQG
TLVYTVSS

CD8a Transmermbrane ALSNSIMYFSHEVPYVFLPAKPTTTPAPRPPTPAPTIASOPLS 507

and Hinge LRPEACRPAAGGAVHTRGLD

CD8a Transmembrane TTTPAPRPPTPAPTIASOPLSLRPEACRPAAGGAVHTIRGLD | 508

and Hinge FACDIYIWAPLAGTCGVLLLSLVITLY

CD8a Transimembrane KPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG | 509

and Hinge LDFACDIYIWAPLAGTCGVLLLALVITLY

160225] In some embodiments, the CAR of the present invention may cOmprise ong of more
finkers between any of the domains of the CAR. The Iinker may be between 1-30 amino acids
fong. In this regard, the inker may be 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 amino acids m length. In other embodiments, the
linker may be flexible.

[00226] In some embodiments, the components including the targeting moiety, transmembrane

domain and mtracellular signaling domaims of the present invention may be constructed in a
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single fusion polvpeptide. The fusion polypeptide may be the payioad of an effector module of

the invention. In some embodiments, more than one CAR fusion polvpeptides may be mcluded

in an effector module, for example, two, three or more CARs may be included in the effector

module under the control of a single SRE (c.g., a BD). Representative effector modules

comprising the CAR pavload are illustrated i Figures 2-6.

[00227] In some embodiments, the CAR sequences may be selected from Table 9.

Table 9: CAR sequences

Pescription SEQID | Source

NO
CD19 CAR 510 SEQ ID NO: 12 in US949902982
{1319 CAR 511 SEQ ID NO: 24 in US20160333108A1
CD19 CAR 512 SEQ ID NQ: 23 in US20160333108A1
CDI90CAR 313 SEQ 1D NO: 26 11 US20160333108A1
CD19 CAR 514 SEQ ID NG: 27 in US20160333108A1
CD19 CAR 515 SEQ D NO: 1in EP2997134A4
CD19 CAR 516 SEQ ID NO: 19 in EPRO71687AL
CD19 CAR 517 SEQ ID NG: 20 in EP3071687A1
{1319 CAR 518 SEQ D NO: 181 in WO2016168773A3
CD19 CAR 519 SEQ D NQ: 2 in WO2015157399A9
CDI90CAR 320 SEQ ID NO: 56 1n WO2016174409A1
CD19 CAR 521 SEQ ID NG: 62 in WO2016174409A1
CD19 CAR 522 SEQ 1D NO: 145 in WO2016179319A1
CD19 CAR 523 SEQ ID NO: 293 in US20160311907A1
CD19 CAR 524 SEQ ID NG: 294 in US20160311907A1
19 CAR 525 SEQ D NG 295 i US20160311907A1
CD19 CAR 526 SEQ ID NO: 296 in US20160311907A1
CDI90CAR 327 SEQ ID NO: 297 in US20160311907A 1
CD19 CAR 528 SEQ ID NO: 298 in US20160311907A
CD19 CAR 529 SEQ ID NQO. 73 in WO2013176915A1
CD19 CAR 530 SEQ ID NO. 73 1n WO2013176916 A1
CD19 CAR 331 SEQ ID NG, 731n US20130315884A1
9 CAR 532 SEQID NG 73in US20140134342A1
CD19 CAR 533 SEQ ID NQ. 73 in US20150017136A1
CD19 CAR 334 SEQ D NO. 73 in US20150203817A1
D19 CAR 535 SEQ ID NG, 73 in US28160120005A1
{19 CAR 536 SEQID NO 73 inUS20160120906A1
CD19 CAR 537 SEQ ID NO. 8 in WO2015124715
CD19 CAR 538 SEQID NG, 3 in WQ2015124715
9 CAR 539 SEQID NG 73 in W02014184744
CD19 CAR 540 SEQ ID NG, 73 in W0O2014184741
CD19 CAR 341 SEQ D NO. 14 ia US20160145337A1
CD19 CAR 542 SEQ ID NG, 15 in US20160145337A1
{19 CAR 543 SEGQID NGO 14 in W02014184143
CD19 CAR 544 SEQ ID NO. 1511 W(G2014184143
CD19 CAR 545 SEQ ID NG, 135 in WO2013075175
9 CAR 546 SEQ ID NG, 16 in WO20135475175
CD19 CAR 547 SEQ ID NQ. 16 in US20160145337A1
CD19 CAR 348 SEQ ID NO. 16 10 WO2014184143
CD19 CAR 549 SEQ ID NGO 12 in W(O2012079000
{19 CAR 550 SEGQID NO31in WO2016164380
CD19 CAR 551 SEQ ID NO.32 in WO2016164580
CD19 CAR 552 SEQ ID NG.33 in WO2016164580
9 CAR 553 SEQ ID NO34 in WO2016164580
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€9 CAR 554 SEQID NO.35 in WO2016164580
CD19 CAR 555 SEQ ID NQ.36 in W02016164380
CD19 CAR 556 SEQ I3 NO.37 in WO2816164580
CD19 CAR 5357 SEQ ID NO.38 in WO2016164580
CI39 CAR 558 SEQ ID NO.39 in WO2016164380
CD19 CAR 559 SEQ ID NO.40 in W0O2016164580
CD19 CAR 560 SEQ ID NGO .41 in WO2016164380
€9 CAR 561 SEQID NO42 in WO2016164580
CD1i9 CAR 562 SEG 1D NQ. 58 in WO2016164380
CDI9CAR 563 SEQ I3 NO: 14 10 US20160296563A1
CD19 CAR 364 SEQ ID NG: 15 in US20160296563A1
CI39 CAR 565 SEQID NO31in WO2015157252
CD19 CAR 566 SEQ ID NO.32 in WO2015157252
CD19 CAR 367 SEQ ID NO.33 in WO2015137252
CI 9 CAR 568 SEQ ID NO.34 in WO2015157252
CDi9 CAR 568 SEQ ID NQO.35in WO2015157252
CD19 CAR 370 SEQ 1D NO.36 in WOZ035137232
CD19 CAR 57 SEQ ID NO .37 in WO2015157252
CI39 CAR 572 SEQ ID NO.38 in WO2015157252
CD19 CAR 73 SEQ ID NQ.39 in W02015157252
CD19 CAR 374 SEQ ID NOC.40 in WO2015137252
CI 9 CAR 575 SEQID NO41in WO2015157252
CDi9 CAR 576 SEQID NO42 in WO2015157252
CD19 CAR 577 SEQ ID NO. 14 10 WO2016139487
CD19 CAR 578 SEQ ID NO.15 in WO2016139487
CI39 CAR 579 SEQ ID NG 53 in US20160230258A1
CD19 CAR 580 SEQ ID NO: 54 in US20160230258A1
CDI9CAR 581 SEQ I3 NO: 55 10 US201602502358A1
CIi9 CAR 582 SEQ ID NG 56 in US20160250258A1
CD19 CAR 583 SEQ ID NQ: 57 in USZ0160230258A1
CD19 CAR 584 SEQ ID NO: 58 in US20160250258A1
CD19 CAR 585 SEQID NG, 1in W02015187528
CI39 CAR 586 SEG 1D NO. 710 WO2015187528
CD19 CAR 587 SEQ ID NQ. 3 in W0O2015187528
CDI9CAR 588 SEQ I3 NOG. 4 in WO2015187528
CI 9 CAR 589 SEQ 1D NG, 5 in W0O2015187528
CD1i9 CAR 590 SEG ID NO. 6 in WO2015187528
CD19 CAR 591 SEQ ID NO. 7 in W02615187528
D19 CAR 592 SEQ ID NQG. 8 in WO2015187528
CI39 CAR 593 SEQID NO. 910 WO2015187528
CD19 CAR 594 SEQ ID NO. 10 in W02015187528
CDI9 CAR 595 SEQ I3 NO. 11 10 WO2015187528
CD19 CAR 396 SEQID NG. 12 in WO2015187528
CD1i9 CAR 597 SEQID NQ. 13 in WQ2015187528
CD19 CAR 598 SEQ ID.NO. 31 in W{2015157252
CD1% CAR 599 SEQID.NG. 32 in ‘NOAGiSli?ESZ
€9 CAR 600 SEQ 1D NO. 33 in WO20151572352
CD19 CAR 601 SEQ ID. NO. 34 in WO2015157252
CD19 CAR 602 SEQ 13, NO. 35 in WO2015157252
CD19 CAR 603 SEQ ID. NO. 36 in WO2015157252
CI39 CAR 604 SEQ 1D, NO. 37 in WO20151572352
CD19 CAR 603 SEQ ID. NO. 38 in W(2015157252
D19 CAR 506 SEQ ID. NO. 39 in WO2015137252
CI39 CAR 607 SEG 1D, NO. 40 in WO20151572352
CD19 CAR 608 SEQ ID. NO. 41 in W02015157252
CD19 CAR 609 SEQ 13, NO. 42 in WO2015157252
CD19 CAR 010 SEQ ID. NO. 58 in WO2015157252
CD1i9 CAR 611 SEQ ID NQ. 31 in W(Q2014153270
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€9 CAR 612 SEQID NG, 32 in WO2014153270
CD19 CAR 613 SEQ ID NQO. 33 in W02014153270
CD19 CAR 614 SEQ 1D NO. 34 10 W0O2014153270
CD19 CAR 615 SEQ ID NG. 35 in W0O2014153270
CI39 CAR 616 SEQ ID NO. 36 in W(2014153270
CD19 CAR 617 SEQ ID NO. 37 iun W02014153270
CD19 CAR 618 SEQ ID NO. 38 in W(2014133270
€9 CAR 619 SEQID NG, 39 in WO2014153270
CD1i9 CAR 620 SEQ ID NQ. 40 in W(Q2014153270
CD19 CAR 621 SEQ 1D NOG. 41 10 W0O2014153270
CD19 CAR 022 SEQ ID NG, 42 in W0O2014153270
CI319 CAR (Third generation) 623 SEQ ID NOL13 in WO2016139487

[60228] In one cmbodiment of the present invention, the payload of the wnvention is a CD19
specific CAR targeting different B cell. In the context of the invention, an eftector module may
comprise a hIDHFR DD, ecDHFR DD, or FKBP DD operably hinked to a CD 9 CAR fusion
construct. In some mstances, the promoter utilized to drive the expression of the effector module
in the vector may be a UMYV promoter or an EFla. The efficiency of the promoter in driving the
expression of the same construct may be compared. For example, two constructs that differ only
by their promoter, CMV (n OT-CDI9N-001) or EFla promoter {in OT-CDI9N-017) may be
compared. The amino acid sequences of CB19 CAR constructs and its componenis are presented
i Table 10a and Table 10b. The amine acid sequences in Table 10a and/or Table 10b may

(33

comprise a stop codon which is denoted in the table with a *™*7 at the end of the amino acid

sequence.
Table 10a: Sequences of components of CD19 CARs
Descriplion Arnian Ackd Seguence Amino Nucleic
Acid SEG | Acid SEQ
IDNG D NG
CD19 scFy DIOMTOTTSSLSASLGDRVTISCRASQDISKYLNW | 624 626, 650-
YQOKPDGTVELLIVHTSRLHSGYPSRFSGSGSGTR 654
YSLTISNLEQEDMATYFCOQGNTLPYTFGGGTKLEL
TGGOGSGHEGGSGGGGSEVE LOESGPGL VAPSQSL
SYTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIW
GRETTYYNSALKSRLTIHKDNSKSQVFLEMNSLOT
DDTAYYCAKHYYYGGSY AMDYWGQGTSVTVS
S
CD8g hinge--TM TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVH | 625 627, 655,
TRGLDFACDIYIWAPLAGTCGVYLLLSLVITLYC 982-984
CD8u hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVH | 440 656-660
TRGLDFACD
D33 zeta signaling RVEFSRSADAPAYKQGONGLYNELNLGRREEYD | 339 661663,
domain VLDKRRGRDPEMGGKPRRENPQEGLY NELOK DK 986
MABAYSEIGMKGERRERGKGHDGLYQUGLSTATKD
TYDALHMOQALPPR
4-1BB (41BB) KRGRKELLYIFKQPFMRPVQTTQEEDGCSCRFPEE | 273 666670,
intracelinlar signaling EEGGCEL 585
domain
CD8a Transmembrang TYIWAPLAGTCGVLLLSLVITLYC 409 990, 992
domain
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CD8a leader MALPVTALLLPFLALLLHAARP 628 671675
P40 signal sequence MCHOQLVISWFSLVFLASFLVA 719 736-744
pdo TWELKKDVYVVELDWYPDAPGEMVVLTCDTPEE | 72 632-634,
DGITWTLDQSSEVLGIGKTLTIOVKEFGDAGQYT 752-761
CHKGGEVLSHSLLLLHEKEDGIWSTDILKDQKEP
KNKTFLRCEAKNY SGRFTCWWLTTISTDLTFSVK
SSRGSSDPOGVTCGAATLSAERVRGDNKEYEYSV
ECQEDSACPAAEESLPIEVMVDAVHKLEKYENYTS
SFFIRDIKPDPPKNLOLKPLRNSREQVEVSWEYPDT
WSTPHSYFSLTFCVOVQGKSKREKKDRVFTDKTS
ATVICRENASISVRAQDRYY3SSWSEWASVPCS

P33 RNLPVATPDPOGMFPCLHHSGNLLRAVSNMLOKA | 724 762-771,
ROTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELT 1012
KNESCLNSRETSFITNGSCLASRKTSFMMALLCLSST
YEDLKMYQVY MNAKLLMDPKRQIFLDQNML
AVIDELMOALNFNSETVPOKSSLEEPDFYKTKIKL
CILLHAFRIRAVTIDRVYMSYLNAS

IL35 NWVYNVISDLKKIEDLIGSMHIDATLYTESDVHPSC | 785 794-797,
EVTAMKCFLLELQVISLESGDASTHDTVENLILAN 1901
NSLSSNGNVTESGCKECEELEEKNIK EFLOSFVHIYV
OMFINTS

ILi3Ra ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKR | 803 812-813,
KAGTSSLTECVENKATNVAHWTTPSLKCIRDPAL 1603
VHQRPAPPSTVTTAGVTPQPESLSPSGKEPAASSPS
SNNTAATTAAIVPGSQLMPSKSPSTGTTEISSHESS
HGTPSQTTAKNWELTASASHOPPGVYPQGHSDTT
VAISTSTVLLCGLSAVSLLACYLKSROTPPLASVE
MEAMEALPVTWGTSSRDEDLENCSHHL

mCherry (MIL) LSKGEEDNMAIIKEFMRFKVHMEGSYNGHEFEIE | 1029 1030
GEGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPQ
FMYGSKAYVKHPADIPDYLKLSFPEGFKWERVM
NFEDGGVVIVTODSSLODGEFIYKVKLRGTNFPS
DGPVMOKKTMGWEASSERMYPEDGALKGEIKQR
LKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNI
KLDITSHNEDYTIVEQYERAEGRHSTGGMDELYE

RES - - 599

Linker (GGSGG) GGSGG 629 676-680

Linker (§G) SG ~ AGTGGA

Linker (({348)3) GGGGSGGEGSGGEAES 720 910-915

Linker (GG5G) GGG 822 823

Linker MLLLVTSLLLCELPHPAFLLIP 1031 1032

Linker (SG3-(8G4)3- SGGGSGGGGSGGGGSGGGGSGGGSLY 802 811, 916~

SG3-SLOY 920, 1002

Modified Furin ESRRVRRNKRSK 630 681-683

BamHI - ~ GGATCC

Spacer ~ - 1000

HA Tag YPYDVPDYA 1024 1025-1627

FKBP (F36V, L106P) GVOQVETISPGDGRTFPEKRGQTCVVHYTGMLEDGK | 11 684-686,
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMS 987, 989
VGORAKLTISPDYAYGATGHPGIIPPHATLVFDVE
LLKPE

FKBP (E31G, Fi6V, GVOVETISPGDGRTFPKRGOTCYVHYTGMLGDG | 12 688-691,

R71(G, K105E) EKVDSSRDRNKPFKFMLGKGEVIRGWEEGVAQM 994, 1013,
SYGOGAKLTISPDYAY GATGHPGIPPHATLVFDY 1028
ELLELE

2cDHFR (Amino acid 2- | ISLIAALAVDYVIGMENAMPWNLPADLAWFERN | 9 692,772,

159 of WT) (R12Y,
Y1001)

TLNKPVIMGRHTWESIGRPLPGRKNILSSQPGTDD
RVIWVESYDEAIAACGDVPEIMVIGGGR VIEQFLE

814, 687,
988, 991
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KAQKLYLTHIDAEVEGDTHFPDYEPDDWESVFSE
FHDADAQNSHSYCFEILERR

ecDHFR (Amino acid 2~ | ISLIAALAVDHVIGMENAMPWNLPADLAWFKRN | 10 798, 813

159 of WT) (R12H, TLNKPVIMGRHTWESIGRPLPGRKNILSSQPGTDD 993

E129K) RVIWVESVDEAIAACGDVPEIMVIGGGRVYEQFL
PKAQKLYLTHIDAEVEGDTHFPDYKPDDWESVES
EFHDADAQNSHSYCFEILERR

hDHFR {Amino acid 2- VGSENCIVAVSONMGIGKNGDLPWPPLENEFRYF | 895 694, 995

187 of WT, Y1221) ORMTTTSSVEGKONLVIMGKKTWFSIPEKNRPLK
GRINLVLSRELKEPPQGAHFLIRSLDDALKLTEQP
ELANKVDMVWIVGGSSVIKEAVINHPGHLEKLFVT
RIMQDFESDTFFPEIDLEKYKLLPEYPGVLSDVQE

hDHFR {Amino acid 2- NCIVAVSONMGIGKNGDLPWPPLRNEFRYF | 890 696, 973,

187 of WT, Y1221, OQRMTTTSSVEGKONLVIMGKEKTWFSIPEKNRPLK 574, 996

A325F) GRINLVLSRELKEPPQGAHFLERSLDDALKLTEQP
ELANKVDMYWIVGGISVIKEFMNHPGHLEKLFVT
RIMQDFESDTFFPEIDLEKYKLLPEYPGVLSDVQE
EKGIKYKFEVYEKND

hDHFR (Amiuo acid 2- VGSINCIVAVSONMGIGKNGDLPWPPLRNEFRYF | 981 698, 997

187 of WT; 36K, ERMTTTSSVEGKONLVIMGKETWEFSIPEKNRPLE.

Y1223 GRINLVLSRELKEPPOGAHFLSRSLDDALKLTEQP
ELANKVDMYWIVGGISVIKEAMVINHPGHLKLFVT
RIMOQDFPESDTFFPEIDLEKYKLLPEYPGVLSDVQE
EXGIKYKFEVYEEND

hDHFR ((336F, NGSF, VGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYF | 891 760, 973,

Y1220 FRMTTTSSVEGKONLYIMGKEKTWFSIPEKFRPLKG 976, 998
RINLVLSRELKEPPQGAHFLSRSLDDALKLTEQPE
LANKYIMYWIVGGSSVIKEAMNHPGHLKLFVTIRI
MODFESDITFPRIDLEKYKLLPEYPGVLSDVQEEK
GIKYKFEVYEKND

Description Amino Acid Sequence Aming Nucleic

Acid SEQ | Acid SEQ
D NQ I NO

CD19 scFy DIOMTQTTSSLSASLGDRVTISCRASOQDSKYLNW | 624 626, 650-
YOOKPDGTVKLLIYHTSRLHSGVPSRESGSGSGID 654
YSLTISNLEQEDIATYFCQOGNTLRPYTFGGGTKLE]
TGGGGSGGGGIGGGGSEVKLOESGPGLYAPS(SL
SVTCTVIGVSLPDYGVSWIROPPRKGLEWLGVIW
GSETTYYNSALKSRLTHIKDNSKSOQVFLEKMNSLOT
DDTAIYYCAKHYYYGGSYAMDYWGQGTSVIVS
8

D8 hinge--TM TTTPAFPRPPTIPAPTIASQPLSLRPEACRPAAGGAVH | 625 627, 655,
TRGLDFACDIVIWAPLAGTCGVLLLSLVITLYC 982-984

CD8a hinge TTTPAPRPPTPAPTIASGQPLSLRPEACRPAAGGAVH | 440 636-660
TRGLDFACD

{3 zeta signaling RVKFSRSADAPAYKOQGONQLYNELNLGRREEYD | 339 661-665,

domain VLDKRRGRDPEMGGKPRREKNPQEGLYNELGKDK 986
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

4-1BB (41BB) KRGRKKLLYFKOQPFMEPVOQTTOQEEDGCSCRFPEE | 273 666-674,

traceliolar signaling EEGGCEL 985

domain

(D8a Transmembrane IVIWAPLAGTCGVLLLSLVITLYC 409 990, 992

domain

{D8a leader MALPVTALLLPLALLLHAARP 628 671-675

P40 signal sequence MCHQOLVISWFSLVFLASPLVA 719 736-744

p4o TWELKKDVYVVELDWYPDAPGEMVVLTCDTPEE | 723 632~634,
DGITWTLDGOSSEVLGSGKTLTIQVKEFGDAGQYT 752-761
CHKGGEVLSHSLLLLHKKEDGIWSTIHLEDQKEP
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KNKTFLRCEAKNYSGRFTCWWLTTISTDLTFIVE

SSRGSSDPOQGVTCGAATLSAERVRGDNKEYEY SV
ECOEDSACPAAEESLPIEVMVDAVHKLKYENYTS

SFEIRDIKPDPPENLQLKPLKNSRQVEVEWEYPDT
WRTPHSYFSLTFCVQVOQGKSKREKKDRVETDKTS
ATVICRKNASISVRAQDRYYSSSWSEWASRVPLS

p35 RNLPVATPDPGMFPCLHHSONLLRAVSNMLOKA | 724 762-771,
ROTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELT 1612
KNESCLNSEETSFITNGSCLASRKTSFMMALCLSSI
YEDLKMYQVEFKTMNAKLLMDPKROIFLDOQNML
AVIDELMOALNFNSETVPOKSSLEEFDFYKTKIKL
CILLHAFRIRAVTIDRVMSYLNAS

IL15 NWVNVISDLKKIEDLIGSMHIDATLY TESDVHPSC | 785 794797,
KVTAMKCFLLELQVISLESGDASIHDTVENLIILAN 1001
NSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIV
OMFINTS

1L 15Ra ITCPPPMASVEHADIWVKSY SLYSRERYICNSGFKR | 803 §12-813,
KAGTSSLTECVLNKATNVAHWTTPSLKCIRDPAL (003

VHORPAPPSTVTTAGVTPQPESLSPSGKEPAASSPS
SNNTAATTAAIVPGSGLMPSKSPSTGTTEISSHESS
HGTPSQTTAKNWELTASASHOPPGVYPQGHSDTT
VAISTSTVLLCGLSAVSLLACYLKSRQTPPLASVE
MEAMEALPVIWOTISRDEDLENCSHHL

DNMADKEFMRFKVHMEGSYNGHEFEIE 1029 {30
GEGEGRPYEGTOTAKLKVTKGGPLPFAWDHLSPQ
FMYGSKAYVKHPAPDYLKLSFPEGFKWERVM
NFEDGGYVVTVTODSSLODGEFTYKVKLRGTNFPS
DGPVMORKKTMGWEASSERMYPEDGALKGEIKQR
LELKDGGHYDAEVE TTYKAKKPYVOLPGAYNVYNI
KLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK

il herry (ML)

N

RT3 99

Linker {(GGSGG) GGSGG 629 676-680
Linker (§G) SG - AGTGGA
Linker ((G45)3) GGGGSGGGGSGGGGS 720 910-915
Linker (GGSG) GGSG 8272 823
Linker MLLLVTSLLLCELPHPAFLLIP 1031 1032
Linker (SG3-(8G4)3- SGGGSGGGGRGGGGSGGGGSGGGSLG 802 811, 916-
SG3-SLO) 920, 1002
Modified Furin ESERVRENKRSK. 630 681-683
BamHI - ~ GGATCC
Spacer - - 1000
HA Tag YPYDVPDYA 1024 1025-1027
FKBP (F36V, L106P) GVOVETISPGDGRTFPKRGQTCYVVHYTGMLEDGK | 11 684-686,
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMS 987, 989
VGORAKLTISPDYAYGATGHPGIIPPHATLVFDVE
LLKPE
FKBP (E31(, F36V, GVOVETISPGDGRTFPKRGOTCVVHYTGMLGDG iz 688-691,
R71G, Ki05Ey KKVDSSEDRNKPFRFMLOGKOQEVIRGWEEGVAOQM 994, 1613,
SYGOGAKLTISPDYAYGATGHPGIPPHATLVFDY 102
ELLELE
ecDHFR (Amino acid 2- ISLIAALAVDYVIGMENAMPWNLPADL AWFKRN 9 692,772,
159 of WT)H (R12Y, TENKPYVIMGRHTWESIGRPLPGRKNIILSSQPGTDD 814, 687,
Y1001 RVTWVESVDEAIAACGDVPEIMVIGGGRVIEQFLP 988, 991
KAQKLYLTHIDAEVEGDTHFPDYEPDDWESVFSE
FHDADAQNSHSYCFEILERR
¢cDHFR (Amino acid 2- ISLIAALAVDHVIGMENAMPWNLPADLAWFKRN 10 798, 815,
139 of WT) (RIZH, TENKPFVIMGRHTWESIGRPLPGRENIILSSQPGTDD 993
EI29K) RVTWVKSVDEAIAACGDVPEIMVIGGGRVYEQFL
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PRAQKLYLTHIDAEVEGDTHFPDYKPRDWESVES
EFHDADAOQNSHSYCFEILERR

hDHFR (Amino acid 2~
187 of WT, Y1220}

VGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYF
QRMTTTSSVEGKONLVIMGKKTWESIPEKNEPLEK
GRINLVLSRELKEPPQGAHFLSRSLDDALKLTEQP
ELANKVDMVWIVGGSSVIKEAMNHPGHLKLFVT
RIMODFESDTFFPFEIDLEKYKLLPEYPGVLSDVQE
EKGIKYKFEVYEEND

hDHFR (Amino acid 2-
I87of WT; Y1221,
Al25F)

VGILNCIVAVSONMGIGKNGDLPWPPLRNEFRYF
QRMTTTSSVEGKONLVIMGKKTWESIPEKNRPLK
GRINLVLSRELKEPPOQGAHFLSRSLDDALKLTEGP
ELANKVDMVWIVGGSSVIKEFMNHPGHLKLEVT
RIMODFESDTFFPFEIDLEKYKLLPEYPGVLSDVQE
EKGIKYKFEVYEKND

890

L

N
e O\
o WD
O~
(&)

o AN
.|

hIZHFR (Amino acid 2-
P87 of WT; (336K,
Y220

VGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYF
KEMTTTSSVEGEONLVIMGKKTWERIPEKNRPLK
GRINLVLSRELKEPPQGAHFLSRSLDDALKLTEQP
ELANKVDMVWIVGGSSVIKEAMNHPGHLKLFVT
RIMQDFESDTFFPEIDLEKYKLLPEYPGVLSDVQE
EKGIKYKFEVYEKND

981 698, 997

BDHFR (Q36F, N6SF,
Y1221y

VESLNCIVAVSONMGIGENGDLPWPPLENEFRYF

FRMTTTSSVEGKONLVIMGKKTWESIPEEFRPLKG

RINLVLSRELKEPPOGAHFLSRSLDDALKLTEQPE

LANKVDMVWIVGGSSVIKEAMNHPCHLKLFYTRI

MODFESDTFFPEIDLEKYKLLPEYPGVLSDVOEEK
FKYKFEVYEKND

891

Table 18b: Sequences of CD19 CARs

Description

Amino Acid Sequence

Nugcleic
Acid SEQ
ID NG

Anyino
Acid SEQ
IDXQ

OT-CD19 CAR-001 (OT-
T 19¢-001) (CD8a
leader -CD19 s¢FV -
{D8a-Tm -41BB -
CD3zeta - stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYPCQOGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOESGPGLVAPSQSLSVTCTVSGVSLED
YGVSWIROPPREGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYE
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKOQP
FMRPVQTTOEEDGCSCRFPEEEEGGCELR VTSRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELQKDEMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR*

635 701

OT-CD19 CAR-002 (OT-
D 19¢-002) (CD8a
leader - CI39 scFV -
FERBP (F36V, L106P) -
CD8a-Tm - 4188 -
CD3zeta - stop)

MALPVTALLLPLAI TLHAARPDIQMTQTTSSLSAS
LGDRVTISCRASODISKYLNWYQOQEPDGTVKLLI
YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCOOQGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOQESGPGLVAPSQSLSVICTVSGYSLED
YOVSWIRQPPEKGLEWLGVIWGSETTYYNSALKS
RLTIHKDNSKRQVFLEMNSLQTDDTAIY YCAKHY
YYGGSYAMDYWGOGTSVTIVSSGVQVETISPGDG
RTFPKRGOTUVVHYTOMLEDGKEVIISSRIRNKE
FKFMLGKQEVIRGWEBGVAOMSVGORAKLTISPD
YAYGATGHPGIPPHATLVFDVELLKPETTIPAPRP
PTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA

636 702
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CDIYIWAPLAGTCOVLLLSLVITLYCKRGREKLLY
FROPFMRPVQTTQEEDGCSCRFPEEEEGGCELRY
KFSRSADAPAYKOQGONQLYNELNLGRREEYDVL
DKRERGRDPEMGGKPRRKNPQEGLYNELOKDKM
APAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALEMQALPPR*

OT-CD19 CAR-003 (OT-
(D 19¢-003) (CD8a
lcader - CDI9 scFV ~
ecDHFR - CD8a-Tm -
41BB - CD3z¢ta - stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSILSAS
LGDRVTISCRASQDISKYLNWYCQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEGEDIA
TYFCQQGNTLPYTFGGGTKLEITGGGGRGGGGSG
GGGSEVEKLGQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVTVSSISLIAALAVDY VI
GMENAMPWNLPADLAWFKRNTLNKPVIMGRHT
WESIGRPLPGRKNIILSSQPGTDDRVIWVKSVDEA
IAACGDVPEIMVIGGGRVIEQFLPKAQKLYLTHID
APVEGDTHFPDYEPDDWESVFSEFHIDADACINSHS
YCFEILERRTTTPAPRPPTPAPTIASQPLSLRPEACR
PAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLS
LVITLYCKRGRKELLYIFKOQPFMRPVOTTQEEDGC
SCRIPEEEEGGCELRVKFSRSADAPAYKQGONGL
YNELNLGRREEYDVLDKRRGRIPEMGGKPRRKN
POEGLYNELQKDKMAEAYSEIGMKGERRRGKGH
DGLYQGLATATKDTYDALHMOQALPPR®

OT-CD19 CAR-004 (OT-
{3 19¢-004) (CD8a
lcader - CD19 scFV ~
CD8a Hinge - FKBP
(F36V, L106P) -CD8a
Transmembrane domain-
41BB - CD3z¢ta - stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEGEDIA
TYFCQQGNTLPYTFGGGTKLEITGGGGRGGGGSG
GGGSEVEKLGQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIROPPRKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASQOPLSLFPEACRPAAGGAVHTRGLDFACDGY
QVETISPGDGRTFPKRGOTCVVHYTGMLEDGKKYV
DSSRDRNKPFKFMLGKOEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIIPPHATLVFDVELL
KPEIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLL
YIFKOQPFMRPVOTTOEEDGCSCRIPEEEEGGCELR
VKFSESADAPAYKQGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRREKNPOEGLY NELOQKIDEM
AEAYSEIGMEGERRRGKGHDGLYQGLSTATEDT
YDALHMOQALPPR*

OT-C9 CAR-005 (OT-
CD19¢-003) (CD8a
lcader - CD19 s¢cFV -
CD8a Hinge -~ ecDHFR
{Amino acid 2-139 of
WT(RIZY, YI00D -
CD8a Transmembrane
domain -41BB ~CD3zeta -
stop)

MALPVTALLLPLALLLHAARPDIQMTOTTSSLIAS
LGDRVTISCRASODISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCQOONTLPYTFGGGTRLEITGGGGSGGGERG
GGGSEVRKLQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIRQPPRIKGLEWLGVIWGSETTYYNSALKS
RLTOKDNSKSQVFLIKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVTVSSTTTPAPRPPTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDISLI
AALAVDYVIGMENAMPWNLPADLAWEFKRNTLN
KPVIMGRHTWESIGRPLPGRKNILSSQPGTDDRY
TWVKSVDEAIAACGDVPEIMVIGGGRVIEQFLPK
AQKLYLTHIDAEVEGDTHFPDYEPDDWESVESEF
HDADAQNSHSYCFEILERRIVIWAPLAGTCGVLLL

PCT/US2018/020741
637 703
638 704
639 708
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PCT/US2018/020741

SLVITLYCKRGRKKLLYIFKOPFMRPVQTTQEEDG
CSCRFPEEERGGCELRVKFSRSADAPAYKOQGONQ
LYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG
HDGLYQGLSTATKDTYDALHMOALPPR?

OT-CD19¢-006 (CD8a
lcader-CDD19 scFV -
{D8a-Tm - 41BB -
CD3zeta ~linker
{GGSGG) ~ ecDHER
{Amino acid 2-159 of
WT) (R12H, E129K} -
stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASODISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYFCQOGNTLPYTFGGGTKLEITGGGGSGGGGRG
GGGSEVRKLQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIRQPPRIKGLEWLGVIWGSETTYYNSALKS
RLTOKDNSKSQVFLEMNSLOTDDTAIVYCAKHY
YYGGSYAMDYWGQGTSVTVSSTTTPAPRPFTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY!
WAPLAGTCGVLLLSLVITLYCKRGRKEKLLYIFKQP
FMRPVOTTOEEDGCSCRFPEEEEGGCELRVKTSRS
ADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RIFPEMGGKPREKNPOEGLYNELOQKDKMAEAYSE
IGMKGERRRGEGHDGLY QGLSTATKDTYDALHM
QALPPRGGSGGISLIAALAVDHVIGMENAMPWNL
PADLAWFERNTLNKPVIMGRHTWESIGRPLPGRK
NILSSQPGTDDRVIWVESVDEAIAACGDVPEIMY
IGGGRVYEQFLPKAQKLYLTHIDAEVEGDTHFPD
YEPDDWESVEREFHDADAONSHSYCFEILERR*

640

706

OT-CI319¢-007 (CD8a
leader - U39 scFV-
{'D8a-Tm -41BB -
CD3zeta - linker

F3i6V, R71G, K105E) -
stop)

{(GGSGG) -FKBP (316G,

MALPVTALLLPLALLLHAARPDIQMTOTTSSLIAS
LGDRVTISCRASODISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCQOGNTLPYTFGGGTKLEITGGGGSGGGGRG
GGGSEVRKLQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIRQPPRIKGLEWLGVIWGSETTYYNSALKS
RLTOKDNSKSQVFLIKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVTVSSTTTPAPRPPTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYE
WAPLAGTCGVLLLSLVITLYCKRGRKEKLLYIFKQP
FMRPVOTTOEEDGCSCRFPEEEEGGCELRVKTSRS
ADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
GQALPPRGGSGGGVOVETISPGDGRTFPKRGOTCY
VHYTGMLGDGKKVDSSEDRNKPFKIFMLGKOEVI
ROWEEGVAQMSVGQGAKLTISPDY AYGATGHPG
[PPHATLVIDVELLELE®*

641

~3
S
3

OT-CD19¢-008 (CD8a
leader - CDD19 scFV -
CD8a-Tm -418B -
{"3z¢ta - linker
(GGSGG) - hHFR
{Amino acid 2-187 of
WT, Y1221) - stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYPCQOGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOESGPGLVAPSQSLSVTCTVSGVSLED
YGVSWIROPPRKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYE
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKOQP
FMRPVQTTOEEDGCSCRFPEEEEGGCELR VTSRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELQKDEMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPRGGSGGVGSLNCIVAVSONMGIGKNGDLP

642

708
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WPPLENEFRYFORMTITTSSVEGKOQNLVIMGKKT
WESIPEK NRPLKGRINLVLSRELKEPPOGAHFLSRS
LDDALKLTEQPELANKVDMYWIVGGSSVIKEAM
NHPGHLKLFYTRIMODFESDTFFPEIDLEK YKLLP
EYPGVLSDVQEEKGIKYKFEVYEKND#

OT-CD19¢-009 (CD8a
lcader - CDI9 scFV ~
{D8a-Tm - 41BB -
CD3zeta ~linker
{(GGS5GG) - hDHFR
{Amino acid 2-187 of
WT, Y1221, A125F) -
stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASODISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYFCQOGNTLPYTFGGGTKLEITGGGGSGGGGRG
GGGSEVRKLQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIRQPPRIKGLEWLGVIWGSETTYYNSALKS
RLTOKDNSKSQVFLEMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGQGTSVTVSSTTTPAPRPFTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY!
WAPLAGTCGVLLLSLVITLYCKRGRKEKLLYIFKQP
FMRPVOTTOEEDGCSCRFPEEEEGGCELRVKTSRS
ADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RIFPEMGGKPREKNPOEGLYNELOQKDKMAEAYSE
IGMKGERRRGEGHDGLY QGLSTATKDTYDALHM
QALPPRGGSGGVGELNCIVAVEONMGIGKNGDLP
WPPLRNEFRYFORMTTTSSVEGKONLVIMGKET
WESIPEKNRPLEGRINLVLSRELEEPPOGAHFPLSRS
LDDALKLTEQPELANK VDMV WIVGGSSVIKERM

EYPGVLSDVOEEKGIKYKFEVYEKND®

OT-CD19¢-010 (CD8a
lcader - CD19 s¢cFV -
CDS8a-Tm - 41BB -
CD3zeia - linker
(GGSGG) -hDHFR
{Amino acid 2-187 of
WT, Q36K, Y1221} -
stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEGEDIA
TYFCQQGNTLPYTFGGGTKLEITGGGGRGGGGSG
GGGSEVEKLGQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIROPPRKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASQOPLSLEPEACRPAAGGAVHTRGLDFACDIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVICFSRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELQKDEMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPRGGSGCOVGSLNCIVAVSONMGIGKNGDLP
WPPLENEFRYFKEMTTTSSVEGKOQNLVIMGKKT
WESIPEK NRPLKGRINLVLSRELKEPPOGAHFLSRS
LDDALKLTEQPELANKVDMYWIVGGSSVIKEAM
NHPGHLKLFYVTRIMODFESDTFFPEIDLEK YKLLP
EYPGVLSDVQERK GIKYKFEVYERND*

OT-CT39¢-011 (CD8a
leader -CID 19 5¢FV -
{D8a-Tm ~41B8 -
CD3zeta -linker
(GGSGG) - hDHFR
{Amino acid 2-187 of
WT; Q36K N65F, Y1221)
~§t0p}

MALPVTALLLPLALLLHAARPDIQMTOTTSSLIAS
LODRVTISCRASODISKYLNWYQQKPDGTVKLLL
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYFCQOGNTLPYTFGGGTKLEITGGGGSGGGGRG
GGGSEVRKLQESGPGLVAPSQSLSVICTVSGVSLPD
YGVSWIRQPPRIKGLEWLGVIWGSETTYYNSALKS
RLTOKDNSKSQVFLIKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVTVSSTTTPAPRPPTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY!
WAPLAGTCGVLLLSLVITLYCKRGRKEKLLYIFKQP
FMRPVOTTOEEDGCSCRFPEEEEGGCELRVKTSRS
ADAPAYKQGONOQLYNELNLGRREEYDVLDKRRG

PCT/US2018/020741
643 709
644 718
645 713
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RIFPEMGGKPREKNPOEGLYNELOKDKMAEAYSE
IGMKGERRRGEGHDGLY QGLSTATKDTYDALHM
QALPPRGGSGGVGELNCIVAVSONMGIGKNGDLP
WPPLRNEFRYFFRMTTTASVEGKONLVIMGKKTW
FRIPEKFRPLEKGRINLVLSRELKEPPOGAHFLSRSL

HPGHLKLFVTRIMODFESDTFFPEIDLEK YKLLPE
YPGVLSDVOEEKGIK YK FEVYEKND®

OT-CD19n~012 (CD8a
leader ~ Linker (8G)-
FKBP (F36V, L106P) -
Fuarin Site -CI319 scFV -
CD8a-Tm - 41BB -
(D3zeta ~ stop)

MALPVTALLLPLALLLHAARPSGGVQVETISPGDG
RIFPKRGOTCVVHYTGMLEDGKKVDSSRDRNKP
FKFMLGKQEVIRGWEEGVAQMSVGORAKLTISPD
YAYGATGHPGIPPHATLVFDVELLKPEESREVRR
NKRSKDIOMTOTTSSLSASLGDRVTISCRASQDIS
KYLNWYQOKPDGTVKLLIYHTSRLHSGVPSRISG
SGSGTDYSLTISNLEQEDIATYFCQOGNTLPYTFG
GGTKLEITGGGGSGGGGSGGGGSEVKLOESGPGL
VAPSQSLEVICTVSGVILPDYGVIWIRQPFREGLE
WLGVIWGSETTY YNSALKSRLTIKDINSKSQVFLK
MNSLOTDDTAIYYCAKHYYYGGSYAMDYWGQG
TSVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLY

RFPEEEEGGCELR VKFSRSADAPAYEOGONQLYN
ELNLGRREEYDVLDEKRRGRDPEMGGKPRRE NP}

EGLYNELQKDKMAEAY SEIGMEGERERGKGHDG
LYQGLSTATKDTYDALHMQALPPR*

OT-C90-013 {CD8a
leader - Linker (8G)-
ecDHFR (Amino acid 2~
159 of WT) (R12Y,
Y1001} ~ Furin Site ~
CD19 scFV -CD8a-Tm -
41BB - CD3zeta - stop)

MALPVTALLLPLALLLHAARPSGISLIAALAVDY V]
GMENAMPWNLPADL AWFKRNTLNKPVIMGRHT
WESIGRPLPGRKNIILSSOQPGTDDRVIWVKSVDEA
IAACGDVPEIMVIGGGRVIEGFLPKAQKLYLTHID
AEVEGDTHFPDYEPDDWESVISEFHDADAQNSHS
YCFEILERRESRRVRRNKRSKDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYCQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYFCQQONTLPYTFGGGTELEITGGGGSGGGGSG
GGGSEVELOQESGPGLVAPSQSLSVTICTVSGVSLPD
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASOPLSLEPEACRPAAGCAVHTRGLDFACDIYY
WAPLAGTCGVLLLSLVITLYCKROGRKKLLYIFKQP
FMRPVOQTTOEEDGCSCRIPEEEEGGCELRVEKFSRS
ADAPAYKQGONGLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRREKNPOEGLYNELOK DK MAEAYSE
IGMKGERRRGKGHDGLY QGLSTATKDTYDALHM
QALPPR*

OT-CD19n-014 (CD8a
leader ~ Linker (8G)-
hDHFR (Amino acid 2-
187 of WT, Y1221,
A125F) - Furin Site -
D19 scFV - CD8a-Tm -
41BB ~CD3zeta - stop)

MALPVTALLLPLALLLHAARPSGVGSINCIVAVSQ
NMGIGKNGDLPWPPLRNEFRYFORMTTTSSVEGK
ONLVIMGKKTWFESIPEKNRPLKGRINLVLSRELKE
PPOGAHFLSRSLDDALKLTEGPELANKVDMVWIV
GGSSVIKEFMNHPGHLKLFVTRIMODFESDTEFPE]
DLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKN
DESRRVRRNKRSKDIOMTOTTSSLSASLGDRVTIS

CRASQDISKYLNWYQOQKPDGTVKLLIYHTSRLHS

GVPSEFSGSGSGTDYSLTISNLEQEDIATYFCOQG

NTLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVK
LOESGPGLVAPSOSLSVTICTVSGVSLPDYGVSWIR

PCT/US2018/020741
646 712
647 713
648 734
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OPPRKGLEWLGVIWGSETTYYNSALKSRLTHKDN
SKSQVFLEMNSLQTDDTAIYYCAKHYYYGGSYA
MDYWGOGTSVIVSSTTTPAPRPPTPAPTIASQPLS
LRPEACRPAAGGAVHIRGLDFACDIYIWAPLAGT
COVLLLSLVITLYCKRGRKEKLLYIFKQPFMRPYQT
TOEEDGCSCRPPEEEEGGCELRVKEFSRSADAPAY
KQGONQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRENPOEGLYNELQKDEMAEAYSEIGMKGE
RRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR

B3

OT-CD19n~015 (CD8a
leader ~ Linker {(SG)-
hDHFR (Amino acid 2-
187 of WT, Q36K,
Y1221} -Farin Site -
(D19 scFV ~ CD8a-Tm -
41BB - CI¥3zeta -stop)

MALPVTALLLPLALLELHAARPSGVGSLNCIVAVSQ
NMGIGKNGDLPWPPLRNEFRYFERMTTTSSVEGK
QNLVIMGKKTWFSIPEKNRPLKGRINLVLSRELKE
PPOGAHFLSRSLDDALKLTEQPELANKVDMVWIV
GGSSVIKEAMNHPGHLKLFVIRIMODFESDTFFPE
IDLEKYELI PEYPGVLSDVQEEKGIKYKFEVYEKN
DESRRVRENKRESKDIOMTQTTSSLSASLGDRVTIS
CRASQDISKYLNWYQOQKPDGTVKLLIYHTSRLHS
GVPSEFSGIGSGTDYSLTISNLEQEDIATYFCQQG
NTLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVR
LOESGPGLYAPSOSLSVTICTVIGVSLPDYGVSWIR
OPPRKGLEWLGVIWGSETTYYNSALKSRLTHKDN
SKEQVFLEMNSLOQTIDDTAIYYCAKHYYYGGSYA
MDY WGOGTSVIVSSTTTPAPRPPTPAPTIASOPLS
LRPEACRPAAGGAVHIRGLDFACDIYIWAPLAGT
COVLLLSLVITLYCKRGRKEKLLYIFKQPFMRPYQT
TOEEDGCSCRPPEEEEGGCELRVKEFSRSADAPAY
KQGONQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRENPOEGLYNELOKDKMAEAYSEIGMKGE
RRRGKGHDGLYOQGLSTATKDTYDALHMOALPPR

OT-CD19-056 (CD8a
lcader ~ C1D19 scFV -
CD8a-Tm - 41BB -
CD3zeta - linker
{GGSGG) - hDHEFR
{Amine acid 2-187 of
WT, Y1221) -stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYCQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYFCQQONTLPYTFGGGTELEITGGGGSGGGGSG
GGGSEVELOQESGPGLVAPSQSLSVTICTVSGVSLPD
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASOPLSLEPEACRPAAGCAVHTRGLDFACDIYY
WAPLAGTCGVLLLSLVITLYCKROGRKKLLYIFKQP
FMRPVOQTTOEEDGCSCRIPEEEEGGCELRVEKFSRS
ADAPAYKQGONGLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRREKNPOEGLYNELOK DK MAEAYSE
IGMKGERRRGKGHDGLY QGLSTATKDTYDALHM
QALPPROGGSGOGVGSLNCIVAVSONMGIGKNGDLP
WPPLRNEFRYFOQRMTTISSVEGKQNLVIMGKKT
WEFSIPEK NRPLKGRINLVLSRELKEPPOGAHFLSRS
LDDALKLTEQPELANKVDMVYWIVGGSSVIKEAM
NHPGHLKLFYTRIMODFESDTFFPEIDLEK YKLLP
EYPGVLSDVQEEKGIKYKFEVYEKND#

OT-CD19-037 (CD8a
lcader ~CI219 scFV -
(D83-Tm - 41BB -
CD3zeta - BamHI (GS)~
stop)

MALPVTALLLPLALLLHAARPDIQMTOQTTSSLIAS
LODRVTISCRASODISKYLNWYQQKPDGTVKLLL

YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCQOONTLPYTFGGGTRLEITGGGGSGGGERG
GOGSEVRKLOESGPGLVAPSQSLAVICTVSGVSLPD
YGVSWIRQPPRKGLEWLGYIWGSETTYYNSALKS

PCT/US2018/020741
649 715
1003 1022
1006 1023
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RLTIKDNSKSOVFLEMNSLQTDDTAIY YCAKHY
YYGGSYAMDYWGQGTSVTVSSTTTPAPRPETPAP
TIASOPLSLRPEACRPAAGGAVHTRGLDFACDIYI
WAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQP
FMRPYVQTTOEEDGCSCRFPEEEEGGCELR VKFSRS
ADAPAYEQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRENPOEGLYNELOKDKMAEAYSE
IGMKGERRRGEGHDGLY QGLSTATKDTYDALHM
QALPPRGS*

OT-CD19-038 (CD8a
lcader ~CI219 scFV -
(D83-Tm - 41BB -
CD3zeta - p2A -~ BamHI
{GS)- stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASODISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCQOQGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOESGPGLVAPSQSLSVICTVSGVSLED
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKS
RLTOKDNSKSQVFLEMNSLOTDDTAIVYCAKHY
YYGGSYAMDYWGQGTSVIVSSTTTPAPRPFTPAP
TIASQPLSLRPEACEFAAGGAVHTRGLDFACDIY!
WAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQP
FMRPVOTTQEEDGCSCRIPEEEEGGCELRVKFSRS
ADAPAYKQGONQLY NLGRREEYDVLDKERG
RIFPEMGGKPREKNPOEGLYNELOQKDKMAEAYSE
IGMKGERRRGEGHDGLYQGLSTATKIDTYDALHM
QALPPRGATNFSLLKOQAGDVEENPGPGS*

OT-C1319-059 (CD8a
leader - HA Tag - CD19
scFV - CD8a-Tre - 41BB
- CD3zeta - BamHI (GS)-
stop)

MALPVTALLLPLALLLHAAREPYPYDVEDYADIOM
TOTTSSLAASLGDRVTISCRASODISKYLNWYQOK
PROGTVEKLLIYHTSRLHSGVPSRFSGSGSGTDY SLTI
SNLEQEDIATYFCOQQOGNTLPYTFGGGTKLEITGGG
GSGGGGRGGGGSEVKLQESGPGLVAPSQSLSVTC
TVIGVSLPDYGVSWIRGPPRKGLEWLGVIWGSET
TYYNSALKSRLTHKDNSKSQVFLKMINSLOTDDTA
WYCAKHYYYGGSYAMDYWGOGTSVTVSSTTTP
APRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG
LDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRK
KLLYTFKOQPFMRPVOTTOQEEDGCSCRFPEEEEGGC
ELRVKFSESADAPAYKQGQNQLYNELNLGRRER
YDVLDERRGRDPEMGGKPRRENPOEGLYNELOK
DKMAEAYSEIGMEGERRRGKGHDGLYQGLSTAT
KDTYDALHMQAL PPRGS*

OT-CI19-060 (CD8a
leader - IO scFV-
D8a-Tm-418BB -

“D3z¢ta - Linker {(5G)-
Furin - BamHI (G5)-
stop)

MALPVTALLLPLALLLHAARPDIQMTOQTTSSLIAS
LODRVTISCRASODISKYLNWYQOKPDGTVKLLI
YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCQOONTLPYTFGGGTRLEITGGGGSGGGERG
GOGSEVRKLOESGPGLVAPSQSLAVICTVSGVSLPD
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKS
RLTUKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVTVSSTTTPAPRPPIPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYE
WAPLAGTCGVLLLSLVITLYCKRGREKKLLYIFKQP
FMRPVOTTOEEDGCSCRFPEEEEGGCELRVKESRS
ADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRENPOQEGLYNELOQKDKMAEAYSE
IGMEGERRRGKGHDGLYQGLSTATKDTYDALHM
GALPPRSGESRRVERRNKRSKGS*

OT-C319-063 (CD8a
leader - CD19 scFV -

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYINWYQQKPDGTVKLLI

PCT/US2018/020741
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CD8a-Tm - 4188 -
Cix3zeta - stop)

YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCOOQGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOQESGPGLVAPSQSLSVICTVSGYSLED
YGVSWIROPPREGLEWLGVIWGSETTYYNSALKS
RLTIHKDNSKRQVFLEMNSLQTDDTAIY YCAKHY
YYGGSYAMDYWGOGTIVTVSSTTTPAPRPPTPAP
TIASQPLALRPEACRPAAGOGAVHTRGLDFACDIYE
WAPLAGTCGVLLLSLVITLY CKRGRKELLYIFKQP
FMRPVQTTOEEDGCSCRFPEEEEGGCELR VTSRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRENPQEGLYNELQKDKMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATRKDTYDALHM
QALPPR*

OT-CD19-064 (CD8a
leader - CD19 scFV ~
CDRa-Tm -~ 4188 -
CD3zeta - Linker (TR)-
HA Tag - FKBP (E31G,
"I6V, R71G, KI03E) -
stop-IRES- mCherry)

MALPVTALLLPLAI TLHAARPDIQMTQTTSSLSAS
LGPRVTISCRASODISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCOOQGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOQESGPGLVAPSQSLSVICTVSGYSLED
YOVSWIRQPPEKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLEMNSLOQIDDTAIYYCAKHY
YYGGSYAMDYWGQGTSVIVSSTTTPAPRPFTPAP
TIASQPLSLRPEACEFAAGGAVHTRGLDFACDIY!
WAPLAGTCGVLLLSLVITLY CKRGRKEKLLYIFKQP
FMRPVOQTTQEEDGCSCRPPEEEEGGCELRVKESRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RIWEMGGKPRRENPOEGLYNELQKDKMAEAYSE
IGMKGERRRGEGHDGLYQGLSTATKIDTYDALHM
QALPPRTRYPYDVEDYAGVQVETISPGDCGRTFPK
RGOTCVVHYTGMLGDGKKVDSSRDRNKPFKTML
GKOEVIRGWEEGVAQMSVGQGAKLTISPDYAYG
ATGHPGIIPPHATLVFDVELLELE*MHRSAAAATH
PPPPPLSLPPP*RYWPKPLGIRPVCVCLYVIFHHIAYV
FWQCEGPETWPCLLDEHS*GSFPSRORMARSVEC
REGSSSSGSFLKTNNVCSDPLOAAEPPTWROVPLR
PKATCIRYTCKGGTTPVPRCELDSCGK.SQMALLK
RIQOGAEGCPEGTPLYGI*SGASVHMLYMCLVEVY
KKTSRPPEPRGRGFPLKNTMITWPQP**ARARRIT
WPSSRSSCASECTWRAP*TATSSRSRARARAAPTR
APRPPS*R*PRVAPCPSPGTSCPLSSCTAPRPT*STP
PTSPTT*SCPSPRASSGSA**TSRTAAW*P*PRTPPC
RTASSSTR*SCAAPTSPPTAP*CRRRPWAGRPPPIG
CTPRTAP*RARSSRG*S*RTAATTTLRSRPPTRPRS
PCSCPAPTTSTSSWTSPPFTTRTTPSWNSTNAPRAA
TPPAAWTSCTS*

1215-1231 | 1037

OT-CD19-066 (CD8a
leader - CD19 scFV -
CD8a-Tm - 4188 -
{D3zeta - Linker (GS)-
P2A peptide -mCherty
{(M1L) - stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
TYPCQOGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOESGPGLVAPSQSLSVTCTVSGVSLED
YGVSWIROPPREGLEWLGVIWGSETTYYNSALKS
RLTIHKDNSKRQVFLEMNSLQTDDTAIY YCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYE
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKOQP
FMRPVQTTOEEDGCSCRFPEEEEGGCELR VTSRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELQKDEMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHM

1613 1039

- 86 -




WO 2018/161017

QALPPRGSGATNFSLLEQAGDVEENPGPLSKGEE
DNMAIKEFMRFK VHMEGSYNGHEFEIEGE
PYEGTQTAKLEVTKGGPLPFAWDILSPOFMYGSK
AYVKHPADIPDYLKLSFPEGFKWERVMNFEDRGG
VVIVTODSSLODGEFTYKVKLRGTNFPSDGPYMQ
EKTMGWEASSERMYPEDGALKGEIKQRLKLEDG
CGHYDAEVETTYKAKKPVOLPGAYNYNIKLDITSH
NEDYTIVEQYERAEGRHSTGGMDELYK*

OT-CARIS-IL15-001
{CD38aleader ~ CD19
s¢FV -CD8a-Tm ~ 41BB -~
{D3zeta - Linker (GS)~
P2A -TL15 -Linker (3G3-
{(8G4)3-5G3-5LQ) -

L 15Ra - stop)

MALPVTALLLPLALLLHAARPDIOMTQTTSSLSAS
LGDRVTISCRASQDISKYLNWYCQQKPDGTVKLLI
YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEGEDIA
TYFCQQONTLPYTFGGGTELEITGGGGSGGGGSG
GGGSEVELOQESGPGLVAPSQSLSVTICTVSGVSLPD
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHY
YYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAP
TIASOPLSLEPEACRPAAGCAVHTRGLDFACDIYY
WAPLAGTCGVLLLSLVITLYCKROGRKKLLYIFKQP
FMRPVOQTTOEEDGCSCRIPEEEEGGCELRVEKFSRS
ADAPAYKQGONGLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRREKNPOEGLYNELOK DK MAEAYSE
IGMKGERRRGKGHDGLY QGLSTATKDTYDALHM
QALPPROGSGATNFSLLKQAGDVEENPGPNWYNY]
SDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMK
CFLLELQVISLESGDASIHDTVENLIILANNSLAESNG
NVTESGCKECEELEEKNIXKEFLQSFVHIVOMPINTS
SGGGIGGOGSGOGHSGGEGSGHGSLOITCPPPMS
VEHADIWVYKSYSLYSRER YICNSGEFKRKAGTSALT
ECVLNKATNVAHWTTPSLKCIRDPALVHQRPAPP
STVITAGVTPGPESLSPSGKEPAASSPSSNNTAATT
AAIVPGRQLMPSKSPSTGTTEISSHESSHGTPSOQTT
AKNWELTASASHQPPGVYPOQGHSDTTVAISTSTV
LLCGLSAVSLLACYLKSROQTPPLASVEMEAMEAL
PYTWGTSSRDEDLENCSHHL*

OT-CARIS-IL15-002
{CD8a leader -CD219
scFV -CD8a-Tm -41BB -
CD3zeta - Linker (GS)-
P2A - Linker
(MLLLVTSLLLCELPHP
AFLLIP) (SEQ ID NO:
1631} - 15 - Linker
{(SG3-(8G4)3-53G3-8LQ)
- [1.15Ra - stop)

MALPVTALLLPLAI TLHAARPDIQMTQTTSSLSAS
LGPRVTISCRASODISKYLNWYQQKPDGTVKLLI
YHTSRLHSGVPSREFSGSGSGTDYSLTISNLEQEDIA
TYFCQOQGNTLPYTFGGGTKLEITGGGGSGGGGSG
GGGSEVKLOESGPGLVAPSQSLSVICTVSGVSLED
YOVSWIRQPPEKGLEWLGVIWGSETTYYNSALKS
RLTHKDNSKSQVFLEMNSLOQIDDTAIYYCAKHY
YYGGSYAMDYWGQGTSVIVSSTTTPAPRPFTPAP
TIASQPLSLRPEACEFAAGGAVHTRGLDFACDIY!
WAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQP
FMRPVOTTQEEDGCSCRIPEEEEGGCELRVKFSRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RIWEMGGKPRRENPOEGLYNELQKDKMAEAYSE
IGMKGERRRGEGHDGLYQGLSTATKIDTYDALHM
QALPPRGSGATNESLLKQAGDVEENPGPMLLLVY
SLLLCELPHPAFLLIPNWYNVISDLEKIEDLIOSMH
IDATLYTESDVHPSCKVTAMECTLLELQVISLESG
DASHDTVENLILANNSLSSNGNVYTESGCKECEEL
EEKNIKEFLQSFVHIVOMFINTSSGGGSGGGGSGE
GGSGGGGSGGGSLOITCPPPMSVEHADIWVKSYS
LYSRERYICNSGFKRKAGTSSLTECVENKATNVA
HWTTPSLKCIRDPALVHQRPAPPSTVITAGVTPOP
ESLSPSGKEPAASSPSSNNTAATTAATVPGSQLMPS
KSPSTGTTEISSHESSHGTPSOTTAKNWELTASAS

PCT/US2018/020741
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HOPPGVYPOGHSDTTVAISTSTVLLCGLSAVSLLA
CYLKSROQTFPLASVEMEAMEALPVTWGTSSEDED
LENCSHHL*

OT-CT319-IL15-006 MALPVTALLLPLALLLHAARPDIQMTOQTTSSLIAS | 1018 1042
(CT¥8a leader -CD 19 LGDRVTISCRASODISKYLNWYQQKPDGTVKLLI

scFV - CD8a-Tm - 41BB | YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIA
- CD3zeta - Linker {GS)- | TYFCQOOGNTLPYTFGGGTKLEITGGGGSGGGGRG
P2A ~IgE Leader - IL15 - | GGGSEVKLQESGPGLVAPSQSLSVICTVSGVSLPD

Linker (SG3~(3G4)3- YGVSWIRQPPRIKGLEWLGVIWGSETTYYNSALKS
SG3-SLQ) ~IL15Ra- RLTOKDNSKSQVFLIKMNSLOTDDTAIYYCAKHY
stop) YYGGSYAMDYWGOGTSVTVSSTTTPAPRPPTPAP

TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY!
WAPLAGTCGVLLLSLVITLYCKRGRKEKLLYIFKQP
FMRPVOTTOEEDGCSCRFPEEEEGGCELRVKTSRS
ADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPREEKNPOEGLYNELOKDKMAEAYSE
IGMKGERRRGEGHDGLY QGLSTATKDTYDALHM
QALPPRGSGATNFSLLEKQAGDVEENPGPMDWTW
ILFLVAAATRVHSNWYNVISDLKKIEDLIGSMHID
ATLYTESDVHPSCKVTAMKCFLLELQVISLESGDA
{DTVENLILANNSLSSNGNYTESGCKECERLEE
NIKEFLQSFVHIVOMFINTSSGGGSGGGESGGGG
SGGGGSGGGSLOITCPPPMSVEHADIWVESYSLYS
RERYICNSGFERKAGTSSLTECVLNEATNYVARBWT
TPSLECIRDPALVHQRPAPPSTVTTAGVTPOPESLS
PSGKEPAASSPRSNNTAATTAATVPGSOLMPSKSPR
TGTIBISSHESSHGTPRQTTAKNWELTASASHOPP
GVYPOGHSDTTVAISTSTVLLCGLSAVSLLACYLK
SROTPPLASVEMEAMEALPVTWGTSSRDEDLENC
SHHL*

00229 Constructs disclosed in Table 10 which are transcrptionally controlled by a CMV
promoter, i some instances may be placed under the transeriptional control of a different
promoter to test the role of promoters in CD19 CAR expression. In one embodiment, the CMV
promoter may be replaced by an EF1a promoter. [n one embodiment, the CMV promoter of the,
OT-CD19-001 construct, may be replaced to generate OT-CD19N-017 construct, with a EFla
promoter. In another embodiment, the CMV promoter of the CD16 CAR, OT-CD19 CAR-002
congtruct, may be replaced to generate OT-CDION-01E construct, with a EFia promoter. In
another embodiment, the CMV promoter of the CD19 CAR, OT-CD 19 CAR-003 construct, may
be replaced to generate OT-CD19N-01Y construct, with a EF 1a promoter. In another
embodiment, the UMV promoter of the CD19 CAR, OT-CD19 CAR-004 construct, may be
replaced to generate OT-CD19N-020 construct, with a EF1a promoter. In another embodiment,
the CMYV promoter of the CDY CAR, OT-C319 CAR-005 construct, may be replaced to
generate OT-CD19N-021 construct, with a EFla promoter. In another embodiment, the UMV
promoter of the CD19 CAR, OT-CD19 CAR-006 construct, may be replaced to generate OF-

CDI9ON-022 construet, with a EF1a promoter. In another embodiment, the CMV promoter of the
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B9 CAR, OT-CB19 CAR-007 construct, may be replaced to generate OT-CD19N-023
construct, with a EFla promoter. In another embodiment, the CMVY promoter of the CD19 CAR,
OT-CDI9 CAR-008 construct, may be replaced to generate OT-CDI19N-024 construct, with a
EFla promoter. In another embodiment, the CMV promoter of the D19 CAR, OT-CP19 CAR-
009 construct, may be replaced to generate OT-CDION-023 construct, with a EF 1a promoter.
[00236] In one embodiment, the CAR construct comprises a CD1Y scFV (e.g., CATI3 1EI0 or
FMCA3), a CB8q spacer or transmembrane domain, and a 4-1BB and CD3( endodomain. These
constructs with CAT13 1E10 may have mcreased proliferation after stimulation in vitro,
mcreased cvtotoxicity against the CI319+ targets, and increased cffector and target nteractions
as compared to constructs with FMC63.

[06231] In some embodiments, the pavloads of the present invention may be taned using the
catalytic domains of the E3 ubiquitin ligases. The catalytic domains of E3 ligases may be fused
to an antibody or a fragment of the antibody. The pavioad is fused to the antigen recognized by
the antibody or a tragment of the antibody that s fused to the E3 igases catalviic domain. The
E3 ligases useful in the present invention include, but are not limited to Ring B3 ligase, HECT
E3 ligases and RBR E3 ligases. Anv of the methods taught by Kanner SA ot al. (2017) elife; 6
629744 may be useful in the present invention {the contents of which are mmcorporated by
reference in their entirety).

160232] In some embodiments, the pavioads described herein, may be regulated by E3 ubiguitin
ligases constructs. The E3 ligases constructs may comprise the catalytic domain of E3 ligases
fused to an SRE and an antibody or a fragment of an antibody. The pavicads are fused 1o the
antigen recognized by the antibody or a fragment of an antibody, that is appended to the catalytic
domain of E3 ligases. In the absence of the stimulus corresponding to the SRE, the E3 ubiguitin
higases constructs are destabilized, which i turn, allows the expression of the payvioads fused to
the antigen. In the presence of ligand corresponding to the SRE, the E3 ubiguitin higases
congtructs are stabilized and available to bind to the antigen fused to the pavicads. Binding of the
E3 ligases constructs to the antigens, targets the protein for degradation. The E3 ubiquitin ligases
constructs may be used to regulate any payload described herein, provided the payioad 1s fused
to an antigen recognized by the antibody or the fragment of the antibody 1n the E3 ubiquitin
ligases construct. In some embodiments, the payload is a chimeric antigen receptor. The E3
ubiguitin figases constructs may be used to design logic gates. In one embodiment, the E3
ubiguitin ligases constructs may be used to generate a NOT gate, wherein one ligand mduces the
expression of the payioad, while another inhibits the cxpression of the payload. In some

erabodiments, the NOT gate mav be generated using the E3 ubiquitin ligases constructs and by
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fusing the payloads-antigen fusion protein {o a second a SRE that is distinct from the SRE in the
E3 ubiguitin ligase construct.

[00233] In some embodiments, the payload of the invention may be any of the co-stimulatory
molecuies and/or mitracelular domains desceribed herein. In some embodiments, one or more ¢o-
stimulatory molecules, cach under the control of different SRE may be used in the present
nvention. SKRE regulated co- stimulatory molecules may also be expressed in conjunction with a
first generation CAR, a second generation CAR, a third gencration CAR, a fourth generation, or
any other AR design described herein.

Tandem CAR (TanCAR)

[00234] In some embodiments, the CAR of the present invention may be a tandem chimeric
antigen receptor (Tan{CAR) which 1s able to target two, three, four, or more tumor specific
antigens. In some aspects, The CAR 15 a bispecific TanCAR mncluding two targeting domains
which recognize two different TSAs on tumor cells. The bispecific CAR may be further defined
as comprising an extracellular region comprising a targeting domain (¢.g., an antigen recognition
domain} specific for a first tumor antigen and a targeting domain {¢ g, an antigen recognition
domain} specific for a second tumor antigen. in other aspects, the CAR is a multispecific
TanCAR that includes three or more targeting domains configured in a tandem arrangement. The
space between the targeting domains in the TanCAR may be between about 5 and about 30
amino acids in length, forexample, 6,78, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22,
23,24,25.26, 27,28, 29 and 30 amino acids.

Split CAR

[00235] In some embodiments, the components including the targeting moiety, transmembrane
domain and intracellular signaling domains of the present invention may be split into two or
more parts such that it is dependent on multiple inputs that promote assembly of the mtact
functional receptor. In one embodiment, the split synthetic CAR system can be constructed
which the assembly of an activated CAR receptor is dependent on the binding of a ligand to the
SRE {c.g. a small molecule) and a specific antigen to the targeting moiety. As a non-limiting
example, the split CAR consists of two parts that assemble in a small molecule-dependent
manner; one part of the receptor features an extracellular antigen binding domain (e.g. scFv) and
the other part has the ntracellular signaling domains, such as the CB3{ intracelivlar domain.
[00236] In other aspects, the sphit parts of the CAR system can be further modified to increase
signal. In one example, the second part of cytoplasmic fragment may be anchored 1o the plasma
membrane by incorporating a transmembrane domain {(e.g., CD8a transmembrane domain) to the

construct. An additional extraceliular domain may also be added to the second part of the CAR

- 90 -



WO 2018/161017 PCT/US2018/020741

system, for instance an extracelular domain that mediates homo-dimerization. These
modifications may increase receptor output activity, t.e., T cell activation.

[60237] In some aspects, the two parts of the split CAR system contain heterodimernization
domains that conditionally interact upon binding of a heterodimerizing small molecule. As such,
the receptor components are assernbled in the presence of the small molecule, to form an intact
system which can then be activated by antigen engagement. Any known heterodimerizing
components can be mcorporated nto a split CAR system. Other small molecule dependent
heterodimerization domains may also be used, including, but not limited to, gibberellin-induced
dimenzation system {GID1-GAY), trimethoprim-SLF induced ecDHFR and FKBP dimerization
(Calapinski et al , J Am Chem Soc., 2008, 130{40): 13186-13187} and ABA {(abscisic acid)
induced dimenzation of PP2C and PYL domains (Cutler et al., Annu Rev Plant Biol. 2010, 61:
651-679}. The dual regulation using inducible assembly {¢.g., hgand dependent dimerization)
and degradation {¢.g., destabilizing domain induced CAR degradation) of the split CAR system
may provide more flesibility to control the activity of the CAR modified T cells.

Switchable CAR

[00238] In some embodiments, the CAR of the invention may be a switchable CAR. Juillerat ¢t
al (huilerat et al, Sci. Rep., 2016, 6: 18930; the contents of which are incorporated herein by
reference in their entirety) recently reported controllable CARs that can be transiently switched
on in response to a stimulus {¢.g. a small molecule}. In this CAR design, a svsten is directly
utegrated m the hinge domain that separate the scFv domain from the ccll membrane domain in
the CAR. Such svstem is possible to split or combine ditferent key functions of a CAR such as
activation and costimulation within different chains of a receptor complex, mimicking the
complexity of the TCR native architecture. This integrated system can switch the scFv and
antigen interaction between on/off states controlled by the absence/presence of the sumulus.
Reversible CAR

160239] In other embodiments, the CAR of the invention may be a reversible CAR system. In
this CAR architecture, a LID domam {(ligand-induced degradation) is incorporated into the CAR
svstem. The CAR can be temporanly down-regulated by adding a ligand of the LID domain,
The combination of LID and DD mediated regulation provides tunable control of contimiingly
activated CAR T celis, thereby reducing CAR mediated tissue toxicity.

Activation-conditional CAR

[00240] In some cmbodiments, payloads of the mvention may be an activation-conditional
chimeric antigen receptor, which is only expressed in an activated immune cell. The expression

of the CAR may be coupled to activation conditional control region which refers to one or more
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nucleic acid sequences that indace the transcription and/or expression of a sequence ¢.g. a CAR
under s control. Such activation conditional controd regions may be promoters of genes that are
upregulated during the activation of the mmmune ctfector cell e.g. 1.2 promoter or NFAT binding
sites. In some embodiments, activation of the immune cell may be achieved by a constitutively
expressed CAR (Intemational Publication No: W02016126608; the contents of which are
mncorporated herein by reference in their entirety).

Cviokines. chemokines and other soluble factors

100241 In accordance with the present invention, CARs of the present invention may be
utilized along with other payloads of the present invention may be cyiokines, chemokings,
growth factors, and soluble proteins produced by immune cells, cancer cells and other cell types,
which act as chemical commumicators between cells and tissues within the body. These proteins
mediate a wide range of physiclogical functions, from cffects on cell growth, differentiation,
nugration and survival, to a number of effector activities. For example, activated T cells produce
a vanety of cytokines for cytotoxic function to eliminate tumor cells.

100242] In some embodiments, payloads of the present mvention may be cytokings, and
fragments, variants, analogs and derivatives thereof, mcluding but not limited to intericukins,
tumor necrosis factors {TNFs), interferons (JENs), TGE beta and chemokines. In some
embodiments, payloads of the present invention may be cytokines that stimolate inmmune
responses. In other embodiments, payloads of the mvention may be antagonists of cytokines that
negatively impact anti-Ccancer IMMuUne responses.

[00243] In some embodiments, pavioads of the present invention may be cvioking receptors,
recombinant receptors, variants, analogs and derivatives thereof, or signal components of
cytokines.

[00244] In some embodiments, cviokines of the present mvention may be utilized to improve
expansion, sarvival, persistence, and potency of mumune cells such as CD8+ ey, natural killer
cells and tumor nfiltrating lvmpbocytes {TiL} cells used for immunotherapy. In other
erabodiments, T cells enginecred with two or more DD regulated cytokines are utilized 1o
provide kinetic control of T cell activation and tumor microenvironment remodeling. In one
aspect, the present mmvention provides biocircuits and compositions to nunimize toxicity related
to cytokine therapy. Degpite its success in mitigating tumor burden, systemic cytoking therapy
often results in the development of severe dose luniting side cffects. Two factors contribute to
the observed toxicity (a) Pleiotropism, wherein cytokines affect different cells types and
sometimes produce opposing cffects on the same cells depending on the context (b} Cviokines

have short serum half-life and thus need to be adounistered at high doses to achieve therapeutic
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effects, which exacerbates the pleiotropic effects. In one aspect, cytokines of the present
vention may be utilized to modulate cytokine expression in the event of adverse effects. In
some embodiments, cytokines of the present invention may be designed to have prolonged life
span or enhanced specificity (o minimize toxicity.

[60245] In some embodiments, the pavioad of the present mvention may be an mterleukin (IL}
cytokine. Interfeukins (ILs} are a class of glvcoprotems produced by leukocyvies for regulating
immune responses. As used herein, the term “interleukin (JL} refers to an interleukin
polvpeptide from any species or source and includes the full-length protein as well as fragments
or portions of the protein. In some aspects, the itericukin payload is selected from 1L 1,
[L.1alpha {also called hematopoietin-1}, Il 1beta {catabolin), 111 delta, IL.1epsilon, IL1eta, 111
zeta, interleukin-1 family member 1 to 11 (IL1F1 to ILIF11), interleukin-1 homolog 1 to 4
(IL1H1 to IL1H4), 1L 1 related protein 1 to 3 (ILIRPIL to FLIRP3), 112, L3, 1L4, 115, IL6, L7,
L8, RO, 110, TLI0C, TL10D, T Y, T  ta, IR I, 112, 1113, 114, 1115, 116, 117 11174,
P78 IL7C, ILI7E, TLA7F ILIS, TL19, 1120, TL20 hke (JL20L), 121, FL22 TE23, TL23A,
H.23-p19, IL23-pd0, 1124, 1125, 1126, 1127 TL28A 1288, 1129, 1130, 1131, 1132, 11.33, 1134,
[L.35, $1.36 alpha, 1136 beta, 1136 ganuna, IL36RN, 1137, 1L.37a, IL37b, 1L37¢, 1L.37d, 1L.37¢
and 1L.38. In other aspects, the pavioad of the present mvention may be an mierieukin receptor
selected from CD121a, CDwl121b, IL2Ro/CD25, IL2RB/CD122, IL2Ry/CD132, CDwI31,
CD124, CD131, CDwi25, CD126, CD130, CD127, CDw210, IL8RA, HL11Ra CD212,
CD213al, CD213a2, ILI4R, IL15Ro, COW217, ILI8Re, TL 18R, IL20Rq, and H.20RB.
[00246] In one embodiment, the pavioad of the mvention may comprise IL12. 12 1sa
heterodimeric protein of two subunits (p335, p40) that 1s secreted by antigen presenting cells, such
as macrophages and dendritic cells. IL12 s type 1 cytokine that acts on natural killer (NK cells,
macrophages, CDR™ Cytotoxic T cells, and CD4™ T helper cells through STAT4 pathway to
mduce IFN-y production in these effector immune cells {reviewed by Trinchieri G, Nar Rey
Immunol. 2003, 3(2): 133-146). 1L12 can promote the oytotoxic activity of NK cells and CDE* T
cells, therefore has anti-tumor function. Intravenous injection of recombinant 1112 exhibited
modest chinical efficacy in a handful of patients with advanced melanoma and renal cell
carcinoma {Gollob et al., Clin. Cancer Res. 2000; 6(5}:1678-1692). IL12 has been used as an
adjuvant to enhance cytotoxic ity using a melanoma antigen vaccine, or using peptide
pulsed peripheral blood mononuclear cells; and to promote NK cell activity in breast cancer with
trastuzamab treatment. Local delivery of IL12 to the tamor microenvironment promotes tumor
regression in several tumor models. These studies all indicate that locally increased .12 level

can promote anti-tumor immunity. One major obstacle of systemic or local administration of
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recombinant 12 protein, or through oncolytic viral vectors is the severe side effects when 1112
is presented at high level. Developing a system that tightly controls .12 level may provide a
safe use of 1L 12 in cancer treatment.

[06247] It is understood in the art that certain gene and/or protein nomenclature for the same
zene or protein may be inclusive or exclusive of punctuation such as a dash - or svmbolic such
as Greek letters. Whether these are included or excluded herein, the meaning is not meant to be
changed as would be understood by one of skall in the art. For example, [L2, 1L2 and 1L 2 refer
to the same interleukim. Likewise, TNFalpha, TNFo, TNF-alpha, TNF-¢, TNF alpha and TNF o
all refer to the same protein.

[00248] In one aspect, the effector module of the invention may be a DD-IL 12 fusion
polypeptide. This regulatable DD-I1L12 fusion polypeptide may be directly used as an
tmmunotherapeutic agent or be transduced wnto an immune effector cell (T cells and TIL cells) to
generate modified T cells with greater in vive expansion and survival capabilities for adoptive
cell transfer. The need for harsh preconditioning regimens in current adoptive cell therapics may
be minimized using regulated 1112 BD-H.12 may be utilized to modify tumor microenvironment
and increase persistenee in solid tumors that are currently refractorv to tumor antigen targeted
therapy. In some embodiments, CAR expressing T cells mav be armored with DD regulated
IL12 to relieve immumosuppression without systemic toxicity .

[60249] In some embodiments, the 1L12 may be a Flexi IL12, wherein both p35 and p40
subunits, arc encoded by a single cDNA that produces a single chain polypeptide. The single
chain polvpeptide may be generated by placing p35 subunit at the N terminus or the ¢ terminus
of the single chain polyvpeptide. Similarly, the p40 subunit may be at the N termings or €
terminus of the single chain polypeptide. In some embodiments, the H.12 constructs of the
mvention may be placed under the transeriptional control of the CMV promoter (SEQ 1D NO.
716}, an EFla promoter (SEQ ID NO. 717, SEQ 1D NQ. 908) or a PGK promoter {SEQ 1D NO.
718}, Any portion of 1L12 that retains one or more functions of full length or mature 1,12 may
be useful n the present invention. In some aspects, the DD-1L.12 comprises the amino acid
sequences histed in Table 11, The ammo acid sequences in Table 11 may comprise a stop codon
which is denoted 1n the table with a %7 at the end of the anuno acid sequence.

Table 11: DD-11.12 constructs

Description Promoter Amino acid Sequence Amino Nucleic
acid Acid
SEQID | SEQID
NG NG

140 signal - MCHQQLVISWFSLVFLASPLVA 719 736-744

sequence
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Linker GGSGG 629 679680
Linker GGGGSGGGGSGGGGS 720 910-915
Linker GS - GGATCC
Spacer ATNFSLLKQAGDVEENPGP 745 746
Fuin cleavage SARNRQKRS 721 750
site
Futu cleavage ARNRQKRS 722 751
site
Modified Furin EARRVRRNKRSK 630 681-683
P2A Cleavable GATNFSLLKQAGDVEENPGP 925 926
Peptide
p40 TWELKKDVYVVELDWYPDAPGEMVYVLTCD | 723 752-761,
TPEEDGITWTLDGSSEVLGSGK TLTIQVKEF 632-634
GDAGQYTCHKGGEVLSHSLLLLHKKEDGH
WSTDILEDOKEPKNKTFLRCEAKXNYSGRFT
CWWLTTISTDLTFSVKSSRGSSDPOGVTCG
AATLSAFRVRGDNEEYEYSVECQEDRSACP
AAFESLPIEVMVDAVHKLKYENYTSSFFIRD
DKPDPPENLOLKPLKNSROQVEVSWEYPDT
WSTPHSYFSLTFCVQVOQGKSKREKEDRVET
DKTSATVICRENASISVRAQDRYYSSSWRE
WASVYPCS

p40 (K217N) TWELKKDVYVVELDWYPDAPGEMVVLTCD | 747 748
TPEEDGITWTLDOSSEVLGSGKTLTIQVKEF
GDAGOYTCHKGGEVLSHSLLLLHKEEDG!
WSTDILKDOREPKNKTFLRCEAKNYSGRFT
CWWLTTISTDLTFSVESSRGSSDPQGVTICG
AATLSAERVRGDNKEYEYSVECQEDSACP
AAFESLPIEVMVDAVHKLKYENYTSSFFIRD
TIKPBPPNNLOLKPLEKNSROVEVSWEYFDT
WSTPHSYFSLTFCVQVOQGKSKREKKDRVET
DRTSATVICRKNASISVRAQDRYYSSSWSE
WASVPCS

p35 RNLFVATPDPGMFPCLHHSONLLRAVSNM | 724 762-771,
LOKARQTLEFYPCTSEEIDHEDITKDKTSTV 1012
EACLPLELTKNESCLNSRETSFITNGSCLASR
KTSFMMALCLSSIVEDLKMYQVEFKTMNA
KLLMDPKRQIFLDONMLAVIDELMQALNF
NSETVPOKSSLEEPDFYR TKIKLCILLHAFRI
RAVTIDRVMEYLNAS

ccDHFR ISLIAALAVDYVIGMENAMPWNLPADLAW | 9 692,772,

{Amino acid 2- FERNTLNKPYVIMGRHTWESIGRPLPGRKNII 814, 687,

159 of WT) LSSQPGTDDRVITWVESVDEATAACGDVPET 988, 991

(RIZY, Y1001 MVIGGGRVIEQFLPKAQKLYLTHIDAEVEG
DTHFPDYEPDDWESVFSEFHDADAQNSHSY
CFEILERR

FKBF (F36V, GVOVETISPGDGRTFPERGQTCVVHYTGML | 1t 684-686,

L106P) EDGKKVDSSRDRNKPFKFMLGKQEVIRGW 987, 989
EEGVAQMSVGORAKLTISPDYAYGATGHP
GIIPPHATLVFDVELLKPE

FKBP (F36V, GVOQVETISPGDGRTFPERGOQTCVVHYTGML | 12 688-691,

E31G, R7IG, GDGKK VDSSRIBENKFPFKFMLGKOQEVIRGW 9941013,

K105E) EEGVAQMSVGOQGAKLTISPDYAYGATGHP 1028
GIPPHATLVFDVELLELE

WDHFR VGSLNCIVAVSQNMGIGKNGDLPWPPLRNE | 46 773

{Amino acid 2- FRYFFRMTTTSSVEGKONLVIMGKK TWFST

187 of WT; PEKNRPLKGRINLVLSRELKEPPQGAHFLSR

(J36F, Y1221, SLDDALKLTEQPELANKVDMVWIVGGSSVI

Al125F) KEFMNHPGHLKLFVTRIMODFESDTFFPEID




{GGSGG; - pd0
signal sequence
- 40 - dinker
({G4S)3) - p35
- stop)

QLVISWESLVFLASPLVAIWELKKDVYVVE
LDWYPDAPGEMYVVLTCDTPEEDGITWTLD
QSSEVLGIGKTLTIQVKEFGDAGOYTCHEG
8 HSLLLLHKEEDGIWSTDILKDQKEP

] FLRCEAKNYSGRFTCWWLTTISTDLT
FSVESARGSSDPQGVTCGAATLSAERVRGD

AVHKLEKYENYTSSFFIRIMIKPDPPENLOLK
PLENSRQVEVSWEYPDTWSTPHSYFSLTFC
VOVOGKSKREKKDRVFTDETSATYICRKN
ASISVRAQDRYYSSSWSEWASVPCSGGGGS
GOGGIGGGGSRNLPVATPDPGMEFPCLHHS
QNLLRAVSNMLOKARQTLEFYPCTSEEIDH
EDITKDKTSTVEACLPLELTKNESCLNSRET
SFITNGSCLASRKTSFMMALCLSSIYEDLKM
YOVEFKTMNAKLLMDPKROIFLDONMLAY
IDELMQALNFNSETVPOKSSLEEPDFYKTKI
KLCILLHAFRIRAVTIDRVMSYLNAS*

WO 2018/161017 PCT/US2018/020741

LEKYKLLPEYPGVLSDVOQEEKGIKYKFEVY
EEND

hDHFR ~ VGSLNCIVAVSQNMGVGKNGDLPWPPLRN | 8% 974

(Amino acid 2- EFRYFOQRMTTTSSVEGKQNLVIMGKIKTWES

187 of WT) IPEKNRPLKGRINLVLSRELKEPPQGAHFLS

{(17V) RSLDDALKLTEQPELANKVDMVWIVGGSS
VYKEAMNHPGHLKLFVTRIMQDFESDTIFP
EIDLEKYKLLPEYPGVLSDVQEEKGIKYKFE
VYEKND

hDHFR - VGSLNCIVAVSONMGIGKNGDLPWPPLRNE | 895 694, 995

{Amino acid 2- FRYFORMTTTSSVEGKONLVIMGKKTWESE

187 of WT) PEKNRPLEKGRINLVLSRELKEPPOGAHFLSR

(Y122Z0) SLDDALKLTEQPELANKVDMVWIVGGSSVI
KEAMNHPGHLKLFVTRIMQDFESDTFFPEID
LEKYKLLPEYPGVLSDVQEEKGIKYKFEVY
EKND

OF-1012-003 MV MUCHQOLVISWESLVFLASPLVAGVOQVETISP | 727 774

(p40 signal GDGRTIFPKRGOTCVVHYTGMLEDGKK VDS

sequence - SRDRNKPFKFMLGKQEVIRGWEEGVAQMS

FKBP (F36V, VGORAKLTISPDYAYGATGHPGHPPHATLY

L106P) ~ linker FDVELLKPEGGSGGIWELKKDVYVVELDW

(GGSGG) - YPDAPGEMVVLTCDTPEEDGITWTLDQSSE

40 - linker2 VLGSGKTLTIOVKEFGDAGOYTCHKGGEVL

(G45)3 - p35- SHSLLLLHKKEDGIWSTDILKDOKEPKNKTF

stop) LRCEAKNYSGRFTCWWLTTISTDLTFSVKS
SRGSSDPOGVTCCGAATLSAERVREGDNKEYE
YSVECQEDSACPAAEESLPIEVMVDAVHKL
KYENYTSSFFIRDIKPDPPKNLOLKPFLKNSR
QVEVSWEYPDTWSTPHSYTFSLTFCVOVOG
KSKREKKDRVETDKTSATVICRKNASISVR
AQDRYYSSSWSEWASVPCSGGGGSGGGGS
GGGGSRNLPVATPDPGMEPCLHHSQNLLRA
VENMLOKARQTLEFYPCTSEEIDHEDRITKDK
TSTVEACLPLEL TKNESCLNSRETSFITNGSC
LASRKTSFMMALCLSSIYEDLEMYQVEFKT
MNAKLLMDPKROIFLDONMLAVIDELMOA
LNFNSETVPOKSSLEEPDFYKTKIKLCILLE
AFRIRAVTIDRVMSYLNASH

OT-IL12-002 CMV MGVQVETISPGDGRTFPKRGOTCVVHYTG 728 775

(Met - FKBP MLEDGEKVDSSEDRNKPFEKFMLGKOEVIR

(F36V, L106P) GWEEGVAQMSVGORAKLTISPDYAYGATG

- fiker HPGIPPHATLVFDVELLKPEGGSGOMCHQ
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{p40 signal

sequence- p4d -

linker-
({G45)3) - p33
- linker
(GGRG) -
FKBP (E31G,
F36V, R71G,
K105E) - stop)

YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WTLDQSSEVLGSGKTLTIQVEEFGDAGQYT
CHKGGEVLIHSLLLLHKKEDGIWSTDILED
QOKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TOLTESVKASRGESDPOGVTCGAATLIAER

VMVYDAVHKLE YENYTSSFFIRDIKPDPPEN
LOLKPLKNSROVEVSWEYPDTWSTPHIYFES
LTFCVQVQGKSKREKKDRVEFTDKTSATVIC
RKNASISVRAQDRYYSSSWSEWASVPCSGG
GGSGGGGSGGOGSRNLPVATPDPGMEPCL
HHSQNLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDEKTSTVEACLPLELTKNESCENS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LEMYOQVEFKTMNAKLLMDPKRQIFLDON

WO 2018/161017 PCT/US2018/020741
OT-11.12-003 CMV MCHOQLYVISWEFSLVFLASPLYVAGVQVETISP | 729 776
(p40 sigunal GDGRTFPKRGOTCVVHYTOMLEDGKK VDS
SEUENCe = SRDORNKPFKFMLGKQEVIRGWEEGVAQMS
FKBP (F36V, YGOQRAKLTISPDYAYGATGHPGHPPHATLY
L106P)- fudn FDVELLKPESARNRQKRSIWELKKDVYVVE
(SARNROKRS LDWYPDAPGEMVVLTCDTPEEDGITWTLD
} - p40- hcker QSSEVLGRGKTLTIQOVKEFGDAGOYTUHEG
({G485)3)-p35 - GEVLSHSLLLLHKKEDGIWSTDILKDQKEP
stop) KNKTFLRCEAKNYSGRFTCWWLTTISTDLT

FSVKSSRGSSDPQGVTCGAATLSAERVRGD
NKEYEYSVECQEDSACPAAEESLPIEVMVD
AVHKLKYENYTSSFFIRDIIKPDPPKNLQLK
PLEKNSROVEVSWEYPDTWSTPHSYFSLTFC
VOVOGKSKREKKDRVEFTDKTSATVICRKN
ASISVRAQDRYYSSSWSEWASVPCSGGGGS
GGGGSGGGGSRNLPVATPDPGMEPCLHHS
QNLLRAVSNMLOKARQTLEFYPCTSEEIDH
EDITKDKTSTVEACLPLELTKNESCLNSEET
SFITNGSCLASRKTSFMMALCLSSIYEDLEKM
YOVEFKTMNAKLLMDPKRQIFLDONMLAV
MELMOALNINSETVPOKSSLEEPDFYKTKI
KLCILLHAFRIRAVTIDRVMSYLNAS*
OT-1L12-004 CMV MCHOOQLVISWESLVFLASPLVAIWELKKDY | 730 7
{p40 signal YVVELDWYPDAPGEMVVLTCDTPEEDGIT
sequence - pd0 WTLDOSSEVLGSGKTLTIOVKEFGDAGOQYT
- linker CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
({G45)3) - p35 QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
- furin TDLTFSVKSSRGSSDPQGVTCGAATLSAER
(ARNROKRS) VRGDNEKEYEYSVECQEDSACPAAEESLPIE
- FKBP (E31G, VMVDAVHKLKYENYTSSFFIRDIKPDPPEN
36V, R71G, LOLKPLKNSROVEVSWEYPDTWSTPHIYFES
K105L) -step) LTFCYQVOQGKSKRIEKKDRVEFTDETSATVIC
RKNASISVRAQDRYYSSSWIEWASVPCSGOG
GGSGGGGSGGGGSENLPYATPDPGMEPPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLELTEKNES{CLNS
RETSFITNGSCLASRKTSEFMMALCLSRIYED
LKMYQVEFKTMNAKLLMDPERQIFLDON
MLAVIDELMOALNFNSETVPQKSSLEEPDE
YETIKIKLCILLHAPRIRAVTIDRVMSYLNAS
ARNROKRSGVOVETISPGDCGRTFPKRGOTC
VVHYTGMLGDGKK VD SSRDRNKPFKFML
GKOEVIRGWEEGVAQMSVGQGAKLTISPD
YAYGATGHPGHPPHATLVFDVELLELE*
OT-1L12-005 MV MCHOOQLVISWEFSLVFLASPLVAIWELKEDV | 731 778
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MLAVIDELMQALNFNSETVPOK SSLEEPDF
YKTKIKLCILLHAFRIRAVTIDRVMSYLNAS
GGSGOVOVETISPGDGRTFPKRGQTCYVHY
TGMLGDGKKVDSSRDRNKPFKFMLGKOQEY
IRGWEEGVAQMSVGRGAKLTISPDYAYGA
TGHPGIPPHATLVFDVELLELE®

OT-1L12-006 CMV MCHOQOLVISWEFSLVFLASPLVAIWELKKDVY | 732 775
(p40 sigunal YVVELDWYPDAPGEMVVLTCDTPEEDGIT
sequence- p40 - WITLDQSSEVLGSGRKTLTIVKEFGDAGQYT
linker CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
{{3458)3)- p35 QREPENKTFLRCEAKNY SGREFTCWWLTTIS
- stop) TDLIFSVESSRGSIDPQGVTCGAATLSAER
VRGDNKEYEYSVECQEDSACPAAEESLPIE
YMVDAVHELKYENYTISPFIRDIKPDPPKN
LOLKPLENSROVEVSWEYPDTWSTPHSYFS
LTFCVOVOGKSKREKEDREVFTDKTSATVIC
RENASISVRAQDRYYISSWSEWARVPCIGG
GORGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVINMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LEKMYQVEFKTMNAKLEMDPKRGIFLDON
MLAVIDELMQALNFNSETVPOKSSLEEPDF
YKTKIKLCILLHAFRIRAVTIDRVMSYLNAS
*
OF-1012-007 MV MUCHQOLVISWESLVFLASPLVAISLIAATLAV | 733 T80
{40 signal DYVIGMENAMPWNLPADLAWFKRNTLNK
sequence; PVIMGRHTWESIGRPLPGEENILSSOPGTD
ecDHFR DRYTWVKIVDEAIAACGDVPEIMVIGGGR
{Amino acid 2- VIEQFLPKAQKLYLTHIDAEVEGDTHFPDYE
139 of WT) PDDWESVFSEFHDADAQNSHSYCFEILERR
(R12Y, 100]) - ESRRVRRNKRIKIWELKKDVYVVELDWYP
furin site DAPGEMVVLTCDTPEEDGITWTLDQSSEVL
(ESRRVRRNK GSGKTLTIQVKEFGDAGGYTCHKGGEVLEH
RSK}) ~pdt — SLLLLHKKEDGIWSTDILKDOKEPKMNKTFLR
linker ((545)3) CEAKNYSGRFTCWWLTTISTDLTFSVKSSR
~p33) GSSDPOGVTCGAATLSAERVEGDNKEYEY
SVECQEDSACPAAEESLPIEVMVDAVHKLE
YENYTSSFFIRDIKPDPPENLOLKPLKNSRO
VEVSWEYPDTWSTPHSYFSLTFCVOVQGKS
KREKKDREVFTDKTSATVICEKNASISVRAG
DRYYSSSWSEWASVPCSGGGGSGEGGSGG
GGSRNLPVATPDPGMEPCLHHSQNLLRAVS
NMLOKARQTLEFYPCTSEEIDHEDTKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCL
ASRKTSFMMALCLSSIYEDLEMYOQVEFKT
MNAKLLMDPKROIFLDONMLAVIDELMOA
LNFNSETVPOKSSLEEPDFYKTKIKLCILLE
AFRIBAVTIDRYMSYLNAS
OT-IL12-008 CMV MCHOQOLVISWEFSLVFLASPLVAVGSLNCIV | 734 781
(p40 signal AVSONMGIGKNGDLPWPFPLRNEFRYTFRM
SEUENCE; TTTSSVEGKONL VIMGKKTWESIPEENEPL
hDHFR KGRINLVLSRELKEPPQGAHFLSRSLDDALK
{Amine acid 2- LTEQPELANKVDMVWIVGGSSVIKEFMNHP
187 of W) GHLKLEVIRIMODFESDTFFPEIDLEKYKLL
{Q36K, Y1221, PEYPGVLSDVOEEKGIKYKFEVYEKNDESR
A125F) - funn RVRENKESKIWELKKDVYVVELDWYPDAP
site GEMVVLTCDTPEEDGITWTLDQSSEVLGSG
(ESRRVRRNK KFLTIQVKEFGDAGOYTCHEKGGEVLSHSLL
RSKE}- pd0 - LLHEKEDGIWSTDILKDOKEPKNKTFLRCE
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linker({(G48)3)
- P35}

ABNYSGRFTCWWLTTISTDLTFSVKSSRGS
SDPOQGVTCGAATLSAERVRGDNKEYEYSY
ECQEDSACPAAEESLPIEVMYDAVHKLEYE
NYTSSFFIRDIKPDPPKNLOLEPLKNSROVE
VEWEYPDTWSTPHSYFSLTFCVQVQGKSKR
EEKDRVFTDETSATVICRKNASRISVRAQDR
YYSSSWREWASVPUSGGGGSGGHGRGEGH
SENLPVATPDPCMEPULHHEHSONLLRAVSNM
LOKARQTLEFYPCTSEEIDHEDITKDKTSTV
EACLPLELTKNESCLNSRETSFITNGSCLASR
KTSFMMALCLSSIYEDLKMYQVEFKTMNA
KLLMDPKRGIFLDONMLAVIDELMOALNF
NSETVPOKSSLEEPDFYKTKIKLCILLHAFRI
RAVTIDRVMSYLNAS

OF-1L.12-008
(p40 sigual
sequence- pdl
- linker
{(G45)3) - p35
- furin
{(ESRRVRRNK
RSK) - FKBP
(E31G, F3oV,
R71G, KI03E)-
stop)

CMV

MCHOQLYVISWFSLVFLASPLVAIWELKKDY
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WILDOSSEVLGSGKTLTIQOVKEFGDAGOYT
CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTFSVKSSRGSSDPOGVICGAATLSAER
VRGDNKEYEYSVECQEDSACPAAEESLPIE
VMVDAVHKLKYENYTSSFFIRDIKPDPPKN
LOLKPLEKNSRQVEVIWEYPDTWSTPHSYFES
LTFCVOVOGKSKREKKDRVEFTDKTSATVIC
RKNASISVRAQDRYYSSSWSEWASVPCSGG
GGSGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLEL TKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LKMYQVEFKTMNAKLLMDPKRGIFLDON
MLAVIDELMOQALNFNSETYPOKSSLERPDF
YETKIKLCILLHAFRIRAVTIDRVMSYLNAS
ESRRVRRNERSKGVQVETISPGDGRTFPER
GOTCVVHYTOMLGDGEKVDSSEDRNKPFE
FMLGKQEVIRGWEEGVAQMSVGQGAKLTI
SPDYAYGATGHPGIPPHATLVFDVELLELE

E3

~ ¥
@=®
IS

QT-1L12-019
(p40 signal
sequence~ p40-~
linker({G45)3)-
p35-stop)

PGK

MCHOQOLVISWEFSLVFLASPLVAIWELKKDVY
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WTLDQSSEVLGSGRKTLTIOVKEFGDAGQYT
CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QREPENKTFLRCEAKNY SGREFTCWWLTTIS
TDLIFSVESSRGSIDPQGVTCGAATLSAER
VRGDNKEYEYSVECQEDSACPAAEESLPIE
VMVDAVHELKYENYTSSFFIRDIKPDPPKN
LOLKPLENSROVEVSWEYPDTWSTPHSYFS
LTFCVOVOGKSKREKEDRVFTDKTSATVIC
RENASISVRAQDRYYISSWSEWARVPCIGG
GORGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
DHEDITKDKTSTVEACLPLEL TKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LEMYQVEFKTMNAKLLMDPKRGIFLDON
MLAVIDELMQALNFNSETVPOKSSLEEPDF
YKTKIKLCILLHAFRIRAVTIDRVMSYLNAS

B |
~3
>

O7-1012-020
{p40 signal
sequence- p4i-

EFla

MCHOQLVISWESLVFLASPLVAIWELKEDV
YVVELDWYPDAPGEMVVLTCDTPEEDRGIT

WTLDQSSEVLGSGKTLTIQVEEFGDAGQYT
CHKGGEVLAHALLLLHKEKEDGIWSTDILED

~§
]
]

~3
~~3
N

=09 -




WO 2018/161017

linker({(G48)3)-
p33-stop)

QREPENKTFLRCEAKNY SGREFTCWWLTTIS
TDLIFSVESSRGSIDPQGVTCGAATLSAER
VRGDNKEYEYSVECQEDSACPAAEESLPIE
YMVDAVHELKYENYTISPFIRDIKPDPPKN
LOLKPLENSROVEVSWEYPDTWSTPHSYFS
LTFCVOVOGKSKREKEDREVFTDKTSATVIC
RENASISVRAQDRYYISSWSEWARVPCIGG
GORGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVINMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LEKMYQVEFKTMNAKLEMDPKRGIFLDON
MLAVIDELMQALNFNSETVPOKSSLEEPDF
YKTKIKLCILLHAFRIRAVTIDRVMSYLNAS

*

OT-1012-021
{p40 signal
sequence- p4i-
linker{(G45)3)-
p33-stop)

No promoter

MCHQOLVISWESLYFLASPLVAIWELKEDV
YVVELDWYPDAPGEMVVLTCDTPEEDRGIT
WTLDQSSEVLGSGKTLTIQVEEFGDAGQYT
CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTFSVKSSRGSSDPOGVTCGAATLSAER
VRGDNKEYEY SVECOEDSACPAAEESLPIE
VMVDAVHKLKYENYTSSFFIRDIIKPDPPKN
LOLKPLKNSROVEVSWEYPDTWSTPHSYFS
LTFCVOVOGKSKREKKDRVFTDKTSATVIC
RENASISVRAQDRYYSSSWSEWASVPCSGG
GGSGGGGSGGGGSRNLPVATPDPGMEPCL
HHSQNLLRAVSNMLOKARGQTLEFYPCTSER
IDHEDITKDKTSTVEACLPLEL TKNESCLNS
RETSFITNGSCLASEKTSFMMALCLSSIYED
LEMYQVEFKTMNAKLLMDPKRQIFLDON
MLAVIDELMQALNFNSETVPOI SSLEEPDE
YKTKIELCILLHAFRIRAVTIDRVMSYLNAS

%

OT-1L12-022
{p40 signal
sequence- p40 —
linker-
{{G48)3) - p35

- linker
(GGSG) -
FKBP (E31G,
36V, R71G,
K103E) - stop)

PGK

MCHOQOLVISWEFSLVFLASPLVAIWELKKDY
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WTLDOSSEVLGSGKTLTIOVKEFGDAGOQYT
CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTFSVKSSRGSSDPQGVTCGAATLSAER
VRGDNEKEYEYSVECQEDSACPAAEESLPIE
VMVDAVHKLK YENYTSSFFIRDIKPDPPEN
LOLKPLKNSROVEVSWEYPDTWSTPHIYFES
LTFCYQVOQGKSKRIEKKDRVEFTDETSATVIC
RKNASISVRAQDRYYSSSWIEWASVPCSGOG
GGSGGGGSGGGGSENLPYATPDPGMEPPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLELTEKNES{CLNS
RETSFITNGSCLASRKTSEFMMALCLSRIYED
LKMYQVEFKTMNAKLLMDPERQIFLDON
MLAVIDELMOALNFNSETVPQKSSLERPDF
YETIKIKLCILLHAPRIRAVTIDRVMSYLNAS
GGRGOGVQVETISPGDGRIFPKRGOTCVVHY
TOGMLGDGKKVDSSRDRNEPFRKFMLGKQEV
IRGWEEGYAQMSVGQGAKLTISPDYAYGA
TCHPGHPPHATLVFDVELLELE*

OT-1012-023
{p40 signal
sequence- p4d —
linker-

EFla

MCHOQLVISWESLVFLASPLVAIWELKEDV
YVVELDWYPDAPGEMVVLTCDTPEEDRGIT
WTLDQSSEVLGSGKTLTIQVEEFGDAGQYT
CHKGGEVLAHALLLLHKEKEDGIWSTDILED

PCT/US2018/020741
732 779
731 778
731 778

- 100 -




F3eV, R71G,
K103E) - stop}

LOLKPLENSROVEVSWEYPDTWSTPHSYFS
LTFCVOVOGKSKREKEDREVFTDKTSATVIC
RENASISVRAQDRYYISSWSEWARVPCIGG
GORGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVINMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LEKMYQVEFKTMNAKLEMDPKRGIFLDON
MLAVIDELMQALNFNSETVPOKSSLEEPDF
YKTKIKLCILLHAFRIRAVTIDRVMSYLNAS
GGSGGVQOVETISPGDGRTFPKRGOTCVVHY
TOMLGDGKKVDSSRDENKPFKFMLGKQEY
IRGWEEGVAQMSVGOGAKLTISPDYAYGA
TGHPGIPPHATLVFDVELLELE*

WO 2018/161017 PCT/US2018/020741
{{3458)3) - p35 QREPENKTFLRCEAKNY SGREFTCWWLTTIS
- finker TDLIFSVESSRGSIDPQGVTCGAATLSAER
{GGSG) - VRGDNKEYEYSVECQEDSACPAAEESLPIE
FKBP (E31G, YMVDAVHELKYENYTISPFIRDIKPDPPKN

OT-1L12-024
(p40 signal
sequence- pdo —
linker-
{(G45)3) - p35
- linker
(GGSG) -
FKBP (E31G,
FaoV, R7IG,
K103E) ~ stop)

No promeoter

MCHOOQLVISWEFSLVFLASPLVAIWELKKDY
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WILDOSSEVEGSGKTLTIQVKEFGDAGOYT
CHKGGEVLSHSLLLLEKKEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTFSVKSSRGSSDPOGVICGAATLSAER
VRGDNEKEYEYSVECQEDSACPAAEESLPIE
VMVDAVHKLKYENYTSSFFIRDIKPDPPEN
LOLKPLKNSROVEVSWEYPDTWSTPHSYFS
LTFCVOVQGKSKREKKDRVETDKTSATVIC
RKNASISVRAQDRYYSSSWSEWASVPCSGG
GGSGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYE
LKMYQVEFKTMNAKLLMDPERQIFLDON
MLAVIDELMOQALNFNSETYPOKSSLERPDF
YETIKIKLCILLHAPRIRAVTIDRVMSYLNAS
GGRGOGVQVETISPGDGRIFPKRGOTCVVHY
TOMLGDGKEKVDISSRORNKPFKFMLGEQEY
RGWEEGYAQMSVGOGAKLTISPDYAYGA
TGHPGHPPHATLVFDVELLELE®

4

OT-1L12-025
{p40 signal
sequence- p4d -
linker-
({G4S)3) - p35

- linker
(GGSG) -
FKBF (E31G,
F36V, R71G,
KI105E) - stop)

PGK

MCHOQLVISWEFSLVFLASPLVAIWELKKDY
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WTLDQSSEVLGSGKTLTIQVEEFGDAGQYT
CHEKGGEVLSHSLLLLHKEEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTEFSVKESRGSSDPOGVTCGAATLSAER
VRGDNEEYEYSVECQEDSACPAAEESLPIE
VMVYDAVHKLEYENYTSSFFIRDIOKPDPPEN
LOLKPLKNSROVEVSWEYPDTWSTPHIYFES
LTFCVQVQGKSKREKKDRVEFTDETSATVIC
RKNASISVRAQDRYYSSSWREWASVPUSGOG
GGSGGGGRGGOGSRNLPYATPIPGMEPCL
HHRQNLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDEKTSTVEACLPLELTKNESCENS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LKMYQVEFKTMNAKLLMDPKRQIFLDOQN
MLAVIDELMOALNFNSETVPQKSSLEEPDE
YKTKIKLCILLHAFRIRAVTIDRVMSYLNAS
GGRGGVOVETISPGDGRTIFPKRGOTCVVHY
TGMLGDGKKVDSSERDRNKPFRFMLGKQOEY

~3
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IRGWEEGVAOQMSVGOGAKLTISPDYAYGA
TGHPGUPPHATLVFDVELLELE#

OT-1L12-026
(p40 signal
sequence~ p4Q —
linker~
{{(G45)3) ~ p33

- linker
{GGSG) -
FKRBP (E31G,
F36V, R714G,
K105E) - stop}

EFia

MCHQOLVISWFSLVFLASPLVAIWELKKDV
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WTLDQSSEVLGSGKTLTIGVKEFGDAGQYT
CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTFSVESSRGSSDPQGVTCGAATLSAER
VRGDNKEYEY SVECQEDSACPAAEESLPIE
VMVDAVHELKYENY TSSFFIRDIIK PDEPKN
LOLKPLENSROVEVSWEYPDTWSTPHSYFS
LTFCVOVOOKSKREKEDRVFTDKTSATVIC
RENASISVRAQDRYYSSSWSEWASVPCSGG
GOSGGOGSGGGGSRNLPVATPDPGMEPCL

HHSONLLREAVSNMLOKARQTLEFYPOTSEE
MHEDITKDK TS TVEACLPLEL TKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LEMYQVEFKTMNAKLLMDPKRQIFLDON

MLAVIDELMQALNFNSETVPQK SSLEEPDF
YKTKIKLCTLLHAFRIRAVTIDRVMSYLNAS
GGSGGVOVETISPGDGRTFPKRGOTCVVHY
TGMLGDGKK VD SSRDRNKPFKFMLGKQEV
IRGWEEGVAQMSVGQGAKLTISPDYAYGA
TGHPGIPPHATLVFDVELLELE*

OT-11.12-027
(p40 sigual
sequence- pdo —
hnket-
{((G48)3) - p35
- linker
(GGSG) -
FKEP (E31G,
F36V, R71G,
K103E) -~ stop}

No promoter

MCHOQLYVISWFSLVFLASPLVAIWELKKDY
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WILDOSSEVLGSGKTLTIQOVKEFGDAGOYT
CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QREPKNKTFLRCEAKNYSGREFTCWWLTTIS
TDLTFSVKSSRGSSDPOGVICGAATLSAER
VRGDNKEYEYSVECQEDSACPAAEESLPIE
VMVDAVHKLKYENYTSSFFIRDIKPDPPKN
LOLKPLEKNSRQVEVIWEYPDTWSTPHSYFES
LTFCVOVOGKSKREKKDRVEFTDKTSATVIC
RENASISVRAQDRYYSSSWSEWASVPCIGG
GGSGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLEL TKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LKMYQVEFKTMNAKLLMDPKRGIFLDON
MLAVIDELMQALNFNSETVPOKSSLEEPDF
YETKIKLCILLHAFRIRAVTIDRVMSYLNAS
GGRGOVQVETISPGDGRTFPKRGOTCVVHY
TOMLGDGKEK VDSSROBNKPFKFMLGKQEY
IRGWEEGVAQMSVGOQGAKLTISPDYAYGA
TGHPGHPPHATLVEDVELLELE*

OT-1L12-028
{p40 signal
sequence - pd0
- linker
{{G48)3) - p35
- furin
{(ARNROKRS)
- FKBP (E314,
36V, R71G,
K105E) -stop)

PGK

MCHOQLVISWEFSLVFLASPLVAIWELKKDY
YVVELDWYPDAPGEMVVLTCDTPEEDGIT
WTLDOSSEVLGSGKTLTIOVKEFGDAGOQYT
CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTEFSVKESRGSSDPOGVTCGAATLSAER
VRGDNEEYEYSVECQEDSACPAAEESLPIE
VMVDAVHKLK YENYTSSFFIRDIKPDPPEN
LOLKPLKNSROVEVSWEYPDTWSTPHIYFES
LTFCYQVOQGKSKRIEKKDRVEFTDETSATVIC
RKNASISVRAQDRYYSSSWIEWASVPCSGOG
GGSGGGGRGGOGSRNLPYATPIPGMEPCL
HHRQNLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITEDK TS TVEACLPLELTENESCLNS

PCT/US2018/020741
731 778
731 778
730 777
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RETSFITNGSCLASRKTSFMMALCLSSIYED
LEMYOQVEFK TMNAK LLMDPKROQIFLDON
MLAVIDELMOQALNFNSETVPOK SSLEEPDF
YKTKIKLOTLLHAFRIRAVTIDRVMSYLNAS
ARNRQKREIGVOVETISPGDGRTFPKRGQTC
IVHY TOMLGDGKKVDSSRDRNEPFKFML
GROEVIRGWEEGVAQMSVGOGAKLTISPD
YAYGATGHPGIPPHATLVFDVELLELE®
OT-IL12-026 | EFla MCHOOLVISWFSLVFLASPLVAIWELKKDY | 735 782
(p40 sigual YVVELDWYPDAPGEMVVLTCDTPEEDGIT
sequence- pdl WILDQSSEVLGIGK TLTIOVKEFGDAGOYT
- linker CHK GGEVLSHSLLLLHKK EDGIWSTDILKD
((G48)3) - p35 QKEPKNK TFLECEAKNYSGRFTCWWLTTIS
- furin TDLTPSVESSRGSSIPOGVTCGAATLSAER
(ESRRVRRNK VRGDNKEYEYSVECQEDSACPAAEESLPIE
REK) - FKEP VMVDAVHELKYENY TSSFFIRDIIKPDPPKN
(E31G, F36V, LOLKPLENSRQVEVSWEYPDTWSTPHSYFS
R71G, KI03E)- LTFCVOVOQGKSKREKEDR VFTDKTSATVIC
stop) RENASISVRAQDRYYSSSWSEWASVPCSGG
GGSGGGGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
IDHEDITKDKTSTVEACLPLEL TKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LKMYQVEFKTMNAKLLMDPKRGIFLDON
MLAVIDELMQALNFNSETVPQKSSLEEPDF
YK TKIKLCILLHAFRIRAVTIDRVMSYLNAS
ESRRVRRNKRSKGVOVETISPGDGRTFPER
GOTCVVHY TGMLGDGKKVDSSRDRNKPFE
FMLGKQEVIRGWEEGVAQMSVGQGAKLTI
SPDY AYGATGHPGIPPHATLVFDVELLELE
k3
OT-IL12-03¢ | No promoter | MCHQOLVISWFSLVFLASPLVAIWELKKDV | 733 782
(p40 signal YVVELDWYPDAPGEMVVLTCDTPEEDGIT
sequence- pdo WTLDQSSEVLGSGKTLTIGVKEFGDAGQYT
~ linker CHKGGEVLSHSLLLLHKKEDGIWSTDILKD
((G4S)3) - p33 QKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
- furin TDLTFSVKSSRGSSDPQGYTCGAATLSAER
(ESRRVRRNE VRGDNKEYEY SVECQEDSACPAAFEESLPIE
RSK) - FKBP VMVDAVHEKLKYENY TSSFFIRDIIK PDPPKN
(E31G, F36V, LOLKPLKNSRQVEVSWEYPDTWSTPHSYFS
R71G, K105E)- LTFCVOVOGKSKREKKDRVFTDKTSATVIC
stop) RENASISVRAQDRYY SSSWSEWASVPCSGG
GOSGGOGSGGGGSRNLPVATPDPGMEPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEE
MHEDITKDK TS TVEACLPLEL TKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYED
LEMYOQVEFK TMNAK LLMDPKROQIFLDON
MLAVIDELMQALNFNSETVPQK SSLEEPDF
YKTKIKLOTLLHAFRIRAVTIDRVMSYLNAS
ESRRVRRNKRSKGVOVETISPGDGRTFPKR
GOTCVVHY TOMLGDGKKVDSSRDRNKPFK
FMLGKOQEVIRGWEEGVAQMSVGQGAKLTI
SPDY AYGATGHPGIIPPHATLYVFDVELLELE
OT-IL12-036 | EFla MCHQOLVISWFSLVFLASPLVAGVQVETISE | 727 774
(pd0 signal GDGRTFPERGOTCVVHY TGMLEDGKE VDS
sequence — SRIDRNKPFKFMLOKOQEVIRGWEEBGVAQMS
FKBP (F36V. VGORAKLTISPDYAYGATGHPGIPPHATLY
L106P) FOWVELLKPEGGSGGIWELKKD VY VVELDW
Litker YPDAPGEMVVLTCDTPEEDGITWTLDOSSE
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(GGSGG) - VLGSGKTLTIQVEEFGDAGQYTCHKGGEVL
p4C — Linker SHSLLLLHKKEDGIWSTDILK DQKEPKNKTF
((G43)3y - p3s LRCEAKNYSGRFTCWWLTTISTDLTFSVKSS
- StOp) RGSSDPOGVTUGAATLSAERVROGDNKEYE
YIVECQEDSA
EYENYTSSFFIRDIKPDPPRKNLGLKPLKNSR

QVEVSWEYPDTWSTPHSYFSLTFCVQVQGK
SKREKKDRVITDRTSATVICRKNASISVRAQ
DRYYSSSWSEWASVPCSGGGGSGGGGSGGE
GGSRNLPVATPDPGMFPCLHHSQNLLRAVS
NMLOKARQTLEFYPCTSEEIDHEDITRKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCLA
SRKTSFMMALCLSSIYEDLKMYQVEFKTVIN
AKLLMDPKROIFLDONMLAVIDELMQALNF
NSETVPOKSSLEEPDFYKTKIKLCILLHAFRI
RAVTIDRVMSYLNAS*

[36256] In onc embodiment, the payload of the invention may comprse 1L15. Interfeukin 15 is
a potent immune stimulatory cytokine and an essential survival factor for T cells, and Natural
Killer cells. Prechinical studies comparing 112 and IL15, have shown than 1L 15 1s associated
with less toxicity than IL2. In some embodiments, the effector module of the mmvention may be a
DD-IL1S fusion polvpeptide. 15 polypeptide may also be modified to increase its binding
affinity for the 115 receptor. For example, the asparagine may be replaced by aspartic acid at
position 72 of IL15 (SEQ ID NO. 2 of US patent publication US20140134128A1; the contents of
which are mcorporated by reference in their entirety). In some embodiments, the IL15 constructs
of the invention may be placed under the transcriptional control of the CMV promoter (SEQ ID
NG. 716), an EFla promoter (SEQ 1D NG. 717, SEQ 1D NG. 908) or a POK promoter (SEQ 1D
NO. 718}, In some aspects, the BD-IL15 comprises the amino acid sequences listed in Table 12
The amino acid sequences in Table 12 may comprise a stop codon which is denoted in the table
with a “*” at the end of the amino acid sequence.

Table 12: DD 115 constructs

Bescription/ Promoter | Amino Acid Sequence Amino Mugcleie
Counstruct 1B Acid SEQ | Acid SEQ
B NO B NO
1.2 signal sequence - MYRMOLLSCIALSLALVTNS 783 T88-751
IgE Leader - MDWIWILFLVAAATRVHS 801 810, 938,
931
Linker - EFSTEF 784 792-783
Linker - GGSGG 629 676-686
HA Tag - YPYDVPDYA 1024 1025-1627
BamHI - GS ~ GGATCC
P2A Cleavable - GATNFSLLKQAGDVEENPGP 925 526
Peptide
mCherry (M1L) - LSKGEEDNMATKEFMRFEVHMEGSVYNG 1029 1030
HEFEIEGEGEGRPYEGTQTAKLKVTKGGP
LPFAWDILSPOFMYGSKAYVKHPADIPDY
LELSFPEGFKWERVMNFEDGGVVYIVTOD
SSLODGEFTYK VKLRGTNFPSDGPVMOKK
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leader ~I1.15 — Linker
{(GS) - hDHFR (WT
2-187 Y1221 —

KIEDLIQSMHIDATLYTESDVHPSCKVTA
MKCFLLELQVISLESGDASIHDTVENLIILA
NNSLSSNGNVTESGCKECEELEEKNIKEFL

WO 2018/161017 PCT/US2018/020741
TMGWEASSERMYPEDGALKGEIKOQRLKL
KDGGHYDAEVKTTYKARKKPVQOLPGAYN
VNIKLDITSHNEDYTIVEQYERAEGRHSTG
GMDELYK

IL1S - NWVNVISDLKKIEDLIQSMHIDATLYTESD | 783 794-797,
VHPSCKVTAMKCFLLELGVISLESGDASIH 1001
DTVENLOLANNSLSSNGNVTESGCKECEE
LEEKNIKEFLOSFVHIVOMFINTS*

¢cDHFR (Amino acid - ISLIAALAVDYVIGMENAMPWNLPADLA 9 692,772,

2-15% of WT) (RI2Y, WEFKRNTLNEKPVIMGRHTWESIGRPLPGRK 814, 687,

Y1io0D NILSSQPGTDDRVTWVKSVDEATAACGD 988, 991
VPEIMVIGGGRVIEQFLPKAQKLYLTHIDA
EVEGDTHFPDYEPDDWESVFSEFHDADA
ONSHSYCFEILERR*

hWDHFR (Amino acid - /GRLNCIVAVRQNMGIGEKNGILPWPPLR 895 694, 995

2-3187 of W) NEFRYFORMTTTSSVEGKONLVIMGEKT

{(Yi22h WESIPEKNRPLKGRINLYVLSRELKEPPQGA
HFLSRSLDDALKLTEQPELANKVDMVWI
VGGSSVIKEAMNHPGHLEKLFVIRIMQDFE
SDTFFPEIDLEKYKLLPEYPGVLSDVQEEK
GIKYKFEVYEKND

OT-IL15-001 (L2 CMY MYRMOQLLSCIALSLALVTNSNWVYNVISDL | 786 799

signal sequence- LIQSMHIDATLYTESDVHPSCKVTA

L 1S-stop) SVISLESGDASIHDTYVENLILA
NNSLSSNGNVTESGCKECEELEEKNIKEFL
OSEVHIVOMFINTS*

OT-IL15-002 (L2 CMV MYRMQLLSCIALSLALVTNSEFSTEFISLIA | 787 800

signal sequence-~ ALAVDYVIGMENAMPWNLPADL AWFKR

linker{EFSTEF]- NTLNKPVIMGRHTWESIGRPLPGRENIILS

ecHFR (amino acid SQPGTDDRVTWYKSVDEAIAACGDVPEL

2-159 of WT, R12Y, MVIGGGRVIEQFLPKAQKLYLTHIDAEVE

160D)- hoker GDTHFPDYEPDDWESVESEFHDADAQNS

{GGSGGY- 115 HSYCFEILERRGGSGONWVYNVISDLKKIE

stop) DLIOSMHIDATLYTESDVHPSCKVTAMKC
FLLELOQVISLESGDARSIHDTVENLIILANNS
LSSNGNVTESGCKECEELEEKNIKEFLGSE
VHIVOMFPINTS*

OT-IL13-062 (dgB EFia MDWTWILFLVAAATRVHSYPYDVPDYA 631 749

leader — HA Tag — NWVNVISDLKKIEDLIQSMHIDATLYTESD

IL15 — BamHI (GS) ~ VHPSCKVTAMECFLLELOQVISLESGDASIH

stop) DTVENLILANNSLSSNGNVTESGCKECEE
LEEKNIKEFLOSFVHIVOMFEINTSGS*

OT-IL15~132 (IgE EFia MDWTWILFLVAAATRVHINWVNVISDLK | 725 1035

leader —1L15 - KIEDLIQSMHIDATLYTESDVHPSCKVTA

BamHI {GS) - PZA MKCFLLELQVISLESGDASIHDTVENLIILA

cleavable peptide — NNSLSSNGNVTESGCKECEELEEKNIKEFL

mCherry (M1IL) - QSFVHIVOMFINTSGSGATNFSLLKQAGD

stop) VEENPGPLSKGEEDNMAIIKEFMRFKVHM
EGSVYNGHEFEIEEGEGEGRPYEGTQTAKLK
VTKGGPLPFAWDILSPOFMYGSKAYVKH
PADIPDYLKLSFPEGFKWERVMNFEDGGY
VIVTQDSSLODGEFIYK VKLRGTNFPSDG
PYMOKKTMGWEASSERMYPEDGALKGE]
KORLKLKDGGHYDAEVKTTYKAKKPVQ
LPGAYNVNIKLDITSHNEDYTIVEQYERAE
GRHSTGGMDEL YK

OT-IL15-134 (IgE EFia MDWTWILFLVAAATRVHSNWVNVISDLK | 726 1056
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signal sequence-
{L15-stop)

KKIEDLIGSMHIDATLY TESDVHPSCKVTA
MECFLLELQVISLESGDASIHDTVENLILA
NNSLSSNGNVTESGCKECEELEEKNIKEFL
QSFVHIVOMEINTS*

WO 2018/161017 PCT/US2018/020741

BamHI (GS) ~ PZA QSFVHIVOMFPINTSGSVGSLNCIVAVSON

cleavable peptide - MGIGKNGDLPWPPLRNEFRYFOQRMTTTSS

mCherry (ML) - VEGEKONLVIMGEKKTWESIPEKNRPLKGRI

stop) NLVLSRELKEPPQGAHFLSRSLDDALKLT
BQPELANK VDMVWIVGGSSVIKEAMNHP
GHLKLFVTRIMQDFESDTFFPEIDLEK YKL
LPEYPGVLSDVOEEKGIKYKFEVYEKNDG
SGATNFSLLKOQAGDVEENPGPLSKGEEDN
MAIKEFMRFRKVHMEGIVNGHEFEIEGEG
EGRPYEGTQTAKLEKVTKGGPLPFAWDILS
POFMYGSKAYVKHPADIPDYLKLSFPEGF
KWERVMNFEDGGVVTVTQODSSLODGEFL
YKVKLRGTNFPSDGPVMOQKKTMGWEAS
SERMYPEDGALKGEIKQRLKLKDGGHYD
AEVKTTYKAKKPVOLPGAYNVYNIKLDITS
HNEDYTIVEQYERAEGRHSTGGMDELYK
Ed

Description/ Promoter | Amino Acid Sequence Amian Nucleic

Construct ID Acid SEQ | Acid SEQ

D XNQ ID NGO
JL2 signal sequence - MYRMOLLSCIALSLALVTNS 783 788791
IgE Leader - MDWTWILFLVAAATRVHS 801 810, 930,
93§

Linker - EFSTEF 784 792793

Linker - GGSGG 629 G76-680

HA Tag - YPYDVPDY A 1024 102531027

BamHI - GS - GGATCC

P2ZA Cleavable - GATNFSLLEKQAGDVEENPGP 923 926

Peptide

mCherry (ML} - LSKGEEDNMAIKEFMRFK VHMEGSVNG 1029 1030
HEFEIEGEGEGRPYEGTQTAKLK VTKGGE
LPFAWDILSPOEMY GSKAYVEHPADIPDY
LKLSFPEGFKWERVMNFEDGGVVTVTOD
SSLODGEFIYKVKLRGTNFPSDGPYMOQEK
TMGWEASSERMYPEDGALKGEIKQRLKL
KODGGHYDAEVKTTYKAKKPVOLPGAYN
VNIKLDITSHNEDYTIVEQYERAEGRHATG
GMDELYK

15 - NWVNVISDLKEIEDLIQSMHIDATLYTESD | 7835 794797,
VHPSCKVTAMECFLLELOQVISLESGDASIH 1001
DTVENLILANNSLSSNGNVTESGCKECEE
LEERNIKEFLOSFYVHIVOMFEINTS*®

ecDHFR (Amino acid ~ ISLIAAL AVDYVIGMENAMPWNLFPADLA 9 692,772,

2-155 of WT) (RI2Y, WFKRNTLNKPVIMGRHTWESIGRPLPGREK 814, 687,

Yioonh NIILSSQPGTDDRVTWVKSVDEAIAACGD 988, 991
VPEIMVIGGGRVIEQFLPK AQKLYLTHIDA
EVEGDTHFPDYEPDDWESVFSEFHDADA
QNSHSYCFEILERR*

EDHFR (Amino acid - VGSLNCIVAVSONMGIGKNGDLPWPPLRE 893 694, 995

2-187 of WT) NEFRYFOQRMTTTSSVEGKONLVIMGKXT

(Y1221 WEFSIPEKNRPLK GRINLVLSRELKEPPOQGA
HFLSRSLDDALKLTEQPELANKVDMVWI
VGGSSVIKEAMNHPGHLKLFVTRIMQDFE
SDTFFPEIDLEKYKLLPEYPGVLSDVQEEK
GIKYKFEVYEKND

OT-1L15-001 JL2 CMVY MYRMQLLSCIALSLALVTNSNWYNVISDL | 786 799
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leader 115 - Linker
(GS) -~ BDHFR (WT
2-187, Y1220)
BamHI (GS) ~ P2A
cleavable peptide -
mCherry (M1L) -
stop)

KIEDLISMHIDATLYTESDVHPSCKVTA
MKCFLLELQVISLESGDASTHDTVENLILA
NNSLSSNGNVIESGCKECEELEE 1
GSFVHIVOMFINTSGSVGSLNCIV A\’ Bf N
MGIGKNGDLPWPPLRNEFRYFQRMTTTSS
'VF (‘V;f w3‘\7 L'V]"I\/K‘KK '1‘\’\7 F S PFK NRP LK GR H

E QP P LANK \/L’P ’VI\/‘W ]‘v’(y(; Ss VIKMAM\H P
GHLKLFVTRIMQDFESDTFFPEIDLEK YKL
LPEYPGVLSDVQEEKGIKYKFEVYEKNDG
SGATNFSLLEKQAGDVEENPGPLSKGEEDN
MAHKEFMRFKVHMEGSVNGHEFEIEGEG
EGRPYEGTQTAKLEVTKGGPLPFAWDILS
POFMYGSKAYVKHPADIPDYLKELSFPEGE
KWERVMNFEDGGVVTVTODSSLODGEF]
YEVEKLRGTINFPSDGPVMOEKTMGWEAS
SERMYPEDGALKGEIKQRLKLEKDGGHYD
AEVKTTYKAKKPVQLPGAYNVNIKLDITS
HNEDYTIVEQYERAEGRHSTGGMDELYK
*

OT-ILES-002 (L2 CMVY MYRMOLLSCIALSLALVTINSEFSTEFISL IA 787 800

signal sequence- ALAVDYVIGMENAMPWNLPADL <

Huker|EFSTEF}- NTLNEPVIMGRHTWESIGRPLP (;RKMH s

ecDHFR (amino acid SOPGTDDRVIWVESVDEAIAACGDVPEL

2-339 of WT,RI2Y, MVIGGGRVIEQFLPKAQKLYLTHIDAEVE

1000- Yinker GDTHFPDYEPDDWESRVE %F‘FHDA’DAQ\I‘\‘

[GGRGG]-IL13- HSYCFEILERRGGSGONWVNVISDLKKIE

stop) DLIQSMHIDATLYTESDVHPSCKVT AVK( :
FLLELOQVISLESGDASITHDTVENLILANNS
LSSNGNVTESGCKECEELEEKNIKEFLGSF
VHIVOMFINTS*

OT-IL15-662 gk EFia MDWTWILFLVAAATRVHSYPYDVPDYA 631 749

leader - HA Ta;.r NWYNVISDLEKKIEDLIGSMHIDATLYTESD

{115 - BamHI (GS) - VHPSCEVTAMKCPLLELOVISLESGDASIH

stop) DTVENLOLANNSLSENGNVTESGUKECEE
LEEKNIKEFLOSFVHIVOMFEINTSGR*

OT-IL15-132 {IgE EFla MDWTWILFLVAAATRVHSNWVYNVISDLK | 723 1055

leader 115 ~ KIEDLIGSMHIDATLYTESDVHPSCKVTA

BamHI (GS) - P2A POV =

cleavable peptide -

mCherry (ML) -

stop) &
{- wVN GHEFEF WGRPYE J’E’Q FAKI K
VIKGGPLPFAWDI LSPQ} MY GSKAYVEH
PADIPDYLKLSFPEGFKWER VMNFEDGGY
VIVTODRSSLODGEFTYKVKLRGINFPRDG
PVMOKKTMGWEASSERMYPEDGALKGEY
KOQRLKLEDGGHYDAEVEKTTYKAKKPVO
LPGAYNVNIKLDITSHNEDYTIVEQYERAE
GRHSTGGMDELYK*

OT-1L15-134 gk EFia MDWTWILFLYAAATRVHINWVYNVISDLK | 726 1036

100251] A umique feature of FL15 mediated activation is the mechanism of trans-presentation in

which {115 is presented as a complex with the alpha subunit of IL13 receptor (IL15Ra) that

binds to and activates membrane bound [L.15 beta/gamma receptor, either on the same cellora

different cell. The IL15/1L15Ra complex is more
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FL1S by wself Thus, in some embodiments, the effector module of the invention may include a

DD-IL15/11.15Ra fusion polypeptide. In one embodiment, the payioad may be IL15/1L15Ra
fusion polypeptide deseribed in US Patent Publication NO.: US20160158285A1 (the contents of

which are incorporated herein by reference in their entirety). The IL15 receptor alpha comprises

an extracellular domain called the sushi domain which contains most of the structural elements

necessary for binding to IL13. Thus, in some embodiments, payioad may be the IL15/IL15Ra

sushi domain fusion polypeptide described in US Patent Publication NO.: US20090238791A1

{the contents of which are incorporated herein by reference in their entirety).

[60252] Regulated IL15/1L.15Ra may be used to promote expansion, survival and potency of

CD8Tey cell populations without impacting regulatory T celis, NK cells and TIL cells. In one

embodiment, DD-1L15/IL15Ra may be vtilized to enhance CTM Y directed T cell therapics in B

cell feukemia and lvmphomas. In one aspect, 1L15/IL15Ra may be used as payload of the

mvention to reduce the need for pre-conditioning regimens in current CAR-T treatment

paradigms.

[36253] The effector modules containing DD-IL15, DD-IL15/IL15Ra and/or DD-IL15/IL15Ra

sushi domain may be designed to be seoreted (using e.g. L2 signal sequence) or membrane

bound {(vsing ¢.g. lgE or CD8a signal sequence).

[00254] In some aspects, the BD-IL115/IL15Ra comprises the amine acid sequences provided

in Table 13a, 13b, and 13c. The amino acid sequences in Tables 13a, 13b and 13¢ may comprise

a stop codon which is denoted in the table with a **” at the end of the amino acid sequence.

Table 13a: DD-ILIS/ILISRa construct sequences

Description/ Amino Acid Sequence Amino Acid | Nucleic Acid

Construct ID SEQIDNG | SEQIDNO

IgE leader MDWTWILFLVAAATRVHS 801 816, 930, 931

IL13RA Leader MAPRRARGCRTLGLPALLLLLLLRPPATRG 932 933

Linker (8G3- SGGGSGGGGSGEGGESGGEGSGHGSLQ 802 811, 916-920,

(SGH3-SG3-SLOY) 1002

Linker (§G38) SGGGS 827 828, 844, 909

Linker SGGGSGGGGRGGGGSGGGESGGHGSGHGGSGGES o921 923

(3G3(RG4)58G35)

Linker SGGGSGGGGSGGGGSGGGEGES 922 924

Linker GS - GGTTCC

Linker S8G - AGCGGC

Livker GG - GGATCCGQ
Aor
GGATCCGG
T

Spacer ~ - 927929,

1000,
TCGCGAAT
G, TCGCA
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acid 2-187 of WT;
Q36F, NG5F,
Y1220

TTTSSVEGKONLYVIMGKKTWEFSIPEKFRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMY
WIVGGSSVIKEAMNHPGHLELFVIRIMODFESDTFEPE
IDLEKYKLLPEYPGVLSDVOEEK GIKYEKFEVYEKND

976, 998

WO 2018/161017 PCT/US2018/020741

IL15 NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVT | 783 794-797,
AMKCFLLELOVISLESGDASIHDTVENLILANNSLSSN 1601
GNVTESGCREC TENIKEFLOSFYHIVOMEINTS*

ILI5Ra ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAG | 803 812813,
TSSLTECVINKATNVAHWTTPSLKCIRDPALVHQRPA 1063
PPSTVTTAGVTPOPESLSPSGKEPAASSPSENNTAATT
AAIVPGSQLMPSKSPSTGTTEISSHESSHGTPSQTTAKN
WELTASASHOPPGVYPOQGHSDTTVAISTSTVLLCGLS
AVSLLACYLESROTPPLASVEMEAMEALPVTWGTSS
RDEDLENCSHHL*

ILIESRa (31203 of | ITCPPPMAIVEHADIWVEKSYSLYSRERYIONSGFKRKAG | 1057 1038

Uniprot ID; TSSLTECVLNKATNVAHWTTPSLKCIRDPALVHORPA

Q1326113 PPSTVTTAGVTPQPESLSPSGKEPAASSPSSNNTAATTA
AIVPGSQLMPSKSPSTGTTEISSHESSHGTPSQTTAKN
WELTASASHQPPGVYPQGHSDTT

i herry MSKGEEDNMAIIKEFMRFEVHMEGSVNGHEFEIEGEG | 1059 1060
BEGRPYEGTOQTAKLEVTKGGPLPFAWDILSPOFMYGSK
AYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVT
VTQDSSLODGEFIYKVKLRGTNFPIDGPVMOQKK TMG
WEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVK
TTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYE
RAEGRHSTGGMDELYK™

mCherry (M1L) LSKGEEDNMAIIKEFMRFEVHMEGSVNGHEFEIEGEG | 1029 1030
EGRPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGRK
AYVKHPADIPDYLEKLSFPEGFRWERVMNFEDGGVYVT
VTQDSSLODGEFIVE VK LRGTNFPSDGPVMOQKKTMG
WEARSSERMYPEDGALKGEIKOQRLKLKDGGHYDAEVK
TTYKAKKPYQLPGAYNVYNIKLDITSHNEDYTIVEQYE
RAEGRHSTGOMDELYR

HA Tag YPYDVPIIVA 1624 1025-1027

Flag DYEDDDDK i232 -

BamHI GS - GGATCC

P2A Cleavable GATNFSLLEOQAGDVEENPGP 925 926

Peptide

ecDHFR (Amino ISLIAALAVDYVIGMENAMPWNLPADLAWFKRNTLIN | 9 692, 772,

acid 2-159 of WT KPVIMGRHTWESIGRPLPGRKNHLSSQPGIDIRVTWY 814, 687,

RIZY, Yi06DH KSVDEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLYLT 988, 991
HIDAEVEGDTHFPDYEPDDWESVFSEFHDADAOQNSHS
YCFEILERR*

¢cDHFR (Amino ISLIAALAVDHVIGMENAMPWNLPADLAWFKRNTLN 10 798, 815, 993

acid 2-159 of WT KPVIMGRHTWESIGRPLPGRKNIILSSQPGTDDRVTWY

RIZH, E125K) KSVDEAIAACGDVPEIMVIGGGRVYEQFLPKAQKLYL
THIDAEVEGDTHFPDYKPDDWESVESEFHDADAOQNS
HSYCFEILERR*

FKBP (E31G, GVOVETISPGDGRIFPKRGOTCVVHYTOMLGDGKKY | 12 688-691, 994,

F36V, R71G, DRSRODERNKPFKFMLGRKOQEVIRGWEEGYAQMSVGQG 1013, 1628

KI103E AKLTISPOYAYGATGHPGHPPHATLVEDVELLELE*

hDHFR (Amino VGSINCIVAVSONMGIGKNGDLPWPPLENEFRYFQR 894 696, 973,

acid 2-187 of WT, | MTTTSSVEGKONLVIMGKKTWFSIPEK NRPLKGRINL 974, 996

Y1221, A125F) VLSRELKEPPOGAHFLSRSLDDALKLTEQPELANKVD
MYWIVGGSSVIKEFMNHPGHLELFVIRIMOQDFESDTE
FPEIDLEKYKLLPEYPGVLSDVQEEKGIKYKFEVYERN
D*

hDHFR (Amino VGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFFRM | 891 700, 975,
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hDHFR (Amino VGSINCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR 889 972
acid 2-187 of WT; | MTTTSSVEGEONLVIMGEKTWESIPEKNRPLKGRINL
KI185E) VLSRELKEPPOGAHFLSRSLDBDALKLTEQPELANKVD

MVWIVGGSSVYKEAMMNHPGHLKLEFVTIRIMODFESDT
FPPEIDLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEER
NE*
hDHFR (Amino VGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR 888 976-572
acid 2-187 of WT; | MTTTSSVEGEONLVIMGEKTWESIPEKNRPLKGRINL
E162G, 11768 VLSRELKEPPOGAHFLSRSLDBDALKLTEQPELANKVD
MVYWIVGGSSVYKEAMNHPGHLKLFVTRIMODFESDT
FPPEIDLEKYKLLPGYPGVLSDVQEEKGFKYKFEVYE
KND*
hDHFR (Amino VGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR 892 977
acid 2-187 of WT; | MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLKGRINL
N127Y) VLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVD
MVWIVGGSSVYKEAMYHPGHLKLFVTRIMODFESDT
FFPEIDLEKYKILPEYPGVLSDVQEEKGIKYKFEVYEK
ND
hDHFR (Amino YVGSLNCIVAVIQNMGVGKNGDLPWPPLRNEFRYFQR | 8%4 97%
acid 2-187 of WT, | MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLEGRINL
7V ‘LSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVD
MVWIVGGSSVYKEAMNHPGHLKLFVTRIMODFESDT
FFPEIDLEKYKLLPEYPGVLSDVQEEKGIKYKFEVYEK
ND
hIHFR (Amino YGILNCIVAVIQNMGYVGENGDLPWPPLRNEFRYFQR | 882 969
acld 2-187 of WT;, | MTTTSSVEGKONLVIMGKXTWFSIPEKNRPLEGRINL
7V, Y1220 YLSRELKEPPQGAHFLIRSLDDALKLTEQPELANK VD
MVWIVGGSSVIKEAMNHPGHLKLFVTRIMQDFESDTF
FPEIDLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKN
D
hIVIFR (Amino VGESLNCIVAVIOQNMGIGKNGDLPWFPPLRNEFRYFQR 893 978
acid 2-187 of WT, | MTTTSSVEGKONLVIMGKETWESIPEKNEPLK GRINL
HI31R, E144G) VLSRELEEPPOQGAHFLSRSLDDALKLTEQPELANKVD
MVYWIVGGSSVYKEAMNHPGRLEKLFVIRIMODEGSDT
FFPEIDLEK YKLLPEYPGVLSDVQEEKGIKYKFEVYEK
ND

Table 13h: BDB-TLIS/ILI15Ra constructs

Description Promoter | Amino acid sequences Amine Acid | Nucleic Acid
SEQGIDNG | SEQIDNO
OT-IL15-006 EFia MDWTWILFLYAAATRVHSNWYNVISDL | 804 816

{{gE signal
sequence; ILLS;
linkerl (8G3-
(5G4)5-3G3),
{L15Ra; tinker2
{(GGSGG),
ecDHFR (RI2H,
E129K))

EKIEDLIQSMHIDATLYTESDVHPSCEVT
AMKCFLLELOVISLESGDASIHDTVENLI
LANNSLSSNONVTESGCEKECEELEEENIK
EFLQSEFVHIVOMFINTISGGGSGGGGRGG
GOSGGGGSGGGSLOITCPPEPMSVEHAD]
WYKSYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLE{IRDPALY
HORPAPPITVTTAGVTPQPESLSPSGKEP
AASSPISNNTAATTAAIVPGSCQLMPSKSP
STGTTEISSHESSHGTPSOTTAKNWELTA
SASHOPPGVYPOGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVIWGTSSRUDEDLENCSHHLSGISLI
AALAVDHVIGMENAMPWNLPADLAWYE
KENTLNKPVIMGRHTWESIGRPLPGRKN
HNLSSQPGTDDRVTIWVKSVDEAIAACGD
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VPEIMVIGGGRVYEQFLPK AQKLYLTHI
DAEVEGDTHFPDYEPDDWESVESEFHD
ADAONSHSYCFEILERR*

OT-IL15-007
(IgE signal
sequence; IL13;
linker} (8G3-
(SG4)5-5G3),
IL35Ra; linker2
{GGSGGY,
FKBPF
(E31G,F36V,
R71G, KIO5EY)

EFia

MDWTWILFLVAAATRVHSNWVNVISDL
KKIEDLIQSMHIDATLYTESDVHPSCEKVT
AMKCFLLELQVISLESGDASIHDTVENLI
LANNSLSSNGNVTESGCKECEELEEKNIK
EFLOQSFVHIVOMPINTSSGGGSGGGGEGO
GGSGGGGSGGGSLOITCPPPMEVEHADI
WVKSYSLY SRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLKCIRDPALV
HORPAPPSTVTTAGVTPOQPESLSPSGKEP
AASSPISNNTAATTAAIVPGSOLMPSKSE
STOTTEISSHESSHGTPSQTTAKNWELTA
SASHOPPGVYPQUGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVIWGTSSRUEDLENCSHHLSGG VG
VETISPGDOGRIFPKRGOTCYVHY TGMLG
DGKKVDSSRDRNKPFKFMLGKOQEVIRG
WEEGVAQMSVGOGAKLTISPDYAYGAT
GHPGIPPHATLVFDVELLELE*

817

OT-IL15-008
{{gE signal
sequence- 111 5-
Hnker (SG3-
(5G4)3-3G3-
SL)- [L15Ra-
stop)

EFla

MDWITWILFLYVAAATRVHSNWYNVISDL
EKIEDLIQSMHIDATLYTESDVHPSCEVT
AMKCFLLELGVISLESGDARTHDTVENLI
LANNSLSSNGNVTESGCEKECEELEEENIK
EFLQSEFVHIVOMFINTISGGGSGGGGRGG
GOSGGGGSGGGSLOITCPPEPMSVEHAD]
WYKSYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLE{IRDPALY
HORPAPPRTVTTAGVIPQPESLSPSGKEP
AASSPISNNTAATTAAIVPGSCQLMPSKSP
STGTTEISSHESSHGTPSOTTAKNWELTA
SASHOPPGVYPOGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHL*

806

818

OT-1L15-009
(12E signal
sequence- 111 5-
Hnker (SG3-
(5G4)3-3G3-
SLO)-1L15Ra-
linker (SG)-
¢cDHFR (Amino
acid 2-159 of
WT, RI2Y,

Y 100T)-stop)

Eria

MDWTWILFLYAAATRVHINWVNVISDL
KKIEDLIOSMHIDATLYTESDVHPSCEVT
AMKCFLLELGVISLESGDARTHDTVENLI
LANNSLSSNGNVTESGCEKECEELEEENIK
EFLQSEFVHIVOMFINTISGGGSGGGGRGG
GGSGGGGSGGGSLOITCPPPMSVEHADI
WVKSYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLKCIRDPALV
HORPAPPRTVTTAGVIPQPESLSPSGKEP
AASSPISNNTAATTAAIVPGSCQLMPSKSP
STGTTEISSHESSHGTPSOTTAKNWELTA
SASHOPPGVYPQGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHL SGISLI
AALAVDYVIGMENAMPWNLPADLAWE
KENTLNKPVIMGRHTWESIGRPLPGRKN
HNLSSOPGTDDRVIWVKSVDEAIAACGD
VPEIMVIGGGRVIEQFLPKAQKLYLTHID
AEVEGDTHFPDYEPDDWIESVESEFHDAD
AQNSHSYCTEILERR*

ite)

oo
o
>

OT-IL15-016
(1gE signal
sequence- 1L 15-
linker (8G3~
(5G4)3-3G3-

EFia

MDWTWILFLVAAATRVHSNWVNVISDL
KKIEDLIOSMHBIDATLYTESDVHPSCKVT
AMKCFLLELGVISLESGDASIHDTVENLI
LANNSLSSNGNVTESGCKECEELEEKNIK
EFLOSFVHIVOMFINTSSGGGSGGGGSGG

308

820
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9LO)- (L15Ra- GGSGGGGSGGGSLOITCPPEMSVEHAD]
linker (SG)- WVKSYSLYSRERYICNSGFKRK AGTSSL
hDHFR (Y1221, TECVLNKATNVAHWTTPSLKCIRDPALVY
AL25F)-stop) HORPAPPSTVTTAGVTPOPESLSPSGKEP
AASSPSSNNTAATTAAIVPGSQOLMPSKSP
STGTTEISSHESSHGTPSQTTAKNWELTA
SASHOPPGVYPOGHSDTTVAISTSTVLLC
JLSAVSLLACYLESRQTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHLSGVGS
LNCIVAVSQNMGIGKNGDLPWPPLRNEF
RYFORMTTTSSVEGKONLVIMGKKTWF
SIPEKNRPLK GRINLVLSRELKEPPQGAH
FLSRSLDDALKLTEQPELANK VDMVWIV
GGSSVIKEFMNHPGHLKLFVTRIMQDFE
SDTFFPEIDLEKYKLLPEYPGVLSDVQEE
KGIKYKFEVYEKND*
OT-IL13-011 EFia | MDWIWILFLVAAATRVASNWYNVISDL | 809 821
(IgE signal KKIEDLIOSMHIDATLY TESDVHPSCKVT
sequence- IL15- AMKCFLLELQVISLESGDASIHDTVENLI
linker (SG3- LANNSLSSNGNVTESGCKECEELEEKNIK
(SG4)3-SG3- EFLQSFVHIVOMFINTSSGGGSGGGGSGE
SLQ)- IL15Ra,; GGSGGGGSGGGSLOITCPPPMSVEHADI
tinker (SG)- WVKSYSLYSRERYVICNSGFKRKAGTSSL
hDYHFR (Amino TECVLNKATNVAHWTTPSLKCIRDPALY
acid 2-187 of HORPAPPSTVTTAGVTPQPESLSPSGKEP
WT: Q36F, AASSPSSNNTAATTAAIVPGSQLMPSKSP
N63F, Y1220)- STGTTEISSHESSHGTPSQTTAKNWELTA
stop) SASHOPPGVYPQGHSDTTVAISTSTVLLC
GLSAVSLLACYLKSRQTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHLSGVGS
LNCIVAVSONMGIGKNGDLPWPPLRNEF
RYFFRMTTTSSVEGKONLVIMGEKK TWES
IPEK FRPLKGRINL VLSRELKEPPOGAHFL
SRSLDDALKLTEQPELANKVDMVWIVG
GSSVIKEAMNHPGHLKLFVTRIMODFES
DTFFPEIDLEKYKLLPEYPGVLSDVQEEK
GIKYKFEVYEKND*
OT-IL15-017 EFla | MDWTWILFLVAAATRVHSNWVNVISDL | 1061 1086
(IgE signal KKIEDLIQSMHIDATLYTESDVHPSCKVT
sequence- IL15- AMKCFLLELGVISLESGDASIHDTVENLI
linker (SG3- LANNSLSSNGNVTESGCKECEELEEKNIK
(SG4)3-8G3- EFLOSFVHIVOMFINTSSGGGSGGGGSGO
SLO)- IL15Ra- GGSGGGGIGGGSLOITCPPPMSVEHADI
jinker (SG)- WVESYSLYSRERYICNSGFKRKAGTSSL
BIHFR (Amino TECVLNKATNVAHWTTPSLKCIRDPALY
acid 2-187 of HORPAPPSTYVTTAGVTPOPESLSPSGREP
WT, KI855)- AASSPSSNNTAATTAAIVPGSQLMPSKSP
stop) STGTTEISSHESSHGTPSOTTAKNWELTA
SASHOPPGVYPOGHSDTTVAISTSTVLLE
GLSAVSLLACYLKSROQTPPLASVEMEAM
EALPVTWGTSSEDEDLENCSHHLSGVGS
LNCTVAVSONMGIGK NGDLPWPPLRNEF
RYFORMTTTSSVEGKONLVIMGKK TWF
SIPEKNRPLKGRINL VLSRELKEPPQGAH
FLSRSLDDALKLTEQPELANK VDMVWIV
GGSSVYKEAMNHPGHLKLFVTRIMQDF
ESDTFFPEIDLEKYKLLPEYPGVLSDVQE
EKGIKYKFEVYEEND*
OT-ILI5-018 EFla | MDWTWILFLVAAATRVHSNWVYNVISDL | 1062 1087
(IzE signal KKIEDLIQSMHIDATLY TESDVHPSCRVT
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sequence- [1.15-
finker (8G3-
{8(G4)3-8G3-
SLQ)-TL15Ra-
Hnker {5G)-
hIDHFR (Amino
acid 2-187 of
WT; E162G,

T 7L

11 76F)-stop)

AMKCFLLELOVISLESGDASIHDTVENLI
LANNSLSSNGNVTESGCKECEELEEKNIK.
EFLOSFVHIVOM TSSGOGIGGGGSGE
GGSGOGGROGHRLOITUPPPMSVEHADI

WVESYSLYSRERYICNIGFKRKAGTSSL

TECVINKATNVAHWTTPSLKCIRDPALY
HORPAPPSTVTTAGVTPOPESLSPRGKEP
AASSPSENNTAATTAAIVPGSQLMPSKSP
STGTTEISSHESSHGTPSQTTAKNWELTA
SASHQPPGVYPOQGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROQTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHLSGVGS
LNCIVAVSONMGIGKNGDLPWPPLRNEF
RYFORMTTTSSVEGKONLVIVIGKKTWE

SIPEKNRPLKGRINLVLSRELKEFPOGAH

FLSESLDDALKLTEQPELANKVDMVWIV
GGSSVYKEAMNHPGHLKLFVTRIMOQDF

ESDTFFPEIDLEKYKLIPGYPGVLSDVQE
EKGFEKYKFEVYEKND*

OT-IL15-038
(IgE lcader —
LIS - Linker
(SG3-(5G4)3-
SG3-SLQ) -
IL15Ra -~ Linker
{8G) - hDHFR
{Amino acid 2-
187 of WT,
NI127Y)-stop)

MDWTWILFLVAAATRVHSNWVNVISDL
KKIEDLIOSMHBIDATLYTESDVHPSCKVT
AMKCFLLELGVISLESGDASIHDTVENLI
LANNSLSSNGNVTESGCKECEELEEKNIK
EFLOSFVHIVOMFINTSSGGGSGGGGRGG
GGSGGGGSGGGSLOITCPFPMSVEHADI
WVESYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLKCIRDPALY
HORPAPPSTVTTAGVTPQPESLSPSGKEP
AASSPSSNNTAATTAAIVPGSQLMPSKSP
STGTTEISSHESSHGTPSQTTAKNWELTA
SASHQPPGVYPQGHSDTTVAISTSTYVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHLSGVGS
LNCIVAVSONMGIGKNGDLPWPPLRNEF
RYFORMTITTSSVEGKONLVIMGKKTWE
SIPEKNRPLKGRINLVLSRELKEPPQGAH
FLSRSLDDALKLTEQPELANKVDMYWIV
GOSSVYRKEAMYHPGHLKLEVTRIMQDF
ESDTFFPEIDLEKYKLLPEYPGVLSDVGE
EXGIKYKFEVYBEND*

1063

OT-IL15-051
{{gE leader -
.15 Linker
{(SG3-(3G4)3-
SG3-8L.Q)~HA
Tag - [L15Ra
stop)

MDWTWILFLVAAATRVHSNWVNVISDL
EKIEDLIQSMHIDATLYTESDVHPSCEVT
AMKCFLLELOVISLESGDASIHDTVENLI
LANNSLSSNONVTESGCEKECEELEEENIK
EFLOQSFVHIVOMPINTSSGGGSGGGGEGO
GGSGGGGSGGGSLOYPYDYVPDY AITCPP
PMSVEHADIWVKSYSLYSRERYICNSGF
KRKAGTSSLTIECVLNKATNVAHWTTPSL
KCIRDPALVHORPAPPSTVITAGVTIPQPE
SLSPSGKEPAASSPSSNNTAATTAAIVPG
SOLMPSKSPSTGTTEISSHESSHGTPSQTT
AKNWELTASASHOPPGVYPQGHSDTTV
AISTSTVLLCGLSAVILLACYLKSRQTPP
LASVEMEAMEALPVTWGTSSRDEDLEN
CSHHL*

1064

OTIL15-053
{IgE leader -
{15 - Linker
(SG3(RG4358G3

MDWITWILFLVAAATRVHSNWVNVISDL
KKIEDLIQSMHIDATLYTESDVHPSCKVT
AMKCPLLELQVISLESGDASTHDTVENLE
LANNSLSANGNVTESGUKECEELEEKNIK
EFLOSFVHIVOMFINTS3GGGRGGOGSGG

1066
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Sy - JL15Ra -
Stop}

GGSGGGGSGEGGSGGOGSGGGSITCPPP
MSVEHADMWYKSIYSLYSRERYICNSGEK
RKAGTSSLTECVINKATNVAHWTIPSLK
CIRDPALVHORPAPPSTVTTAGVTPOPES
LAPSGKEPAASSPSSNNTAATTAAIVPGS
QLMPSKSPSTGTTEISSHESSHGTPSOTTA
ENWELTASASHQPPGVYPOGHSDTTVAI
STSTVLLCGLSAVALLACYLKSRQTPPLA
SVEMEAMEALPVIWGTSSRDEDLENCS

OT-IL15-054
(IgE leader -
135 — Linker
(3G3(3G4)38) ~
HA Tag - Linker
(5G38) ~
1.15Ra - Stop)

MDWITWILFLVAAATRVHSNWVNVISDL
KKIEDLIQSMHIDATLYTESDVHPSCKVT
AMKCFLLELOVISLESGDASIHDTVENLI
LANNSLSANGNVTESGUKECEELEEKNIK
EFLOSFVHIVOMFINTS3GGGRGGEGSGE
GGSGOGGGRYPYDVPDYASGGGIITCPPP
MSVEHADIWVESYSLYSRERYICNSGFXK
RKAGTAISLTECVLNEATNVAHWTTPSLK
CIRDPALVHORPAPPSTVITAGVIPQPES
LSPSGKEPAASSPSSNNTAATTAAIVPGS

LMPSKSPSTGTTEISSHESSHGTPSQTTA
KNWELTASASHOPPGVYPOGHSDTTIVAIL
STSTVLLCGLSAVSLLACYLKSROQTPPLA
SYEMEAMEALPVIWGTSSRDEDLENCS
HHL*

16067

OT-IL15-035
(1gE leader —~
15 - Linker
{(SG) - ILi5Ra
Stop}

g
FFia

MDWTWILFLYAAATRVHINWVNVISDL
KKIEDLIOSMHIDATLYTESDVHPSCEVT
AMKCFLLELGQVISLESGDARTHDTVENLI
LANNSLSSNGNVTESGCEKECEELEEENIK
EFLOSFVHIVOMFINTSSGITCPPPMSVEH
ADIWVKSYSLYSRERYICNSGFKRKAGT
SSLTECVLNKATNVAHWTTPSLKCIRDP
ALVHORPAPPSTVITAGVTPQPESLSPSG
KEPAASSPSSNNTAATTAAIVPGSQOLMPS
KSPSTGTTEISSHESSHGTPSQTTAKNWE
LTASASHQPPGVYPQGHSDTTVAISTSTV
LLCGLSAVSLLACYLKSROTPPLASVEM
EAMEALPVTWGTSSEDEDLENCSHHL*

1093

OT-IL13-060
({L.15Ra sigual
peptide - 1L15 -
Linker (8G3-
(SG4)3-8G3-
SLQ;-1IL13Ra
- stop)

MAPRRARGCRTLGLPALLLLLLLRPPAT
RGNWYNVIRDLEKIEDLIOSMHIDATLYT
ESDVHPSCKVTAMKCFLLELQVISLESG
DASIHDTVENLIILANNSLSSNGNVTESG
CKECEELEERNIKEFLOSFVHIVOMEINT
SSGGGSGGGGSGGGGIGGEGSGGGSLOE
TCPPPMSVEHADIWVKSYSLYSRERYIC
NSGFKRKAGTSSLTECVLNKATNVAHW
TTPSLKCIRDPALVHQRPAPPSTVITAGY
TPOPESLSPSGKEPAASSPSSNNTAATTA
AIVPGSQLMPSKSPSTGTTEISSHESSHGT
PSQTTAKNWELTASASHOPPGVYPQGHS
DTTVAISTSTVLLCGLSAVSLLACYLKSR
QTPPLASVEMEAMEALFVIWCGTSSRDE
DLENCSHHL*

1669

10%4

OT-ILE5-063
(IgE lcader —
LIS - Linker
(SG3-(5G4)3-
SG3-SLQ) -
ILi5Ra~-

MDWTWILFLVAAATRVHSNWVNVISDL
KKIEDLIOSMHBIDATLYTESDVHPSCKVT
AMKCFLLELGVISLESGDASIHDTVENLI
LANNSLSSNGNVTESGCKECEELEEKNIK
EFLOSFVHIVOMFINTSSGGGSGGGGRGG
GGSGGGGSGGGSLOITCPFPMSVEHADI

WVESYSLYSRERYICNSGFKRKAGTSSL

1095
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BamBI (GS) -
stopy

TECVLNKATNVAHWTTPSLKCIRDPALV
HORPAPPSTVTTAGVTPOQPESLSPSGKEP
AASSPSSNNTAATTAAIVPGSQLMPSKSP
STOTTEISSHESSHGTPSQTTAKNWELTA
SASHOPPGVYPQUGHSDTIVAISTSTVLLC
SLSAVSLLACYLKSROTPPLASVEMEAM
EALPVIWGTSSRUDEDLENCSHHLGS*

OT-IL15-064
and OT-IL15-
071 (Igl leader —
135 - Linker
{(SG3-(8G4)3-
SG3-SLOY) -

L 15Ra ~ stop}

MDWITWILFLYAAATRVHSNWYNVISDL
KKIEDLIOSMHIDATLYTESDVHPSCEVT
AMKCFLLELOQVISLES
LANNSLSSNONVTESGCEECEE ]
EFLOQSFVHIVOMPINTSSGGGSGGG GSGG
GGSGGGGSGGGSLOITCPPPMEVEHADI
WYKSYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLE{IRDPALY
HORPAPPITVTTAGVTPQPESLSPSGKEP
AASSPISNNTAATTAAIVPGSOLMPSKSE
STOTTEISSHESSHGTPSQTTAKNWELTA
SASHOPPGVYPOGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHL*

OT-1L15-066
{{gE leader -
15— Linker
(SG3-(RG4)3-
SG3-SLQ) ~
{L35Ra -~ Linker
(3G) ecDHFR
{Amine acid 2-
159 of WT,
RIZY, YI00D) -
stop)

MDWITWILFLYAAATRVHSNWYNVISDL
EKIEDLIQSMHIDATLYTESDVHPSCEVT
AMKCFLLELGQVISLESGDARTHDTVENLI
LANNSLSSNGNVTESGCEKECEELEEENIK
EFLQSEFVHIVOMFINTISGGGSGGGGRGG
GOSGGGGSGGGSLOITCPPEPMSVEHAD]
WYKSYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLE{IRDPALY
HORPAPPRTVTTAGVIPQPESLSPSGKEP
AASSPISNNTAATTAAIVPGSCQLMPSKSP
STGTTEISSHESSHGTPSOTTAKNWELTA
SASHOPPGVYPOGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVIWGTSSRUDEDLENCSHHLSGISLI
AALAVDYVIGMENAMPWNLPADLAWE
KENTLNKPVIMGRHTWESIGRPLPGRKN
IMLSSQPGTDDRVIWVKSVDEAIAACGD
VPEIMVIGGGRVIEQFLPKAQKLYLTHID
AEVEGDTHFPDYEPDDWESVFSEFHDAD
AQNSHSYCTEILERR*

OT-IL15-067
(IgE lcader —
LIS - Linker
(§G’«' {8G4)3-

13-SLQ) -
‘Ll‘\Ra Linker
{8G) - ecDHFR
{Amino acid 2-
139 of WT,
RIZY, Y1I00D) -
stop)

MDWTWILFLVAAATRVHSNWVNVISDL
KKIEDLIOSMHBIDATLYTESDVHPSCKVT
AMKCFLLELGVISLESGDASIHDTVENLI
LANNSLSSNGNVTESGCKECEELEEKNIK
EFLOSFVHIVOMFINTSSGGGSGGGGRGG
GGSGGGGSGGGSLOITCPFPMSVEHADI
WVESYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLKCIRDPALY
HORPAPPSTVTTAGVTPQPESLSPSGKEP
AASSPSSNNTAATTAAIVPGSQLMPSKSP
STGTTEISSHESSHGTPSOTTAEKNWELTA
bA SHOPPGVYPOQGHSDTTVAISTSTVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPYVTWGTSSRDEDLENCSHHE SGISLI
AALAVDYVIGMENAMPWNLPADLAWE
KENTLNEKPVIMOGRHTWESIGRPLPGREN
OLSSOPGTDDRVIWVKSVDEAIAACGD
VPEIMYIGGGRVIEQPLPKAGKLYLTHID
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AEVEGDTHFPDYEPDDWESVFSEFHDAD
AQNSHSYCFEILERR*
OT-IL15-070 EFla MAPRRARGCRTLGLPALLLLLLLRPPAT | 1072 1161
(IL15Ra signal ROGNWVYNVISDLEKKIEDLIQSMHIDATLYT
peptide — IL15 — ESDVHPSCKVTAMKCFLLELQVISLESG
Linker {SG3- DASTHDTVENLIILANNSLSSNGNVTESG
{(8G4)3-5G3- CKECEELEEKNIKEFLOSFVHIVOMFINT
SLQ)~1L15Ra S8GGGRGGGESOGGGRGGGGSGGGSLO!
— stop) TCPPPMSVEHADIWVKSYSLYSRERYIC
NEGFKRKAGTSSLTECVLNKATNVAHW
TTPSLECIRDPALVHORPAPPSTVTTAGY
TPOPESLSPSGKEPAASSPSSNNTAATTA
AIVPGSQLMPSKSPSTGTTEISSHESSHGT
PSOTTAKNWELTASASHQPPGVYPQGHS
DTTVAISTSTVLLCGLSAVSLLACYLKSR
OTPPLASVEMEAMEALPVTWGTSSRDE
DLENCSHHL*
OT-IL15-072 EFla MDWTWILFLYAAATRVHSNWVYNVISDL | 806 1096
igh leader KKIEDLIQSMHIDATLYTE ‘\DVT {PS(,RV T
A5 - L mk AMKCFLLELOVISLESG '
(507 (8G4)3- LANNSLSSNGNYTESGCE
SG3-8LQ) ~ EFLOSTVHIVOMFINTSSGGGSGGOGRGA
L15Ra - stop) GGSGGGGSGGGSLOITCPPPMSVEHADI
WVYKSYSLYSRERYICNSGFKREKAGTSSL
TECVLNEKATNYVAEWTTPSLECIRDPALY
HQRPAPPRTVTTAGVTPOPESLSPSGKEP
AASSPSSNNTAATTAAIVPGSQLMPSKSE
STGTTEISSHESSHGTPSQTTAKNWELTA
SASHOPPGVYPOQGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROQTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHL*
OT-[115-089 EFla MDWTWILFLYAAATRVHSDYKDDDDK 1074 1162
(Igk leader NWVNVISDLEKKIEDLIOSMHIDATLYTES
TLAG - ILES -~ )‘v HPSCKVTAMKCFLLELQVISLESGDA
Linker (§G3- | ENLILANNSLSSNGNVTESGCK.
(5G4)3-3G3- KNIKEFLOSFVHIVOMFINTSSG
LA - HA Tag (J (x'\(;(} GGSGGGGSGGHGSGOGSLOYPY
~iL15Ra - DVPDYAITCPPPMSVEHADIWVKSYSLY
Hnker {GSG) ~ SRERYI CNSGFKREAGTSSLTECVLNKAT
ecDHFPR (Amino NYAHWTTPSLK CIRDPALVHOQRPAPPST
acid 2-159 of VTTAGVTPQPESLSPRGKEPAARSPSSNN
WT, R12Y, TAATTAAIVPGSQLMPSKSPSTGTTEISSH
Y1001) - stop) ERSHGTPSOTTAKNWELTASASHOPPGV
YPOQGHIDTTVAISTSTVLLCGLSAVSLLA
CYLKSROQTPPLASVEMEAMEALPVTWG
TSSEDEDLENCSHHLGSGISLIAALAVDY
VIGMENAMPWNLPADLAWFKRNTLNKP
VIMGRHTWESIGRPLPGRKNHILSSQPGT
DDRVTWVKSVDEAIAACGDVPEIMVIGG
GRVIEQFLPKAQKLYLTHIDAEVEGDTH
FPDYEPDDWESVISEFHDADAQNSHSYC
FEILERR*
OT-IL15-109 EFla MDWTWILFLVAAATRVHSNWVNVISDL | 1070 1095
(IgE leader — KKIEDLIQSMHIDATLYTESDVHPSCKVT
IL13 — Linker AMKCFLLELQVISLESGDASIHDTVENLIL
(5G3-(8G4)3- LANNSLSSNGNVTESGCKECEELEEKNIK
SG3-85L0O) - EFLOSFVHIVOMFEINTSSGGGRGGGGSGE
LiSRa- GGSGGGGSGGGILOITCPPPMSVEHADI
BamHI (GS) - WVKSYSLYSRERYICNSGFKRKAGTSSL
stop) TECVLNEKATNVAHWTTPSLKCIRDPALY
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HORPAPPSTVTITAGVTPQPESLSPSGKEP

AASSPSENNTAATTAATVPGSQLMPSKSP
STCTTEISSHESSHGTPSQOTTAKNWELTA
SASHQPPGVYPOGHSDTTVAISTSTVLLL
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPVTWGTSSEDEDLENCSHHLGS*

OT-1L15-110
(IgE leader -
FLAG-TL15 -
Linker {8G3-
(8G4)3-8G3-
SLQ) ~HA Tag
~ILE5Ra ~
BamH] (GS) -
stop)

EFia

MDWTWILFLVAAATRVHSDYKDDDDE
NWYNVISDEKKIEDLIQSMHIDATLYTES
DVHPSCKYVTAMKCFLLELOVISLESGDA
SIHDTVENLILANNSLSSNGNVTESGCK
ECEELFEKNIKEFLOSFVHIVOMPINTSSG
GGSGGGGSGGHGSGGGESGGGSLQYPY
DVPDYAITCPPPMSVEHADIWVKSYSLY
SRERYICNSGFKRKAGTSSLTECVLNKAT
NYAHWTTPSLKCIRDPALVHQRPAPPRT
VITAGVIPOPESLSPSGKEPAASSPSENN
TAATTAAIVPGSOLMPSKSPRTGTTEISSH
ESSHOGTPSQTTAKNWELTASASHOPPGY
YPOGHSDTTVAISTSTVELCGLSAVSLLA
CYLKSROTPPLASVEMEAMEALPVIWG
TSSRDEDLENCSHHLGS*

1103

OT-1L15-114
{{gE leader -
FLAG-TLI5 -
Linker (§G3-
(5G4)3-3G3-
SLO) - HA Tag
~JL15Ra -
Linker (GSG) ~
hDHFR (Amino
acid 2-187 of
WT; Ki85E) -
stop)

MDWITWILFLYAAATRVHSDYKDDDDK
NWYNVISDLKKIEDLIQSMHIDATLYTES
DVHPSCKVTAMECFLLELQVISLESGDA
STHDTVENLILANNSLSSNONVTESGCK
ECEELEEKNIKEFLOSFVHIVOMFEINTSSG
GORGGGGSGGGHSGGHGSGOGSLOYPY
DVPDYAITCPPPMSVEHADIWVESYSLY
SRERYICNSGFKREAGTSSLTECVLINKAT
NVAHWTTPSLKCIRDPALVHORPAPPST
VTTAGVTPOPESLSPSGKEPAASSPISNN
TAATTAAIVPGSQLMPSKSPSTGTTEISSH
ESSHGTPSOTTAKNWELTASASHOPPGV
YPQGHSDTTVAISTSTVELCGLSAVSLLA
CYLKSROTPPLASVEMEAMEALPVIWG
TSSRDEDLENCSHHLGSGVGSLNCIVAV
SOMNMGIGKNGDLPWPPLRNEFRYFORM
TTTSSVEGKONLVIMGKKTWESIPEKNR
PLEGRINLVLSRELKEPPQGAHFLSRSLD
DALKLTEQPELANKVDMVWIVGGSSVY
KEAMNHPGHLKLFVTRIMQDFESDTEFP
EIDLEKYKLLPEYPGVLSDVQEEKGIKYK
FEVYEEND*

1104

OT-IL15-115
(IgE lcader —
FLAG-TLI5 -
Linker {§G3-
{(8G4)3-5G3-
SLQ)-HA Tag
~ILI5Ra~
Linker (GSG) —
hDHFR (Amino
acid 2-187 of
WT, E162G,
I176T) - stop)

MDWTWILFLVAAATRVHSDYKDDDDK
NWVNVISDLKKIEDLIGSMHIDATLYTES
DVHPSCKVTAMKCFLLELQVISLESGDA
SIHDTVENLIL ANNSLSSNGNVTESGCK
ECEELEEKNIKEFLOSFVHIVOMFINTSSG
GGSGGGGSGGGGSGGGGSGGGSLQYRY
DVPDYAITCPPPMSVEHADIWVKSYSLY
SRERYICNSGFKRKAGTSSLTECVLNKAT
NVAHWTITPSLKCIRDPALVHQORPAPPST
VTITAGVTPOPESLSPSGKEPAASSPSSNN
TAATTAAIVPGSQLMPSKSPSTGTTEISSH
ESSHGTPSQTTAKNWELTASASHOQPPGY
YPOGHSDTTVAISTSTVLLCGLSAVSLLA
CYLESROTPPLASVEMEAMEALPVIWG
TRSRDEDLENCSHHLGSGVGSLNCIVAY
SONMGIGKNGDLPWPPLRNEFRYFQRM
TTTSSVEGKONLVIMOKKTWESIPEKNR

1103

- 117 -




WO 2018/161017

PCT/US2018/020741

PLKGRINLVLSRELKEPPOGAHFLSRSLD
DALKLTEQPELANKVDMVWIVGGSSVY

""" CAMNHPGHLKLFVTRIMQDFESDTTFP
EIDLEKYKLLPGYPGVLSDVOEEKGIKY
KFEVYEK NI

OT-IL15-116
(IgE leader —
LAG-ILI5 -~
Linker (8G3-
(SG4)3-30G3-
SLO) - HA Tag
-~ JL15Ra ~
Linker (GSG) -
hIDHFR (Amino
acid 2-187 of
WT, HI31R,
E144G) - stop)

MDWTWILFLYVAAATRVHSDYKDDDDK
NWVYNVISDLKKIEDLIGSMHIDATLYTES
)‘v HPSCKVTAMKCFLLELQVISLESGDA
CNEIILANNSLSSNGNVTESGCK.

TEKNIKEFLOSFVHIVOMEINTSSG
(J (JQ(:G(J(,: SGGGGSGGEGEIGEGSLOYPY
DVPDYAITCPPPMSVEHADIWVESYSLY
SRERYICNSGFKREAGTSSLTECVINKAT
NYVAHWTTPSLKCIRDPALVHRPAPPST
VITAGVTPOPESLSPRGKEPAARSPSSNN
TAATTAAIVPGSQLMPSKSPSTGTTEISSH
ESSHGTPSOTTAKNWELTASASHQPPGV
YPOQGHRDTTVAISTSTVLLCGLSAVSLLA
CYLKSROTPPLASVEMEAMEALPVIWG
TSSRDEDLENCSHHLGSGVGSLNCIVAY
SQNMGIGKNGDLPWPPLRNEFRYFQRM
TTTSSVEGKONLVIMGKKTWFSIPEKNR
PLKGRINLVLSRELKEPPOGAHFLSRSLD
DALKLTEQPELANKVDMVWIVGGSSVY
KEAMNHPGRLKLFVTRIMOQDFGSDTFFP
EIDLEKYKLLPEYPGVLSDVQEEKGIKYK
FEVYEKND*

OT-1L15-117
(1gE leader —~
FLAG-TLI5 -
Linker (8G3-
(3G4)3-3G3-
SLO) - HA Tag
-ILI5Ra-
Linker (G5G) -
hDHFR{Aming
acid 2-187 of
WT I17V) -
stop)

g
FFia

MIDWTWILFLYVAAATRVHSDYKDDDRDK
NWYNVISDLEKIEDLIGSMHIDATLYTES
DVHPSCKVTAMKCFLLELQVISLESGDA
SIHDTVENLHLANNSLSSNGNVTESGCK
ECEELEEKNIKEFLOSFVHIVOMFINTSSG
GGSGGGGSGGGHGSGGGGSGGGSLOQYRY
DVPDYAITCPPPMSVEHADIWVKSYSLY
SRERYICNSGFKRKAGTSSLTECVLNKAT
NVAHWTTPSLKCIRDPALVHORPAPPST
VTTAGVTPOQPESLSPSGKEPAASSPSSNN
TAATTAAIVPGSQLMPSKSPSTGTTEISSH
ESSHGTPSQTTAKNWELTASASHQPPGVY
YPOGHSDTTVAISTSTVLLCGLSAVSLLA
CYLESRQTPPLASVEMEAMEALPVIWG
TSSRDEDLENCSHHLGSGVGSLNCIVAY
SOMNMGVOKNCGDLPWPPLRNEFRYFOQRM
TTTSSVEGKONLYVIMOGKKTWESIPEKNR
PLEKGRINLVLSRELKEPPQGAHFLSRSLD
DALKLTEQPELANKVIMVWIVGGSSVY
KEAMNHPGHLKLFVIRIMOQDFESDTIFP
EIDLEKYKLLPEYPGVLSDVQEEKGIKYK
FEVYEKND

1107

OT-1L15-118
(IgE leader —
FLAG-1IL15 -
Linker {S(3-
{(8G4)3-8SG3-
SLQ) - HA Tag
- IL15Ra -
Linker {GSG) ~
HDHFR {(Amino
acid 2-187 of

EFia

MDWTWILFLVAAATRVHSDYKDDDDE
NWVYNVISDLKKIEDL IQ SMHIDATLYTES
DVHPSCKYVTAMKCFLLELOVISLESGDA
SIHDTVENLILANNSLSSNGNVTESGCK
ECEELFEKNIKEFLOSFVHIVOMPINTSSG
GGSGGGGSGGHGSGGGESGGGSLQYPY
DVPDYAITCPPPMSVEHADIWVKSYSLY
SRERYICNSGFKRKAGTSSLTECVLNKAT
NYAHWTTPSLKCIRDPALVHQRPAPPRT
VITAGVIPOPESLSPSGKEPAASSPSENN

TAATTAAIVPGSOLMPSKSPRTGTTEISSH

1680
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WT, N127Y) -
stop)

ESSHGTPSOTTAKNWELTASASHQPPGV
YPOGHSDTTVAISTSTVLLCGLSAYVSLLA
CYLKSRQTPPLASVEMEAMEALPVTWG
TSSRDEDLENCSHHLGRGVGRLNCIVAY
SONMGIGKNGDLPWPPLRNEFRYFQRM
TTTSEVEGKQNLVIMGKKTWESIPEKNR
PLKGRINLVLARELKEPPOGAHFLSRSLD
DALKLTEQPELANKVDMVWIVGGSSVY
KEAMYHPGHLKLFVTRIMQDFESDTEFP
EIDLEKYKLLPEYPGVLSDVOEEKGIKYXK
FEVYEKND*

OT-1L15-119
{{gE leader -
FLAG-TLI5 -
Linker (§G3-
(5G4)3-3G3-
SLO) - HA Tag
~JL15Ra -
Linker (G5G) -
hDHFR (Amino
acid 2-187 of
WT, 117V,
Y1221) - stop)

MDWITWILFLYAAATRVHSDYKDDDDK
NWYNVISDLKKIEDLIQSMHIDATLYTES
DVHPSCKVTAMECFLLELQVISLESGDA
STHDTVENLILANNSLSSNONVTESGCK
EC EKNIKEFLOSFVHIVOMFINTSSG
GORGGGGSGGGHSGGHGSGOGSLOYPY
DVPDYAITCPPPMSVEHADIWVESYSLY
SRERYICNSGFKRKAGTSSLTECVLNKAT
NVAHWTTPSLKCIRDPALVHORPAPPST
VTTAGVTPOPESLSPSGKEPAASSPISNN
TAATTAAIVPGSQLMPSKSPSTGTTEISSH
ESSHGTPSOTTAKNWELTASASHOPPGV
YPQGHSDTTVAISTSTVELCGLSAVSLLA
CYLESRQTPPLASVEMEAMEALPVIWG
TSSRDEDLENCSHHLGSGVGSLNCIVAV
SOMNMGVGKNGDLPWPPLRNEFRYFQRM
TTTSSVEGKONLVIMGKKTWESIPEKNR
PLEGRINLVLSRELKEPPQGAHFLSRSLD
DALKLTEQPELANKVDMVWIVGGSSVIK
EAMNHPGHLKLEFVIRIMQDFESDTFFPEL
DLEKYELLPEYPQVLSDVOEEKGIKYKEF
EVYEKND*

1081

1169

OT-1L15-128
(IgE feader -
115 - Linker
{SG3-(SG4)3-
SG3-SLQ) —

L 15Ra~ Spacer
— Flagx3 -
Spacer - BamHI
{G%) - P2A
cleavable peptide
- mCherry
(M1L) - stop)

FFla

MDWTWILFLVAAATRVHSNWVNVISDL
KKIEDLIOSMHBIDATLYTESDVHPSCKVT
AMKCFLLELGVISLESGDASIHDTVENLI
LANNSLSSNGNVTESGCKECEELEEKNIK
EFLOSFVHIVOMFINTSSGGGSGGGGSGG
GGSGGGGSGGGSLOITCPFPMSVEHADI
WVESYSLYSRERYICNSGFKRKAGTSSL
TECVLNKATNVAHWTTPSLKCIRDPALY
HORPAPPSTVTITAGVTPQPESLSPSGKEP
AASSPSENNTAATTAATVPGSQLMPSKSP
STCTTEISSHESSHGTPSQOTTAKNWELTA
SASHQPPGVYPQGHSDTTVAISTSTYVLLC
GLSAVSLLACYLKSROTPPLASVEMEAM
EALPYVTWGTSSREDEDLENCSHHLSRMD
YKBDPDRDKDYXKDDDDKDYKDDDDKSRG
SGATNFSLLKQAGDVEENPGPLISKGEED
NMAOKEFMRFKVHMEGSVNGHEFEIEG
EOEGRPYEGTQTAKLEKYTKGGPLPFAW
DILSPOFMY GSKAYVEKHPADIPDYLKLSE
PEGFEWERVMNFEDGGYVIVIQDSSLO
DGEFIYKVKLRGTNFPSDGPVMOKKTM
GWEASSERMYPEDGALKGEIKQRLKLK
DGGHYDAEVKTTYKAKKPVOLPGAYN
VNIKLDITSHNEDYTIVEQYERAEGRHSIT
GOMDELYEK*

iHig

OTL15-129
(igF leader —

FFla

MDWTWILFLYAAATRVHINWVNVISDL
KKIEDLIOSMHIDATLYTESDVHPSCEVT

1083

i1td
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L1585~ Linker AMKCFLLELOVISLESGDASIHDTVENLI
(3G3-(SG4)3- LANNSLSSNGNVTESGCKECEELEEKNIK
SG3-8L0) - EFLOSFVHIVOM TSSGOGIGGGGSGE
L 15Ra-Bamt} GGSGOGGROGHRLOITUPPPMSVEHADI
(G35 - PIA WVESYSLYSRERYICNIGFKRKAGTSSL
cleavable peptide TECVINKATNVAHWTTPSLKCIRDPALY
—~ mCherry HORPAPPSTVTTAGVTPOPESLSPRGKEP
(M1L)-stop) AASSPSENNTAATTAAIVPGSQLMPSKSP

STGTTEISSHESSHGTPSQTTAKNWELTA
SASHQPPGVYPOQGHSDTIVAISTSTVLLC
GLSAVSLLACYLKSROQTPPLASVEMEAM
EALPVTWGTSSRDEDLENCSHHLGSGAT
NFSLLKQAGDVEENPGPLSKGEEDNMATL
IKEFMRFKVHMEGSVNGHEFEIEGEGEG
RPYEGTOTAKLKVTKGGPLPFAWDILSP
QFMYGSKAYVKHPADIPDYLKLSFPEGF
KWERVMNFEDGGYVTVTODSSLODGEF
IYKVKLRGTNFPSDGPVMOEKKTMGWEA
SSERMYPEDGALKGEIKORLKLEKDGGH
YDAEVKTTYKAKKPFVQLPGAYNVNIKL
DITSHNED Y TIVEQYERAEGRHSTGGMD
ELYK*

Table 13c: IL15/1L15Ra constructs

Coastract Sequence Promoter | Amino acid seguences Aming Mueleic Acid

Description | Description Acid SEQ I NG/
SEQID | Seguence
NO

OT-fL15- Full EFia MDWTWILFLVAAATRVHSN 1114, 1120

122 dgb construct WYNVISDLEKIEDLIQSMHID | 1126~

feader - ATLYTESDVHPSCEVTAMKC | 1140

IR LR FLLELQVISLESGDASIHDTVE

finker (GS) NEHLANNSLSSNGNVTESGC

— hDDHFR KECEELEEKNIKEFLOQSFVHIV

{Amino acid OMFINTSGSVGSLNCIVAVSQ

2-187 of NMGIGKNGDLPWPPLRNEFR

WT, Yi22h) YFQRMTTTSSVEGKONLYIM

—stop - SKKTWESIPEKNRPLKGRINL

spacer — VLSRELKEPPOGAHFLSRSLD

IRES - DALKLTEQPELANKVDMVWI

spacer — VGEGSSVIKEAMNHPGHLKLF

mCherry — VIRIMOQDFESDTFFPEIDLEKY

stop) KLLPEYPGVLADVEEKGIKY

KFEVYEKND*SR*YDSLEIPPL
SLPPP*RYWPKPLGIRPVCVC
LYVIFHHIAVEWQCEGPETWP
CLLDEHS*GSFPSRORNARSY
ECREGSSSSGSFLEKTNNVCSD
PLOAAEPPTWRQVPLRPKAT
CIRYTCKGGTTPVPRCELDSC
GEKSOMALLKRIQQGAEGCPE
GTPLYGI*SGASVHMLYMCL
VEVKKTSRPPEPRGRGFPLKN
TMEOWPOP** AR ARRITWPSSER
SSCASRCTWRAP*TATSSESR
ARARAAPTRAPRPPS*R*PRV
APCPSPGTSCPLSSCTAPRETH
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STPPTSPTT*SCPSPRASSGSA*
*ISRTAAWP*PRTPPCRTASS
STR*SCAAPTSPPTAP*CRRRP
WAGRPPPSGCTPRTAP*RARS
SRG*S*RTAATTTLRSRPPTRE
RSPCSCPAPTISTSSWISPPTT
RTTPSWNSTNAPRAATPPAA
WTSCTS

1gE leader -
ILis -
linker {GS)
- HWDHFR
{Aming acid
2-3187 of
WT, Y1220
- Slop

MDWTWILFLVAAATRVHSN
WVNVISDLKKIEDLIQSMHID
ATLYTESDVHPSCKVTAMEC
FLLELQVISLESGDASTHDTVE
NLULANNSLASNGNVTESGC
KECEELEEKNIKEFLOQSFVHIV
QMFPINTSGIVGSLNCIVAVSO
NMGIGKNGDLPWPPLRNEFR
YFQRMTTTSSVEGKQNLVIM
GKETWESIPEKNRPLEGRINL
VLSRELKEPPOGAHFLSRSLD
DALKLTEQPELANKVDMVWI
VGGISVIKEAMNHPGHLKLF
VTRIMODFESDTFFPEIDLEKY
KLLPEYPGVLSDVQEEKGIKY
KFEVYEKND*

1113

1121

mChetry -
stop

MSKGEEDNMAHKEFMRFKV
HMEGSVNGHEFEIEGEGEGRP
YEGTOQTAKLKVIKGGPLIFA
WIHLSPOPMYGRKAY VKHPA
HPDYLKLSFPEGFKWERVM
NFEDGGVVIVTQDSSLODGE
FIYKVKLRGINFPSDGPVMQ
KKTMGWEASSERMYPEDGA
LKGEIKQRLKLKDGGHYDAE
VKTTYKAKKPVQLPGAYNV
NIKLDITSHNEDYTIVEGQYER
AEGRHSTGGMDELYK*

1116

OT-1L15-
123 and OT-
1L13-

27(IgE
leader -
Lis—
BamHI (GS)
- stop -
spacer —
RES -
spacer —
mCherry -
stop)

Full
constnuct

FFlia

MDWTWILFLYAAATRVHEN
WVNVISDLKEIEDLIQSMHID
ATLYTESDVHPSUKVTAMEC
FLLELOVISLESGDASTHDTVE
NLILANNSLISNGNVTESGC
KECEELEEKNIKEFLOSFVHIV
QMFINTSGS*NLDNTTH*RSR
PSPSPPPNVTGRSRLE*GRCAF
VYMLFSTILPSFGNVRARKPG
PVFLTSIPRGLSPLAKGMQGL
INVVKEAVPLEAS*ROQTTSVA
TLCRORNPPPGDRCLCGOKP
EV*DTPAKAAQPQCHVVSEWI
VVERVIKWLSSSVENKGLEDA
QKVPHCMGSDLGPRCTCFTC
VH*SRLEKRLGPPNHGDVVEL*®
KTR**YGHNHDEQGRGGHHG
HHOGVHALQGAHGGLRERP
RVRDRGREGRGFPLRGHPDRQ
AEGDQGWFPALRLGHPVPSY
HVRLOGLREAPRRHPRLLEA
VLPRGLOVGARDELRGRRRG
DRIPGLLPAGRRVHLQGEAA
RHOLPLRRPRNAEEDHGLGG

1117,
F141-
1149
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EAEGRRPLRR*GQDHLOGQE
ARAAARRLOQROHOQVGHHLP
QRGLHHRGTVRTIRRGPPLHR

RHGRAVQVY
IgE leader— | - MDWTWILFLVAAATRVHSN | 1118 1124
115 - WYVNVISDLKKIEDLIQSMHID
BamHI (GS) ATLYTESDVHPSCKVTAMKC
- stop FLLELOVISLESGDASIHDTVE

NLILANNSLSSNGNVTESGC
CELEEKNIKEFLOQSFVHIV
A TSGS*
mCherty - - MSKGEEDNMAIIKEFMRFKY | 1119 1125
stop HMEGSVNGHEFEIEGEGEGRP
YEGTQTAKLKVTKGGPLFFA
WDILSPOFMYGSKAYVKHPA
DIPDYLKLSFPEGFKWERVM
NFEDGOGVVIVTODSSLOQDGE
FIYKVELRGINFPSDGPVMQ
EXTMGWEASSERMYPEDGA
LKGEIKQRLKLKDGGHYDAE
VKTTYKAKKPVOLPGAYNVY
NIKLDITSHNEDYTIVEQYER
AECGRHSTGOMDELYEK*

100255] In one embodiment, the pavioad of the present invention may comprise FLIS .18 isa
promflammatory and immune regulatory eviokine that promotes {FN-y production by T and NK.
cells. IL18 belongs to the IL1 family. Secreted 1L18 binds to a heterodimer receptor complex,
consisting of IL18Ra and S-chains and imitiates signal transduction. TL18 acts in concert with
other cvtokines to modulate immune system functions, including induction of IFN-y production,
Thi responses, and NK cell activation in response 1o pathogen products. 1L 18 showed anti-
cancer effects in several tumors. Administration of recombinant IL18 protein or IL18 transgene
induces melanoma or sarcoma regression through the activation of CD4" T and/or NK celi-
mediated responses {(reviewed by Srivastava et al., Curr. Med. Chem., 2010, 17: 3353-3357).
The combination of IL.18 with other cyickines, such as IL12 or co-stimulatory molecules {e.g.,
CD80) increases IL18 anti-tumor effects. For example, IL18 and IL12A/8 or CB80 genes have
been mtegrated successfully in the genome of oncolyiic virases, with the aim to trigger
syonergistically T celi-mediated anti-tumor immune responses {Chot et al, Gene Ther., 2011, 18;
§98-909). 1L.2/IL18 fusion proteins also display enhanced anti-tumor properties relative to either
cytokine alone and low toxicity in preclinical models (Acres et al, Cancer Res., 2005, 659536~
9546).

[00256] 1L13 alone, or in combination of 1L12 and 1115, activates NK cells. Preclinical studies
have demonstrated that adoptively transferred 1L12, IL15 and 118 pre-activated NK cells
displav enhanced effecior function against established tumors in vive (Ni et al., J £xp Med. 2012,

209: 2351-2365; and Romcee et al., Blood. 2012,120:4751-4760}. Human HL12/HL15/L1R
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activated NK cells also digplay memory-hike features and secrete more IFN-y i response o
cytokines {(¢.g., low concentration of 1L.2). In one embodiment, the effector module of the present
mvention may be a DD-IL 18 fusion polypeptide.

[06257] In one embodiment, the pavicad of the present invention may comprise IL21 [L21 15
another pleiotropic type I cyiokine that is produced mamly by T cells and natural killer T (NKT)
cells. TL21 has diverse effects on a variety of cell types mcluding but not linuted to CD4™ and
D& T cells, B cells, macrophages, monocyies, and dendritic cells (DCs). The functional
receptor for 1L21 is composed of 1121 receptor (IL21R) and the common cvtokine receptor
gamma chain, which is also a subunit of the receptors for L2, 1L4, IL7, 119 and 1115, Studies
provide compelling cvidence that [L.21 is a promising immunotherapeutic agent for cancer
mmmunotherapy. IL21 promotes maturation, enhances cytotoxicity, and mduces production of
IFN-y and perforin by NK cells. These effector functions inhibit the growth of B16 melanoma
(Kasaian et al., fmmunity. 2002, 16(4):559-569; and Brady ot al., J fmmuncl 2004, 172(4): 2048~
2058). 1L.21 together with .15 expands antigen-specific CDE™ T-cell mumbers and their effector
function, resulting in tumor regression (Zeng et al., J Exp Med 2003, 201(1):139-148). 1L21 may
also be used to rejuvenate multiple immune effector cells 1 the tumor microenvironment. 1L.21
may also directly induce apoptosis in certain types of lymphoma such as diffuse large B-cell
lymphoma, mantle cell lymphoma, and chronic lymphocoytic leukemia cells, via activation of
STATS or STATI signal pathway . 1021, alone or 1o combination with anti-CDB20 mAb
(rituximab) can activate NK cell-dependent cytotoxic effects. Interestingly, discovery of the
immunosuppressive actions of 1L.21 suggests that this cytokine is a “double-edged sword”- 1121
stimalation may lead to either the induction or suppression of immumne responses. Both
stimulatory and suppressive effects of .21 must be considered when using 1.2 1-related
immunotherapeutic agents. The level of IL21 needs to be tightly controlled by regulatory
clements. In one aspect, the effector module of the present invention may be a DD-IL21 fuston
polypeptide.

602581 In some embodiments, payloads of the present invention may comprise type |
interferons. Type 1 mterferons (IFNs-I) are soluble proteins important for fighting viral infection
in humans, [FNs-I include IFN-alpha subtypes (IFN- al, IFN- alb, IFN- ¢lic), IFN-beta, IFN-
delta subtypes (JFN-delta 1, IFN-deha 2, [FN-delta 3), IFN-gamma, IFN-kappa, and IFN-
cpsilon, IFN-lambda, 1IFN-omega, IFN-tan and IFN-zeta. IFN-g and IFN-f are the main IFN-1
sabtypes i immume responses. All subtypes of IFN-I signal through a unigue heterodimeric
recepior, interferon alpha receptor (IFNAR), composed of 2 subunitg, IFNARI and IFNARZ.

IFNR activation regulates the host response to viral mfections and o adaptive imumunity. Several
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signaling cascades can be activated by IFNR, including the Janus activated kinase-signal
transducer and activation of transcription (JAK-5TAT) pathway, the mitogen activated protein
kinase {MAPK) pathway, the phosphoinositide 3-kinase (PI3K) pathway, the v-crk sarcoma
vires CT10 oncogene homolog (avian)-like (CRKL) pathway, and NF-«B cascade. It has long
been established that type I HFNs directly inhibit the proliferation of tumor cells and virus-
infected ceils, and increase MHC class T expression, enhancing antigen recognition. IFNs-I have
also proven to be involved in immune system regalation. IFNs can cither directly, throagh
mterferon receptor (JFNR), or indirectly by the induction of chemokines and cyiokines, regulate
the immune systern. Type I {FNs enhance NK ccll functions and promote survival of NK cells.
Type I IFNs also affect monocytes, supporting the differentiation of monocyies mto DC with
high capacity for antigen presentation, and stimnilate macrophage function and differentiation.
Several studies also demonstrate that IFNs-I promote CD8™ T cell survival and functions. In
some instances, it may be desirable to tune the expression of Tvpe 1 IFNs using biocircuits of the
present invention o avoid immunosuppression caused by long-term treatment with TFNs,
100259] New anticancer immunotherapies are being developed that use recombinant type T IFN
proteins, type I IFN transgene, type 1 IFN-encoding vectors and tvpe T IFN-expressing cells. For
example, IFN-o has received approval for treatment of several neoplastic diseases, such as
melanoma, RCC and multiple myeloma. Though tvpe 1 IFNs are powerful tools to directly and
indirectly modulate the functions of the immune systerm, side effects of systemic long-term
treatments and lack of sufficiently high cfficacy have dampened the intercst of IFN-g for clinical
use in oncology. [t 1s behieved that iof IFN levels are tightly reguiated at the malignant tissues,
type [ IFNs are likely more efficacious. Approaches for intermittent delivery are proposed
according to the observation that intermittency at an optimized pace may help to avoid signaling
desensitizing mechanisms (negative feedback mechanisms) induced by [FNs-I (i.¢., because of
SOCST induction) in the responding tmmune cells. In accordance with the present invention, the
effector moduke may comprise a DD-IFN fusion polypeptide. The DD and its ligand control the
expression of IFN to induce an antiviral and antitumor immune responses and in the meantime,
to munimize the side effects caused by long-term exposure of TFN.

[30268] In some embodiments, pavloads of the present invention may comprise members of
tamor necrosis factor (TNF) superfamily. The term “TNF superfamily™ as used herein refersto a
group of cytokines that can induce apoptosis. Members of TNF family mclude TNF-alpha, TNF-
beta {also known as Ivmphotoxin-alpha (L'T-a)), lvmphotoxin-beta (LT-B), CD40L(CD154),
CD27L (CD70). CDI0L(CDI53), FASL{CDI78), 4-1BBL (CD137L), OX40L, TRAIL (TNF-
related apoptosis inducing ligand), APRIL (a proliferation-inducing ligand), TWEAK,
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TRANCE, TALL-1, GITRL, LIGHT and TNFSF1 to TNFSF20 (TNF ligand superfamily
member 1 to 20}, In onc embodiment, the payload of the invention may be TNF-alpha. TNF-
alpha can cause cytolvsis of umor cells, and induce cell proliferation differentiation as well. In
one aspect, the effector module of the present invention may comprise a BD-TNF alpha fusion
polypeptide.

[00261] In some embodiments, payioads of the present invention mayv comprise inhibitory
molecules that block mhibitory cytokines. The inhubitors may be blocking antibodies specific to
an imhibitory cytokine, and antagonists against an mhibitory cytokine. or the like.

[00262] In some aspects, payioads of the present invention may comprise an mhibitor of a
secondary cytokine 1L.35. IL33 belongs to the interleukin-12 (IL12) cytokine family, and is a
heterodimer composed of the IL27 B chain Ebi3 and the IL12 o chain p35. Secretion of bicactive
[£.33 has been described only in forkhead box protein 3 {(Foxp3) ™ regulatory T cells {Tregs})
(resting and activated Tregs). Unlike other membranes in the family, IL35 appears to function
solely m an anti<inflammatory fashion by mhibiting effector T cell proliferation and perhaps
other parameters {Collison ¢t al, Namure, 2007, 450(7169); 566-369).

[00263] In some embodiments, payloads of the present mvention may comprise inhibitors that
block the transforming growth factor beta (TGF-B) subtypes (TGF-B1, TGF-B2 and TGF-B3).
TGE-B is secreted by many cell types, including macrophages and is often complexed with two
proteing LTBP and LAP. Serom proteinases such as plasmin catalyze the release of active TGF-§
from the complex from the activated macrophages. It has been shown that an increase in
expression of TGF-f correlates with the malignancy of many cancers. The immunosuppressive
activity of TGF-B in the tumor microenvironment contributes to oncogenesis.

[36264] In some embodiments, pavioads of the present invention may comprise mhibitors of
B0 enzyvme.

[062653] In some embodiments, payloads of the present mvention may comprise chemokines and
chemokine receptors. Chemokines are a family of secreted small cytokines, or signaling proteins
that can mduce directed chemotaxis in nearby responsive cells. The chemokine may be a SCY
{small cvtokine) selected from the group consisting of SCYA1-28 (CCL1-28), SCYBI-16
{CXCLi-16), SCYC1-2 (XCL1-2), SCYD-1 and SCYE-1; or a C chemokine selected from
XCL1T and XCL2; or a CC chemokine selected from CCL1, CCL2, CCL3, CCL4, CCL5, CCL6,
CCL7, CCLR, CCLY, CCLI0, CCLIL, CCL12, CCLI3, CCLI4, CCLAS, CCL16, CCLIT,
CCL18, CCL19, CCL20, CCL21, CCL22, CCL23, CCL24, CCL25, CLL26, CCL27 and
CCL28; or a CXC chemokine selected from CXCL1, CXCL2, CXCL3, CXCL4, CXCLS5,
CXCL6, CXCL7, CXCLS, CXCLY, CXCL10, CXCLH, CXCL12, CXCL13, CXCL14,
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CXCLIS, CXCLI6 and CXCL17; or a UX3C chemokine CX3CL1. In some agpects, the
chemokine recepior may be a receptor for the € chemokines including XCR1; or a receptor for
the CC chemokines including CCRI, CCRZ, CCR3, CCR4, CCRS, CCRo, CCRT, CCRE, CCRY
and CCR10; or a receptor for the CXC chemokines including CXCR1, CXCR2, CXCR3,
CXCR4 and CXCRS; or a CX3C chemokine receptor CX3CR1L.

[00266] In some embodiments, payvioads of the present invention may comprnse other
immunomodidators that play a critical role 1n immunotherapy, such as GM-CSF (Granulocyie-
macrophage colony stimulating tactor), ervithropoietin {EP(), MiP3a, monocyie chemotactic
protein (MCP)-1, intraceliular adhesion molecule (JCAM), macrophage colony stimulating factor
(M-CSF}, Interfeukin-1 recepior activating kinase (1RAK-1), lactotransterrn, and granulocyte
colony stimulating factor (G-CSF).

168267] In some embodiments, the pavioad of the present invention may COmprisg
Amphiregulin. Amphiregulin (AREG) 15 an EGF-like growth factor which binds to the EGFR
receptor and enhances CD4+ regulatory T cells (Tregs) function. AREG promotes immune
suppression 1n the tumor environment. Thus, in some embodiment, the payloads of the present
mvention may comprise Amhiregulin to dampen immune response during immunotherapy.
[00268] In some embodiments, pavicads of the present invention may comprise fusion protemns
wherein a ¢vtoking, chemokine and/or other soluble factor may be fused to other biological
molecules such as antibodies and or ligands for a receptor. Such fusion molecules may increase
the half-life of the cytokines, reduce systemic toxicity, and mcerease local concentration of the
cytokines at the tumor site. Fusion proteins containing two or more cytokines, chemokines and
or other soluble factors may be utilized to obtain synergistic therapeutic benefits, In one
embodiment, pavlicad may be a GM-CSF/ALZ fusion protein.

3. Additional effector module features

[06269] The effector module of the present mvention may further comprise a signal sequence
which regulates the distribution of the payload of interest, a cleavage and/or processing feature
which facilitate cleavage of the payload from the effector module construct, a targeting and/or
penetrating signal which can regulate the cellular localization of the cffector module, a tag,
and/or one or more linker sequences which link different components of the effector module.
Signal sequences

[06270] In addition to the SRE {c.g., DD} and pavload region, effector modules of the invention
may farther comprise one or more signal sequences. Signal scquences (sometimes referred to as
signal peptides, targeting signals, target peptides. localization sequences, transit peptides, leader

sequences or leader peptides) direct proteins (e.g., the effector module of the present invention)
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to their designated cellular and/or extracelludar locations. Protein signal sequences play a central
role in the targeting and translocation of nearly all secreted proteins and many integral membrane
proteins.

[00271] A signal sequence 15 a short (5-30 amino acids long) peptide present at the N-terminus
ot the majority of newly synthesized proteins that are destined towards a particular location.
Signal sequences can be recognized by signal recognition particles (SRPs) and cleaved using
type [ and type I signal peptide peptidases. Signal sequences derived from human proteins can
be mcorporated as a regulatory module of the effector module to direct the effector module to a
particular cellular and/or extracellular location. These signal sequences are experimentally
verified and can be cleaved (Zhang et al., Profein Sci. 2004, 13:2819-2824).

[06272] In some embodiments, a signal sequence may be, although not necessarily, located at
the N-terminus or C-terminus of the e¢ffector module, and may be, although not necessanly,
cleaved off the destred effector module to vield a “mature” pavioad, i ¢, an immunotherapeutic
agent as discussed herein,

100273] In some oxamples, a signal sequence may be a secreted signal sequence derived from a
naturally secreted protein, and its variant thercof. fn somc instances, the secreted signal
sequences may be cviokine signal sequences such as, but not hmited to, L2 signal sequence
comprising aming acid of SEQ ID NG: 783, encoded by the nucleotide of SEQ ID NQO: 788791
and/or p40 signal sequence comprising the amino acid sequence of SEQ 1D NO: 719, encoded
by the nucleotide of SEQ 1D NO: 736-744,

[00274] In some instances, signal sequences directing the pavload of interest to the surface
membrane of the target cell may be used. Expression of the pavlcad on the surface of the target
cell may be useful to limit the diffusion of the payvload to non-target in vive environments,
thereby potentially improving the safety profile of the payloads. Additionally, the membrane
presentation of the pavload may allow for physiologically and gualitative signaling as well as
stabilization and recycling of the pavicad for a longer half-lifc. Membrane sequences may be the
endogenous signal sequence of the N terminal component of the payioad of interest. Optionally,
it may be desirable to exchange this sequence for a different signal sequence. Signal sequences
may be selected based on their compatibility with the secretory pathway of the cell type of
interest so that the payload is presented on the surface of the T cell. In some embodiments, the
signal sequence may be IgE signal sequence comprising aming acid SEQ 1D NO: 801 and
nucleotide sequence of SEQ ID NO: 810, 930, or 931, UD8a signal sequence (also referred to as
CD8a feader) comprising amino acid SEQ ID NO: 628 and noclectide sequence of SEQ 1D NO:



WO 2018/161017 PCT/US2018/020741

671-675, or IL15Ra signal sequence {also referred to as L 15Ra leader) comprising aming acid
SEQ 1D NO: 932 and nucleotide sequence of SEQ 1D NO: 933,

[00273] Other examples of signal sequences include, a vanant may be a moditied signal
sequence discussed in US. Pat. NOs - 8, 148, 494; 8,258,102; 9,133,265, 9,279,007, and U S,
patent application publication NO.: 20070141666, and International patent application
publication NO.: WG 1993018181 the contents of each of which are incorporated herein by
reference in their entirety.

100276] In other examples, a signal sequence may be a heterogencous signal sequence from
other organisms such as virus, yeast and bactenia, which can direct an effector module to a
particular cellular site, such as a nucleus (e.g., EP 1209450). Other examples may nclude
Aspartic Protease (NSP24) signal sequences from Trichoderma that can increase secretion of
fused protein such as enzymes {e.g, U. 5. Pat. NO.: 8,093,016 to Cervin and Kum}, bacterial
lipoprotcin signal sequences {¢.g., PCT application publication NO.: W(199109952 1o Lau and
Rioux), Fl.eoli enterotoxin 1T signal peptides (e.g., U.S. Pat. NO .. 6,605,697 to Kwon et al ),
F.coli secretion signal sequence (e.g., U.S. patent publication NO.: US2016090404 to Mallevy ot
al.}, a lipase signal sequence from a methylotrophic veast {e.g., U.S. Pat. NO.: 8,975,041), and
signal peptides for DNases derived from Coryneform bacteria (e.g., V.S, Pat. NO.. 4,965,197},
the contents of cach of which are incorporated herein by reference in their entirety.

168277] Sigoal sequences may alse include nuclear localization signals (NESs), nuclear export
signals {NESs), polarized cell tubulo~vesicular structure localization signals (See, e.g., U5, Pat.
NG R, 993 742 Cour et al., Nucleic Acids Res. 2003, 31{1}: 393-396; the contents of cach of
which are meorporated herein by reference in their entiretv),extracellular localization signals,
signals to subcellular locations {¢.g. lysosome, endoplasmic reticulom, golgi, mutochondria,
plasma membrane and peroxisomes, eic) (See, e.g., US. Pat. NG.: 7,396,811 and Negi et al
Database, 2015, 1-7; the contents of each of which are incorporated herein by reference in their
entirety).

00278 In some embodiments, signal scquences of the present invention, include without
limitation, any of those taught in Table 6 of copending commonly owned U.S. Provisional Patent
Application No. 62/320,864 filed on 4/11/2616, or in US Provisional Application No.
62/466,596 filed March 3, 2017 and the International Publication WO2017/180587, the contents
of each of which arc incorporated herein by refercnce 1o their entirety.

Cleavage sites

160279 In some embodiments, the effector module comprises a ¢leavage and/or processing

feature. The effector module of the present invention may include at least one protein cleavage
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signal/site. The protein cleavage signal/site may be located at the N-terounus, the C-ternunus, at
any space between the N- and the C- terouni such as, but not limited to, half~way between the N-
and C-termini, between the N-terminus and the half-way pont, between the halt~way point and
the C-ternuinus, and combinations thereof

[00288] The offector module may include one or more cleavage signal{s)/site(s) of any
proteinases. The proteinases may be a serine proteinase, a cysteine proteinase, an endopeptidase,
a dipeptidase, a metalloproteinase, a glutamic proteinase, a threonine proteinase and an aspartic
proteinase. In some aspects, the cleavage site may be a signal sequence of furin, actinidain,
calpain-1, carboxypeptidase A, carboxypeptidase P, carboxvpeptidase Y, caspase-1, caspase-2,
caspase~-3, caspase-4, caspase-3, caspase-6, caspase-7, caspase-8, caspase-9, caspase-10,
cathepsin B, cathepsin C, cathepsin G, cathepsin H, cathepsin K, cathepsin L, cathepsin 5,
cathepsin V, clostripain, chymase, chymotrypsin, clastase, endoproteinase, eanterokinase, factor
Xa, formic acid, granzyme B, Matrix metallopeptidase-2, Matrix metallopeptidase-3, pepsin,
proteinase K, SUMO protease, subtilisin, TEV protease, thermolysin, thrombin, trypsin and
TAGZyme.

[00281] In one embodiment, the cleavage site is a furin cleavage site comprising the amino acid
sequence SARNROQKRS (SEQ ID NG: 721), encoded by nucleotide sequence of SEQ [D NO:
750; or a revised furin cleavage site comprising the amino acid sequence ARNRQKRS (SEQ 1D
NQ: 7223, encoded by nucleotide sequence of SEQ 1D NG: 751, or a modified furin site
comprising the amino acid sequence ESRRVRRNKRSK (SEQ 1D NO: 630), encoded by
nucleotide sequence of SEQ ID NO: 681-683.

002821 In some embodiments, cleavage sites of the present invention, inchide without
limitation, any of those taught in Table 7 of copending comumonly owned U.S. Provisional Patent
Application No. 62/320,864 filed on 4/11/2016, or n US Provisional Application No.
62/466,596 filed March 3, 2017 and the Intemational Publication W{(2017/180587, the contents
of each of which are incorporated herein by reference in their entirety.

[00283] In some embodiments, the effector module of the invention may comprise a protein tag.
The protein tag may be used for detecting and monitoring the process of the effector module.
The effector module may wnclude one or more tags such as an ¢pitope tag {e.g., a FLAG or
hemagglutinin (HA) tag). A large number of protein tags may be used for the present effector
modules. They include, but are not himited to, self-labeling polypeptide tags {e.g., haloalkane
dehalogenase (halotag? or halotag7), ACP tag, clip tag, MCP tag, snap tag), epitope tags {e.g.,

FLAG, HA, His, and Myc), fluorescent tags {¢.g., green fluorescent protein (GFP), red
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flucrescent protein (RFP}, yellow fluorescent protein (YFP), and its vanants), biclomingscent
tags {¢.z. luciferase and tts variants), affinity tags {¢.g., maliose-binding protein (MBP) tag,
glutathione-S-transferase (GST) tag), immunogenic affimity tags (e.g., protein A/G, IRS, AUL,
AUS, glu-gly, KT3, S-tag, HSV, VSV-(, Xpress and V3), and other tags (e.g., biotin {small
molecule}, StrepTag (Strepll), SBP, biotin carboxyl carmer protein (BCCP), eXact, CBP, CYD,
HPC, CBD ntem-chitin binding domain, Trx, NorpA, and NusA.

[00284] In other embodiments, a tag may also be selected from those disclosed m U.S. Pat.
NOs.: 8,999,897, 8,357,511, 7,004, 568, 5,011,912; 4,851,341, and 4,703,004, U S patent
apphication publication NOs.: US2013115635 and US2013012687; and Intemational application
publication NO.: W02013091661; the contents of cach of which are incorporated herein by
reference in their enfirety.

100285] In some aspects, a mubtiplicity of protein tags, either the same or different tags, may be
used; cach of the tags mav be located at the same N- or C-terminus, whereas i other cases these
tags may be located at cach terminus.

100286] In some embodiments, protein tags of the present invention, include without fimitation,
any of those taught in Table 8 of copending commonly owned U.S. Provisional Patent
Application No. 62/320,864 filed on 4/11/2016, or m US Provisional Application No.
62/466,596 filed March 3, 2017 and the Intemational Publication W(2017/180587, the contents
of each of which are incorporated herein by reference in their entirety.

Targeting peptides

[00287] In some embodiments, the effector module of the invention may further comprise a
targeting and/or penetrating peptide. Small targeting and/or penetrating peptides that selectively
recognize cell surface markers {(e.g. receptors, trans-membrane proteins, and extra-cellular matrix
molecules) can be emploved to target the effector module to the desired organs, tissues or cells.
Short peptides (5-50 amino acid residues) synthesized in vifre and naturally occurring peptides,
or analogs, vanants, derivatives thereof, may be incorporated into the effector module for
homing the ctfector module to the desired organs, tissues and cells, and/or subcelular locations
nside the cells.

[00288] In some embodiments, a targeting sequence and/or penetrating peptide may be included
in the effector module to drive the effector module to a target organ, oratissue, oracell{eg. a
cancer cell}. In other embodiments, a targeting and/or penctrating peptide may direct the effector
module to a specific subeehular location meide a cell.

[00289] A targeting peptide has any number of amino acids from about 6 to about 30 inclusive.

The peptide may have 6.7, 8,9, 10, 11, 12. 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24. 25, 26.
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27, 28, 29 or 30 amino acids. Generally, a targeting peptide may have 25 or fewer amino acids,
for exarple, 20 or fewer, for example 15 or fewer.

[60250] Exemplary targeting peptides may include, but are not himted to, those disclosed m the
art, g.g., U.S. Pat. NOs.: 9,206,231, 9,110,059, 8,706,219, and 8,772,449, and U.S. application
publication NOs.: 2016089447, 2016060296; 2016060314 2016060312; 201606031 1;
2016009772, 2016002613; 2015314011 and 2015166621, and Tuternational application
pubhication NQOs.: W0O2015179691 and WO2015183044; the contents of cach of which are
incorporated herein by reference in their entirety.

[00291] In some emboduments, targeting peptides of the present invention, include without
fimitation, any of those taught in Table 9 of copending commonly owned U.S. Provisional Patent
Application No. 62/320,864 filed on 4/11/2016, or in US Provisional Application No.
62/466,396 filed March 3, 2017 and the Intemational Publication WO2017/180387, the contents
ot cach of which arc incorporated herein by reference in thewr entirety.

100292] In some embodiments, the effector module of the invention may further comprise &
{inker sequence. The linker region serves primarily as a spacer between two or more
polvpeptides withm the effector module. The "linker” or "spacer”, as used herein, refersto a
molecule or groop of molecules that connects two molecules, or two parts of a molecule sach as
two domains of a recombinant protein.

[00293] In some cmbodiments, “Linker” (L) or "linker domain” or "linker region" or “linker
module” or “peptide hinker” as used herem refers to an oligo- or polypeptide region of from
about 1 to 100 amino acids i length, which links together anv of the domains/regions of the
effector module {also called peptide hinker). The peptide linker may be 1-40 amino acids in
length, or 2-30 amino acids in length, or 20-80 amino acids 1o length, or 50-100 anuno acids in
length. Linker length may also be optimized depending on the type of pavicad uiilized and based
on the crystal structure of the payvioad. In some instances, a shorter linker length may be
preferably selected. In some aspects, the peptide linker is made up of amino acids linked
together by peptide bonds, preferably from 1 to 20 amino acids hinked by peptide bonds, wherem
the amino acids are selected from the 20 naturally occurring amino acids: Glyeine (G), Alanine
(A}, Valine (V}, Leunine (L}, Isoleucine (1), Serine {S), Cysteine (), Threonine {T), Methioning
(M), Proline (P), Phenyialanine (F), Tyrosine {Y), Tryptophan (W), Histidine (H), Lvsine (K},
Argining (R), Aspartate (D), Glutamic acid (E), Asparagine (N), and Ghitamine (Q). One or

more of these amino acids may be glycosylated, as is understood by those in the art. In some
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aspects, amine acids of a peptide linker may be selected from Alanine (A}, Glycine {(G), Proline
(P}, Asparagine (R), Serine (5), Glutamine (Q) and Lysine (K}

[00294] In one example, an artificially designed peptide inker may preferably be composed of a
polymer of flexible residues like Glycine {(G) and Serine (S) so that the adjacent protein domains
are free to move relative to one another. Longer linkers may be used when it is desirable to
ensure that two adjacent domains do not mterfere with one another. The choice of a particular
Imker sequence mav concern if it affects biclogical activity, stability, folding, targeting and/or
pharmacokinetic features of the fusion construct. Examples of peptide linkers tnclude, but are
not limited to: MH, SG, GGSG (SEQ 1D NO: 822: encoded by the nucleotide sequence SEQ 1D
NG: 823), GGSGG (SEQ 1D NO: 629; encoded by any of the nucleotide sequences SEQ ID NG:
676-680}, GGSGGE (SEQ ID NO: 824, encoded by any of the nucleotide sequences SEQ ID
NO: 825-826), SGGGS (SEQ 1D NO: 827, encoded by the nucleotide sequence SEQ 1D NG
828, 844, 909), GGSGGGSGG (SEQ ID NO: 829; encoded by the nucleotide sequence SEQ 1D
NG: 830y, GGOGG (SEQ ID NO: 831), GGGGS (SEQ ID NO: 8323 or (GGGGSn (n=1 (SEQ
D NO: 832), 2 (SEQ D NO: 833), 3 (SEQ 1D NO: 720, encoded by the nucleotide sequence
SEG ID NO: 910-915), 4 (SEQ 1D NO: 834), 5 (SEQ ID NO: 835), or 6 (SEQ 1D NO: 836)),
SSSSG(SEQ ID NO: 837) or (SSS8Gn {n=1 (SEQ ID NO: 837), 2 (SEQ 1D NO: 838), 3 (SEQ
1D NG: 839), 4 (SEQ ID NO: 840), 5 (SEQ ID NO: 841), or 6 (SEQ ID NO: 84233,
SGGGSGGEGGSGGEESGGEESGGESLE (SEQ 1D NO: 802; encoded by the nucleotide
sequence SEQ 1D NO: 811, 916-920, 1002), EFSTEF (SEQ 1D NO: 784; encoded by any of the
nucleotide sequences SEQ 1D NG: 792-793), GKSSGRGSESKS (SEQ 1D NO: 845),
GGSTSGSGKSSEGKG (SEQ D NO: 846), GSTSGSGKSSSEGSGSTKG (SEQ 1D NO: 847),
GSTSGSGKPGSGEGSTKG (SEQ 1D NO: 8483, VDYPYDVPDYALD (SEQ 1D NO: 849,
encoded by nucleotide sequence SEQ D NG: 850), EGKSSGSGSESKEF (SEG ID NG: 851),
SGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGHGGS (SEQ ID NO: 921, encoded by SEQ
1D NO: 923 SGGGSGGGGSGGGGSGGGES (SEQ ID NO: 922; encoded by SEQ 1D NO:
9243, G5 {encoded by GGTTCC), 5G (encoded by AGCGGC), GSG {encoded by
GOATCCGGA or GGATCCGOGT), or MLLLVTSLLLCELPHPAFLLIP (SEQ ID NO: 1031
encoded by SEQ 1D NQ: 1032).

160295] In other examples, a peptide linker may be made up of a majority of amino acids that
are sterically unhindered, such as Glveine {(G) and Alanine {A). Exemplary linkers are
polvglyeimes (such as (G4 (SEQ ID NG: 1233), (G35 (SEQ ID NG: 831), (G)8) (SEQ ID NO:
12343, poly{(GA}, and polyalanines. The linkers described herein are exemplary, and hinkers that

are much longer and which include other residues are contemplated by the present invention,
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[36296] A linker sequence may be a natural bnker derived from a multi-domain protein. A
natural linker is a short peptide sequence that separates two different domains or motifs within a
protein,

[06297] In some aspects, linkers may be flexible or rigid. In other aspects, linkers may be
cleavable or non- cleavable. As used herein, the terms “cleavabie linker domain or region” or
“cleavable peptide binker” are used mnterchangeably. In some embodiments, the hinker sequence
may be cleaved enzvmatically and/or chemically. Examples of enzymes (e.g.,
proteinase/peptidase) usefial for cleaving the peptide linker mclude, but are not linuted, to Arg-C
proteinase, Asp-N endopeptidase, chymotrvpsin, clostripain, enterokinase, Factor Xa, glutamy!
endopeptidase, Granzyme B, Achromobacter protemase I, pepsin, proline endopeptidase,
proteinase K, Staphylococcal peptidase 1, thermolysin, thrombin, trypsin, and members of the
Caspase family of proteolytic enzymes {¢.g. Caspases 1-10}. Chemical sensitive cleavage sites
may also be included in a linker sequence. Examples of chemical cleavage reagents include, but
are not limited to, cvanogen bromide, which cleaves methionine residues; N-chloro succmimide,
iodobenzoic acid or BNPS-skatole (2-(2-nitrophenylsulfenyl}-3-methylindole), which cleaves
tryptophan residues; dilute acids, which cleave at aspartyl-prolvl bonds; and ¢ aspartic acid-
proline acid cleavable recognition sifes (i.¢., a cleavable peptide inker comprising one or more
D-P dipeptide moieties). The fusion module may include multiple regions encoding peptides of
interest separated by one or more cleavable peptide linkers.

[00298] In other embodiments, a cleavable linker may be a “self-cleaving™ linker peptide, such
as 2A hinkers (for example T2A), 2A-like hinkers or functional equivalents thereof and
combinations thereof. In some embodiments, the linkers include the picormaviral 2A-hke hnker,
CHYSEL sequences of porcine teschovirus (P2A}, Thosea asigna viras (FT2A) or combinations,
variants and functional equivalents thereof. Other linkers will be apparent to those skilled m the
art and may be used in connection with alternate embodiments of the imvention. In some
ermbodiments, the biocircuits of the present mvention may include 2ZA peptides. The 2A peptide
is a sequence of about 20 amino acid residues from a virus that is recognized by a protease (ZA
peptidases) endogenous to the cell. The 2A peptide was identified among picomaviruses, a
typical example of which s the Foot-and Mouth disease virus (Robertson BH, et al., I Virol
1985, 54:651-660). 2A-like sequences have also been found in Picornaviridae like cquine rhinitis
A virus, as well as unrelated virases such as porcine teschovirus-1 and the insect Thosea asigna
virus (TaV}. In such viruses, maltiple proteins are denived from a large polyvprotein encoded by
an open reading frame. The 2ZA peptide mediates the co-translational cleavage of this polyprotein

at a single site that forms the junction between the virus capsid and replication polyprotein
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domains. The 2A sequences contain the consensus motif B-V/A-E-X-N-P-G-P (SEQ 1D NO:
1235). These sequences are thought to act co-translationally, preventing the formation of a
normal peptide bond between the glycine and last proline, resulting in the nbosome skipping of
the next codon {Bonnelly ML et al. (2001}, J Gen Virel, 82:1013-1025}. After cleavage, the
short peptide remains fused to the C -terounus of the protein upstrcam of the cleavage site, while
the proline 1s added to the N-termunus of the protein downstream of the cleavage site. Of the 24
peptides identified to date, four have been widely used namely FMDV 2A (abbreviated herein as
F2ZAY; equine rhinitis A virus (ERAV) 2A (E2A); porcine teschovirus-1 2ZA {P2A)

and Thoseaasigna virus 2A (T2A). In some embodiments, the 2A peptide sequences useful n the
present invention are selected from SEQ 1D NO.8-11 of International Patent Publication
W02010042490, the contents of which are incorporated by reference in ifs entirety.

100299] As a non-limiting example, the P2A cleavable peptide may be
GATNFSLLKQGAGDVEENPGP (SEQ 1D NO- 925; encoded by SEQ 1D NO: 926).

[0030606] The hinkers of the present invention may also be non-peptide linkers. For exarple,
alky! linkers such as —NH-—{CHaz} a-C{(0)—, wherein a=2-20 can be used. These alky! linkers
may further be substituted by any non-sterically hindering group such as lower alkyl (e.g., C1-Co)
fower acvl, halogen (e.g., Cl, Br), N, NHz, phenyl, etc.

[00301] In some aspects, the linker may be an artificial linker from U.S. Pat. NOs.» 4,946 778;
5,525,491, 5,856,456, and International patent poblication NOs.: W(O2012/083424; the contents
ot cach of which arc incorporated herein by reference in thewr entirety.

[30362] In some embodiments, linkers of the present mvention, mclude without limitation, any
of those taught in Table 11 of copending commonly owned U.S. Provisional Patent Application
No. 62/320,864 filed on 4/11/2016, or in US Provisional Application No. 62/466,596 filed
March 3, 2017 and the International Publication WO2017/180587, the contents of cach of which
are incorporated herein by reference in their entivety.

[60383] In one cmbodiment, the hinker may be a spacer region of one or more nuclectides. Non-
timiting examples of spacers arc TCTAGATAATACGACTCACTAGAGATCC (SEQ 1D NG
927y, TATGGCCACAACCATG (SEQ 1D NG: 928},
AATCTAGATAATACGACTCACTAGAGATCC (SEQ ID NG: 929),
GCTTGCCACAACCCACAAGGAGACGACCTTCC (SEQ 1D NO: 1000y, TCGCGAATG, or
TCGCGA.

[003064] In one embodiment, the linker may be a BamHI site. As a non-limiting example, the
BamHI site has the amine acid sequence GS and/or the DNA sequence GGATCL.

Embedded stimulus, signals and other regulatory features
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[36305] In some embodiments, the effector moduie of the present invention may further
comprise one or more microRNAs, microRNA binding sites, promotors and tunable eloments. In
one embodiment, microRNA may be used in support of the creation of tunable biocircuits. Each
aspect or tuned modality may bring to the effector module or biocircuit a differentially tuned
feature. For example, a destabilizing domain may alter cleavage sites or dimerization propertics
or half-life ot the pavioad, and the inclusion of one or more microRNA or microRNA binding
stte may impart cellular detargeting or trafficking features. Consequently, the present invention
embraces biocircuits which are multifactorial in their tenability. Such biocircuits and effector
modules may be engineered to contain one, two, three, four or more tuned features.

[00306] In some embodiments, micro RNA sequences of the present invention, include without
Limatation, any of those taught in Table 13 of copending commonly owned U.S. Provisional
Patenit Application No. 62/320.864 filed on 4/11/2016, or in US Provisional Application No.
62/466,596 filed March 3, 2017 and the International Publication W(2017/180587, the contents
of each of which are incorporated herein by reference in their entirety.

100367] In some embodiments, compositions of the mnvention may include optional proteasome
adaptors. As used herein, the term "proteasome adaptor” refers to any nucleotide/ amino acid
sequence that targets the appended pavioad for degradation. In some aspects, the adaptors target
the payload for degradation directly thereby circumventing the need for ubigquitination reactions.
Proteasome adaptors may be used in conjunction with destabilizing domains to reduce the basal
expression of the payload. Exemplary proteasome adaptors include the UbL domain of Rad23 or
hHR23b, HPV E7 which binds to both the target protein Rb and the 54 subunit of the
proteasome with high affinity, which allows direct proteasome targeting, bypassing the
ubiquitination machinery; the protein gankvrin which binds to Rb and the proteasome subunit
86,

Polvnucleotides

[60308] The term “polynuclestide™ or “nucleic acid molecule™ in its broadest sense, includes
any compound and/or substance that comprise a polymaer of nucleotides, ¢.g., linked nucleosides.
These polymers are often referred to as polvnucieotides. Exemplary nucleic acids or
polynuclectides of the invention include, but are not limited to, ribonucleic acids (RNAs),
decxyribonucleie acids (PBNAg), threose nucleic acids {TNAs), glyeol nucleic acids (GNAs},
peptide mucleic acids (PN As), locked nucleic acids (LNAs, inchuding LNA having a B- D-ribo
configuration, a-LNA having an a-L-nbo configuration {a diastercomer of LNA}, 2"-amino-LNA
having a 2'-amino functionalization, and 2'-amino- o~LNA having a 2'-amino functionalization}

or hvbrids thereof,
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[3630%] In some embodiments, polvnuclestides of the invention may be a messenger RNA
(mRNA) or any nucleic acid molecule and may or may not be chemically modified. In one
aspect, the nucleic acid molecule 15 a mRNA. As used herein, the term “messenger RNA
(mRNA)Y” refers to any polynuclestide which encodes a polypeptide of intergst and which 1s
capable of being translated to produce the encoded polvpeptide of interest in vitro, in vive, in situ
OF €x vivo,

[30318] Traditionally, the basic components of an mRNA molecule inclade at least a coding
region, a S'UTR, a3'UTR. a5’ cap and a poly-A tail. Building on this wild type modular
structure, the present invention expands the scope of functionality of traditional mRNA
molecules by providing payload constructs which maintain a modular organization, but which
comptrise one or more structural and/or chemical modifications or alterations which mmpart useful
propertics to the polvnucleotide, for example tenability of function. As used herein, a
“structural” feature or modification is one 1n which two or more linked nucleosides are inserted,
deleted, duplicated, inverted or randomized in a polynucleotide withowt significant chemical
modification to the nucleosides themselves. Becanse chemical bonds will necessarily be broken
and reformed to effect a structural modification, structural modifications are of a chemical nature
and hence are chemical modifications. However, structural modifications will result in a different
sequence of nuclectides. For example, the polynucleotide “ATCG™ may be chemically modified
to “AT-5SmeC-G7. The same polynucleotide may be structorally modified from “ATCG” 10
“ATCCCG”. Here, the dinucleotide “CC™ has been mserted, resulting in a structural
modification to the polvnucleotide.

[30311] In some embodiments, polynucieotides of the present mvention may harbor S'UTR
sequences which play a role in translation initiation. S'UTR sequences may include features such
as Kozak sequences which are commoniy known to be involved in the process by which the
ribosome initiates translation of genes, Kozak sequences have the consensus XCCR(A/G)
CCAUG, where R is a purine {adening or guanine) three bases upstream of the start codon
{(AUG) and X 15 any nucleotide. in one embodiment, the Kozak sequence is ACCGCC. By
engineening the features that are typically found in abundantly expressed genes of target cells or
tissues, the stability and protein production of the polyvoucleotides of the invention can be
enhanced.

[00312] Further provided are polynucieotides, which may contain an intoemal ribosome entry
site (IRES) which play an important role in initiating protemn synthesis in the absence of 53' cap
structure in the polynucleotide. An IRES may act as the sole ribosome binding site, or may serve

as one of the multiple binding sites. Polynucleotides of the invention containing more than one
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functional ribosome binding site may encode several peptides or polypeptides that are translated
dependently by the ribosomes giving rise to bicistronic and/or multicistronic nucleic acid
molecules.

[006313] In some embodiments, polynucleotides encoding biocircuits, effector modules, SREs
and pavloads of mterest such as immunotherapeutic agents may include from about 30 to about
100,000 nucleotides {e.g., from 30 to 50, from 30 to 100, from 30 to 250, from 30 to 500, from
30 to 1,000, from 30 to 1,500, from 30 to 3,000, from 30 o 5,000, from 30 to 7,000, from 30 to
10,000, from 30 to 25,000, from 30 to 50,000, from 30 to 70,000, from 100 to 250, from 100 to
300, from 100 1o 1,000, from 100 to 1,500, from 100 to 3,000, from 100 to 5,000, from 100 to
7,000, from 100 to 10,000, from 100 to 25,000, from 100 1o 50,000, from 100 to 70,000, from
100 to 160,000, from 500 to 1,000, from 500 to 1,500, from 500 to 2,000, from 300 1o 3,000,
from 500 to 5,000, from 500 to 7,000, from 500 to 10,000, from 500 to 25,000, from 500 to
50,000, from 300 to 70,000, from 500 to 100,000, from 1,000 to 1,500, from 1,000 to 2,000,
from 1,000 1o 3,000, from 1,000 to 5,000, from 1,000 to 7,000, from 1,800 to 10,800, from 1,000
to 25,000, from 1,000 to 530,000, from 1,000 to 70,000, from 1,000 to 100,000, from 1,500 to
3,000, from 1,500 to 5,000, from 1,500 to 7,000, from 1,500 1o 10,000, from 1,500 to 25,000,
from 1,500 to 50,000, from 1,500 to 70,000, from 1,500 to 100,000, from 2,000 to 3,000, from
2,000 to 5,000, from 2,000 to 7,000, from 2,000 to 10,000, from 2,000 to 23,000, from 2,000 to
50,000, from 2,000 to 70,000, and from 2,000 to 100,000 nuclectides). In some aspecis,
polynucieotides of the invention may include more than 10,000 nucleotides.

[00314] Regions of the polvnucieotides which encode certain features such as cleavage sites,
Imkers, trafficking signals, tags or other features may range independently from 10-1,000
nucleotides in length (e.g., greater than 20, 30, 40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140, 160,
180, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, and 900 nucleotides or at least 10, 15, 20,
25,30, 35,40, 43, 50, 35,60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450,
500, 600, 700, 800, 900, and 1,000 nucleotides).

j00315] In some embodiments, polvnucleotides of the present invention may further comprise
embedded regulatory moicties such as microRNA binding sites within the 3'UTR of nucleic acid
molecules which when bind to microRNA molecules, down-regulate gene expression either by
reducing nucleic acid molkecule stability or by inhibiting translation. Conversely, for the purposes
of the polynucieotides of the present invention, microRNA binding sttes can be engincered out of
(1.e. removed from) sequences in which they naturally occur in order to increase protein
expression in specific tissues. For example, miR-142 and miR-146 binding sites may be removed

to improve protein expression in the mmune cells. In some embodiments, any of the encoded
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pavicads may be may be regulated by an SRE and then combined with one or more regulatory
sequences to generate a dual or multi-tuned etfector module or biocircuit system.

[00316] In some embodiments, polynucleotides of the present mvention may encode fragments,
variants, derivatives of polypeptides of the mnventions. In some aspects, the variant sequence may
keep the same or a similar activity. Alternativelv, the variant may have an altered activity {c.g.,
increased or decreased) relative to the start sequence. Generally, variants of a particular
polynuelectide or polypeptide of the mvention will have at least about 40%, 45%, 50%, 53%,
60%, 65%, 70%, 73%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% but
{ess than 100% sequence identity to that particular reference polynucleotide or polypeptide as
deternuned by sequence alignment programs and parameters described herein and known to
those skilled in the art. Such tools for alignment include those of the BLAST suite (Stephen et
al., Gapped BLAST and PSI-BLAST: anew gencration of protein database search programs,
Nucleic Acids Res., 1997, 25:3389-3402 )

[80317] In some embodiments, polvnucleotides of the present invention may be modified. As
used herein, the terms “modified”, or as appropuate, “modification” refers to chemical
modification with respect to A, G, U (T i DNA) or C nucleotides. Modifications may be on the
nucleoside base and/or sugar portion of the nucleosides which comprise the polvoucleotide. In
some embodiments, multiple modifications are included in the modified nucleic acid or 10 ong or
more ndividual nucleoside or nucleotide. For example, modifications to a nucleoside may
include one or more modifications to the nucleobase and the sugar. Modifications to the
polvnucleotides of the present invention may include any of those taught in, for example,
International Publication NO: W02013052523, the contents of which are incorporated herein by
reference in its entirety.

[00318] As described herein “nucleoside™ is defined as a compound containing a sugar
molecule (e.g., a pentose or ribose) or a derivative thereof 1n combination with an organic base
{e.g., a purine or pyrumidine} or a derivative thereof {also referred to herein as “nuclcobase™. As
described heren, “nucleotide” is defined as a nucleoside including a phosphate group.

[00319] In some embodiments, the moditication may be on the internucleoside hinkage (e.g.,
phosphate backbone). Herein, in the context of the polynucieotide backbone, the phrases
“phosphate” and “phosphodiester” are vsed imterchangeably. Backbone phosphate groups can be
modified by replacing one or more of the oxyvgen atoms with a different substituent. Further, the
modified mucleosides and nucleotides can include the wholesale replacement of an unmodified
phosphate moiety with ancther internucleoside linkage. Examples of modified phosphate groups

nclude, but are not limited to, phosphorothinate, phosphoroselenates, boranophosphates,
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boranophosphate esters, hvdrogen phosphonates, phosphoramidates, phosphorodiamidates, alkyl
or aryl phosphonates, and phosphotricsters. Phosphorodithioates have both non-linking oxvgens
replaced by sulfur. The phosphate linker can also be modified by the replacement of a linking
oxygen with nitrogen (bridged phosphoramidates), sutfur (bridged phosphorothioates}, and
carbon (bridged methylene-phosphonates). Other modifications which may be used are taught
in, for example, International Application NO: WG2013032523, the contents of which are
mcorporated herein by reference in their entivety.

160320] Chemical modifications and/or substitution of the nucleotides or nuclecbases of the
polvnucleotides of the mvention which are uscful in the present invention include any modified
substitutes known in the art, for example, () 1-(2-Hydroxypropvhpseudouridme TP, (2R)-1-(2-
Hydroxypropyhpseudouridine TP, 1-(4-Methoxy-phenvlipseudo-UTP, 2"-O-dimethvladenocsine,
1.2-O-dimethylguanosine, 1,2'-0O-dimethyvlinesine, 1-Hexyl-pseudo-UTP, 1-
Homoallylpscudouridine TP, 1-Hyvdroxymethylpseudoundime TP, 1-iso-propyl-pseudo-UTP, 1-
Me-2-thio-pseudo-UTP, 1-Me-4-thio-pseudo-UTP, 1-Me-alpha-thio-pseudo-UTP, 1-Me-GTP,
2 -Amino-2’-deoxv-ATP, 2°-Amino-2 -deoxy-CTP, 27-Amino-2 ~-deoxv-GTP, 2"-Amino-2 -
deoxy-UTP, 27-Azido-2 -deoxy-ATP, tubercidine, under modified hvdroxywybutosing, uridine
S-oxyacetic acid, unidine 5-oxvacetic acid methvl ester, wybutosine, wyosine, xanthine,
Xanthosine-3"-TP, xylo-adenocsine, zebulanne, g-thio-adenocsine, g-thio-cyhidine, g-thio-
guanosine, and/or g-thio-uridine.

00321 Polynucleotides of the present invention may comprise ong or more of the
modifications taught heremn. Different sugar modifications, base modifications, nucleotide

modifications, and/or internucleoside hinkages (e.g.

P

backbone structures) may exist at various
positions i the polynucicotide of the invention. One of ordinary skill in the art will appreciate
that the nucleotide analogs or other modification(s) may be located at anv position{s} of a
polyvnucleotide such that the function of the polynucleotide is not substantially decreased. A
modification may also be a 3’ or 3’ terminal modification. The polynucleotide may contain from
about 1% to about 100% modified nucleotides {cither in relation to overall nucleotide content, or
n relation to one or more types of nucleotide, 1.e. any one or more of A, G, U or C) or any
mtervening percentage {e.g., from 1% to 20%, from 1% to 25%, from 1% to 50%, from 1% to
60%, trom 1% to 70%, from 1% to 80%, from 1% to 90%, from 1% to 93%, from 10% to 20%,
from 10% to 25%, from 10% to 50%, from 10% to 609, from 10% to 70%, from 10% to 0%,
from 10% to 90%, from 10% to 95%, from 10% to 100%, from 20% to 25%, from 20% to 50%,
from 20% to 60%. from 20% to 70%, from 20% to #0%, from 20% to 90%, from 20% to 95%,

from 20% to 1009, from 50% to 60%, from 50% to 70%, from 30% to 809, from 50% to 90%,
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from 50% to 95%, from 50% to 100%. from 70% to 80%, from 70% to 90%, from 70% to 95%,
from 70% to 100%, from 80% to 90%, from 80% to 93%, from 80% to 100%, from 90% to 959,
from 90% to 100%, and from 95% to 100%:).

[00322] In some embodiments, one or more codons of the polynucleotides of the present
mvention may be replaced with other codons encoding the native anino acid sequence to tune
the expression of the SREs, through a process referred to as codon selection. Since mRNA
codon, and tRNA anticodon pools tend to vary among orgamsms, cell types, sub cellalar
locations and over time, the codon selection described herein is a spatiotemporal (8T} codon
selection.

[00323] In some embodiments of the invention, certain polynucleotide featurcs may be codon
optimized. Codon optimization refers to a process of modifying a nucleic acid sequence for
enhanced expression in the host cell by replacing at keast 1, 2, 3, 4, 5, 10, 15, 20, 25, 50 or more
codons of the native sequence with codons that are most frequently used in the genes of that host
cell while maintaining the native amuno acid sequence. Codon usage may be measured using the
Codon Adaptation Index (CAl) which measures the deviation of a coding polynucleotide
sequence from a refercnce gene set. Codon usage tables are available at the Codon Usage
Database (http://www kazusa.or jp/codon/} and the CAT can be calculated by EMBOSS CAl
program (hitp://emboss.sourceforge net/y. Codon optimization methods are known in the art and
may be useful in efforts to achieve one or more of several goals. These goals include to match
codon froquencies in target and host organisms to ensure proper folding, bias nucicotide content
to alter stability or reduce secondary structures, minimize tandem repeat codons or base runs that
may impair gene construction or expression, customize transcriptional and translational control
regions, msert or remove protein signaling sequences, remove/add post translation modification
sites i encoded protemn {e.g. glveosylation sites), add, remove or shuffle protein domains, msert
or delete restriction sites, modify nbosome binding sites and degradation sites, to adjust
translational rates to allow the various domains of the protein to fold properly, or to reduce or
eliminate problem secondary structures within the polynucleotide. Codon optimization tools,
algorithms and services are known in the art, and non-limiting examples mclude services from
GeneArt (Life Technologies), DNAZ .0 (Menlo Park CA}, OptimumGene (GenScript,
Pigcataway, NI, algorithms such as but not limited to, DNAWorks v3.2 3 and/or proprictary
methods. In one embodiment, a polynucleotide scquence or portion thereof is codon optimized
using optimization algonthms. Codon options for each amino acid are well-known m the art as

are varnous spacies table for optimizing for expression in that particular species.
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[36324] In some embodiments of the invention, certain polynucleotide features may be codon
optimized. For example, a preferred region for codon optimization may be upstream (37) or
downstream (37} to a region which encodes a polyvpeptide. These regions may be mcorporate

mnto the polynucleotide before and/or after codon optimization of the paylead encoding region or
open reading frame (ORF).

[00325] After optinization (if desired}, the polvnucleotide components are reconstituted and
transformed info a vector such as, but not himited to, plasmids, viruses, cosmids, and artificial
chromosomes.

[00326] Spatiotemporal codon selection may impact the expression of the polynucleotides of
the invention, since codon composition determines the rate of translation of the mRNA species
and its stability . For example, tRNA anticodons to optimized codons arg abundant, and thus
translation may be enhanced. In contrast, tRNA anticodons o less common codons are fewer and
thus translation may proceed at a slower rate. Presnvak et al. have shown that the stability of an
mRNA specics is dependent on the codon content, and higher stabilitv and thus higher protein
expression may be achieved by utilizing optimized codons {(Presnvak et al. (20153 Cell 160,
1111-1124; the contents of which are mcorporated herein by reference in their entirety). Thus, m
some embodiments, ST codon selection may include the selection of optimized codons to
enhance the expression of the SRES, effector modules and bigcircuits of the invention. In other
embodiments, spatiotemporal codon selection may involve the selection of codons that are less
commonly used in the genes of the host cell to decrease the expression of the compositions of the
nvention. The ratio of optimized codons to codons less commonly used in the genes of the host
cell may also be varied to tune expression.

160327] In some embodiments, certain regions of the polynucleotide may be preferred for codon
selection. For example, a preferred region for codon selection may be upstream {(87) or
downstream (373 to a region which encodes a polypeptide. These regions may be incorporated
into the polyaucleotide before and/or after codon selection of the payload encoding region or
open reading frame (ORF).

[00328] The stop codon of the polvnucleotides of the present invention may be modified to
include sequences and motifs to alter the expression levels of the SREs, pavicads and effector
modules of the present invention. Such sequences may be incorporated to induce stop codon
readthrough, wherein the stop codon may specify ammo acids ¢.g. selenocysicine or pyrrolysine.
In other instances, stop codons may be skipped altogether to resume translation through an
alternate open reading frame. Stop codon read through may be utilized to tune the expression of

components of the effector modules at a specific ratio {¢.g.as dictated by the stop codon context).
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Examples of preferred stop codon motifs include UGAN, UAAN, and UAGN, where N is either
C or U. Polynucleotide modifications and manipulations can be accomplished by methods
known in the art such as, but not imited to, site directed mutagenesis and recombinant
technology. The resulting modified molecules may then be tested for activity using in vitro or in
vivo assays such as those described hercin or any other suitable screening assay known in the art.
[00329] In some embodiments, polvnucleotides of the invention mayv comprise two or more
effector module sequences, or two or more payioads of interest sequences, which are in a pattern
such as ABABAB or AABBAABBAABB or ABCABCABC or variants thereof repeated once,
twice, or more than three times. In these patterns, cach letier, A, B, or € represent a different
cttector module component,

[00330] In vet another embodiment, polynucleotides of the invention may comprise two or
more cffector module component sequences with cach component having one or more SRE
sequences (DD sequences), or two or more pavioad sequences. As a non-limiting example, the
sequences may be in a pattern such as ABABARB or AABBAABBAARB or ABCABCABC or
vartants thercof repeated once, twice, or more than three times n each of the regions. As another
non-limiting example, the scquences mav be in a pattem such as ABABAB or
AABBAABBAARB or ABCABCABC or vanants thereof repeated once, twice, or more than
three times across the entire polvnuclectide. In these patterns, each letter, A, B, or € represent a
different sequence or component.

1603311 According to the present invention, polynucleotides encoding distinet biocircuits,
effector modules, SREs and pavioad constructs may be linked together through the 3'-end using
nucleotides which are modified at the 3'-terminus. Chemical conpugation may be used {o control
the stoichiometry of delivery mto cells. Polynuclestides can be designed to be conjugated to
other polvnucleotides, dyes, intercalating agents {e.g. acridines), cross-linkers {¢.g. psoralene,
mitomycin C}, porphyrins (TPPC4, texaphyrim, sapphyrin}, polyeyelic aromatie hyvdrocarbons
{(c.g., phenazing, dihydrophenazine}, artificial endonucleases {e.g. EDTA), alkvlating agents,
phosphate, amino, mercapto, PEG (c.g., PEG-40K), MPEG, (MPEG)., polvamino, alkyl,
substituted alkyl, radiolabeled markers, enzymes, haptens {¢.g. biotin}, transport/absorption
facilitators (e.g., aspirin, vitamin E, folic acid), synthetic ribonucleases, protemns, e.g.,
glycoproteins, or peptides, e.g.. molecules having a specific affinity for a co-ligand, or antibodics
¢.g.. an antibody, that binds to a specified cell type such as a cancer cell, endothelial cell, or bone
cell, hormones and hormone receptors, non-peptidic species, sach as hipids, lecting,
carbohydrates, vitamins, cofactors, or a drug. As non-limiting examples, they may be conjugates

with other immune conjugates.
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100332] In some embodiments, the compositions of the polynuclestides of the invention may
generated by combining the varous components of the effector modules using the Gibson
assembly method. The Gibson assembly reaction consists of three isothermal reactions, cach
relying on a different enzymatic activity including a 5' exonuclease which generates long
overbangs, a polymerase which fills in the gaps ot the annealed single strand regions and a DNA
ligase which scals the nicks of the annealed and filled-in gaps. Polymerase chain reactions are
performed prior to Gibson assembly which may be used to generate PCR products with
overlapping sequence. These methods can be repeated sequentially, to assemble farger and larger
molecules. For example, the method can comprise repeating a method as above 1o join a second
set of two or more DNA molecules of interest to one another, and then repeating the method
again to join the first and second set DNA molecules of mnterest, and so on. At any stage during
these multiple rounds of assembly, the assembled DNA can be amplified by transforming if into
a suttablec microorganism, or it can be amplificd m vitro (e.g., with PCR).

[80333] In some embodiments, polvnucleotides of the present invention may encode a fusion
polypeptide comprising a destabilizing domain {(BD) and at least one immunotherapeutic agent
tanght herein. The DD domain may be a FKBP mutant encoded by nucleotide sequence of SEQ
I3 NG: 684-686, 688-691, 987-989, 994, 1013, and/or 1028, an ¢cDHFR mutant encoded by
nucleotide sequence of SEQ 1D NO: 687, 692, 772, 798, 814-815, 988, 991, and/or 993, hDHFR
mutant encoded by nucleotide sequence of SEQ 1D NGO 693-700, 773, 852-857 and/or 934-980,
and/or 995-998,

[00334] In some embodiments, the polynucleotides of the invention may encode effector
modules comprising the CD19 CAR as the payload comprising the nucleotide sequence of SEQ
D NO: 701-715 and/or 1019-1042, or 1112 as the pavload comprising the nucleotide sequence
of SEQ ID NO. 774-782, or IL15 as the payload compmnising the nucleotide sequence of SEQ ID
NQ: 749, 799-800, and/or 1055-1056, or IL15/IL15Ra fusion polypeptide as the payvlcad
comprising the nucleotide sequence of SEQ 1D NG: 816-821, 1086-1089, 1091-1095, 1098-
PE11, 1120, and/or 1123,

[00335] In accordance with the present nvention, cells genetically modified to express at least
one biocirenit, SRE (e, g, DD}, effector module and mmmunotherapeutic agent of the invention,
are provided. Cells of the invention may include, without limutation, immune cclis, stem cclis
and tumor cells. In some embodiments, immune cells are immune effector cells, including, but
not limiting to, T cells such as CDEY T cells and CD4% T eelis (e.g., Thi, Th2, Thi7, Foxp3+

cells), memory T celis such as T memory stem cells, central T memory cells, and  effector
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memory T cells, terminally differentiated effector T cells, natural killer {(NK) celis, NK T cells,
tumor mfiltrating lymphocytes {TiLs), cytotoxic T lvmphocyies {CTLs), regulatory T celis
{Tregs), and dendritic cells (BCs), other immune cells that can ehicit an effector function, or the
mixture thereof. T cells may be Taf cells and Tyd cells. In some embodiments, stem cells may
be from human embrvonic ster cells, mesenchymal sten cells, and neural stem cells. fn some
embodiments, T cells may be depleted endogenous T cell receptors (See US Pat. NOs.: 9, 273,
283; 9, 181, 527; and 9,028, 812; the contents of cach of which are incorporated herein by
reference in their entirety).

[00336] In some embodiments, cells of the invention may be autologous, allogeneic, syngeneic,
or xenogeneic i relation to a particular individual subject.

[00337] In some embodiments, cells of the invention may be mammalian cells, particularty
human cells. Cells of the invention may be primary cells or immortalized cell lines.

[00338] In some embodiments, cells of the invention may include expansion factors as pavioad
to trigger proliferation and expansion of the cells. Exemplary pavloads include RAS such as
KRAS, NRAS, RRAS, RRAS2, MRAS, ERAS, and HRAS, DIRAS such as DIRAST, DIRASZ,
and DIRAS3, NKIRAS such as NKIRASI, and NKIRAS2Z, RAL such as RALA, and RALB,
RAP such as RAPIA, RAPIB, RAPZA, RAPZEB, and RAP2C, RASD such as RASD, and
RASD2, RASL such as RASL10A, RASLI0OB, RASL1IA, RASLIIB, and RASL12, REM such
as REM1, and REM2, GEM, RERG, RERGL, and RRAD.

[00339] Engimecered timmune cells can be accomplished by transducing a cell compositions with
a polypeptide of a biocircuit, an effector module, a SRE and/or a payload of interest (i.¢.,
immungtherapeutic agent}, or a polynucleotide encoding said polypeptide, or a vector
comprising said polvnucieotide. The vector may be a viral vector sach as a lentiviral vector, a
gamma-retroviral vector, a recombinant AAV, an adenoviral vector and an oncolytic viral vector,
In other aspects, non-viral vectors for example, nanoparticles and liposomes may also be used. In
some embodiments, immune cells of the invention are genetically modified to express at least
one immunotherapeutic agent of the mvention which is tunable using a stimwulus. In some
examples, two, three or more immunotherapeutic agents constructed in the same biocircutt and
effector module are mtroduced into a cell. In other examples, two, three, or more biocirants,
effector modules, cach of which comprises an immuonotherapeutic agent, may be introduced indo
a cell.

[00340] In some embodiments, immune cells of the invention may be T cells modified to
express an antigen-specific T cell receptor (TCR), or an antigen specific chimeric antigen

receptor {CAR) taught herein (known as CAR T cells). Accordingly, at least one polynucleotide
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encoding a CAR systerm {or a TCR) described herein, or a vector comprising the polynucleotide
is mtroduced into a T cell. The T cell expressing the CAR or TCK binds to a specific antigen via
the extracellular targeting moiety of the CAR or TCR, thereby a signal via the mtracellular
signaling domain (8} is transmitted into the T cell, and as a result, the T cell is activated. The
activated CAR T cell changes its behavior including release of a cytotoxic cytokine {¢.g., a tumor
necrosis factor, and lymphotoxin, ete.), improvement of a cell proliferation rate, change in a cell
surface molecule, or the like. Such changes cause destruction of a target cell expressing the
antigen recognized by the CAR or TCR. In addition, release of a eytokine or change in a cell
surface molecule stimulates other immune cells, for example, a B cell, a dendritic cell, a NK cell,
and a macrophage.

[00341] The CAR introduced into a T cell may be a first-gencration CAR inclading only the
intracelluilar signaling domain from TCR CD3zeta, or a sccond-generation CAR including the
intraceltular signaling domain from TCR CD3zeta and a costimulatory signaling domain, ora
third-generation CAR mcluding the mtracellular signaling domain from TCR CD3zeta and two
or more costimulatory signaling domains, or a split CAR system, or an on/off switch CAR
svstem. In one example, the expression of the CAR or TCR is controlied by a destabilizing
domamn (DD) such as a hDHFR mutant, in the effector module of the mvention. The presence or
absence of hDHFR binding hgand such as TMP 1s used to tune the CAR or TCR expression in
transduced T cells or NK cells.

00342 In some embodiments, CAR T cells of the invention may be further modified to express
another ong, two, three or more mmmunotherapeutic agents. The immunotherapeutic agents may
be another CAR or TCR specific to a different target molecule; a cvtokine suchas 112, (112,
I35 and 1118, or a cytokine receptor such as 1L 15Ra; a chimeric switch receptor that converts
an mhibitory signal to a stimulatory signal; a homing receptor that guides adoptively fransferred
cells to a target site such as the tumor tissue; an agent that optimizes the metabolism of the
immune cell; or a safety switch gene {(c.g., a suicide gene) that kills activated T cells when a
severe event 15 observed after adoptive cell transfer or when the transferred immune cells are no-
longer needed. These molecules may be included in the same effector module or in separate
effector modudes.

100343] In onc embodiment, the CAR T cell (including TCR T cell} of the invention may be an
“armed” CAR T cell which is transformed with an effoctor module comprising a CAR and an
ctfector module comprising a cyvtokine. The inducible or constitutively secrete active cytokines
further armor CAR T cells to improve efficacy and persistence. In this context, such CAR Tcell

is also referred to as “armored CAR T cell”. The “armor” molecule may be sclected based on the
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tumor microenvironment and other elements of the innate and adaptive immune systems. In
some embodiments, the molecule may be a stimulatory factor such as 1.2, 1L12, TL15, TS,
type 1 IFN, CD40L and 4-1BBL which have been shown to further enhance CAR T cell efficacy
and persistence in the face of a hostile tumor microenvironment via different mechamisms (Yeku
et al., Biachem Soc Frans., 2016, 44(2). 412-418).

[00344] In some aspects, the armed CAR T cell of the invention is modified to express a CD19
CAR and IL12. Such T cells, after CAR mediated activation in the tumor, release inducible IL12
which augments T-cell activation and attracts and activates innate inunune cells to eliminate
C319-negative cancer cells.

[00345] In one embodiment, T cells of the imvention may be modified to express an effector
module comprising a CAR and an effector module compnising a suicide gene.

160346] In one embodiment, the CAR T cell (includimg TCR T cell) of the invention may be
transformed with cffector modules comprising a cytokine and a safety switch gene {c.g., suicide
gene). The suicide gene may be an inducible caspase such as caspase Y which induces apoptosis,
when activated by an extracelular stimulus of a biocircuit system. Such induced apoptosis
climinates fransferred ccll as required to decrease the risk of direct toxicity and uncontrolied cell
proliferation.

[00347] In some embodiments, immune cells of the invention may be NK cells modified to
express an antigen-specific T cell receptor (TCR), or an antigen specific chimeric antigen
receptor {CAR) taught herein.

[00348] Natural killer (NK) cells are members of the innate lvmphoid cell family and
characterized in humans by expression of the phenotypic marker CD536 (neural cell adhesion
molecule) in the absence of CD3 {(T-cell co-receptory. NK cells are potent effector cells of the
innate immune system which mediate cviotoxic attack without the requirement of prior antigen
printing, forming the first line of defense against discases tnclading cancer malignancies and
viral infection.

003491 Scveral pre-clinical and chinical trials have demonstrated that adoptive transfer of NK
cells is a promising treatment approach against cancers such as acute myeloid leukemia (Ruggen
et al. Science; 2002, 295: 2097-2100; and Geller et al., Immunotherapy, 2011, 3. 1445-1459),
Adoptive transfer of NK cells expressing CAR such as DAP12-Based Activating CAR revealed
improved eradication of tumor cells (Topfer et al., J fmmunol, 2015, 194:3201-3212). NK cell
engimeered to express a C5-1 specific CAR also displayed enhanced cytolysis and interferon-y

(EFN-y) production in multiple myeloma (Chu et al |, Leukemic, 2014, 28{4}: 917-927}.
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100350] NK cell activation is characterized by an array of receptors with activating and
inhibitory functions. The tmportant activation receptors on NK. cclls include CDO4/NKG2C and
NKG2D (the C-tvpe lectin-like receptors), and the natural cyviotoxicity receptors (NCR) NKp30,
NKp44 and NKp46, which recognize ligands on tumor cells or virally infected cells. NK cell
mhibition is essentially mediated by tnderactions of the polymorphic inhibitory killer cell
mmmunogiobulin-like receptors (KIRs) with their cognate human-leukocvie—antigen (HLA)
ligands via the alpha-1 helix of the HLA molecule. The balance between signals that are
generated from activating receptors and inhibitory receptors mainly determines the immediate
cytotoxic activation.

[00351] NK cells may be isolated tfrom penpheral biood mononuclear celis (PBMCs), or
derived from human embryonic stem (ES) cells and induced pluripotent stem cells (iPSCs). The
prmary NK celis isolated from PBMCs may be further expanded for adoptive immunotherapy.
Strategies and protocols useful for the expansion of NK cells may include interdeukin 2 (1L.2)
stimulation and the use of autologous feeder cells, or the use of genetically modificd allogeneic
feeder cells. In some aspects, NK cells can be selectively expanded with a combination of
stimulating higands including HL15, 121, 102, 418BL, 1112, IL18, MICA, 2B4, LFA-1, and
BCMI/SLAME?2 (e.g., US patent publication NOG: US20150190471).

[00352] Immune cells expressing effector modules comprising a CAR and/or other
tmmunotherapeutic agents can be used as cancer immunoctherapy. The immunotherapy comprises
the cells expressing a CAR and/or other immunotherapeutic agents as an active ingredient, and
may further comprise a suitable excipient. Examples of the excipient may include the
aforementioned pharmaceutically acceptable excipients, inclhuding various cell culture media,
and isotonic sodium chlonde.

[00353] In some embodiments, cells of the present mvention may be dendritic cells that are
genctically modified to express the compositions of the mvention. Such cells may be used as

cancer vaccines.

Methods of CD19 antibodv development and charactenzation

[36354] In some embodiments, the present invention provides methods of producing CD19
antibodics, antibody fragments or variants. Such methods may include the steps of: (1) preparning
a composttion with CD19, (2) contacting a library of antibodies or antibody fragments or
variable with the composition, and (3} identifving one or more {19 antibodies. Also, provided
herein arc methods for identifying FMC63-distinct (1319 antibodics, antibody fragments or

vartable.
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100355] In some embodiments, the present invention provides methods of identifving CD19
scFvs. Such methods may involve screening phagenud hibranes for C19 scFvs. Phagemid
libraries expressing recombinant scFvs associated with the surface of bactenia or bacteriophages
are useful m the present inventions. Phagemid hibraries may be generated by PCR implication of
the polvnucleotides encoding the heavy chain and the kappa light chain of the immunoglobulin
IgM and infecting Cre recombinase positive bacteria with the vectors containing the PCR
products at a high moltiplicity of infection (MOI). The high MO results in bacteria containing
muftiple phagemids, each of which encodes a different VH and VL genes, which can be
recombined by the Cre recombinase. The resulting library that may be generated by
recombination is approximately 10 ® unigue scFvs. In some instances, libraries of CD19 scFvs
formatted nto chimeric antigen receptor constructs may be screened to identify CD19scFvs
useful in the present invention,

603561 In some embodiments, scFvs numunologically specific to €19 may be identified
using cells that ectopically express full length, a fragment or a portion of CD19. Cell lines with
low endogencus CD19 expression may be selected for ectopic expression. In some
embodiments, the CD19 may be a naturally occurring 1soform of human CDY.

[00357] In some embodiments, fusion proteins comprising the extraceliular domains of CD 1Y
(1. exon 1- exon 4) fused to the Fe region of human IgG1 (CD195lg) are utilized to identify
CD19 gpecific scFvs. Such fusion proteins have been described by Oliveira et af (2013) Journal
of Translational Medicine 11:23; the contents of which are incorporated herein by reference in
their entirety.

[00358] Also, provided herein are methods to identify FMCA3-distinct scFvs, which include
scFvs that are immunologically specific to and bind to an epitope of the C3 19 antigen that is
ditferent or unlike the epitope of CD1Y antigen that 1s bound by FMC63. In some embodiments,
FMC63-distinet scFvs are identified by screening the scFv bibrary with a complex consisting of
human C19 bound to FMC63. The €D19 of Rhesus macaque (Macaca mulatta) herein referred
to as Rhesus CD19, bears 88% homology to the human CD19. Despite this high degree of
homology, the Rhesus CDY 18 not recognized by FMC63, mdicating that the FMC63 epitope is
i the region of human CD19 that 13 non-homologous to Rhesus CD19. Thas, n some
embodiments, Rhesus CD19 may be used to screen scbv libranes for FMC63-distinet scFvs.
Mutations in the region of Rhesus CI319 that 1s non-homologous to the human CD19 have been
previouslty utitized to dentify residues of human CD19 that confer binding to FMCA3
(Sommermever et al. (2017} Levkemia Feb 16, dot: 10.1038/1eu.2017 573, In some

erbodiments, the mutational analysis described by Sommermeyer et al. may be utilized to
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design human CD19 mutants that are unable to bind to FMC63. Such mutants may inchude
human CD19 (H218R, A237D, M243V, E244D, P2307T) and human CD19 (H218R, A237D) and
may be utilized to screen scFv libraries for FMC63-distinct scFvs. Sotillo et al have identified a
splice variant of human CD19 lacking exon 2 in cancer patients (Sotillo et al. (2015} Cancer
Driscov. 2015 Dec;5(12):1282-95). The splice variant lacking exon 2 1s not recognized by
FMC63 and may also be used to screen scFv hibraries for FMC63-distinet sckvs.

[00359] CDI19 Ig( fusion molecules generated by fusing the Fe region of human IgG1 with the
human CB19-complete extracellular domains, 1.2, exons 1-4 {CD19slgG1-4) or extracellular
domains lacking exon 2, i.e., exons 1, 3 and 4 (CD19s1g(G1.3.4) may also be utilized to screen
scFv hibraries for FMC63-distinet scFvs.

[00360] (D19 proteins, vartants and mutants useful in the mvention arg provided in Table 14

Table 14: CD19 profeins, variants and mutants

Bescription Seguence SEQGID NG
Human CD19, Isoform I | MPPPRLLFFLLFLTPMEVRPEEPLVVKVEEGDNAVLOCLK | 8§38

(NCBI Reference No. GTSDGPTOQOLTWSRESPLKPFLKLSLGLPGLGIHMRPLATW

NP 00117156913 LFIFNVSQOMGGFYLCQPGPPSEK AWQPGWTVNVEGSGE

LFRWNVSDLGGLGCGLENRSSEGPSSPSGRKLMISPKLY VW
AKDRPEIWEGEPPCLPPRDSLNGSLSQGDLTMAPGSTLWLS
CGVPPDIVSRGPLSWTHVHPKGPKSLLSLELKDDRPARD
MWVMETGLLLPRATAQDAGKYYCHRGNLTMSFHLEITA
RPVLWHWLLRTGGWKVSAVTLAYLIFCLCSLVGILHLQOR
AL VLRRERKEMTDPTRRFFEKVTPPPGSGPONQYGNVLSLP
TPTSGLGRAQRWAAGLGGTAPSYGNPSSDVOADGALGSRE
SPPGVGPEEEEGEGYEEPDSEEDSEFYEND SNLGOQDQLSQ
DGSGYENPEDEPLGPEDEDSFSNAESYENEDEELTOQPVAR
TMDFLSPHGSAWDPSREATSLAGSOSYEDMRGILY AAPQ
LRSIRGOPGPNHEEDADSYENMDNPDGPDPAWGGGGRM

OTWSTR
Human CD19, Isoform 2 | MPPPRLLFFLLFLTPMEVRPEEPLVVKVEEGDNAVLOQCLK | 859
(NCBI Reference No. GTRDGPTOOLTWSRESPLKPFLKLSLGLPGLGIHMRPLATW
NP _001761.3) FIFNVSQOMGGEFYLCOPGPPSEKAWOQPGWTVNVEGSGE

LFRWNVSDLGGLGCGLKNRSSEGPSSPSGKLMSPELY VW
AKDRPEIWEGEPPCLPPRDSLNQSLSQDLTMAPGSTLWLS
CGVPPDSVSRGPLSWTHVHPKGPKSLLSLELKDDRPARD
MWVMETGLLLPRATAQDAGKYYCHRGNLTMSFHLEITA
FPVLWHWLLRTGGWEVSAVTLAYLIFCLCSLVGILHLOR
ALVERRKEKRMTIDPTREFFKVIPPPGSGPONCQYGNVLSLP
TPTSGLORARWAAGLGGTAPSYGNPSSDVOADGALGSR
SPPGVGPEEEEGEGYEEPDSEEDSEF YEND SNLGQDOLSQ
DGIGYENPEDEPLGPEDEDSFSNAESYENE]
TMDFLSPHGSAWDPSREATSLGSQSYEDMRGILYAAPCLR
SIRGOPGPNHEEDADSYENMDNPDGPFDPAWGGGGRMGT
WSTR

=

Rhesus CD19 MPPPCLLFFLLFLTPMEVRPOEPLVVKVEEGDNAVLQCLE | 860
{Uniprot ID: F7F486) GTSDGPTOQLVWCRDSPFEPFLNL SLGLPGMGIRMGPLGI
WLLIFNVSNQTGGEFYLCQPGLPSEKAWOQPGWTVSVEGSG
ELFRWNVSDLGGLGCGLKNRSSEGPSSPSGKINSSQLYV
WAKDRPEMWEGEPYCGPPRDSLNQSLSQDLTMAPGSTL
WLBCGVPPDSYSRGPLSWTHVRPEGPKSSLLSLELKDDRP
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DRIMWVVDTGLLLTRATAQDAGKYYCHRGNWTKSFYL
EITARPALWHWLLRIGGWEVPAVILTYLIFCLCSLVGILQ
LORALVLRRKRKRMTDPTRRFFKVIPFPGSGPONOQYGNY
LSLPTPTSGLGRAQRWAAGLGGTAPSYGNPRSDVOVDGA
YGARSPPGAGPEEEEGEGYEEPDSEEGSEF YENDSNFGOD
QLAODGSGYENPEDEPLGPEDEDSFSNAESYENEDEELTO
PVARTMDFLAPHGSAWDPSREATSLGIGSYEDMRGLLY A
APQLRTIRGOPGPNHEEDADSYENMDNPDGPDPAWGGGG
RMGOTWSAR

Huoman CD19 (H218R,
A237D, M243V, E244D,
P250T)

MPPPRLLFFLLFLTPMEVRPEEPLVVKVEEGDNAVLOCLE
GTSDGPTOOLTWSRESPLKPFLKLSLGLPGLGIHMRPLAIW
LFIFNVSQOMGGEFYLCOQPGPPSEKAWOPGWTVNVEGSGE
LFRWNVSDLGGLGCGLE NRSSEGPSSPSGKLMSPRLY VW
AKDRPEIWEGEPPCLPPRISINGSLSQDLTMAPGSTLWLS
COVPPDASVARGPLSWTHVYRPKGPKSLLALELKDDRPDRD
MWVVDTGLLLTRATAQDAGKY YCHROGNLTMSFHLEITA
REVEWHWLLRTGGWEVSAVTLAYLIFCLCSLVGILHLOR
ALVLRRKRKRMTIDPTRRFFKVTPPPGSGPONOYGNVLSLE
TPTSGLOGRAQRWAAGLGGTAPSYGNPSSDVOADGALGSR
SPPGVGPEEEEGEGYEEPDSEEDSEFYEND SNLGQDOLSQ
DGSGYENPEDEPLGPEDEDSFSNAESYENEDEELTOPVAR
TMDFLSPHGSAWDPSREATSLAGSQSYEDMRGILY AAPQ
LRSIRGOPGPNHEEDADSYENMDNPDGPDPAWGGGGRM
GTWSTR

861

Human CD19 (HZ 18R,
AZITTH

MPPPRELLFFLLFLTPMEVRPEEPLYVEVEEGDNAVLQULK
GTRDGPTOOLTWSRESPLEPFLKLSLGLPGLGHMRPLAIW
LEIPNVSOOQMOGGFYLCQPGPPSEK AWOPGWTVNVEGSGE
LFRWNVSDLGGLGCGLKNRSSEGPSSPSGKLMSPKLY VW
AKDRPEIWEGEPPCLPPRDSLNQSLSODLTMAPGSTLWLS
CGVPPDSVSRGPLSWTHVRPKGPKSLLSLELKDDRPDRD
MWVMETGLLLPRATAQDAGKYYCHRGNLTMSFHLEITA
RPVLEWHWLLRTGGWKVSAVTLAYLIFCLCSLVGILHLOR
ALVERRKRERMTDPTRRFFKVIPPPGSGPONQYGINVLSLP
TPTSGLGRAQRWAAGLGGTAPSYGNPSSDVOADGALGSR
SPPGVGPEEEEGEGYEEPDSEEDSEFYEND SNLGQDOLSQ
DGSGYENPEDEPLGPEDEDSFSNAESYENEDEELTQPVAR
TMDFLSPHGSAWDPSREATSLAGSQSYEDMRGILYAAPQ
LRSIRGOPGPNHEEDADSYENMDNPDGPDPAWGGGGRM
GTWSTR

862

Huoman CD19 (Deka
exon 2}

MPPPRLLFFLLFLTPMEVRPEEPLVVKVEGELFRWNVSDL
GOLGCGLENRSISEGPSSPSGRKLMSPKLYVWAKDRPEIWE
GEPPCLPPRDSLNGSLSQDLTMAPGSTLWLSCGVPPDSVS
RGPLSWTHVHPKGPK SLLSLELKDDRPARDMWVMETGL
LLPRATAQDAGKYYCHRGNLTMSFHLEITARPVEWHWLL
RTIGGWKVSAVTLAYLIFCLCSLVGILHLQRALVLRRKRIR
MTIDPTRRFFKVIPPPGSGPONGYGNVLSLPTIPTSGLGRAQ
RWAAGLGGTAPSYGNPSSDVQADGALGSRSPPGVGPEEE
EGEGYEEPDSEEDSEFYENDSNLGODOLSODGSGYENPED
EPLGPEDEDSFSNAESYENEDEELTQPVARTMDFLSPHGS
AWDPSREATSLGSQSYEDMRGILYAAPQLRSIRGQPGPNH
EEDADSYENMDNPDGPDPAWGGGGRMGTWSTR

Huoman CD19 (Exon -
4)

GTSDGPTOQOLTWSRESPLKPFLKLSLGLPGLGIHMRPLATW
LFIFNVSQOMGGFYLCOPGPPSEKAWQPGWTVNVEGSGE
LFRWNVSDLGGLGCGLENRSSEGPSSPSGRKLMISPKLY VW
AKDRPEIWEGEPPCLPPRDSLNGSLSQGDLTMAPGSTLWLS
CGVPPDIVSRGPLSWTHVHPKGPKSLLSLELKDDRPARD
MWVMETGLLLPRATAQDAGKYYCHRGNLTMSFHLEITA
RP

864
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Human CD19 (Exon MPPPRLULFFLLFLTPMEVRPEEPLVVEVEGELFRWNVSDL | 865
1.3.4) GGLGCGLKNRSSEGPSSPSGKIMSPKLYVWAKDRPEIWE

GEPPCLPPRDSLNGSLSOQDLTMAPGSTLWLSCGVPPDISVS
RGPLSWTHVHPKGPKSLLSLELKDDEPARDMWVMETGL
LIPRATAODAGKYYCHRONLIMSFHLEITARP

BL PHARMACEUTICAL COMPOSITIONS AND FORMULATIONS

[00361] The present invention further provides pharmaceutical compositions comprising one or

more biocircuits, effector modules, SREs {c.g., DDs), stimuh and payloads of interest (e,
immundctherapeutic agents), vectors, cells and other components of the avention, and optionally
at least one pharmaceutically accepiable excipient or inert ingredient.

[00362] As used herein the term “pharmaceutical composition” refers to a preparation of
biocircuits, SREs, stimuli and payloads of interest (1.2, immunctherapeutic agents), other
compaonents, vectors, cells and described heretn, or pharmaceutically acceptable salts thereof,
optionally with other chemical components such as physiologically suitable carriers and
excipients. The pharmaceutical compositions of the mvention comprise an eftective amount of
one or more active compositions of the invention. The preparation of a pharmaceutical
composition that contains at least one composition of the present invention and/or an additional
active ingredient will be known to those skilled m the art in light of the present disclosure, as
exemplified by Remington's Pharmaccutical Sciences, 18th Ed. Mack Printing Company, 1990,
incorporated herein by reference.

1603631 The term “excipicnt” or “inert ingredient” refers o an inactive substance added to a
pharmaccutical composttion and formulation to further facilitate administration of an active
mgredient. For the purposes of the present disclosure, the phrase “active ingredient” generally
refers to any one or more biocircuits, effector modules, SREs, stimuli and payloads of interest
(1.¢., mmunotherapeutic agents), other components, vectors, and celis to be delivered as
described herein. The phrases “pharmaceutically acceptable” refers to molecular entitics and
compaositions that do not produce an adverse, allergic or other untoward reaction when
administered to an animal, such as, for example, a human, as appropriae.

[00364] In some embodiments, pharmaceutical compositions and formulations are administered
to humans, huwman patients or subjects. Although the descriptions of pharmaceutical
compositions provided herein are principally directed to pharmaceutical compositions which are
suitable for administration to humans, it will be understood by the skilled artisan that such
compositions are generally suitable for admimistration to any other animal, ¢.g., to non-human
animals, e.g. non-himan mammals. Sabjecis to which administration of the pharmaceutical

compositions 15 contermplated include, but are not imited to, non-human mammals, including
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agricultural animals such as cattle, horses, chickens and pigs, domestic animals such as cats,
dogs, or research animals such as mice, rats, rabbits, dogs and non-human primates. I will be
understood that, for human admimistration, preparations should meet sterility, pyrogenicity,
general safety and purity standards as required by FDA Office of Biclogical Standards.

00365 A pharmaceutical composition and formulation i accordance with the invention may
be prepared, packaged, and/or sold in bulk, as a single unif dose, and/or as a plurality of single
unit doses. As used herein, a “unit dose” is diserete amount of the pharmacentical composition
comprising a predetermined amount of the active ingredient. The amount of the active ingredient
is generallv equal to the dosage of the active ingredient which would be administered to a subject
and/or a convenient fraction of such a dosage such as, for example, one-~half or one-third of such
a dosage.

[60366] The compositions of the present mvention may be formulaied in any manner suitable
for delivery. The formulation may be, but is not imited to, nanoparticles, poly (lactic-co-
glyeolic acid) (PLGA ) microsphercs, lipidoids, lipoplex, iposome, polyvmers, carbohydrates
(including simple sugars), cationic lipids and combinations thereof,

[00367] In one embodiment, the formulation is a nanoparticle which may comprise at least one
ipid. The lipid may be selected from, but is not limited to, DLin-DMA, DLin-K-DMA, 98N12-
§, C12-200, DLin-MC3-DMA, DLin-KC2-DMA, DODMA, PLGA, PEG, PEG-DMG and
PEGylated lipids. In another aspect, the lipid may be a cationic hipid such as, but not himited to,
DLin-DMA, DLin-D-DMA, DLin-MC3-DMA, DLin-KC2-DMA and DODMA.

[00368] For polvnucleotides of the invention, the formulation may be selected from any of those
taught, for example, in International Application PCT/US2012/069610, the contents of which are
incorporated herein by reference in its entirety.

[00369] Relative amounts of the active ingredient, the pharmaceutically acceptable excipient or
mert ingredient, and/or any additional ingredients in a pharmaceutical composition in accordance
with the invention will vary, depending upon the identity, size, and/or condition of the subject
treated and further depending upon the route by which the composition is to be administered. By
way of example, the composition may comprise between 0.1 and 100, e.g., between 0.5 and 50,
between 1-30, between 5-80, at least 80 (w/w) active ingredient.

100370] Efficacy of treatment or amelicration of disease can be assessed, for example by
measuring discase progression, disease rerission, symptom severity, reduction in pain, quality
of hife, dose of a medication required to sustain a treatment effect, level of a disease marker or
any other measurable parameter appropriate for a given discase being treated or targeted for

prevention. it is well within the ability of one skilled in the art to monitor efficacy of treatment or
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prevention by measuring any one of such parameters, or any combination of parameters. In
connection with the administration of compositions of the present invention, "effective agamst”
for example a cancer, ndicates that administration n a chinically appropriate manner results in a
beneficial effect for at least a statistically significant fraction of patients, such as an improvement
of symptoms, a cure, a reduction n diseasc load, reduction 1 tumor mass or cell numbers,
extension of life, improvement in quality of life, or other effect generally recognized as positive
by medical doctors familiar with treating the particular type of cancer.

100371 A treatment or preventive effect is evident when there is a statistically significant
improverment in one or more parameters of discase status, or by a failure 1o worsen or to develop
svmptoms where they would otherwise be anticipated. As an example, a favorable change of at
least 10 i a measurable parameter of disease, and preferably at least 20, 30, 40, 50 or more can
be indicative of effective treatment. Efficacy for a given composition or formulation of the
present invention can also be mudged using an experimental animal model for the given disease as
known in the art. When using an experimental animal model, efficacy of treatment 1s evidenced
when a statistically significant change is observed.

V. APPLICATIONS

[00372] In one aspect of the present mvention, methods for reducing a tumor volume or burden
are provided. The methods comprise administering a pharmaceutically effective amount of a
pharmaceutical composition comprising at feast one biocircuit system, effector module, DD,
and/or payioad of interest (i.c., an imumunotherapeutic agent), at least one vector, orcells to a
subject having a tumor. The biocircuit svstem and effector module having any
immungtherapeutic agent as described herein may be in forms of a polvpeptide, ora
polynuclectide such as mBNA, or a3 viral vecior comprising the polymucleotide, or a cell
modified to express the biocircuit, effector module, DD, and pavload of interest (i.e.,
immunotherapeutic agent).

168373] In ancther aspect of the present invention, methods for inducing an anti-tumor immune
response in a subject are provided. The methods comprise administering a pharmaceutically
effective amount of a pharmaceutical composition comprising at least one biocircuit system,
effector module, DD, and/or pavicad of nterest (3.2, an immunotherapeutic agent), at least one
vecior, or cells to a subject having a tumor. The biocircuit and effecior module having any
immunotherapeutic agent as described herein may be in forms of a polypeptide, ora
polynucleotide such as mRNA, or a viral vector comprising the polynacleotide, or a cell
modified to express the biocirauit, effector module, DD, and payload of interest (1.2,

immunotherapeutic agent).
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100374] The methods, according to the present invention, may be adoptive cell transfer (ACT)
using genetically engineered cells such as immune effector cells of the invention, cancer
vaceines comprising biocircuit systems, effector modules, BDs, payloads of mterest (e,
mmmunotherapeutic agents) of the invention, or compositions that manipulate the tanor
TOOUROSUPPIessive microcuvironment, ot the combination thereof. These treatments may be
further employed with other cancer treatment such as chemotherapy and radiotherapy.

1. Adoptive cell transter (adoptive immunotherapy}

100375] In some embodiments, cells which are genetically modified to express at least one
biocircuit system, effector module, DD, and/or payload of interest immunotherapeutic agent}
may be used for adoptive cell therapy (ACT). As used herein, Adoptive cell transfer refers to the
administration of imamune cells (from autologous, allogenic or genctically modified hosts} with
direct anticancer activity. ACT has shown promise in clinical application against malignant and
mfectious disease. For example, T cells genetically engineered to recognize CID19 have been
used to treat follicular B cell lvmphoma (Kochenderfer et al., Blood, 2010, 116:4099-4102; and
Kochenderfer and Rosenberg, Nar Rev Clin Oncel, 2013, 10(5): 267-2776) and ACT using
autologous lymphocytes genctically-modified to express anti-tumor T cell receptors has been
used to treat metastatic melanoma (Rosenberg and Dudley, Curr. Opin. Immunol. 2009, 21 233-
240).

160376] According to the present invention, the biocircuits and systems may be used in the
development and implementation of cell therapies such as adoptive cell therapy. Certain effector
modules useful in ccll therapy are given m Figures 7-12. The biocircuits, their components,
effector modules and their SREs and payloads may be used n cell therapies to effect CAR
therapies, in the manipulation or regulation of Tils, in allogeneic cell therapy, in combination T
cell therapy with other treatment hines {¢.g. radiation, cyiokines}, to encode engineered TCRs, or
modified TCRs, or to enhance T cells other than TCRs (e.g. by introducing cvtoking genes,
genes for the checkpoint inhibitors PB1, CTLA4).

{00377 Provided herein are methods for use in adoptive cell therapy. The methods mvolve
preconditioning a subject in need thereof, modulating immune cells with SRE, biocircuits and
compositions of the present invention, administering to a subject, engincered immune cells
expressing compositions of the invention and the successful engraftment of engineered cells
within the subject.

[00378] In some embodiments, SREs, biocircuits and compositions of the present nvention
may be used to minimize preconditioning regimens associated with adoptive cell therapy . As

used herein “preconditioning” refers to any therapeutic regimen administered to a subject to
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improve the outcome of adoptive cell therapy. Preconditioning strategies inchude, but are not
fimited to total body irradiation and/or bymphodepleting chemotherapy. Adoptive therapy clinical
irials without preconditioning have failed to demonstrate any clinical benefit, indicating iis
mportance it ACT. Yet, preconditioning is associated with significant toxicity and limits the
subject cohort that is suttable for ACT. In some instances, tomune cells for ACT may be
engineered to express cytokines such as [L12 and IL 15 as pavicad using SREs of the present
mvention to reduce the need for preconditioning (Pengram et al. (2012} Blood 119 (18): 4133-
41; the contents of which are incorporated by reference in their entirety).

[00379] In some embodiments, immune cells for ACT may be dendritic cells, T cells such as
CD8" T eells and CD4T T cells, natural kaller (INK) cells, NK T cells, Cytotoxic T lymphocytes
(CTLs}, tumor nfiltrating ymphocyvtes (TiLs), lvmphokine activated killer {LAK) cells, memory
T cells, regulatory T cells {Tregs}, helper T cells, evtoking-induced killer {CIK} cells, and any
combination thereof. In other embodiments, immune stimulatory cells for ACT mayv be
generated from embryvonic stem cell (ESC) and induced pluripotent stem cell (PSC). In some
embodiments, autologous or allogeneic immune cells are used for ACT.

[00380] In some embodiments, cells used for ACT may be T cells engineered to express CARs
comprising an antigen-binding domain specific to an antigen on tumor cells of mierest. In other
embodiments, cells used for ACT may be NK cells engineered to express CARs comprising an
antigen-binding domain specific to an antigen on tumor cells of wterest. In addition to adoptive
transfer of genctically modified T cells {e.g., CAR T cells) for invmunotherapy, aliemate types of
CAR-cxpressing leukocyies, either alone, or in combination with CAR T cells may be used for
adoptive immunctherapy. In one example, a mixtare of T cells and NK cells may be ased for
ACT. The expression level of CARs in T cells and NK cells, according to the present invention,
is tuned and controlled by a small molecule that binds to the DI(s) operably linked to the CAR
in the effector module.

160381] In some embodiments, the CARs of the present invention may be placed under the
transcriptional control of the T ccll receptor alpha constant (TRAC) locus in the T cellsto
achieve uniform CAR expression while enhancing T cell potency. The TRAC locus may be
disrupted using the CRISPR/Cas 9, zine finger nucleases (ZFNs), TALENs followed by the
insertion of the CAR construct. Methods of engingening CAR constructs divected to the TRAC
locus are described i Evquem J. et al (2017) Nature. 5343(7643):113-117 (the contents of which
are incorporated herein by reference in their entirety).

160382] In some embodiments, NK cells engincered to express the present compositions may be

used for ACT. NK ccll activation induces perforin/granzyvme-dependent apoptosis in target cells.
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NK cell activation also induces cytokine secretion such as IFN-y, TNF-¢ and GM-CSF. These
cytokines enhance the phagocytic function of macrophages and their antimicrobial activity, and
augment the adaptive immune response via up-regulation of antigen presentation by antigen
presenting cells such as dendritic cells (BCs) (Reviewed by Vivier et al., Nat. Immuno! ., 2008,
9(5). 503-510).

[00383] Other examples of genetic modification may include the introduction of chimeric
antigen receptors {CARs} and the down-regulation of inhibitory NK cell receptors such as
NKG2ZA.

[00384] NK cells may also be genetically reprogrammed to circumvent NK. cell mhibitory
signals upon interaction with tumor cells. For example, using CRISPR, ZFN, or TALEN o
genetically modify NK cells to silence their mhibitory receptors may enhance the anti-temor
capacity of NK cells.

603851 Immune cclls can be isolated and expanded ex vivo using a varnety of methods known
in the art. For example, methods of isolating and expanding cytotoxic T cells are described in
U.S. Pat. NOs. 6,805,861 and 6,531, 451; US Patent Publication No.: US20160348072A1 and
International Patent Publication NO: WO2016168595A1; the contents of each of which are
mcorporated herein by reference i their entirety. Isolation and expansion of NK cclis is
described m US Patent Publication NG USZ0130152387A1, U.S. Patent NG .: 7,435, 596; and
Ovyer, § L. (2016). Cytotherapy . 18(5}3:653-63; the coutents of cach of which arec mcorporated by
reference herein in its entirety. Specifically, human primary NK cells mav be expanded in the
presence of feeder cells ¢.g. a myelowd cell hine that has been genetically modified to express
membrane bound IL15, IL21, IL12 and 4-1BBL.

100386] In some nstances, sub populations of mmmune cells may be earnched for ACT. Methods
for immune cell enrichment are tanght m International Patent Publication NO .
WO2015039100A1. In another example, T cells posttive for B and T lymphocyte attemuator
marker BTLA} may be used to enrich for T cells that are anti-cancer reactive as described in U.S.
Pat. NG 9,512,401 (the content of each of which are incorporated hercin by reference m their
entirety).

(003871 In some embodiments, immune cells for ACT may be depleted of select sub
populations to enhance T cell expansion. For example, immune cells may be depleted of Foxp3+
T ivmphocyies to minimize the ant-fumor immune response using methods taught in US Patent
Publication NO.: US 20160298081 A1; the contents of which are incorporated by reference

herein in their entirety,



WO 2018/161017 PCT/US2018/020741

100388] In some embodiments, activation and expansion of T cells for ACT 15 achieved
antigenic stimulation of a transiently expressed Chimeric Antigen Receptor {CAR) on the cell
surface. Such activation methods are taught in International Patent NO.: W(O2017015427, the
content of which are incorporated herein by reference i their entirety.

00389 In some cmbodiments, immune cells may be activated by antigens associated with
antigen presenting cells (APCs). In some embodiments, the APCs may be dendntic cells,
macrophages or B cells that antigen specific or nonspecific. The APCs may autologous or
homologous n their organ. In some embodiments, the APCs may be artificial antigen presenting
cells (aAPCs) such as cell based aAPCs or acclivlar aAPCs. Cell based aAPCs are mayv be
selected from either genetically modified allogeneic cells such as human ervthroleukemia cells or
xenogeneic cells such as murine fibroblasts and Drosophila cells. Alternatively, the APCs mavbe
be acellular wherein the antigens or costimulatory domains are presented on synthetic surfaces
such as latex beads, polystyrene beads, lipid vesicles or exosomes.

[003%06] In some embodiments, cells of the invention, specifically T cells may be expanded
using artificial cell platforms. In one embodiment, the mature T cells may be generated using
artificial thymic organoids {(ATOs) described by Seet CS et al. 2017, Nar Methods. 14, 521-530
(the contents of which are incorporated herein by reference n their entirety). ATOs are based on
a stromal cell hine expressing delta like canonical notch hgand (BLL1). In this method, stromal
cells are aggregated with hematopoietic stern and progenitor cells by centrifugation and deployed
on a cell culture insert at the air—fluid interface to generate organoid cultures. ATO-derived T
cells exhibit naive phenotypes, a diverse T cell receptor (TCR) repertoire and TCR-dependent
function.

1003%1] In some embodiments, adoptive cell therapy is carried out by autologous transfer,
wherein the cells are derived from a subject in need of a treatment and the celis, following
1solation and processing are administered to the same subject. In other mstances, ACT may
involve allogenic transfer wherein the celis are isolated and/or prepared from a donor subject
other than the recipient subject who ultimately receives cell therapy. The donor and recipicnt
subject may be genetically wdentical, or sinular or may express the same HLA class or subtype.
[003%2] In some embodiments, the multiple immunotherapeutic agents introduced into the
immung cells for ACT (e.g., T cells and NK ¢clis) may be controlled by the same biocircuit
svstem. In one example, a cviokine such as 1112 and a CAKR construct such as (119 CAR are
linked to the same hDHFR destabilizing domain. The expression of IL12 and CD19 CAR s
tuned using TMP simultancously . In other embodiments, the multiple immunotherapeutic agents

-

mntroduced into the immune cells for ACT (e.g., T celis and NK cells) may be controlled by
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different biocircuit systems. In one example, a cyiokine such as IL12 and a CAR construct such
as CD19 CAR are linked to different DDs in two separate effector modules, thereby can be tuned
separately using different stimuli. In another example, a suicide gene and a CAR construct may
be linked to two separate effector modules.

603931 Following genetic modulation using SREs, biocircuits and compositions of the
nvention, cells are adminisiered to the subject in need thereof. Methods for administration of
cells for adoptive ccll therapy are known and may be used in connection with the provided
methods and composttions. For example, adoptive T cell therapy methods are described, eg.,
US Patent Application Publication No. 2003/0170238 to Gruenberg et al; US Patent No.
4,690,915 1o Rosenberg, Rosenberg (2011) Nat Rev Chin Oncol. 8(103:577-85). See, e.g.,
Themeli et al. (Z013) Nat Biotechnol. 31{10): 928-933; Tsukahara et al. (2013) Biochem
Biophys Res Commun 438(1): 84-9; Davila et al. (2013) PLoS ONE 8{4): 61338, the contents
ot cach of which arc incorporated herein by refercnce in thetr entirety.

[308324] In some embodiments, immune cells for ACT may be modified to express one or more
immundctherapeutic agents which facilitate immune cells activation, nfiltration, expansion,
survival and anti-tumor functions. The immunotherapeutic agents may be a second CAR or TCR
specific to a different target molecule; a cytokine or a cviokine receptor; a chimeric switch
receptor that converts an mhibitory signal to a stimulatory signal; a homing receptor that guides
adoptively transferred cells to a target site such as the tumor tissue; an agent that ophimizes the
metabolism of the immune cell; or a safety switch gene {e.g., a suicide gene) that kills activated
T cells when a severe event 1s observed after adoptive cell transfer or when the transferred
immune cells are no-longer needed.

100395] In some embodiments, imomune cells used for adoptive cell transfer can be genetically
manipulated to improve their persistence, cvtotoxicity, tumor targeting capacity, and ability to
home to disease sites 2 vive, with the overall aim of further improving upon their capacity to kill
tumors m cancer patients. One example is to introduce effector modules of the invention
comprising cviokines such as ganumna-cytokines (112 and 1L.13) into immunc cclls to promote
mmmune cell proliferation and survival. Transduction of cvickine genes (2.g., gamma-cytokines
[L2 and IL15} into cells will be able to propagate immune cclls without addition of exogenous
cytokines and eytokine expressing NK cells have enhanced tumor cytotoxicity.

[003%96] In some embodiments, biocircuits, their comaponents, SREs or effector modules may be
utilized to prevent T cell exhaustion. As used herein, "T cell exhaustion” refers to the stepwise
and progressive loss of T cell function cansed by chronic T celf activation. T cell exhaustion is a

major factor limiting the efficacy of antiviral and antitumor immunotherapies. Exhausted T celis
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have low proliferative and cytokine producing capabilities concurrent with high rates of
apoptosis and high surface expression of multiple inhibitory receptors. T cell activation leading
to exhaustion may occur either in the presence or absence of the antigen.

[00397] In some embodiments, the biocireuits, and their components may be utilized to prevent
T cell exhaustion m the context of Chumeric Antigen Receptor - T cell therapy (CAR-T}. In this
context, exhaustion in some mstances, may be caused by the ohigomenzation of the scFvs of the
CAR on the cell sarface which leads to continuous activation of the intracellular domains of the
CAR. As a non-limiting example, CARs of the present invention may inciude scFvs that are
unablc to oligomernize. As another non-imiting example, CARs that are rapidly intemalized and
re~expressed following antigen exposure may also be selected to prevent chronic scFv
oligomernization on cell surface. In one embodiment, the framework region of the scFvs may be
modified to prevent constitutive CAR signaling (Long et al. 2014, Cancer Research. 74(19) S1:
the contents of which are incorporated by reference in thetr entirety). Tunable biocircutt systems
of the present invention may also be used to regulate the surface expression of the CAR onthe T
cell surface to prevent chronic T cell activation. The CARs of the invention may also be
engincered to minimize exbaustion. As a non-himiting example, the 41-BB signaling domain
may be incorporated into CAR design to ameliorate T cell exhaustion. In some embodiments,
any of the strategics disclosed by Long H A et al. may be utilized to prevent exhaustion (Long A
Hetal (2015) Nature Medicing 21, 581-590; the contents of which are mcorporated herein by
reference in their entirety).

[00398] In some embodiments, the tunable nature of the biocircuits of the present invention may
be utilized to reverse human T cell exhaustion observed with tonic CAR signaling. Reversibly
stlencing the biological activity of adoptively transferred cells using compositions of the present
invention may be used to reverse tonic signaling which, 1n turn, may remvigorate the T cells.
Reversal of exhaustion may be measured by the downregulation of multiple inhibitory receptors
associated with exhaustion.

[00399] In some embodiments, T cell metabolic pathways may be modified to diminish the
susceptibility of T cells to exhaustion. Metabolic pathways may include, but are not hmited to
glycolysis, urea cycle, citric acid cycle, beta oxadation, fatty acid biosvnthesis, pentose phosphate
pathway. nucleotide biosynthesis, and glycogen metabolic pathways. As a non-limiting example,
pavicads that reduce the rate of glycolysis may be utilized to restrict or prevent T cell exhaustion
{Long et al. Joumal for Immunoctherapy of Cancer 2013, 1(Suppl 1): P21, the contents of wiich

are imcorporated by reference in their entirety). In one embodiment, T cells of the present
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invention may be used in combination with inhibitors of glvcolysis such as 2-deoxvglucose, and
rapamycin.

[00408] In some embodiments, effector modules of the present invention, usetul for
mmunotherapy may be placed under the transcriptional control of the T ecll receptor alpha locus
constant {TRAC) locus in the T cells. Eyvquem ct al. have shown that expression of the CAR
from the TRAC locus prevents T cell exhaustion and the accelerated differentiation of T cells
caused by excessive T cell activation (Eyguem I, et al {2017) Nature 543(7643):113-117; the
contents of which are incorporated herein by reference in their entirety},
[00401] In some embodiments, paviocads of the invention may be used in conjunction with
antibodies or fragments that target T cell surface markers associated with T cell exhaustion. T-
cell surface markers associated with T cell exhaustion that may be used include, but are not
limited to, CTLA-1, PD-1, TGIT, LAG-3, 2B4, BTLA, TIM3, VISTA. and CD96.

604021 In onc cmbodiment, the pavioad of the invention may be a (D276 CAR (with CD28, 4-
IBB, and CD3 zeta intracellular domaing), that does not show an upregulation of the markers
associated with early T cell exhaustion {see International patent publication No.
W02017044699; the contents of which are incorporated by reference in their entirety).

[00483] In some embodiments, the compositions of the present invention may be utilized to
alter TIL (tumor infiltrating lymphocyte) populations in a subject. In one embodiment, any of the
pavioads described herein may be utilized {o change the ratio of CB4 positive cells to CD8
positive populations. In some embodiments, Tils may be sorted ex vivo and engineered to
express any of the cytokines desceribed herein. Payloads of the mvention may be used to expand
B4 and/or CD8 populations of TILs to enhance TIL mediated tmmune response.

2. Cancer vaccines

[00404] In some embodiments, biocircuits, effector modules, pavioads of mterest
(immunotherapeutic agents), vectors, cells and compositions of the present invention mayv be
used inn conjunction with canger vaccines.

00405 In some embodiments, cancer vaccine may comprise peptides and/or proteins derived
from tumor associated antigen {TAA). Such strategies mav be utilized to evoke an immune
response in a subject, which in some instances may be a cvtotoxic T lymphocyte (CTL)
response. Peptides used for cancer vaccines mav also modified to match the mutation profile of a
subject. For example, EGFR derived peptides with mutations matched to the mutations found in
the subject in need of therapy have been successtully used in patients with hang cancer {(Li F et
al. (2016) Oncoimmunology. Oct 7,5(12): ¢1238539; the contents of which are incorporated

herein by reference in their entirety ).
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100406] In onc embodiment, cancer vaccines of the present invention may superagonist altered
peptide higands (APL) derived from TAAs. These are mutant peptide higands deviate from the
native peptide sequence by one or more amino acids, which activate specific CTL clones more
ctfectively than native epitopes. These alterations may allow the peptide to bind better to the
restricting Class | MHC molecule or interact more favorably with the TCR of a given tumor-
specific CTL subset. APLs may be selecied using methods tanght in US Patent Pubhication NG
US20160317633A1, the contents of which are incorporated herein by reference in their entirety.

3. Combination freatments

[00407] In some embodiments, it 15 desirable to combine compositions, vectors and cells of the
mvention for adounistration to a subject. Compositions of the mvention comprising different
imumuenotherapeutic agents may be used in combination for enhancement of mmunotherapy.
100408] In some embodiments, 1t is desirable to combine compositions of the invention with
adjuvants, that can cnhance the potency and longevity of antigen-specific immune responses.
Adjuvants used as immunostimulants in combination therapy include biological molecules or
delivery carriers that deliver antigens. As non-himiting examples, the compositions of the
mvention may be combined with biological adjuvants such as cytokines, Toll Like Receptors,
bactenial toxins, and/or saponins. In other embodiments, the compositions of the present
mvention may be combined with debivery carriers. Exemplary delivery carriers melude, polymer
microspheres, immune stimulating complexes, emulsions (oil-in~water or water-in-oil},
aluminum salts, liposomes or virosomes.

[0040%] In some embodiments, immune effector celis modified to express biocireuits, effector
modules, DDs and pavloads of the invention may be combined with the biclogical adjuvants
described herein. Dual regulation of CAR and cviokines and higands to segregate the kinetic
control of target-mediated activation from intrinsic cell T cell expansion. Such dual regulation
also minimizes the need for pre-conditioning regimens in patients. As a non-limiting example,
DD regulated CAR ¢.g. CD19 CAR may be combined with cviokines e.g. IL12 to enhance the
anti-tumor cfficacy of the CAR (Pegram H.J , et al. Tumor-targeted T cells modified to secrete
TL12 eradicate systemic tumors without need for prior conditioning. Blood 2012;119:4133-41;
the contents of each of which are incorporated herein by reference in their entirety). As another
non-limiting example, Merchant et al. combined dendritic cell- based vaccinations with
recombinant human §L.7 to improve outcome m high-risk pediatric sarcomas patients (Merchant,
M.S et al. Adjuvant immunoctherapy to Improve Qutcome in High-Risk Pediatric Sarcomas.
Clin Cancer Res. 2016, 22(131:3182-91; the contents of each of which are incorporated herein by

reference in their entirety).
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[36418] In some embodiments, immune effector cells modified to express one or more antigen-
specific TCRs or CARs may be combined with compositions of the invention comprising
mmmunotherapeutic agents that convert the immunosuppressive timor microenvironment,
[06411] In one aspect, effector immune cells modified to express CARg specific to different
target molecules on the same cell may be combined. In another aspect, different tmomune cells
modified to express the same CAR construct such as NK cells and T cells may be used in
combination for a tumor treatment, for mstance, a T cell modified to express a CD 19 CAR may
be combined with a NK cell modified to express the same CD19 CAR to treat B cell malignancy.
[00412] In other embodiments, immune cells modified to express CARs may be combined with
checkpoint blockade agents.

[00413] In some embodiments, immune effector celis modified to expressed biocircuts, effector
modules, BDs and payloads of the invention may be combined with cancer vaccines of the
TVOTHION.

[00414] In some embodiments, methods of the invention may include combination of the
compositions of the invention with other agents effective in the treatment of cancers, infection
discases and other immunodeficient disorders, such as anti~cancer agents. As used hercin, the
term “anti-cancer agent” refers to any agent which 1s capable of negatively affecting cancer in a
sabject, for example, by killing cancer cells, inducing apoptosis in cancer cells, reducing the
growth rate of cancer cells, reducing the incidence or number of metastases, reducing tomor size,
mhibiting tumor growth, reducing the blood supply to a tumor or cancer cells, promaoting an
mmune response against cancer cells or a tumor, preventing or inhibiting the progression of
cancer, or increasing the lifespan of a subject with cancer.

100415] In some embodiments, anti-cancer agent or therapy may be a chemotherapeutic agent,
or radiotherapy, immunotherapeutic agent, surgery, or any other therapeutic agent which, in
combination with the present mvention, improves the therapeutic efficacy of treatment.

[60416] In one cmbodiment. an effector module comprising a CB19 CAR may be used in
combination with amino pyrimidine derivatives such as the Burkit's tvrosine receptor kinase
(BTK) inhibitor using methods taught in Intemational Patent Application NO.. W02016164580,
the contents of which are incorporated herein by reference in their entirety.

[38417] In some embodiments, compositions of the present invention may be used in
combination with immunotherapeutics other than the inventive therapy described herein, such as
antibodies specific to some target molecules on the surface of a tumor cell.

100418] Exemplary chemotherapies melude, without imitation, Acivicin, Aclarubicin;

Acodazole hvdrochloride; Acronine; Adozelesin, Aldesleukin; Altretamine; Ambomycin;
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Ametantrong acetate; Amsacrine; Anastrozole; Anthramyein; Asparaginase; Asperrin, Sulindac,
Curcurnin, alkvlating agents including: Nitrogen nwstards such as mechlor-cthamine,
cyclophosphanude, ifosfamide, melphalan and chlorambucil; nitrosoureas such as carmustine
(BC U}, lomusting (CCNU)Y, and semustine (methyl-CC U); thvlenimines/methylmelamine such
as thricthvicnemelamine (TEM), tricthylene, thiophosphoranude {thiotepa),
hexamethyimelamine (HMM, altretanmine); alkyl sulfonates such as busulfan; triazines such as
dacarbazine {DTIC); antimetabolites inclading folic acid analogs such as methotrexate and
trimetrexate, pyrrolidine analogs such as 5- fluorouraci, fluorodeoxyuridine, gemcitabine,
cytosine arabmnoside (AraC, cyiarabine), S-azacytidine, 2,2'- diftuorodeoxveyvtidine, purine
analogs such as 6-mercaptopuring, 6-thioguanine, azathioprine, 2'~-deoxyveoformyvein
(pentostatin}, ervthrohydroxynonyladenine (EHNA), fludarabine phosphate, and 2-
chlorodeoxyadenosine (cladribine, 2- CdA); natural products including antimitotic drugs such as
paclitaxcl, vinca alkaloids including vinblastine (VLB), vincristine, and vinorelbine, taxotere,
estramustine, and estramusting phosphate; epipodophviotoxing such as etoposide and teniposide;
antibiotics, such as actimomycin D, daunomycin {rubidomycin}, doxorubicin, mitoxantrone,
idarubicin, bleomyeins, plicanmycin {muthramycin), mitomycinC, and actinomycin; enzymes such
as L-asparaginase, cviokines such as interferon (IFN}-gamma, tumor necrosis factor (TINF)-
alpha, TNF-beta and GM-CSF, anti-angiogenic factors, such as angiostatin and endostating,
inhibitors of FGF or VEGF such as soluble forms of receptors for angiogenic factors, including
soluble VGF/VEGF receptors, platinum coordination complexes such as cisplatin and
carboplatin, anthracenediones such as mitoxantrone, substituted urea such as hvdroxyvurea,
methylhvdrazine dertvatives inclading N- methylhydrazine (MIFf) and procarbazine,
adrenocortical suppressants such as mitotane (o,p-DDD) and aminoglutethimide; hormones and
antagonists including adrenocorticosterod antagonisis such as predmisone and equivalents,
dexamethasone and aminoglutethimide; progestin such as hydroxyprogesterone caproate,
medroxyprogesierone acctate and megestrol acctate; estrogen such as diethyistilbestrol and
cthiny! estradiol equivalents; anticstrogen such as tamoxifen; androgens including testosterone
propionate and fluoxymesterone/equivalents; antiandrogens such as flutamide, gonadotropin-
releasing hormone analogs and leuprolide; non-sterotdal antiandrogens such as fhitamide; kinase
inhibitors, histone deacetylase inhibitors, methylation inhibitors, proteasome inhibitors,
monoclonal antibodies, oxidants, anti-oxidants, telomerase mhibitors, BH3 mimetics, ubiguitin
Ligase mhibitors, stat inhibitors and receptor tyrosin kinase inhibitors such as imatinib mesylate
(marketed as Gleevac or Glivac) and erlotinib {an EGF receptor inhibitor} now marketed as

Tarveca; anti-virals such as oschtamivir phosphate, Amphotericin B, and palivizomab; Sdi 1
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mimetics, Senusting; Seneseence derived inhibitor 1; Sparfosic acid; Spicamycin B,
Spiromustine; Splenopentin; Spongistatin 1; Squalamine; Stipiamide; Stromelysin inhibitors;
Sulfinosine; Superactive vasoactive intestinal peptide antagomnist; Velaresol;, Veramine; Verdins;
Verteporfing Vinorelbine, Vinxaltine, Vitaxin; Yorozole, Zanoterone, Zeniplatin; Zilascorb; and
Zinostatin stimalamer; PI3KP small-molecule inhibitor, GSK2636771; pan-PI3K mhibitor
{(BKM120); BRAF mhibitors. Vemuratemb (Zelboraf) and dabrafenib (Tafinlar); or any analog
or derivative and variant of the foregoing.

100419 Radictherapeutic agents and factors include radiation and waves that induce DNA
damage for example, y-irradiation, X-rays, UV-irradiation, microwaves, electronic emissions,
radioisotopes, and the like. Therapy may be achieved by irradiating the localized tumor site with
the above described forms of radiations. It s most likely that all of these factors effect a broad
range of damage DNA, on the precursors of DNA, the replication and repair of BNA, and the
assernbly and maintenance of chromosomes. Dosage ranges for X-ravs range from daily doses of
50 to 200 roentgens for prolonged periods of time (3 to 4 weeks), 1o single doses of 2000 to 6000
roentgens. Dosage ranges for radioisctopes vary widely, and depend on the half-life of the
isotope, the strength and type of radiation emitted, and the uptake by the neoplastic cells.
[00428] In some embodiments, the chemotherapeutic agent may be an immunomodulatory
agent such as lenalidomide (LEN). Recent studies have demonstrated that lenalidomide can
enhance antitumor functions of CAR modified T cells (Otahal et al., Oncoimmunoclogy, 2013,
5(4) ¢1115940). Some cxamples of anti-tumor antibodies include tocilizumab, siltuximab.
{00421 Other agents may be used in combination with compositions of the invention may also
include, but not limited to, agents that affect the upregulation of cell surface receptors and their
ligands such as Fas/Fas ligand, DR4 or BRS/TRAIL and GAP junctions, cviostatic and
differentiation agenis, mhibitors of cell adhesion such as focal adhesion kinase (FAKs) imhibitors
and Lovastatin, or agents that increase the sensitivity of the hyper proliferative cells to apoptotic
inducers such as the antibody €225,

604221 The combinations may nchude adnunistering the compositions of the invention and
other agents at the same time or separately. Alternatively, the present immunotherapy may
precede or follow the other agent/therapy by intervals ranging from minutes, days, wecks to
months.

4. Discases

[00423] Provided in the present invention i1s a method of reducing a tumor volume or burden in
a subject 1n need, the method comprising mtroducing into the subject a composition of the

MVEntion.
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100424 The present mvention also provides methods for treating a cancer in a subject,
comprising adminisiering to the subject an effective amount of an mmune cffector cell
genetically modified to express at least one effector module of the invention.

Cancer

j00425] Various cancers may be treated with pharmaceutical compositions, biocircuits,
biocircuit components, effector modules including their SREs or payloads of the present
invention. As used herein, the term “cancer” refers to any of various malignant neoplasms
characterized by the proliferation of anaplastic cells that tend to invade surrounding tissue and
metastasize to new body sites and also refers to the pathological condition characterized by such
malignant neoplastic growths. Cancers may be tumors or hematological malignancies, and
mclude but are not hmited to, all types of lvmphomas/leukemias, carcinomas and sarcomas, such
as those cancers or tumors found in the anus, bladder, bile duct, bone, brain, breast, cervix,
colon/rectum, endometrium, esophagus, eve, galibladder, head and neck, liver, kidnev, larynx,
lung, mediastinum (chest}, mouth, ovarics, pancreas, pems, prostate, skin, small intestine,
stomach, spinal marrow, tailbone, testicles, thyroid and uterus.

[00426] Types of carcinomas which may be treated with the compositions of the present
invention include, but are not imited to, papilloma/carcinoma, chonocarcmoma, endodermal
sinus tumor, teratoma, adenoma/adenocarcinoma, melanoma, fibroma, lipoma, lelomyoma,
rhabdomyoma, mescthelioma, angioma, osteoma, chondroma, ghoma, lvmphoma/leukenua,
squamous cell carcinoma, small cell carcinoma, large cell undifferentiated carcinomas, basal cell
carcinoma and sinonasal undifferentiated carcinoma.

[00427] Types of carcinomas which may be treated with the compositions of the present
mvention include, but are not limited to, soft tissue sarcoma such as alveolar soft part sarcoma,
angiosarcoma, dermatotibrosarcoma, desmoid tumor, desmoplastic small round cell tumor,
extraskeletal chondrosarcoma, extraskeletal osteosarcoma, fibrosarcoma, hemangiopericytoma,
hemangiosarcoma, Kapost's sarcoma, leiomyosarcoma, liposarcoma, fvmphangiosarcoma,
tymphosarcoma, malignant fibrous histiocytoma, neurofibrosarcoma, rhabdomyosarcona,
svoovial sarcoma, and Askin's tumor, Ewing's sarcoma (primitive neuroectodermal fumor),
malignant hemangioendothelioma, malignant schwannoma, osteosarcoma, and chondrosarcoma.
100428] As anon-hmiting examaple, the carcinoma which may be treated may be Acute
granulocytic leukenia, Acute lymphocytic leukenmia, Acute myelogenous leukemia,
Adenocarcinoma, Adenosarcoma, Adrenal cancer, Adrenocortical carcinoma, Anal cancer,
Aunaplastic astrocytoma, Angiosarcoma, Appendix cancer, Astrocytoma, Basal cell carcinoma,

B-Cell lymphoma ), Bile duct cancer, Bladder cancer, Bone cancer, Bowel cancer, Brain cancer,
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Bram stem glioma, Brain tumor, Breast cancer, Carcinoid tumors, Cervical cancer,
Cholangiocarcinoma, Chondrosarcoma, Chronic bymphocytic lenkemia, Chronic myelogenous
feukenua, Colon cancer, Colorectal cancer, Craniopharvngioma, Cutaneous lvmphoma,
Cutaneous melanoma, Diffuse astrocyioma, Ductal carcinoma in situ, Endometrial cancer,
Ependymoma, Epithelioid sarcoma, Esophageal cancer, Ewing sarcoma, Extrahepatic bile duct
cancer, Eve cancer, Fallopian tube cancer, Fibrosarcoma, Gallbladder cancer, Gastric cancer,
Gastromtestinal cancer, Gastrointestinal carcinoid cancer, Gastrointestinal stromal tumors,
General, Germ cell tumor, Glioblastoma multiforme, Glioma, Hairy cell leukemia, Head and
neck cancer, Hemangioendothelioma, Hodgkin lymphoma, Hodgkin's discase, Hodgkin's
lvmphoma, Hypopharyngeal cancer, Infiltrating ductal carcinoma, Infiltrating lobular carcinoma,
Inflammatory breast cancer, Intestinal Cancer, Intrahepatic bile duct cancer, Invasive /
infiltrating breast cancer, Islet cell cancer, Jaw cancer, Kaposi sarcoma, Kidney cancer,
Laryngeal cancer, Leiomyosarcoma, Leptomeningeal metastases, Leukenua, Lip cancer,
Liposarcoma, Liver cancer, Lobular carcinoma in situ, Low-grade astrocvtoma, Lung cancer,
Lymph node cancer, Lymphoma, Malc breast cancer, Medullary carcinoma, Medulloblastoma,
Melanoma, Meningioma, Merkel cell carcinoma, Mesenchymal chondrosarcoma,
Mesenchvmous, Mesothelioma, Metastatic breast cancer, Metastatic melanoma, Metastatic
squamous neck cancer, Mixed gliomas, Mouth cancer, Mucinous carcinoma, Mucosal
melanoma, Multiple myeloma, Nasal cavity cancer, Nasopharyngeal cancer, Neck cancer,
Neuroblastoma, Neuroendocrine tumors, Non-Hodgkin lvmphoma, Non-Hodgkin's lymphoma,
Non-small cell lung cancer, Oat cell cancer, Ocular cancer, Ocular melanoma,
Oligodendroghioma, Oral cancer, Oral cavity cancer, Oropharvngeal cancer, (steogenic sarcoma,
Osteosarcoma, Ovanan cancer, Ovaran epithelial cancer, Ovarian germ cell tumor, Ovarian
primary peritoneal carcinoma, Ovanan sex cord stromal tumor, Paget's disease, Pancreatic
cancer, Papillary carcinoma, Paranasal sinus cancer, Parathyroid cancer, Pelvic cancer, Penile
cancer, Peripheral nerve cancer, Peritoneal cancer, Pharyngeal cancer, Pheochromocytoma,
Pilocviic astrocytoma, Pical region tumor, Pincoblastoma, Pituitary gland cancer, Primary
central nervous system lymphoma, Prostate cancer, Rectal cancer, Renal cell cancer, Renal
pelvis cancer, Rhabdomyvosarcoma, Salivary gland cancer, Sarcoma, Sarcoma, bone, Sarcoma,
soft tissue, Sarcoma, vterine, Sinus cancer, Skin cancer, Small cell lung cancer, Small ntestine
cancer, 5oft tissue sarcoma, Spinal cancer, Spinal column cancer, Spinal cord cancer, Spinal
tumor, Squamouns cell carcinoma, Stomach cancer, Synovial sarcoma, T-cell lvmphoma ),
Testicular cancer, Throat cancer, Thymoma / thymic carcinoma, Thyroid cancer, Tongue canger,

Tonsil cancer, Transttional cell cancer, Transitional cell cancer, Transitional cell cancer, Trple-
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negative breast cancer, Tubal cancer, Tubular carcinoma, Ureteral cancer, Ureteral cancer,
Urethral cancer, Uterine adenocarcinoma, Uterine cancer, Uterine sarcoma, Vaginal cancer, and
Vulvar cancer.

Infectious diseases

[00429] In some embodiment, biocircuits of the invention may be used for the treatment of
infectious diseases. Biocircuits of the invention may be introduced in cells suitable for adoptive
cell transfer such as macrophages, dendritic cells, natural killer cells, and or T celis. Infectious
diseases treated by the biocircuits of the invention may be discases caused by viruses, bacteria,
fungi, and/or parasites. {.15-{1.15Ra pavioads of the mvention may be used to increase immune
cell proliteration and/or persistence of the immune cells useful m treating infectious discases.
[00430] “Infection diseases” herein refer to discases caused by any pathogen or agent that
infects mammalian cells, preferably human cells and causes a discase condition. Examples
thereof include bactenia, yeast, fungi, protozoans, mycoplasma, viruses, prions, and parastics.
Examples include those mvolved m {1} viral diseases such as, for example, diseases resulting
from infection by an adenovirus, a herpesvinus (e g, HSV-1, HSV-IL, UMV, or VZV), a poxvirus
{e-g-, an orthopoxvirus such as variola or vaccinia, or moliuscum contagiosunt}, a picomavirus
{e.g., thinovirus or enterovirus), an orthomyxovirus {e.g., influenzavirus}, a paramyxovirus {e.g.,
parainfluenza virus, mumps virus, measles virus, and respiratory syncvtial virus (RSV)) a
coronavirus {e.g., SARS), a papovavirus (2.g.. papillomaviruses, such as those that cause genital
warts, common warts, or plantar warts), a hepadnavirus {c.g., hepatitis B virus), a flavivirus (e .g.,
hepatitis C virus or Dengue virus), or a retrovirus {e.g., a lentivirus such as HIV}; (b) bacterial
discases such as, for example, discases resulting from infection by bactenia of, for example, the
genus HEschenchia, Entercbacter, Salmonella, Staphylococcus, Shigela, Listeria, Aercbacter,
Helicobacter, Kiebsiella, Proteus, Pseudomonas, Streptococcus, Chlamvdia, Mycoplasma,
Prneumococcus, Neisseria, Clostridiuom, Bacillus, Corvnebactenum, Myeobacterium,
Campvlobacter, Vibrio, Serratia, Providencia, Chromobacterium, Brucella, Yersinia,
Haemophilus, or Bordetella; {¢) other infoctious discases, such chlamydia, fungal discases
including but not himited to candidiasis, aspergiilosis, histoplasmosis, cryptococcal meningitis,
parasitic diseases including but not imited to malaria, Pnewmocystis carnit pneumonia,
leishmaniasis, crvptosporidiosis, foxoplasmosis, and trypanosome infection and prions that cause
human disease such as Creutzfeldt-Jakob Disease (CID), vanant Creutzfeldt-Jakob Disease

(vCID), Gerstmann-Strajissler-Schemker syndrome, Fatal Familial Insomnia and kura,
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5. Microbiome

[00431] Alterations m the composition of the microbiome may impact the action of anti-cancer
therapies. A diverse community of symbiotic, commensal and pathogenic microorganisms exist
in all environmentally exposed sites in the body and is hercin referred to as the “Microbiome.”
Environmentally exposed sites of the body that may be mhabited by a nmicrobiome include the
skin, nasopharynx, the oral cavity, respiratory tract, gastrointestinal fract, and the reproductive
tract.

100432] In some embodiments, microbiome native or engineered with immunotherapeutic
agents may be used to improve the efficacy of the anti-cancer immunotherapics. Methods of
using microbiome to mmprove responsive to immunotherapeutic agents have been described by
Stvan et al (Stvan A, et al. Commensal Bifidobacteriom promotes antitumor immanity and
facilitates anti-PD-L1 efficacy. Science 2015; 350:1084-9; the contents of which are
meorporated herein by reference in their entirety). In one embodiment, protein, RNA and/or
other biomolecules derved from the microbiome may be used as a pavioad to mfluence the
efficacy of the anti-cancer immunotherapies.

&. Tools and agents for making therapeutics

[00433] Provided in the present invention are tools and agents that may be used in generating
mmunotherapeutics for reducing a tumor volume or burden in a subject i need. A considerable
number of variables are involved in producing a therapeutic agent, such as structure of the
pavioad, type of cells, method of gene transfers, method and time of ex vivo expansion, pre-
conditioning and the amount and type of tumor burden in the subject. Such parameters may be
optimized using tools and agents described herein.

Cell lines

[00434] The present disciosure provides a mammalian cell that has been genetically modified
with the compositions of the invention. Suitable mammalian cells include primary cells and
immortalized cell lines. Suitable mammalian cell lines include, but are not limited to Human
erabrvonic kidoey cell ling 293, fibroblast cell line NIH 373, human colorectal carcinoma cell
line HCT116, ovarian carcinoma cell Tine SKOV-3, immortalized T cell bines {e.g. Jurkat cells
and SepT1 cells), lyvmphoma cell line Raji cells, NALM-6 cells, K562 cells, Hela cells, PC12
cells, HE-60 cells, NK cell lines {e.g. NKL, NK92, NK942, and Y'TS}, and the like. In some
instances, the cell is not an immortalized cell line, but instead a cell obtained from an individual
and 1s herein referred to as a primary cell. For example, the cell is a T lvmphocyic obtained from
an individual. Other examples melude, but are not limited to cytotoxic celis, sten cells,

peripheral blood mononuclear cells or progenitor cells obtained from an individual.
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Tracking SREs, biocircuits and cell lines

[00435] In some embodiments, it may be desirable to track the compositions of the mvention or
the cells modified by the compositions of the invention. Tracking may be achieved by using
reporter moieties, which, as used herein, refers to any protein capable of creating a detectable
signal, in response to an input. Examples include alkaline phosphatase, i-galactosidase,
chloramphenicol acetvliransferase, P-glucuromdase, peroxidase, f-lactamase, cataiytic
antibodics, bichiminescent proteins ¢.g. luciferase, and fluorescent proteins such as Green
flucrescent protein {GFP).

[00436] Keporter moieties may be used to monitor the response of the DD upon addition of the
ligand corresponding to the DD, In other instances, reporter moicties may be used to track cell
sarvival, persistence, cell growth, and/or localization in vitro, in vivo, or ex vivo.

160437] In some embodiments, the preferred reporter moiety may be luciferase proteins. In one
crabodiment, the reporter moiety 18 the Renilla tuciferase (SEQ 1D NO. 866, encoded by nucleic
acid sequence of SEQ ID NG. 867), or a firefly luciferase (SEQ D NGO, 868, encoded by nucleic
acid sequence of SEQ ID NO. 869).

Animal models

[00438] The utility and efficacy of the compositions of the present invention may be tested in
vive animal models, preferably mouse models. Mouse models used to may be syngeneic mouse
models wherein mouse cells are modified with compositions of the invention and tested in mice
ot the same genctic background. Exarmples include pMEL-1 and 4T1 mouse models.
Alternatively, xenograft models where human cells such as tumor cells and immune cells are
mtroduced into immunocdeficient mice may also be utilized i sach studies. Immanodeficient
mice used may be CByJ Cg-Foxnl1™], B6,12987-Ragl ™Moy B6 12987-Ragl™Mom] B,
CB17-PridcediSz], NOD 12987(B6)-Rag [ "/Mem/f NOD.Cg-Rag [mIMompyf]miSiz[Sq.

NOD CB17-Pricic’@d/S23, NOD .Cg-Prikdcs@@B2m™ e/} NOD-scid IL2Rg™, Nude (nu) mice,
SCID mice, NOD mice, RAGU/RAG?Z mice, NOD-Scid mice, IL.2rgnull mice, b2mnu/l mice,
NOD-scid H.2rymull mice, NOD-seid-BZmnull mice, beige mouse, and HLA transgenic mice.
Cellular assays

[00439] In some embodiments, the effectiveness of the compositions of the mventions as
mmmunotherapeutic agents may be evaluated using celinlar assays. Levels of expression and/or
identity of the compositions of the invention may be determined according to any methods
known in the art for identifying proteins and/or quantitating proteins levels. In some

embodiments, such methods may include Western Blotting, flow cytometry, and immunoassays.
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100440] Provided herein are methods for functionally characterizing cells expressing SRE,
biocircuits and compositions of the invention. In some embodiments, functional characterization
18 camried out in primary wmmune cells or immortalized immune cell ines and may be determined
by expression of cell surface markers. Examples of cell sarface markers for T cells inclode, but
are not limited to, CD3, CD4, CDE, CD 14, CD20, CD11b, CD16, CD45 and HLA-DR, CD 69,
CD28, CD44, IFNgamma. Markers for T cell exhaustion include PD1, TIM3, BTLA, CD160,
2B4, CD39, and LAG3. Examples of cell surface markers for antigen presenting cells inclade,
but are not limited to, MHC class {, MHC Class H, CD40, CD45, B7-1, B7-2, IFN~y receptor and
[L.2 receptor, ICAM-1 and/or Foy receptor. Examples of cell surface markers for dendritic cells
mclude, but are not limited to, MHC class I, MHC Class 1T, B7-2, CDI8, CD29, CD31, CD43,
CD44, CD45, CDs4, D38, CD83, Cbg6, CMRF-44, CMRF-56, DCIR and/or Dectin-1 and the
like; whike in some cases also having the absence of CD2, CD3, D4, CDE, CDI4, CD1S5,
CD16, CD 19, CD20, CD36, and/or CDS57. Examples of cell surface markers for NK cells
mngclude, but are not limuated to, CCL3, CCL4, CCLS, CCR4, CXCR4, CXCR3, NKG2D, CD71,
D69, CCRS, Phospho JAK/STAT, phospho ERK, phospho p38/ MAPK, phospho AKT.
phospho STAT3, Granulysin, Granzyme B, Granzyme K, 1110, 1122, IFNg, LAP, Perforin, and
TNFa.

V. DELIVERY MODALITIES AND/OR VECTORS

Yectors

{00441 The present invention also provides vectors that package polynucleotides of the
mvention encoding biocircuits, effector modules, SREs (DDs) and pavioad constructs, and
combinations thereof. Vectors of the present invention mayv also be used to deliver the packaged
polynuclectides to a cell, a local tissue site or a subject. These vectors may be of any kind,
meluding BNA vectors, RNA vectors, plasmuds, viral vectors and particles. Viral vector
technology is well known and described in Sambrook et al. (2001, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory, New York). Viruses, which are useful as
vectors include, but are not himited to lentiviral vectors, adenoviral vectors, adeno-associated
viral {AAV) vectors, herpes simplex viral vectors, retroviral vectors, oncolviic viruses, and the
like.

100442] In gencral, vectors contain an ongin of replication functional in at least one organism, &
promater sequence and convenient restriction endonuclease site, and one or more selectable
markers ¢.g. a drug resistance gene,

108443] As used herein a promoter is defined as a DNA sequence recognized by transcription

machinery of the cell, required to inttiate specific transcription of the polynucleotide sequence of
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the present invention, Vectors can comprise native or non-native promoters operably linked to
the polyoucleotides of the mvention. The promoters selected may be strong, weak, constitutive,
inducible, tissue specific, development stage-specitic, and/or organism specific. One example of
a suttable promoter 1s the immediate early cytomegalovirus (CMV) promoter sequence. This
promoter sequence 1s a strong constitutive promoter sequence capable of driving high levels of
expression of polynucleotide sequence that is operatively linked to it. Another example of a
preferred promoter is Hlongation Growth Factor-1. Alpha (EF-1. alpha}. Gther constitutive
promoters may also be used, mchiding, but not hnited to simian virus 40 (SV40), mouse
marmmary tior virus (MMTV}, human imvmunodeticiency virus (HEV), long terounal repeat
(L'TR), promoter, an avian leukemia virus promoter, an Epstein-Barr virus immediate carly
promoter, a Rous sarcoma virus promoter as well as human gene promoters imchuding, but not
limited to the phosphoglvecrate kinase (PGK) promoter, actin promoter, the myosin promoter,
the hemoglobin promoter, the Ubiquutin € (Ubc) promoter, the human U6 small nuclear proten
promoter and the creatine kinase promoter. In some instances, inducible promoters such as but
not hmited to metallothionine promoter, glucocorticoid promoter, a progesterone promoter, and a
tetracvcline promoter may be used. In some embodiments, the promoter may be selected from
the SEQ ID NO.: 716-718.

[00444] In some embodiments, the optimal promoter may be selected based on its ability to
achicve mimimal expression of the SREs and payloads of the invention in the absence of the
ligand and detectable expression in the presence of the ligand.

[00445] Additonal promoter elements ¢.g. enhancers may be used to regulate the frequency of
transeriptional initiation. Such regions may be located 10-100 base pairs upstream or
downstream of the start site. In some mstances, two or more promoter ¢lements may be used to
cooperatively or independently activate transcription.

[00446] In some cmbodiments, the recombinant expression vector may comprise regulatory
sequences, such as transcription and translation initiation and termination codons, which are
spectfic to the tvpe of host cell into which the vector is to be ntroduced.

i Lentiviral veciors

[00447] In some embodiments, lentiviral vectors/particles may be used as vehicles and delivery
modalities. Lentiviruses are subgroup of the Refroviridae tamily of viruses, named because
reverse transcription of viral RNA genomes to DNA 1s required before integration mto the host
genome. As such, the most important features of lentiviral vehicles/particles are the integration
of their genctic material into the genome of a target/bost cell. Some examples of lentivirus

include the Human bnmunodeficiency Viruses: HIV-1 and HIV-2, the Simian
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Immunodeficiency Virus {(SIV}, feline immuncdeficiency virus (FIV), bovine immunodeficiency
virus (BIV), Jembrana Disease Virus (JDV), equine infectious anemia virus (EIAVY), equine
mtectious anemia virus, visna~-macd: and caprine arthritis encephalitis virus (CAEV).

[00448] Typically, lentiviral particles making up the gene delivery vehicle are replication
defective on their own (also referred to as “sclf~nactivating”). Lentiviruses are able to infect
both dividimg and non-dividing cells by virtue of the entry mechamsm through the mtact host
nuclear envelope (Naldini L et al., Curr. Opin. Biotechnol, 1998, 9: 457-463). Recombinant
lentiviral vehicles/particles have been generated by multiply attenuating the HIV virufence
genes, for example, the genes Env, Vif, Vpr, Vpu, Nef and Tat are deleted making the vector
biologically sate. Correspondingly, lentiviral vehicles, for example, derived from HIV-1/HIV-2
can mediate the efficient delivery, integration and long-term expression of transgenes into non-
dividing cells. As used herein, the term “recombinant” refers {0 a vector or other nucleic acid
containing both lentiviral sequences and non-lentiviral retroviral sequences.

[00449] Lentiviral particles may be generated by co-expressing the virus packaging elements
and the vector genomg itself 1n a producer cell such as human HEK293T cells. These clements
are usually provided in three {in second generation lentiviral systems) or four separate plasouds
(in third generation lentiviral systems). The producer cells are co-transfected with plasnuds that
encode lentiviral components including the core (1.e. structural proteins) and enzymatic
components of the virus, and the envelope protein(s) (referred to as the packaging systems), and
a plasmid that encodes the genome including a foreign transgene, to be transferred to the target
cell, the vehicle itseif {also referred to as the transfer vector). In general, the plasmids or vectors
are included m a producer cell line. The plasmids/vectors are introduced via transfection,
transduction or mfection into the producer cell hine. Methods for transfection, transduction or
intection are well known by those of skill in the art. As non-himiting example, the packaging and
transfer constructs can be introduced into producer cell lines by calcium phosphate transfection,
lipofection or clectroporation, gencrally fogether with a dominant selectable marker, such as neo,
DHFR, Gln syothetase or ADA, followed by selection in the presence of the appropriate drug
and isolation of clones.

[00450] The producer cell produces recombinant viral particles that contain the forgign gene, for
example, the effector module of the present iavention. The recombinant viral particles are
recovered from the culture media and titrated by standard methods used by those of skill n the
art. The recombinant lentiviral vehicles can be used to infect target cells,

100451 Cells that can be used to produce high-titer lentiviral particles may include, but are not

limited to, HEK2937T cells, 293G cells, STAR cells (Relander et al., Mol Ther, 2005, 11: 452-
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439}, FreeStyle™ 2063 Expression System {ThermoFisher, Waltham, MA), and other HEK293T-
based producer cell lines {¢.g., Stewart et al., Hum Gene Ther. 2011, 22{(3%:357-369; Lec et al,
Riotecimol Biveng, 2012, 10996): 1551-1560; Throm et al., Blood. 2009, 113(21): 3104-5110;
the contents of cach of which are incorporated herein by reference in their entirety ).

00452 In some aspects, the envelope proteins may be heterologous envelop proteins from
other viruses, such as the G protein of vesicular stomatitis virus {(VSV G} or baculoviral gp64
envelop proteins. The VSV-G glycoprotein may especially be chosen among species classified in
the vesiculovirus genus: Carajas virus (CISY), Chandipura virus (CHPV), Cocal virus (COCV),
Isfahan virus (ISFV)Y, Maraba virus (MARAV), Piry virus (PIRYVY), Vesicular stomatitis
Alagoas virus (VSAY), Vesicular stomatifis Indiana virus (VSIV) and Vesicular stomatitis New
Jersev virus (VENIVY and/or stains provisionally classified in the vesiculovirus genus as Grass
carp rhabdovirus, BeAn 157575 virus (BeAn 157575), Boieke virus (BTKY Y, Calchaqui virus
(CQIV), Fel virus American (EVA), Gray Lodge virus (GLOV), Jurona virus (JURY), Klamath
virus (KLAV), Kwatta virus (KWAY), La Jova virus (LIV), Malpais Spring virus (MSPV),
Mount Eigon bat virus (MEBV}, Perinet virus (PERV), Pike firy rhabdovirus (PFRV), Porton
virus (PORY), Radi virus (RADIV), Spring viremia of carp virus (SVCVY), Tupaia virus
{(TUPV), Ulceraiive disease rhabdovirus (UDRVY) and Yug Bogdanovac virus (YBV}. The gpod
or other bacaloviral env protein can be derived from Aufographa californica
nucleopolvhedrovirus (AcMNPV), Anagrapha falcifera nuclear polvhedrosis virus, Bombyx
mari nuclear polvhedrosis virus, Choristoneura fumiferana nucleopolvhedrovirus, Orgyia
psendotsugata single capsid nuclear polvhedrosis virus, Epiphvas postvittana
nucleopolyhedroviras, Hyphantria cunea nucleopolvhedrovirus, Galleria melionelia waclear
polvhedrosis virus, Dhort virus, Thogoto virus, dnfheraea pemyi mucleopolyhedrovinis or
Batken virus.

[00453] Additional elements provided in lentiviral particles mav comprise retroviral ETR (long-
terminal repeat) at either 57 or 37 terminus, a retroviral export element, optionally a lentiviral
reverse response clement {RRE), a promoter or active portion thercof, and a locus control region
{(LCR) or active portion thereof. Other elements include central polypurine tract (¢PPT) sequence
to improve transduction efficiency 1n non-dividing cells, Woodchack Hepatitis Virus {(WHP)
Posttranscriptional Regulatory Element (WPRE) which enhances the expression of the transgene,
and ncreases titer. The effector module 1s linked to the vector.

[00454] Methods for gencrating recombinant lentiviral particles are discussed m the art, for
example, U8 Pat. NOs.» 8, 846, 385, 7,745, 179, 7,629,153, 7,575,924, 7.179, 903, and 6, %08,

905, the contents of each of which are incorporated hercin by reference in their entirety.

- 173 -



WO 2018/161017 PCT/US2018/020741

100455] Lentivirus vectors used may be selected from, but are not limited to pL VX, plent,
plenti6, pLIMI, FUGW, pWPXL, pWPL, pLenti CMVY puro DEST, pLIMI-EGFP, pULTRA,
pinducer20, pHIV-EGFP, pCWS7.1, pTRPE, pELPS, pRRL, and pLionil.

[00456] Lentiviral velucles known in the art may also be used (See, U.S. Pat. NOs. 9, 260, 725;
9,068,199; 9,023,646, 8,900,858, 8,748,169; 8,709,799, 8,420,104, 8,329,462, 8,075,106,
6,013,516; and 5,994,136, International Patent Publication NG.: W(G2012079000; the contents of
cach of which are incorporated herein by reference m their entivety).

2. Retroviral vectors {v-retroviral vectors)

[00457] In some embodiments, retroviral vectors may be used to package and deliver the
biocircuts, biocircuit components, etfector modules, SREs or payload constructs of the present
mvention. Retroviral vectors (RVs) allow the permanent integration of a transgene in target cells.
In addition to kentiviral vectors based on complex HIV-1/2, retroviral vectors based on simple
samma-retroviruses have been widely used to dehiver therapeutic genes and demonstrated
chnically as one of the most efficient and powerful gene delivery systems capable of transducing
a broad range of cell types. Example species of Gamma retroviruses include the muring leukemia
viruses (MLVs) and the feline leukemia viruses (FelLV).
[00438] In some embodiments, gamma-retroviral vectors derived from a mammalian gamma-
retrovirus such as murine leukemia viruses (ML Vs), are recombinant. The MLV fanulies of
gamma retroviruses include the ecotropic, amphotropic, xenotropic and polvtropic subfamibies.
Ecotropic viruses are able to infect only munne cells using mCAT-1 receptor. Examples of
ecotropic viruses are Moloney MLV and AKV. Amphotropic viruses infect murine, human and
other species through the Pit-2 receptor. One example of an amphotropic virus is the 4070A
virus. Xenotropic and polytropic viruses utilize the same (Xprl} receptor, but differ in their
species tropism. Xenotropic viruses such as NZB-9-1 mfect human and other species but not
murine species, whereas polytropic viruses such as focus-forming virases {MCF) mfect murine,
human and other species.

00459 Gamma-retroviral vectors may be produced in packaging cells by co-transfecting the
cells with several plasmids including one encoding the retroviral structural and enzvmatic (gag-
pol} polvprotein, one encoding the envelope (env) protein, and one encoding the vector mRNA
comprising polynucleotide encoding the compositions of the present invention that is to be
packaged in newly formed viral particles.

[00460] In some aspects, the recombinant gamma-retroviral vectors are pseudotyped with
envelope proteins from other viruses. Havelope glycoproteins are incorporated in the outer lipid

layer of the viral particles which can increase/alter the cell tropism. Exemplary envelop proteins
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inclade the gibbon ape leukemia virus envelope protein (GALY) or vesicular stomatitis virus G
protein {(VSV-(3), or Simian endogenous retrovirus envelop protein, or Measles Virus Hand F
protens, or Human immunodeficiency virus gpl20 envelope protein, or cocal vesiculovirus
envelop protein (See, e.g., U.5. application publication NO.: 2012/164118; the contents of which
are incorporated herein by reference in 1is entirety). In other aspects, envelope glycoproteins may
be genetically modified to meorporate targeting/binding hgands into gamma-retroviral vectors,
binding ligands including, but not limited to, peptide ligands, single chain antibodies and growth
factors (Wachler et al ., Nar. Rev. Gener. 2007, %(8):573-587; the contents of which are
incorporated herein by reference in its entirety). These engincored glycoproteins can retarget
vectors to cells expressing their corresponding target moicties. In other aspects, a “molecular
bridge” may be introdaced to direct vectors to specific cells. The molecular bridge has dual
specificities: one end can recognize viral glycoproteins, and the other end can bind to the
molecular detcrminant on the target cell. Such molecular bridges, for example ligand-receptor,
avidin-biotin, and chemical conjugations, monoclonal antibodies and engineered fusogenic
proteins, can direct the attachment of viral veciors to target cells for transduction (Yang et al
Riotechnol. Bioeng., 2008, 101(2): 357-368; and Mactzig et al., Firuses, 2011, 3, 677-713; the
contents of each of which are incorporated herein by reference in their entivety).

[00461] In some embodiments, the recombinant gamma-retroviral vectors are self-inactivating
(SIN) cammaretroviral vectors. The vectors are rephication incompetent. SIN vectors may harbor
a deletion within the 37 U3 region initially comprsing enhancer/promoter activity. Furthermore,
the 57 U3 region may be replaced with strong promoters (needed m the packaging celi ing)
derived from Cytomegalovinis or RSV, or am tnternal promoter of choice, and/or an enhancer
element. The choice of the mtemal promoters may be made according to specific requirements
of gene expression needed for a particular purpose of the invention.

[00462] In some embodiments, polynucleotides encoding the biocircuit, biocireumt components,
effector module, SRE are inserted within the recombinant viral genome. The other components
of the viral mENA of a recombinant gamma-retroviral vector may be modified by msertion or
removal of naturally occurning sequences {e.g., insertion of an IRES, msertion of a heterologous
polynucleotide encoding a polypeptide or mhibttory nucleic acid of micrest, shuffling of a more
effective promoter from a different retroviras or virus in place of the wild-type promoter and the
fike). In some examples, the recombinant gamma-retroviral vectors may comprise modified
packaging signal, and/or primer binding site (PBES), and/or 5'-enhancer/promoter elements in the
U3-region of the 5'- long terminal repeat {LTR), and/or 3'-51N clements modified in the U3-

region of the 3-LTR. These modifications may mcrease the titers and the ability of infection.
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100463] Gamma retroviral vectors suitable for delivering biocircuit components, effector
modules, SREs or payvioad constructs of the present invention may be sclected from those
disciosed in US. Pat. NOs.: 8,828,718; 7,583,676, 7,351,585, U.S. application publication NO.
2007/048285; PCT application publication NOs.: WO2010/113037, W2014/121003;
WO2015/056014; and EP Pat. NOs. EP1757702; EP1757703 (the contents of cach of which are
incorporated herein by reference in their entivety).

3. Adeno-associated viral vectors {AAV)

100464] In some embodiments, polvnuclectides of present invention may be packaged into
recombinant adeno-associated viral {(rAAV) vectors. Such vectors or viral particles may be
designed to utilize any of the known serotype capsids or combinations of serotvpe capsids. The
serotype capsids may inchide capsids from any dentified AAVY serotypes and variants thereof,
for example, AAVI, AAVZ, AAVIGY, AAVE, AAV4E, AAVE-4, AAVS, AAVE, AAVT, AAVE,
AAVY AAVIO, AAVEL, AAVIZ and AAVRIO,

[00465] In one embodiment, the AAV serotvpe may be or have a sequence as described in
United States Publication No. US20030138772, herein mcorporated by reference in its entirety,
such as, but not limited to, AAV (SEQ 1D NO: 6 and 64 of USZ0030138772), AAV2 (SEQID
NO: 7 and 70 of US20030138772), AAV3 (SEQ ID NO: 8 and 71 of US20030138772), AAV4
(SEQ ID NG: 63 of US200301387723, AAVS (SEQ 1D NO: 114 of US20030138772), AAV6
(SEQ ID NO: 65 of USZ0030138772), AAVT (SEQ 1D NO: 1-3 of US20030138772), AAVE
(SEQ ID NO: 4 and 95 of US20030138772), AAVY (SEQ ID NO: 5 and 100 of
US20030138772), AAVIO (SEQ ID NO: 117 of US20030138772), AAVII(SEQ IDNO: 118 of
USZ0030138772), AAVI2 (SEQ ID NG: 119 of US20036138772), AAVh10 {(amino acids 1 to
738 of SEQ 1D NO: 81 of US20030138772) or variants thereof. Non-limiting examples of
vaniants include SEQ 1D NQs: 9, 27-43, 47-62, 66-69, 73-81, 84-94, 96, 97, 99, 101-113 of
US20030138772, the contents of which are herein incorporated by reference in their entivety .
108466] In one embodiment, the AAY serotype may have a sequence as described in Pulicherla
et al. (Molecular Therapy, 2011, 19(6):1070-1078), U.S. Pat. NOs.: 6,156,303, 7,198,951, U S,
Patent Publication NOs.: US2015/0159173 and US2014/0359799; and International Patent
Publication NOs.: WO1998/011244, W(O2005/033321 and W(2014/14422; the contents of each
of which are incorporated herein by reference in their entirety.

100467 AAV vectors include not only single stranded vectors but self-complementary AAY
vectors (sSCAAVS). sCAAV vectors contain DNA which anneals together to form double stranded
vector genome. By skipping second strand synthesis, scAAYs allow for rapid expression in the

cell.
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100468] The rAAV vectors may be manufactared by standard methods in the art such as by
triple transfection, i sf9 insect cells or in suspension cell cultures of human cells such as

HEK 293 cells.

[00469] The bioctreuits, biocircuit components, effector modules, SREs or payload constructs
may be encoded 1o one or more viral genomes to be packaged in the AAY capsids taught herein.
[0047G] Such vectors or viral genomes may also include, in addition to at least one or two TRs
{(inverted termimal repeats), certaim regulatory elements necessary for expression fiom the vector
or viral genome. Such regulatory elements are well known in the art and include for example
promaters, introns, spacers, stuffer sequences, and the like,

[68471] In some embodiments, more than one effector module or SRE (e.g. DD may be
encoded 1n a viral genome.

4_Oncolviic viral vector

00472 In some embodiments, polvnucleotides of present invention may be packaged into
oncolyiic viruses, such as vaccine viruses. Oncolviic vaccine viruses may include viral particles
of a thymidine kinase {TK}-deficient, granulocyte macrophage {GM)-colony stimulating factor
(CSFy-cxpressing, replication-competent vaccinia virus vector sufficient to induce oncolysis of
cells m the tumor {e.g., US Pat. NO.. 9,226,977,

S, Messenger RNA (mBRNA)

168473] In some embodiments, the effector modules of the invention may be designed as a
messenger RNA (mRNA). As used herein, the term “messenger RNA” (mRNA) refors 1o any
polynucleotide which encodes a polypeptide of mterest and whach is capable of being translated
to produce the encoded polvpeptide of tnterest i vigro, in vivo, in sifu or ex vivo. Such mRNA
molecules may have the structural components or features of any of those taught in International
Application number PCT/US2013/030062, the contents of which are incorporated herem by
reference in s entirety.

100474] Polymucleotides of the invention may also be designed as taught in, for example,
Ribostem Limited in United Kingdom patent application serial number 0316089.2 filed on July
9, 2003 now abandoned, PCT application number PCT/GB2004/002981 filed on July 9, 2004
published as WQ20035005622, United States patent application national phase entry senal
number 10/563,897 filed on June 8, 2006 published as US20060247195 now abandoned, and
European patent application national phase entry serial number EP2004743322 filed on July 9,
2004 published as EP1646714 now withdrawn; Novozymes, Inc. in PCT application number
PCT/US2007/88060 filed on December 19, 2007 published as WO2008140615, United States

patent application national phase entry serial number 12/520,072 filed on July 2, 2009 published
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as US20100028943 and European patent application national phase entry senal number
EP2007874376 filed on July 7, 2009 published as EP2104739; University of Rochester in PCT
application number PCT/US2006/46120 filed on December 4, 2006 published as
W02007064952 and United States patent application serial namber 11/606,995 filed on
December |, 2006 published as US20070141030; BioNTech AG in European patent application
serial number EP2007024312 filed December 14, 2007 now abandoned, PCT application number
PCT/EP2008/01059 filed on December 12, 2008 published as W(2009077134, European patent
application national phase entry serial number EP2008861423 filed on June 2, 2010 published as
EP2240572, United States patent application national phase cotry serial number 127,735,060
filed November 24, 2010 published as US20110065103, German patent application serial
munber DE 10 2005 046 490 filed September 28, 2005, PCT application PCT/EP2006/0448 filed
September 23, 2006 published as W{2007036366, national phase European patent EP1934345
published March, 21, 2012 and national phase US patent application serial number 11/992.638
filed August 14, 2009 published as 20100129877, Immune Disease Institute Inc. in United States
patent application serial number 13/088,009 filed April 15, 2011 published as US20120046346
and PCT application PCT/US2011/32679 filed Apud 15, 2011 published as WO20110130624;
Shire Human Genetic Therapeutics m Umited States patent application serial mumber 12/957 340
filed on November 20, 2010 published as US20110244026; Sequitur Inc. in PCT application
PCT/UST998/019497 filed on September 15, 1998 published as W{#1999014346; The Scripps
Rescarch fnstitute 1o PCT application number PCT/US2010/005367 filed on February 24, 2010
published as WO2010098861, and United States patent application national phase entry serial
number 13/203,229 filed November 3, 2011 published as US20120033333; Ludwig-
Maximillians University in PCT application number PCT/EP2010/004681 filed on July 30, 2010
published as W02011012316; Cellscript Inc. in United States patent number 8,039,214 filed
June 30, 2008 and granted October 18, 2011, United States patent application serial numbers
12/962 498 filed on December 7, 2010 published as US20110143436, 12/962 468 filed on
December 7, 2010 published as US20110143397, 13/237 451 filed on September 20, 2011
published as US20120009649, and PCT applications PCT/US2010/59303 filed December 7,
2010 published as WO2011071931 and PCT/US2010/59317 filed on December 7, 2010
published as WO2011071934; The Trustees of the University of Pennsylvania in PCT
application number PCT/US2006/32372 filed on August 21, 2006 published as W(2007024708,
and United States patent application national phase entry serial number 11/990,646 filed on
March 27, 2009 published as US20090286852; Carevac GMBH in German patent application
serial numabers DE10 2001 027 283.9 filed June 5, 2001, DE10 2001 062 480 .8 filed December
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19, 2001, and DE 20 2006 051 516 filed October 31, 2006 all abandoned, European patent
numbers EP1392341 granted March 30, 2005 and EP1458410 granted Januvary 2, 2008, PCT
apphication numbers PCT/EP2002/06180 filed June 5, 2002 published as W02002098443,
PCT/EP2002/14577 filed on December 19, 2002 published as W02003051401,
PCT/EP2007/09469 filed on December 31, 2007 published as WO2008052770,
PCT/EP2008/03033 filed on April 16, 2008 published as W02009127230, PCT/EP2006/004784
filed on May 19, 2005 published as W(32006122828, PCT/EP2008/00081 filed on January 9,
2007 published as WOZ008083949, and United States patent application serial numbers
16/729,830 filed on December 3, 2003 published as USZ0050032730, 10/870,110 filed on June
18, 2004 published as US20030059624, 11/914,945 filed on Fuly 7, 2008 published as
US20080267873, 12/446 912 filed on October 27, 2009 published as US2010047261 now
abandoned, 12/522,214 filed on January 4, 2010 published as US20100189729, 12/787,566 filed
on May 26, 2010 published as US20110077287, 12/787.755 filed on May 26, 2010 published as
US20100239608, 13/185,119 filed on July I8, 2011 published as US20110269950, and
13/106,548 filed on May 12, 2611 published as US20110311472 all of which are herein
icorporated by reference in their entirety.

[00475] In some embodiments, the effector modules may be designed as self~amplitfving RNA.
“Self-amplifying RNA” as used herein refers to RNA molecules that can replicate in the host
resulting in the increase in the amount of the RNA and the protein encoded by the RNA. Such
scif-amplifying RNA may have structural features or components of any of those taught in
Intemnational Patent Apphication Publication No. W(O2011005799 (the contents of which are
mcorporated herein by reference in their entirety).

VL DOSING, DELIVERY AND ADMINISTRATIONS

[00476] The compositions ot the invention may be delivered to a cell or a subject through one

or more routes and modakbities. The viral vectors containing one or morg effector modules, SREs,
tmmunotherapeutic agents and other components described herein may be used to deliver them
to a cell and/or a subject. Other modalities may also be used such as mRNAs, plasnids, and as
recombinant proteins.

1. Delivery to cells

100477] In another aspect of the invention, polynuclectides encoding biocircuits, effector
modules, SREs {(¢.g., DDs), payloads of interest (immunotherapeutic agents) and compositions
of the invention and vectors comprising said polynuclestides may be introduced nto cells such

as imntune effector cells.
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100478] In one aspect of the invention, polynuclectides encoding biocircuits, effector modules,
SREs {(¢.g., DDs), pavloads of interest (immunotherapeutic agents) and compositions of the
invention, may be packaged into viral vectors or integrated mto viral genomes allowing transient
or stable expression of the polvnucleotides. Preferable viral vectors are retroviral vectors
including lentiviral vectors. In order to construct a retroviral vector, a polynucieotide molecule
encoding a biocircuit, an effector module, a DD or a payload of imterest (i.e. an
immungtherapeutic agent) 1s inseried into the viral genome in the place of certam viral sequences
to produce a virus that is replication-defective. The recombinant viral vector is then introduced
into a packaging cell line containing the gag, pol, and env genes, but without the L'TR and
packaging components. The recombinant retroviral particles are seereted into the culture media,
then collected, optionally concentrated, and used for gene transfer. Lentiviral vectors are
especially preferred as they are capable of infecting both dividing and non-dividing cells.
[00479] Voctors may also be transferred to cells by non-viral methods by physical methods such
as needles, electroporation, sonoporation, hyvrdoporation; chemical carriers such as inorganic
particles {¢.g. calcium phosphate, silica, gold) and/or chemical methods. In some embodiments,
svnthetic or natural biodegradable agents may be used for delivery such as cationic lipids, lipid
nano emulsions, nanoparticies, peptide based vectors, or polvmer based vectors.

[60488] In some cmbodiments, the polypeptides of the mvention may be delivered to the cell
directlv. In one cmbodiment, the polypeptides of the invention may be delivered using syathetic
peptides comprising an endosomal leakage domam (ELD) fused to a cell penetration domain
{CLD). The polypeptides of the invention are co introduced mnto the cell with the ELD-CLD-
synthetic peptide. ELDs facilitate the escape of proteins that are trapped 1n the endosome, into
the cyvtosol. Such domains are denived proteing of microbial and viral origin and have been
described m the art. CPDs allow the transport of proteins across the plasma membrane and have
also been described m the art. The ELD-CLD fusion proteins synergistically increase the
transduction efficiency when compared to the co-transduction with either domain alone. In some
ermbodiments, a histidine rich domain may optionally be added to the shuttle construct as an
additional method of allowing the escape of the cargo from the endosome into the cvtosol. The
shuttle may also mclude a cysteine residue at the N or C terminus to generate multimers of the
fusion peptide. Multimers of the ELD-CLD fusion peptides generated by the addition of
cysteing residue to the ternunus of the peptide show even greater transduction efficiency when
compared to the single fusion peptide constructs. The polypeptides of the invention may also be
appended to appropriate localization signals to direct the cargo to the appropriate sub-celhular

location e.g. nucleus. In some emboduments anv of the ELDs, CLDs or the fusion ELD-CLD
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synthetic peptides tavght in the International Patent Publication, W0O2016161516 and
WO2017175072 may be useful 1n the present invention (the contents of cach of which are herein
meorporated by reference in their entivety).

2. Dosing

004811 The present invention provides methods comprising administering any one or more
compositions for immunotherapy to a subject m need thereof. These may be adnmumnistered fo a
subject using any amount and any route of admunistration effective for preventing or freating a
clinical condition such as cancer, infection discases and other immunodeficient diseases.

{00482 Compositions in accordance with the invention are typically formulated in dosage unit
form for case of admunistration and uniformity of dosage. It will be understood, however, that
the total daily usage of the compositions of the present invention may be decided by the
attending physician within the scope of sound medical judgment. The specific therapeutically
effective, or prophylactically cffective dose level for any particular patient will depend upon a
variety of factors including the disorder being treated and the severity of the disorder; the activity
of the specific compound emploved; the specific composition emploved; the age, body weight,
general health, sex and diet of the paticnt; the time of adownistration, route of administration,
previous or concurrent therapeutic interventions and rate of excrction of the specific compound
employed; the duration of the treatment; drugs used in combination or comncidental with the
specific compound employed; and hike factors well known m the medical arts.

[00483] Compositions of the mvention may be used in varying doses to avoid T cell energy,
prevent cytokine release syndrome and minimize toxicity associated with immunotherapy. For
example, low doses of the compositions of the present mmvention may be used to intially treat
patients with high tumor burden, while patients with low tamor burden may be treated with high
and repeated doses of the compositions of the mvention to ensure recognition of a minimal tumor
antigen load. In another mstance, the compositions of the present invention may be delivered i a
pulsatile fashion to reduce tonic T cell signaling and enhance persistence i vivo. In some
aspects, toxicity may be minimized by initially using low doses of the compositions of the
mnvention, prior to administering high doses. Dosing may be modified if serum markers such as
ferritin, senum C-reactive protein, IL6, IFN-y, and TNF-g are elevated.

[36484] In some embodiments, the neurctoxicity may be associated with CAR or TIL therapy.
Such neurotoxicity may be associated CD19-CARs. Toxicity may be due to excessive T cell
mfiltration into the bramn. In some embodiments, neurctoxicity may be alleviated by preventing

the passage of T celis through the blood brain barrier. This can be achieved by the targeted gene
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deletion of the endogenous alpha-4 ntegrin mhibitors such as tysabri/natalizomab may alsc be
uscful in the present invention.

3. Admunistration

[004853] In some embodiments, the compositions for immunotherapy may be administered to
cells ex vive and subsequently administered to the subject. Immune cells can be isolated and
expanded ex vivo using a vanety of methods known in the art. For example, methods of isolating
eytotoxic T cells are described in US. Pat. NOs. 6,805,861 and 6,531, 451; the contents of each
of which are incorporated herein by reference in their entirety. Isolation of NK cells is described
in U.S. Pat. NOs.: 7,435, 596, the contents of which are incorporated by reference herem in its
entirety.

[00486] In some cmbodiments, compositions of the present invention, may be admimistered by
any of the methods of administeation taught o the copending commonly owned U S, Provisional
Patent Application No. 62/320,864 filed on 4/11/2016, or in US Provisional Application No.
62/466,596 filed March 3, 2017 and the International Publication WO2017/180587, the contents
of each of which are incorporated herein by reference in their entirety .

[00487] In some embodiments, depending upon the nature of the cclls, the cells may be
miroduced into a host organism ¢.g. a mammal, in a wide variety of ways including by injection,
transfusion, nfusion, local mstillation or implantation. In some aspects, the cells of the mvention
may be introduced at the site of the tumor. The number of cells that are employed will depend
upon a ninber of circumstances, the purpose for the introduction, the hifetime of the cells, the
protocol to be used, for exarple, the number of administrations, the ability of the cells to
multiply, or the like. The cells may be in a phystologically-acceptable mediam.

100488] In some embodiments, the cells of the invention may be admimistrated i multiple doses
1o subjects having a disease or condition. The admimstrations generally effect an improvement in
one or more symptoms of cancer or a clinical condition and/or treat or prevent cancer or clinical
condition or symptom thergof.

604891 In somec embodiments, the compositions for immunotherapy may be administered in
vivo. In some embodiments, polypeptides of the present invention comprising biocircuits,
effector molecules, SREs, payvloads of interest (impunmotherapestic agents) and composttions of
the nvention may be delivered in vivo to the subject. In vive delivery of immuonotherapeutic
agents is well described in the art. For example, methods of delivery of cvtokines are described
mthe E.P. Pat. No.: EP0930892 Al, the contents of which are mcorporated herein by reference.
[6049G] In one cmbodiment, the pavioads of the present invention may be administered in

conjunction with inhibitors of SHP-1 and/or SHP-Z. The tyrosine-protein phosphatase SHP1
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{(also known as PTPNG) and SHP2 {(also known as PTPN11) are involved in the Programmed
Cell Death (PD1) mhibitory signaling pathway. The intracellular domain of PD1 contains an
mmunoreceptor tyrosine-based imhibitory motf (ITIM) and an immunoreceptor tyrosine-based
switch motif (ITSM). IT5M has been shown to recrmt SHP-1 and 2. This generates negative
costimulatory micro clusters that induce the dephosphorylation of the proximal TCR signaling
molecules, thereby resulting n suppression of T cell activation, which can lead to T cell
exhaustion. In one embodiment, inhibitors of SHP-1 and 2 may include expressing dominant
negative versions of the proteins in T cells, Tils or other cell tvpes to relieve exhaunstion. Such
mutants can bind to the endogenous, catalytically active proteins, and inhibit their function. In
one embodiment, the dominant negative mutant of SHP-1 and/ or SHP-2 lack the phosphatase
domain requnred for catalytic activity. In some embodiments, any of the dominant negative SHP-
I mutants taught Bergeron S et al (2011} Endocrinology. 2011 Dec; 152(12):4581-8 ; Dustin JB
et al. (1999) J Immunol. Mar 1;162(5):2717-24 ; Berchtold 8 (1998) Mol Endocrinol.
Apr:12{4).556-67 and Schram et al. (2012} Am § Physiol Heart Circ Physiol. 1;302(1):H231-43 ;
may be useful in the mvention {the contents of cach of which are meorporated by reference in
their entirety).

Routes of delivery

[06491] The pharmaceutical compositions, biocircuits, biocircuit components, effector modules
including their SREs {e.g , DDs), payloads {i.c. immunotherapeutic agents), vectors and cells of
the present invention may be administered by any route to achieve a therapeutically effective
outcome.

[00462] These include, but are not limited to enteral {into the intestine), gastroenteral, epidural
(into the dura matter), oral (by way of the mouth), transdermal, peridural, intracercbral {into the
cercbrum), intracercbroventricular (into the cerebral ventricles), epicutancous (application onto
the skin), intradermal, (into the skin itself), subcutancous (under the skin), nasal admunistration
(through the nose), intravenous (into a vein), intravenous bolus, intravenous drip, intra-arterial
{(into an artery), miramuscular (into a muscle), intracranial (into the heart), intraosscous infusion
{(into the bone marrow), intrathecal (into the spinal canal), intraperitoneal, (infusion or injection
into the perttoneum), intrasinal infusion, intravitreal, (through the eve), intravenous mjection
{(into a pathologic cavity) intracavitary (inio the base of the penis), intravaginal administration,
intrautering, extra-amniotic adnumistration, transdemmal (diffusion through the intact skin for
svstemic distribution), transmucosal {(diffusion through a mucous membraneg), transvaginal,
nsufflation (snorting), sublingual, sublabial, cnema, eve drops {onto the conjunctiva), in gar

drops, auricular {in or by way of the ear}, buccal {directed toward the cheek), conjunctival,
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cutaneous, dental {to a tooth or teeth), electro-osmosis, endocervical, endosinusial, endotracheal,
extracorporeal, hemodialysis, infiltration, interstitial, mtra-abdominal, intra-amniotic, intra-
articular, intrabiliary, intrabronchial, intrabursal, intracartifagimous (within a cartilage),
mtracaudal (within the cauda equine), intracisternal {within the cisterna magna
cerebellomedularnis), intracorneal (within the comnea), dental intracornal, intracoronary (within
the coronary arteries), intracorporus cavernosum {within the dilatable spaces of the corporus
caverngsa of the penis), intradiscal (within a disc), intraductal {within a duct of a gland),
intraducdenal {within the duodenum}, intradural {within or beneath the dura), intracpidermal {to
the epidermis), miracsophageal (to the esophagus), intragastric {within the stomach),
mitragingival {(within the gingivae), intrailcal {within the distal portion of the small intestine),
mtralesional (within or introduced directly to a localized lesion), intraluminal (within a lumen of
a tube), wtralymphatic {within the lymph), intramedelary {within the marrow cavity of a bone),
intrameningeal (withmn the meninges), intramyocardial (within the myocardium), mitraocular
(within the eve), intraovanan (within the ovarv}, itrapencardial (within the pericardium),
intrapleural {within the pleura). intraprostatic {within the prostate gland), intrapulmonary {within
the lungs or s bronchi), intrasinal (within the nasal or peniorbital simuses), indraspinal (within
the vertebral column), intrasynovial (within the synovial cavity of a joint), mtratendinous (within
a tendon), mtratesticular (within the testicle), intrathecal (within the cercbrospinal fluid at any
level of the cercbrospinal axis), mtrathoracic (within the thorax}, intratubelar (withio the twbuales
of an organ), intratumor (within a tumor), intratympanic (within the aurus media), intravascular
{within a vessel or vessels}, intraventricular (within a ventricle), iontophoresis (by means of
electric current where 10ns of soluble salts migrate into the tissues of the body), irrigation (to
bathe or flush open wounds or body cavities), laryngeal {directly upon the larynx}, nasogastric
{(through the nose and nto the stomach}, occlusive dressing technigue (topical route
administration which is then covered by a dressing which occludes the area), ophthalmic {to the
external eye), oropharyngeal {directly to the mouth and pharynx}, parenteral, percutansous,
penarticular, peridural, perineural, periodontal, rectal, respiratory {within the respiratory tract by
mnhaling orally or nasally for local or svstemic effect), retrobulbar (behind the pons or behind the
eyeball}, intramyocardial (entering the myocardium), soft tissue, subarachnoid, subconjunctival,
submucosal, topical, transplacental (through or across the placenta), transtracheal (through the
wall of the trachea), transtympanic (across or through the tympanic cavity), urcteral (to the
ureter), ursthral {(to the urethra), vaginal, caudal block, diagnostic, nerve block, biliary perfusion,

cardiac perfusion, photopheresis or spinal.
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YVIL BEFINITIONS

[00493] At various places in the present specification, features or functions of the compositions
of the present disclosure are disclosed in groups or in ranges. It 1s specificallv intended that the
present disclosure include each and every individual sub combination of the members of such
groups and ranges. The following is a non-himiting hist of term definitions.

[00494] Achivity: As used herein, the term “activity” refers to the condition m which things are
happening or being done. Compositions of the invention may have activity and this activity may
involve ong or more biclogical events. In some embodiments, biclogical events may include cell
signaling events. fn some erobodiments, biological events may include cell signaling cvents
associated protein interactions with one or more corresponding proteins, receptors, small
molecules or any of the biocircuit components described hercin.

[00495] Adoptive cell iherapy (4CT): The terms “Adoptive cell therapy” or “Adoptive cell
transfer”, as used hercin, refer to a cell therapy invelving in the transfer of cells utto a patient,
wherein cells may have originated from the patient, or from another individual, and are
engineered {altered) before being transferred back into the patient. The therapeutic colis may be
derived from the tmomune system, such as Immune effector cells: CD4d+ T cell; CD8+ T cell,
Natural Kilier cell (NK cell); and B celis and tumor infiltrating lvmphocyvies (TiLs) derived from
the resected tomors. Most commonly transferred cclls are autologous anti-tumor T cells after ex
vivo expansion or manipulation. For example, amtologous peripheral blood lymphocytes can be
genetically engineered to recognize specific tumor antigens by expressing T-cell receptors (TCR)
or chimeric antigen receptor (CAR).

[00496] Agenr: As used herein, the term “agent” refers to a biological, pharmaceutical, or
chemical compound. Non-limiting examples include simpile or complex organic or inorganic
molecule, a peptide, a protein, an oligonucleotide, an antibody, an antibody derivative, antibody
fragment, a receptor, and soluble factor.

108497 Adgonist: the term “agonist” as used heremn, refers to a compound that, 1n combination
with a receptor, can produce a cellular response. An agonist may be a ligand that directly binds
to the receptor. Alternatively, an agonist may combine with a receptor indirectly by, for example,
(a} formmg a complex with another molecule that directly binds to the receptor, or (b) otherwise
resulting inn the modification of another compound so that the other compound directly binds to
the receptor. An agonist may be referred 1o as an agonist of a particular receptor or family of
receptors, ¢.g., agonist of a co-stimulatory receptor.

100498] dnicgonist: the torm “antagonist” as used herein refors to any agent that mhibits or

reduces the biclogical activity of the target(s) it binds.
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[38499] Anrigen: the term “antigen” as used herein is defined as a molecule that provokes an
inununge response when it is introduced into a subject or produced by a subject such as tumor
antigens which arise by the cancer development itselt. This mmmune response may mvolve ¢ither
antibody production, or the activation of specific immunologically-competent cells such as
cviotoxic T lvmphocvies and T helper cells, or both. An antigen can be derived from organisms,
subunits of proteins/antigens, killed or mnactivated whole cells or lysates. In the context of the
invention, the terms “antigens of interest” or “desired antigens” refers to those proteins and/or
other biomolecules provided herein that are immunospecifically bound or interact with
antibodics of the present invention and/or fragments, mutants, variants, and/or alterations thereof
deseribed herein. In some embodiments, antigens of interest may comprise any of the
polypeptides or payvloads or proteins described herein, or fragments or portions thereof,

[0050G] Approximately: As used herein, the term “approximately” or “about,” as applicd to one
or more values of interest, refers to a value that is similar to a stated reference value. In certain
embodiments, the term “approxamately” or “about” refers to a range of values that fall within 25,
20,19, 18, 17,16, 15,14, 13,12, 11,10, 9,8, 7,6, 5, 4, 3, 2, 1, or less in cither direction (greater
than or less than) of the stated reference value unless otherwise stated or otherwise evident from
the context {except where such number would exceed 100 of a possible value).

00801 Associated with: As ased herein, the terms “associated with,” “conjugated,” “linked,”
“attached,” and “tethered,” when used with respect to two or more moictics, mean that the
moieties arc physically associated or connected with one another, either directly or via one or
more additional moieties that serve as linking agents, to form a structure that is sufficiently
stable so that the moieties remain physically associated under the conditions in which the
structure is used. e.g., physiological conditions. An “association” need not be strictly through
direct covalent chemical bonding. It may also suggest ionic or hydrogen bonding or a
hybridization based connectivity sufficiently stable such that the “associated” entities remain
phyvsically associated.

[00502] Awrologous: the term “autologous™ as used hercin is meant to refer to any material
derived from the same individual to which it 1s later to be re-introduced into the mdividual.
[B0503] Barcode: the term “barcode™ as used herein refers to polvnucleotide or amine acid
sequence that distinguishes one polynucicotide or amine acid from another.

100504 Cancer: the term “cancer” as used herein refers a broad group of various discases
characterized by the uncontrolled growth of abnormal cells in the body. Unregulated cell division
and growth resulis in the formation of malignant tumors that nvade neighborning tissues

ultimately metastasize to distant parts of the body through the lymphatic system or bloodstream.
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{0850S] Co-stimuiatory molecule: As used herein, in accordance with its meaning in immune T
cell activation, refers to a group of immune ccl surface receptor/ligands which engage between
T cells and APCs and generate a stimulatory signal in T cells which combines with the
stinndatory signal in T cells that results from T cell receptor {TCR) recognition of antigen/MHC
complex (pMHC) on APCs

[80566] Cyrokines: the term “cytokines”, as used heremn, refers to a family of small soluble
factors with pletotropic functions that are produced by many cell tvpes that can influence and
regulate the function of the immune system.

100507 Delivery: the torm “delivery” as used herein refers to the act or manner of delivering a
compound, substance, entity, moiety, cargo or pavicad. A “delivery agent” refers to any agent
which facilitates, at least in part, the in vivo delivery of one or more substances (including, but
not Hnuted to a compound and/or compostitions of the present invention} to a cell, subject or
other binlogical system cells.

{00568] Destabilized: As used herein, the term “destable,” “destabilize,” “destabilizing region”
or “destabilizing domain™ means a region or molecule that is less stable than a starting,
refercnce, wild-type or native form of the same region or molecule.

[00509] fagineered: As used herein, embodiments of the invention are “engineered” when they
are designed to have a feature or property, whether structural or chemical, that varies from a
starting point, wild type or native molecule.

[00518] Fxpression: As used herein, “expression” of a nucleic acid sequence refers to ong or
more of the following events: (1} production of an RNA template from a DNA sequence (¢.g., by
transcription); (2} processing of an RNA transcript (e.g., by splicing, editing, 5" cap formation,
and/or 3’ end processing); {3} translation of an RNA mito a polypeptide or protein; (4) folding of
a polvpeptide or protein; and (3) post-translational modification of a polypeptide or protem.
[00811] Jeature: As used herein, a “feature” refers to a characteristic, a property, or a
distinctive clement.

100512 Formulation: As used herein, a “formulation” includes at least a compound and/or
composition of the present invention and a delivery agent.

[00513] Fragment. A “fragment,” as used herein, refers to a portion. For example, fragments of
proteins may compiise polypeptides obtained by digesting fuli-length protein. In some
embodiments, a fragment of a protein includes at least 3, 4, 5,6, 7, 8,9, 16, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 25, 30, 35, 40, 43, 50, 35, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 250 or
more amino acids. In some embodiments, fragments of an antibody include portions of an

antibody.
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100514] funcrional, Asused herein, a “functional” biclogical molecule is a biclogical entity
with a structure and in a form in which 1t exhibits a property and/or activity by which it is
characterized.

[00813] Jmmune cells: the term “an immume cell”) as used herein, refers to any cell of the
uamune system that onginates from a hematopoictic stem cell in the bone marrow, which gives
rise to two major lineages, a myeloid progenitor cell (which give rise to myeloid cells such as
monocytes, macrophages, dendritic cells, megakaryocytes and granulocyies) and a lvmphoid
progenitor cell (which give rise to Ivmphoid cells such as T cells, B cells and natural killer (NK}
cells) Exemplary immune systom cells include a CD4+ T cell, a CDE+ T ccll, a CD4- CDE—
double negative T cell, a T v8 cell, a Tap cell, a regulatory T cell, a natural killer cell, and a
dendrtic cell. Macrophages and dendritic cells may be referred to as “antigen presenting cells”
or “APCs.” which are specialized cells that can activate T cells when a magor histocompatibility
complex (MHC) receptor on the surface of the APC complexed with a peptide interacts with a3
TCR on the surfacc of a T cell.

[00316] Immunoctherapy. the term “immunotherapy” as used herein, refers to a type of treatment
of a disgase by the induction or restoration of the reactivity of the immune system towards the
disease.

[00517] Tmmunotherapeutic agent: the term “immunotherapeutic agent” as used herein, refers to
the treatment of disease by the induction or restoration of the reactivity of the immune system
towards the discase with a biological, phammaceutical, or chemical compound.

[00518] {nvitro: As used herein, the term “in vitro” refers to events that occur in an artificial
environment, ¢.g., 1n a test tube or reaction vessel, in cell culture, in a Petrd dish, etc., rather than
within an organism (e.g., animal, plant, or microbe).

[00519] /n vivo: As used herein, the term “in vivo” refers to events that occur within an
organism {¢.g., animal, plant, or microbe or cell or tissue thereof).

[00520] Linker: As used herein, a linker refers to a moiety that connects two or more domains,
moicties or entitics. In one embodiment, a inker may comprise 10 or more atoms. In a further
embodiment, a linker may cormprise a group of atoms, ¢.g., 10-1,000 atoms, and can be
comprised of the atoms or groups such as, but not limited to, carbon, amino, alkvlamino, oxygen,
salfur, sulfoxade, sulfonvl, carbonyl, and imine. In some embodiments, a nker may comprise
ong or more nucleic acids comprising one or more nuclestides. In some embodiments, the linker
may comprise an amino acid, peptide, polypeptide or protem. In some embodiments, a moicty
bound by a linker may include, but 1s not limited to an atom, a chemucal group, a nucleoside, a

nucleotide, a nucleobase, a sugar, a nucleic acid, an amino acid, a peptide, a polypeptide, a
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protein, a protein complex. a payload {¢.g., a therapeutic agent}. or a marker {imchuding, but not
limited to a chemucal, fluorescent, radicactive or bioluminescent marker). The linker can be used
for any useful purpose, such as to form multimers or conjugates, as well as to administer a
pavlcad, as described herein. Examples of chemical groups that can be incorporated into the
tinker include, but are not limited to, alkyl, alkenyl, alkynyl, amido, anino, cther, thioether,
ester, atkyvlene, heteroalkviene, arvl, or heterocvelvl, each of which can be optionally substifuted,
as described herein. Examples of linkers include, but are not himited to, unsaturated alkanes,
polyethvlene glycols (e.g., ethylene or propylens glyveol monomeric units, ¢.g., dicthyvlene glyeol,
dipropylene glveol, trethylene glveol, trpropyiene glyeol, tetracthylene glycol, or tetracthyiene
glyeol), and dextran polvmers, Other examples mclude, but are not limited 1o, cleavable moietics
within the linker, such as, for example, a disulfide bond (-8-8-) or an azo bond (-N=N-}, which
can be cleaved using a reducing agent or photolysis. Non-limiting exampies of a selectively
cleavable bonds include an amido bond which may be cleaved for example by the use of tris{2-
carboxyethyl) phosphine {TCEP), or other reducing agents, and/or photolysis, as well as an ester
bond which may be cleaved for example by acidic or basic hydrolysis.

1003821] Checkpoint/factor: As used herein, a checkpoint factor is any moicty or molecule
whose function acts at the junction of a process. For example, a checkpomnt protein, ligand or
receptor may function to stall or accelerate the cell cycle.

100522 Meiabolite: Metabolites are the intermediate products of metabolic reactions catalyzed
by enzvmes that naturallv occur within cells. This term is usually used to describe small
molecules, fragments of larger biomolecules or processed products.

[38823] Modified. As used herein, the term “modified” refers to a changed state or structure of a
molecule or entity as compared with a parent or reference molecule or entity. Molecules may be
modified i many ways including chemically, structurally, and functionally. In some
embodiments, compounds and/or compositions of the present invention are modified by the
introduction of non-natural amino acids.

{00524 Mutation: As used herein, the torm “mutation” refers to a change and/or alteration. In
some embodiments, muiations mayv be changes and/or alterations to proteins (includmmg peptides
and polvpeptides) and/or nucleic acids (including polynucleic acids). In some embodiments,
mutations comprise changes and/or alterations to a protein and/or nucleic acid sequence. Such
changes and/or alterations may comprise the addition, substitution and or deletion of one or more
amino acids (in the case of protems and/or peptides) and/or nucleotides (in the case of nucleic
acids and or polynucleic acids ¢.g., polynucleotides). In some embodiments, wherein mutations

comprise the addition and/or substitution of amino acids and/or nucleotides, such additions

- 189 -



WO 2018/161017 PCT/US2018/020741

and/or substitutions may comprise | or more amine acid and/or nuclectide residues and may
include modified amino acids and/or nucleotides. The resulting construct, molecule or sequence
of a mutation, change or alteration may be referred to herein as a mutant.

[008253] Neoantigen: the term “neocantigen”™, as used herein, refers to a tumor antigen that 1s
present in tumor cells but not normal cells and do not induce deletion of their cognate antigen
spectfic T cells in thymus (1.e., central tolerance). These tumor neoantigens may provide a
“foreign” signal, similar to pathogens, to induce an effective immune response needed for cancer
immunctherapy. A neoantigen may be resiricted to a specific tumor. A neoantigen be a
peptide/protein with a2 missense mutation (missense neoantigen), or a new peptide with long,
completely novel stretches of amino acids from novel open reading frames (neoORFs). The
neoORFEs can be generated in some tumors by out-of-frame insertions or deletions {due to
defects 10 DNA mismaich repair causing microsatellite instability}, gene-fusion, read-through
mutations n stop codons, or translation of improperky spliced RNA {(c.g., Sacterdal et al., Proc
Natl Acad Sci USA, 2001, 98 13255-13260).

100526 Off-targer: As used herein, “off target” refers to any vnintended effect on any ong or
more target, gene, cellular transcript, cell, and/or tissue.

[00327] Operably linked: As used herein, the phrase “operably linked” refers to a tunctional
connection between two or more molecules, constructs, transcripts, entities, moietics or the like.
[00528] Pavioad or pavicad of interest (PO the terms “pavicad™ and “payioad of nterest
(PO1D)”, as used herein, are used interchangeable. A payload of micrest (PO1) refers to any
protein or compound whose function is to be altered. In the context of the present invention, the
PO 13 a component in the immune system, including both innate and adaptive immune systems.
Payloads of interest may be a protein, a fusion construct eneoding a fusion protein, or non-
coding gene, or variant and fragment thercof. Payload of interest may, when ammo acid based,
may be referred to as a protein of interest.

160529 Pharmaceutically accepiable excipients: the term “pharmaceutically acceptable
excipient,” as used herein, refers to any ingredient other than active agents (¢.g., as described
herein) present in pharmaceutical compositions and having the properties of being substantially
nontoxic and non-inflammatory 1o subjects. In some embodiments, pharmaceutically acceptable
excipients are vehicles capable of suspending and/or dissolving active agents. Excipients may
include, for example: antiadherents, antioxidants, binders, coatings, compression aids,
disintegrants, dyes (colors), emollients, emulsifiers, fillers (diloents), film formers or coatings,
flavors, fragrances, ghidants (flow enhancers), lubricants, preservatives, printing inks, sorbents,

suspending or dispersing agents, sweeteners, and waters of hvdration. Exemplary excipients
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include, but are not imited to: butylated hydroxvioluene {BHT), calcium carbonate, caloium
phosphate {dibasic), calcium stearate, croscarmellose, crosshinked polvvinyl pyrrolidone, citric
acid, crospovidone, cvsteme, ethvicellulose, gelatin, hvdroxypropyl cellulose, hydroxypropyl
methyicellulose, lactose, magnesium stearate, maltitol, mannitol, methionine, methylcellulose,
methyl paraben, microcrystatiine cellulose, polyethvlene glveol, polyvinyl pyrrolidone,
povidone, pregelatinized starch, propyl paraben, retinyl palmitate, shellac, silicon dioxide,
sodinm carboxymethyl] cellulose, sodiom citrate, sodium starch glycolate, sorbitol, starch (com},
stearic acid, sucrose, tale, titanium dioxide, vitamin A, vitamin B, vitamin C, and xylitol.

100830] Pharmaceutically acceptable salis: Pharmaceutically acceptable salts of the compounds
described herem are forms of the disclosed compounds wherein the acid or base motety 1s 10 1ts
sakt form (g.g., as generated by reacting a free base group with a suitable organic acid). Examples
of pharmaceutically acceptable salts mclude, but are not limited to, mineral or organic acid salts
ot basic residues such as anincs; alkali or organic salts of acidic residucs such as carboxylic
acids; and the Iike. Representative acid addition salts include acetate, adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate,
citrate, cyclopentancpropionate, digluconate, dodecylisulfate, ethancsulfonate, fumarate,
glucoheptonate, glveerophosphate, henusulfate, heptonate, hexancate, hydrobromude,
hydrochloride, hydroiodide, 2-hydroxy-cthanesalfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, malonate, methanesuHonate, 2-naphthalencsulfonate, nicotinate, nitrate,
oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenyipropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocvanate, toluenesutfonate,
undecanoate, valerate salts, and the like. Representative alkali or alkaline carth metal salts
include sodivm, lithium, potassiurm, calcium, magnesium, and the bike, as well as nontoxic
ammonium, guaternary animonivm, and amine cations, including, but not imited to ammonium,
tetramethylammonium, tetracthylammontum, methylamine, dimethylamine, trimethylamine,
tricthylamine, cthylamine, and the like. Pharmaceutically acceptable salts include the
conventional non-foxic salts, for example, from non-toxic inorganic or organic acids. In some
embodiments, a pharmaceuticallv acceptable salt is prepared from a parent compound which
contains a basic or acidic moicty by conventional chemical methods. Generally, such salts can be
prepared by reacting the free acid or base forms of these compounds with a stoichiometric
amount of the appropriate base or acid 1n water or in an organic solvent, or in a mixture of the
two; generally, nonaguecus media Tike ether, ethyl acetate, ethanol, isopropanol, or acetonitrile
are preferred. Lists of saitable salts are found in Remington’s Pharmaceutical Sciences, 17th ed.,

Mack Publishing Company, Haston, Pa., 1985, p. 1418, Pharmaccutical Salts: Propertics,
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Selection, and Use, P.H. Stahl and C.G. Wermuth {eds ), Wiley-Y{H, 2008, and Berge et al,
Journal of Pharmaccutical Science, 66, 1-19 (1977}, cach of which is incorporated herein by
reference n s entirety. Pharmaceutically acceptable solvate: The term “pharmaceutically
acceptable solvate,” as used herein, refers to a crystalline form of a compound wherem
molecules of a suitable solvent are incorporated n the crystal lattice. For example, solvates may
be prepared by crystallization, recrystaliization, or precipitation from a solution that includes
organic solvents, water, or a mixture thereof. Examples of suitable solvents are ethanol, water
{for example, mono-, di-, and tri-hydrates), N-methylpyrrolidinone (NMP), dimethyl sulfoxide
(BMSO), N, N -dimethylformamide (DMF), N, N'~-dimethvlacetamide (DMACQC), 1.3-dimethyl-
Z-mmdazohdinone (BMEU), 1,3-dimethyi-3,4,5 6-tetrahydro-2-( 1 Hy-pynmidinone (DMPU},
acetonitrile {ACN}, propvlene glveol, ethyl acetate, benzyl aleohol, 2-pyrrolidone, benzyl
benzoate, and the ke, When water is the solvent, the solvate is referred to as a “hydrate. " In
some embodiments, the solvent incorporated nto a solvate is of a tvpe or at a level that is
physiologically tolerable to an organism to which the solvate is admimstered {e.g., in a wt
dosage form of a pharmaceutical composttion}.

[00531] Srable: As used herein “stable” refers to a compound or entity that is sufficiently robust
to survive isolation to a useful degree of punty from a reaction mixture, and preferably capable
of formulation into an efficacious therapeutic agent.

100532] Stabilized:. As used herein, the term “stabilize”, “stabilized,” “stabilized region” means
to make or become stable. In some embodiments, stability is measured relative 1o an absolute
value. In some embodiments, stability 1s measured relative to a secondary status or state orto a
reference compound or entity.

100533] Standard CAR: As used herein, the term “standard CAR” refers to the standard design
of a chimeric antigen receptor. The components of a CAR fusion protein including the
extracellular scFy fragment, transmembrane domain and one or more mtracellular domains are
Lincarly constructed as a single fusion protein.

100534 Stimulus response efement (SRE). the term “stimulus response clement (SRE), as used
herein, 1s a component of an effector module which 1s joined, attached, hinked to or associated
with one or more payloads of the effector module and in some instances, is responsible for the
responsive nature of the effector module to one or more stimuli. As used herein, the “responsive”
nature of an SRE to a stimulus may be characierized by a covalent or non-~covalent interaction, a
direct or indirect association or a structural or chemieal reaction to the stimulus. Further, the
response of any SRE to a stiraufus may be a matter of degree or kind. The respouse may be a

partial response. The response may be a reversible response. The response may ultimately lead to
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a regulated signal or output. Such cutput signal may be of a relative nature to the stimulos, e.g.,
producing a modulatory effect of between | and 100 or a factored increase or decrease such as 2-
fold, 3-fold, 4-fold, 5-fold, 10-fold or more. Une non-himiting example of an SRE s a
destabilizing domain (DD).

[00535] Subject: As used herein, the term “subject” or “patient” refers to anv organism to which
a composition i accordance with the invention may be administered, ¢.g., for experimental,
diagnostic, prophylactic, and/or therapeutic purposes. Typical subjects inchude animals (e.g.,
mammals such as mice, rats, rabbits, non-human primates, and humans) and/or plants.

[003836] 7'celll AT cell is an immune cell that produces T cell receptors (TCRs). T cells can be
naive {not exposed to antigen; increased expression of CD62L, CCR7, CD28, CD3, CD 127, and
CD45RA, and decreased expression of CD45RO as compared to Tov), memory T cells (Tu)
(antigen-experienced and long-lived), and effector cells (antigen-experienced, cyvtotoxic). Tvcan
be further divided into subsets of contral memory T cells {Towm, increased expression of CD62L,
CCR7, CD28, CD127, CD43R0, and CDY3, and decreased expression of CIIS4RA as compared
to naive T cell and effector memory T cells {Tev, decreased expression of CD62L, CCR7, CD28,
CD45RA, and mcreased expression of CD127 as compared to naive T cells or Tom). Effector T
cells (Tu) refers to antigen-expenienced CD8+ cytotoxic T lvmphocytes that have decreased
expression of CD62ZL, CCR7, CD28, and are positive for granzyme and perforin as compared to
Toem. Other exemplary T celis include regulatory T cells, such as CD4+ D25+ (Foxp3+)
regulatory T cells and Tregl7 cells, as well as Trl, Th3, CD&+CD28— and Qa-1 restricted T
cells.

[38837] T cell recepior: T cell receptor (TCR) refers to an immunoglobulin superfanuly
member having a vanable antigen binding domain, a constant domain, a transmembrane region,
and a short cyioplasmic tail, which is capable of specifically binding to an antigen peptide bound
to a MHC receptor. A TCR can be found on the surface of a cell or in soluble form and generally
is comprised of a heterodimer having ¢ and B chains {also known as TCRa and TCRB,
respectivelv), or v and d chams {also known as TCRy and TCRS, respectively). The extracchular
portion of TCR chams {¢.g., u-cham, B-chain) contains two immunoglobulin domains, a variable
domain {(¢.g., u~chain variable domain or Vo, B-chaim variable domain or Vp) at the N-terminus,
and one constant domain {¢.g., a-chain constant domain or Co and B-chain constant domain or
Cg,) adjacent to the cell membrane. Similar to immunoglobulin, the vanable domains contain
complementary determining regions {CDRs) separated by framework regions (FRs). A TCR is
usually associated with the CD3 complex to form a TCR complex. As used herein, the term

“TCR complex” refers to a complex formed by the association of CD3 with TCR. For example, a
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TCR complex can be composed of a CD3y chain, a CD38 chain, two {D3¢ chains, a homodimer
of CD3( chains, 3 TCRa chain, and a2 TCRP chamn. Alternatively, a TCR complex can be
composed of a CD3y chain, a CD36 chain, two CD3¢ chains, a homodimer of CD3( chains, a
TCRy chain, and a TCRS chain. A “component of a TCR complex,” as used herein, refersto a
TCR chain (i.c, TCRa, TCRP, TCRy or TCRS), a CD3 chain (.., CD3y, CD34, Ch3gor
CD30), or a complex formed by two or more TCR chains or CD3 chains (¢.g., a complex of
TCRa and TCRP, a complex of TCRy and TCRS, a complex of CD3e and CD33, a complex of
D3y and CD3g, or a sub-TCR complex of TCRq, TCRP. CD3y, CDR3§, and two CD3g chains.
100338] Therapeutically effective amount. As used herein, the term “therapeutically etfective
amount” means an amount of an agent to be delivered {¢.g., nucleic acid, drug, therapeutic agent,
diagnostic agent, prophylactic agent, ete.} that is sufficient, when admmstered to a subject
suffering from or susceptible to an mfection, disease, disorder, and/or condition, to treat,
waprove syrmptoms of, diagnose, prevent, and/or delay the onset of the infection, disease,
disorder, and/or condition. In some embodiments, a therapeutically effective amount is provided
in a single dose. In some embodiments, a therapeutically effective amount is adounistered in a
dosage regimen comprising a plurality of doses. Those skifled n the art will appreciate that in
some embodiments, a unit dosage form may be considered to comprise a therapeutically
effective amount of a particular agent or entity 1f 1t comprises an amount that is effective when
administered as part of such a dosage regimen.

{00539 Treatment or freating: As used herein, the terms “treatment” or “treating” denote an
approach for obtamming a beneficial or desired result mcluding and preferably a bencficial or
desired clinical result. Such beneficial or desired climical resulis mclude, but are not limited to,
one or more of the following: reducing the proliferation of {or destroying}) cancerous cells or
other diseased, reducing metastasis of cancerous cells found in cancers, shninking the size of the
tumor, decreasing symptoms resuiting from the disease, increasing the quality of life of those
suffering from the disease, decreasing the dose of other medications required to treat the disease,
delaying the progression of the disease, and/or prolonging survival of mdividuals.

{00540 Tune: As used herein, the term “tune” means to adjust, balance or adapt one thing in
response to a stimulus or toward a particular outeome. In one non-himiting example, the SREs
and/or DDs of the present invention adjust, balance or adapt the function or stracture of
compositions 1o which they are appended, attached or associated with i response to particular

stumuli and/or environments.
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EOQUIVALENTS AND SCOPE

[00541] Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments in accordance with the
mvention described herein. The scope of the present invention is not mtended o be hmited to
the above Descrption, but rather is as set forth in the appended claims.

[00542] In the claims, articles such as “a,” “an,” and “the” may mean one or more than one
unless indicated to the contrary or otherwise evident from the context. Claims or descriptions
that include “or” between one or more members of a group are considered satisfied if one, more
than one, or all of the group rmembers are present in, emploved in, or otherwise relevant to a
given product or process unless indicated to the contrary or otherwise evident from the context.
The mvention includes embodiments in which exactly one member of the group is present in,
eraployed in, or otherwise relevant to a given product or process. The invention includes
erbodiments m which more than one, or the entire group members are present i, emploved in
or otherwise relevant to a given product or process.

100543] ks also noted that the term “comprising” is intended to be open and perouts but dogs
not require the inclusion of additional elements or steps. When the term “comprising” is used
herem, the term “consisting of” is thus also encompassed and disclosed.

[00344] Where ranges are given, endpoints are included. Furthermore, 1t is to be understood
that unless otherwise indicated or otherwise evident from the context and understanding of one
of ordinary skill in the art, values that are expressed as ranges can assume any specific value or
subrange within the stated ranges in different embodiments of the 1vention, to the tenth of the
unit of the lower limit of the range, unless the context clearly dictates otherwise.

100545] In addition, 1t is to be understood that any particular embodiment of the present
mvention that falls within the prior art may be exphicitly excluded from any one or more of the
clams. Smee such embodiments are deemed to be known to one of ordinary skill in the art, they
may be excluded even if the exclusion is not set forth explicitly herein. Any particular
ermbodiment of the compositions of the invention {¢.g., any antibiotic, therapeutic or active
mngredient; any method of production; any method of use; etc.) can be excluded from any one or
more claims, for any reason, whether or not related to the existence of prior art.

100546] ks to be understood that the words which have been used are words of description
rather than limitation, and that changes mayv be made within the purview of the appended claims

without departing from the true scope and spirit of the mvention i its broader aspects.
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EXAMPLES

Example 1. Generation of novel licand respensive SREs or DDs by mutagenesis screening

Study desion

[06847] To engineer constructs that display lHgand dependent stability, a candidate hgand
binding domain (LBD) is sclected and a cell-based screen using vellow fluorescent protein
{(YFP) as a reporier for protem stability is designed to identfy mutants of the candidate LBD
possessing the desired characteristics of a destabilizing domain: low protein levels in the absence
of a ligand of the LBD, {i ¢, low basal stability}, large dynamic range, robust and predictable
dosc-response behavior, and rapid kinetics of degradation (Banaszvoski eral., (20006} Cell;
126(5); 995-1004). The candidate LBD binds o a desired higand but not endogenous signaling
molecules.

108548] The candidate LBD sequence {as a tcraplate) is first mnutated using a combination of
nucleotide analog mutagenesis and error-prone PCR, to generate bibraries of mutants based on
the teraplate candidate domain sequence. The hibraries generated are cloned mn-frame at either the
3'- or 3'-ends of the YFP gene, and a retroviral expression system 1s used to stably transduce the
{ibranies of YFP fusions into NIH3T3 fibroblasts.

[00549] The transduced NIH3T3 cells are subjected to three to four rounds of sorting using
fluorescence-activated cell sorting (FACS) to sereen the libraries of candidate DPs. Transduced
NIH3T3 cells are cultured in the absence of the high affinity ligand of the ligand binding domain
(L.BD), and cells that exhibit low levels of YFP expression are selected through FACS.

Screening Strategy 1

[00550] The selected cell population 1s cultured in the presence of the high affinity ligand of the
ligand binding domain for a period of time {(e.g., 24 hours), at which point cells are sorted again
by FACS. Ccells that extubit high levels of YFP expression are selected through FACS and the
selected cell population is split into two groups and treated again with the high affinity ligand of
the ligand binding domain at different concentrations; one group is treated with the lower
concentration of the ligand and the other is treated with a high concentration of the ligand, fora
penod of time {e.g., 24 hours}), at which pont celis are sorted again by FACS. Cells expressing
mutants that are responsive to lower concentrations of the ligand are tsolated.

100551 The isolated cells responsive to the fower concentration of the ligand are treated with
the ligand again and celis exhibiting low fluorescence levels are collected 4 hours following
removal of the ligand from the media. This fourth sorting is designed to enrich cells that exhibit

fast kinetics of degradation (wamoto ef al., Chem Biof. 2010 Sep 24; 17(9): 981-988),
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Screentne Strategy 11

[00552] The selected cell population is subject to additional one or more sorts by FACS inthe
absence of high affinity bigand of LBD and cells that exhibit low lIevels of YFP expression are
selected for further analvsis. Cells are treated with high affinity higand of the ligand binding
domain, for a period of time {¢.g. 24 hours), and sorted again by FACS. Cells expressing high
levels of YFP are selected for through FACSK. Celle with high expression of YFP are treated with
ligand again and cells exhibiting low fluorescence levels are collected 4 hours following removal
of the ligand from the media to enrich cells that exhibit fast kinetics of degradation. Any of the
sorting steps may be repeated to identify DDs with higand dependent stability.

[00853] The cells are recovered after sorting. The identified candidate cells are harvested and
the genomic DNA is extracted. The candidate DDs are amphified by PCR and 1solated. The
candidate DDs are sequenced and compared to the LBD template to identify the mutations in
candidate DDs.

Example 2. BD regulated recombinant 1112 expression

100554] FKBP (DDy-1L12 and DHFR (DD)-1L12 constructs were packaged mto pLVX IRES-

Puro lentiviral vectors with CMV, EF la, or PGK promoters or without a promoter. The IL12
consists of two subunits, p40 and p35 which are separated by a hinker. A p40 signal sequence
was inserted next to the DD or IL12. In several constructs, a furin protease cleavage sitg or a
modified funn site was included.

[00555] HEK293T cells were transiently transfected with 200ng or g of FKBP-IL12 plasmuds
(OT-HL12-001 to OT-1L12-005), and subsequently treated with 10pM Shield-1 or vehicle control
for 6 hours. Culture media was collected from transfected cells and diduted 1:50 to measure 1L12
levels using pd40 ELISA . The stabilization ratio was defined as fold change in [L12 expression
with higand treatment compared to treatment with BMSQ {i.¢. in the absence of ligand) with the
same construct. Stabilization ratio greater than 1 is desired. The average 1112 ELISA readings
and stabilization ratio are presented in Table 135.

Table 15: Lisand dependent IL12 induction

Constract Vehicle 16uM Stabilization
B Shield-1 ratio
OT-IL12-001 128961 1748.95 1.36
OF-1L12-002 1801 50.73 2.82
OTF-1L12-003 1762.55 213825 1.21
OT-IL12-004 385.95 1567.62 4.06
OF-1L12-0035 118842 2670.80 2.25
HEK?293T -12.921 -22.015
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100556] OT-1L12-002 and OT- IL12-004 showed low level of 1112 expression in the absence of
ligand when compared to 112 levels in HEK 2937 parendal cells. Treatment with Shicld-1
resulted mn an increase m IL12 levels n OT-IL12-002, OT-IL12-004, and OT-T1L12-005
constructs and a stabilization ratio between 2 and 4. These data show that OT-IL12-002 and OF-
IL12-004 arc destabilized in the absence of these constructs are stabilized by Shield-1.
[BOS57] IL12 expression was measured 1 cells following stable transduction. 300,000 cells
stably transduced with OT-IL12-004 were plated in a 12 well plate and incubated overnight in
growth media consisting of Dulbecco's Modified Eagle medium {BMEM) and 10% fetal bovine
serum (FBS). The next day, cells were treated with 1uM Shield-1 or vehicle control for 6 or 24
hours. Following treatroent with Shield-1, growth media was collected from the cells and diluted
10, 40, 160 or 640 fold and 112 levels were quantified vsing IL12-p40 ELISA. The stabilization
ratio was defined as fold change in 1L12 expression with ligand treatment compared to treatment
with DMSO {(i.e. in the absence of ligand} with the same construct. Stabilization ratic greater
than 1 is destred. The average 1112 ELISA readings and stabilization ratio at 6 hours are
presented in Table 16.

Table 16; Licand dependent 1112 induction {6 hours)

Media 6 hours

dilution L . Stabilization
(foldl) chicle Shicld-1 ratio

1o 0.17 058 335

40 0.10 0.26 2.62

160 0.08 0.12 141

540 (.09 .08 0.93

[00558] 1112 stabilization ratio greater than 1 was observed at 10, 40 and 160-told ditutions of
media, imdicating that 1112 13 stabilized by Shield-1 treatment at these dilutions at 6 hours.
100559 The average 1112 ELESA readings and stabilization ratic at 24 hours are presented in
Table 17.

Table 17: Lisand dependent 1112 induction {24 hours)

Media 24 hours

oty | venicle | Shicigy | Stabllization
10 0.28 1.33 4.69

40 0.12 0.79 6.39

160 0.09 6,30 144

640 008 0.12 1.46
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100560 IL12 stabilization ratio was greater than 1 at all media dilations tested and the highest
stabilization ratio was observed at 40-fold dilution of media at 24 hours, suggesting ligand
dependent stabilization.

[06861] To evaluate Shield-1 dependent FRKBP-1L12 mduction over time, 2 million cells were
plated in growth medium and mcubated overnight in the presence of 1uM Shicld-1 or vehicle
control. Cells were then incubated for with the hgand for 2, 4,6, 8, 24, 48, or 72 hours and
growth media was collected for the cells at all time points. Growth media was diluted 400-told
and IL12 levels were measured using IL12 p40 ELISA . The stabilization ratio was defined as
foid change in IL12 expression with ligand treatment compared to treatment with DMSG (ic. in
the absence of igand) with the same construct. Stabilization ratic greater than 1 15 desired.
Average 1L12 ELISA readings and stabilization ratio are presented in Table 18.

Table 18: 1112 induction over time

Time Vehicle Shield-1 Stabilization
(hrs) ratic
2 0.13 0.18 141
4 0.14 0.26 1.89
6 .13 (.29 230
8 0.14 0.28 199
24 0.18 0.99 5.47
48 0.23 1.79 7.71
72 .26 1.63 6.28

[00562] Stabilization ratio increased over time and peaked at 48 hours, suggesting that ILi2 1s
stabilized by Shield-1 with increasing duration of ligand treatment.

160563] To evaluate the dependence of FKBP-1L.12 production on Shield-1 dose levels, OT-
FL12-004 transduced HEKZ2937T cells were plated at different densities (40,000 cells, 20,000
cells, 10,000 cells or 5,000 cells per well) onto a 96-well plate. Following overnight incubation,
cells were treated with growth mediwm containing O to 10pM Shield-1 for 24 hours. Media was
then collected, diluted 400-fold and FKBP-IL12 levels were measured using 1L12-p40 ELISA.
Average IL12 ELISA readings are presented in Table 19.

Table 19: Dose and cell number dependent 11,12 induction

Shield-1 46000 26600 16600 3000
Y cells/well ceHsiwell celis/well cellsfwell
114 62377 636.70 214 .11 193.62
3.333333 67(.64 618.10 2737 207.55
1111111 077.27 87224 322.56 203.71
037637 368.17 58271 230.4% 172,50
0.123457 197.2% 34334 156.98 95,92
0041152 171.50 203,68 63.79 48.89
0013717 117.25 103.56 1330 =235
0004372 606,34 60,58 2.11 -8.53
(4.001524 100,43 39.35 -13.58 -21.76
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o | 83.49 792 2176 | -26.97 |

[00564] A dose dependent {112 induction was observed at all cell numbers tested. 1112
induction increased with Shield-1 up to a dose of 1uM; following which IL12 induction
plateaved. Notably, greater 1112 induction was observed at 2000 and 4000 cells/well.

Example 3. DD reoulated recombinant 1112 mediated functions in HEK2937T cells

[00565] HEK-Blue sensor cells (InvivoGen, San Diego, CA) were utilized to evaluate whether
DD regulated 1112 1s capable of regulating signaling downstream of IL12. In these cells, the
IL12 receptor, STAT4 and downstream transcriptional elements are linked to a reporter gene
sach that 1112 signaling can be monitored. One nitlion HEK 2937 were transfected with 200ng
ot OT-11L.12-003 plasmid using Lipofectamine 2000 (Thermo Fisher Scientitic, Waltham, MAJ.
48 hours after transfection, cells were treated with growth media containing 10uM Shield-1,
mcubated for ancther 24 hours, following which, media was collected. 50,000 HEK 293 Blue
sensor cells were plated onto 96 well plates and incubated overnight with media {(at different
dilutions} from Shicld-1 treated OT-1L12-003 expressing HEK293T cells. After overnight
meubation, 20 pl media was removed from cach well and incubated with 180 pl Quanti-Blue
reagent (InvivoGen, San Diego, CA) for 30 minutes at 37°C. Absorption was measured at 620
nm using a spectrophotometer. To generate a standard curve, 180 pl Quanti-Blue reagent was
mixed with 20 ul of recombinant 1L 12 at following concentrations 500, 250, 125, 62.5, 31.25,
15.62, 7.8 and 3.9 pg/ml. Functional 1112 concentrations were determined by comparing the
optical density of cach sample with 1112 standard carve. Measurable levels of functional 1112
were reached with 640-told dilutions ot IL.12 containing growth media and further platcaued at
higher concentrations of the media (Figure 19A).

[00566] The dependence of fumctional 1112 production on the dose of Shield-1 used was
measured. 10,000 HEK293T cells stably transduced with OT-1L12-004 were plated onto 96 well
plates and treated with growth media containing 10, 3.33, 1.11, 0.37, 6.12, 6.04, 0.01, 0.005,
(.002 or O pM Shield-1 for 24 hours. Following Shield-1 treatment, media from cells was difuted
200-fold and 20ul of the dilated media was added to HEK Blue sensor cells. After overnight
mcubation, 20 wl of media was removed from cach well and incubated with 180 pl Quanti-Blue
reagent (InvivoGen, San Diego, CA) for 30 munutes at 37°C. Absorption was measured at 620
nm using a spectrophotometer. To generate a standard curve, 180 pul Quanti-Blue reagent was
mixed with 20 yl of recombinant 1112 at following concentrations 500, 250, 125, 62.5, 31 .25,

15.62, 7.8 and 3.9 pg/ml. Functional IL12 concentrations were determined by comparing the
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optical density of each sample with 1112 standard curve. A dose dependent increase in the levels
of functional 11.12 levels was observed (Figure 19B).
Example 4. DD regulated recombinant 1112 expression in vive

[00367] SKOV3 tumor cells expressing FBP regulated-1L12 (#0T-1L12-009) or parental cells

were implanted into SCID Beige mice (Day ). Mice implanted with FKBP {112 were dosed
intraperitoncally with Shield-1 (10mg/kg) or vehicle control on Day 2 and Day 7, while the
parental cells were left untreated. Blood samples were collected at 0, 2, 4, 6, 8 and 24 hours after
Shield-1 dosing and plasma buman IL12 levels were measured using ELISA. The average
adiusted concentration of plasma {1.12 1s presented in Figure 19C. At Day 2, IL12 levels
increased in Shield-1 treatment and the levels were higher than velucle control at 4, 6, 8, and 24
hours. Maximum IL12 levels were detected i Shield-1 treated mice at 8 howrs following
treatment. In contrast, at day 7, 1L12 levels were very low and almost comparable to the 1112
levels in parental SKOV3 cells.

[00568] The experiment was repeated 28 days following implantation of SKOV3 tumor cells.
Mice were split into three groups, with the groups receiving 1. 2 or 3 doses of ligand or vehicle
control. Mice received multiple doses with a two-bour interval. Blood samples were collected
right before the first dose (0 hours), and 6 hours and 24 hours after the first dosing. Plasma 11,12
levels were measured and average HL12 concentrations are shown in Figure 19D, The two dose
and three dosing scheme resulted in bigher plasma [L12 levels when compared to vebicle treated
samples. Peak plasma [L12 levels was detected at 6 hours following shield-1 treatment with all
dosing schemes, and the highest 1L.12 plasma levels were detected with the three-dose regimen.
This demonstrates the higand dependent stabilization of IL12 i vive.

Example 5. DI regulated IL15

[60369] To test igand dependent 1115 production, | milkon HEK-293T cells were plated n a
6-well plate in growth media containing DMEM and 10% FBS and ineubated overnight at 37°C
at 5% CO2. Cells were then transfected with 100ng of OT-1L15-00 H{constitutive) or OT-1L15-
002 (ecDHFR-IL13) using Lipofectamine 2000 and mcubated for 48 hrs. Following the
mecubation, media was exchanged for growth medium with 10uM Trimethoprim or vehicle
control and further incubated for 24 hrs. Media was collected and the undiluted samples or
samples diluted 4, 16, 256, 1024, 4096 or 16384-fold were tested using human IL15 ELISA. The
stabilization ratic was defined as fold change 10 1115 expression with ligand treatment compared
to treatment with DMSO (1. i the absence of ligand) with the same construct. Stabilization
ratio greater than 1 is desired. Average 1L15 ELISA readings and stabilization ratio are presented

in Table 20
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Table 20: DD-1L 1S inductien

Media Vehicle | 10 uM | Stabilization
dilution (fold) TREP ratio
1 0.396 0.820 12073
4 0.154 0.287 | 1.867
16 0.074 0.116 | 1.567
64 0.056 0.073 1.301
256 0.053 0.057 | 1.075
1024 0.053 0.048 10910
4096 0.049 0.049 10.995
16384 0.050 0.049 10.9%4

100570] The 16-fuld, 4-fold diluted, and undiluted media samples showed stabilization ratio
greater than 1.5, suggesting a Trimethoprim dependent stabilization of 1115 at these dilutions.

Example 6. DD reoulated expression of 1L15-1L15Ra fusion molecule

(00871 A fusion molecule i3 generated by fusing membrane bound 1115, 1115 Receptor alpha
subunit ({L15Ra) and DDs such as ecDHFER (DD}, FKBP (DD), or human DHFR (DD). These
fusion molecules were cloned into pLYV X-EFla~-IRES-Puro vecior,

[36872] To test igand dependent IL15-1L15Ra prodaction, 1 milhion HEK-293T cells were
plated inn a 6-well plate in growth media containing DMEM and 10 FBS and mcubated overnight
at 37°C, 5% €02, Cells were then transfocted with 100ng of constitutive IL15-1L15Ra (OF-
[L15-008) or DD linked IL15-IL15Ra (OT-1L.15-006, OT-IL15-007, OT-IL15-009, OT-IL15-
010, OT-1L15-011) using Lipofectamine 2000 and mecubated for 24 hrs. Following the
incubation, media is exchanged for growth medivm with or without 10uM Trimethoprim or 1pM
Shigld-1 and further incubated for 24 hrs. Cells were harvested and 1115 levels are analyzed via
western blotting using human 1115 antibody {Abcam, Cambridge, UK). OT-1L15-009 showed
the strong higand (Trimethoprim) dependent stabilization of IL15, while OT-1L15-006 and OT-
[L15-007 showed modest ligand dependent stabilization of IL13 (Figure 20A).

{00573 Surface expression of membrane bound 1L15~-1L15Ra constructs {OT-1L15-006, OT-
TE15-007, OT-TL15-008, OT-HL15-009, OT-1L15-010, OT-1L15-011) was determined by FACS
using anti-IL 15 and anti-IL15Ra antibodies. HEK293T cells were transfected with IL1S-IL15Ra
constructs and then treated with suitable ligand (Shicld-1 or Tnmethoprim}. 48 hours after
transfection, cells were analyzed using FACS. As expected, constitutive 1L15-1.15Ra construct
OT-1L15-008 showed high surface expression of HL15 and IL15Ra both in the presence and
absence of ligand. Consistent with the results from the western blot, OT-IL15-009 showed the
strong ligand (Tnmethopriny dependent surface expression of 1115 and 1L.15Ra (Figure 208,

Figure 20C).
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100574] Membrane bound-1L15-11L15Ra constructs (OT-1L15-008 t¢ OT IL15-011) were
transduced into human colorectal carcinoma cell line, HCT-116 and stable integrants were
selected with 2ug of puromycin. Stably integrated cclls were then incubated for 24 hours in the
presence or absence of 10puM Trimethoprim or 1pM Methotrexate.

[008753] Surface expression of 1L15 -[L15Ra fusion constructs was examined by staining with
PE- conpugated IL.15Ra antibody (Cat no. 330207, Biolegend, San Diego, CA). The median
fluorescence mtensity obtained with the different constructs in the presence or absence of the
corresponding ligand is presented n Table 21.

Table 21: Surface expression of IL15-I1L15Ra fusion constructs

Median Fluorescence
Consiruct Intensity
BMSO | 10pM LT
TP MTX
HCT-116 cells (control) 273
OT-IL15-008 {Constitutive) 3315 7019
OT-IL15-006 {ecDHFR (RI12Y, E129K) 764 2978
OT-IL15-010 (WDHFR (Y1221, A125F) 2637 5773 15864
OT-IL15-01H{LDHFR (Q36F, N65F, Y1221 1560 4010 14509

160576] The stabilization ratio was calculated as the fold change in GFP intensity in ligand
treated samples compared to treatment with DMSO (i.¢. in the absence of ligand) with the same
construct. The destabilization ratio was calculated as the fold change in GFP mtensity in the DD
regulated construets compared to the constitutive construct {OT-HL15-008} in the absence of the
ligand. Destabilization ratios less than 1 and stabilization ratios greater than 1 are desired in
DDs. The ratios are presented in Table 22.

Table 22: {L13-1L15Ra destabilization and stabilization ratios

Construct Destabilization Stabitization ratio
ratio THP MTX

OT-1L15-008 (Constitutive} 19.47 1.32

OT-1115-006 (ecDHFR (RI12Y,. E129K) .14 3.9 -

OT-IL15-010 (hDHFR (Y1221, A125F) 348 217 597

OQT-ILI5-011{(BDHFR (Q36F, N63F, Y122Dy | 0.59 2.57 930

[00877] Destabilization ratios less than one was observed with OT-IL13-006 (ecDHFR (R12H,
E129K})} and OT-IL15-01 I{hDHFR (Q36F, N65F, Y1221} indicating a strong destabilization in
the absence of ligand. Stabilization ratio greater than 1 was cbserved with all constructs with
TMP treatment and with both OT-1L153-010 and 11 with MTX treatment. These data show that
OT-IL13-006 and OT-1L13-011 are both strongly destabilized in the absence of ligand and

strongly stabilized in the presence of ligand.
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[36578] The expression and ligand-dependent stabilization of IL15-1L15Ra constructs {(OT-
FL15-008 to OT-1L15-011) was measured in HCUT-116. Cells were incubated with

10pM Trimethoprim or 1uM Methotrexate or BMSO for 24 hours. Following meubation, cells
were harvested and cell extracts were prepared. Cell extracts were run on SDS-PAGE and
western blotted with anti-IL15 antibody (Catalog No. 7213, Abcam, Cambridge, UK). As shown
in Figure 200, the HL15/1L15Ra constitutive counstruct {OT-11.15-008} showed higand
ndependent 1115 expression while the DD regulated constructs (OT-11.15-009 to OT-1L15-011)
showed ligand dependent TL15 expression. The identity of the 1L 15 bands was also confirmed by
immunoblotting with the anti-human DHFR antibody {Catalog No. 1177035, Genetex, Irving,
CA}. As shown in Figure 20D, both {L.15-11.15Ra fusion constrocts {OT-1L15-010 and 011)
showed ligand dependent expression of DHFR. expression.

(005791 To evaloate the dose dependence of higand induced stabilization, IL13-IL15Ra fusion
constructs namely, OT-1L15-009 {(ccDHFR (R12Y, Y1000y, OT-1IL13-010 (hDHFR (Y1221,
A125F)), and OT-IL15-011 (hDHFR (Q36F, N65F, Y 1221)) were stably transduced into HCT-
116 cells and incubated with increasing concentrations of Trimethoprim for 24 hoars. Surface
expression of IL15-1L15Ra fusion construct was guantified by FACS using 1L15Ra- PE
antibody. The median fluorescence intensity with increasing doses of TMP 15 represented in
Table 23.

Table 23: Surface expression of IL15-1L15Ra

Median Flugrescence Intensity
Pose ecBHFR WBHFR hDHFR ({}336F,
(ubd) (RIZY, 100 | (Y122], N6SF, Yi22%)
AL25E)

DMSO 1260 3034 2357

0.01 1384 2791 2291

0.02 1492 2833 2216

0.05 1947 2924 2054

0.14 2741 2740 2130

041 3360 2817 2400

1.23 4014 2890 2251

3.7 4265 3117 2494

1111 4267 3473 2841

3333 4485 4019 3409

100 4633 5227 4592

[00580] As shown in Table 23, all three constructs showed a dose dependent increase in median
fluorescence intensity mdicating a dose dependent mcrease in surface expression of 1L15-

IL15Ra fusion upon addition of DD stabilizing higand.
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[306581] The time course of ligand dependent stabilization of 1L15-1L15Ra fusion constructs
was measured in HCT-116 cells. Cells were transduced with OT-1L15-009 (ecDHFR (R12Y,
Y 1001} construct and incubated with 10uM Trnmethoprim for 0, 12, 16, 24, 48 or 72 howrs.
Following incubations, surface expression of IL15-IL15Ra fusion construct was quantified by
FACS using IL15Ra- PE antibody and compared to parental untransfected cells. The median
fluorescence wtensity (MFI} over time is represented in Table 24.

Table 24: Time course of 1L15-IL15Ra surface sxpression

Time MFI
{hours}

Parental | 3034
0 4004
12 7054
{6 9390
24 14056
48 28644
72 35303

[00582] As shown in Table 24, OT-IL15-009 (ecDHFR (R12Y, Y1001} showed a time-
dependent increase in median fluorescenace intensity indicating that the surface expression of
FL15-IL15Ra fusion increased with increased duration of {reatment with DD stabilizing ligand.
Example 7. DD regulated CB19 CAR expression

[60383] A CD19 CAR fusion polypeptide was linked to either FKBP-DD, ccDHFR -DD or

human DHFR- DD and the constructs were cloned into pLVX-IRES-Puro vector.

00584 FKBP, ocDHFR and hDHFR DDs were positioned cither between the C19 scFv and
the CD8ohinge (OT-CD19C-002, OT-CB19C-003), between the CD8ahinge and the
transmembrane domain (0T-CD19C-004, OT-CD19C-005) or at the C terminus of the construct
(OT-CD19C-007, OT-CD19C-008, OT-CDI19C-009, OT-CBI9C-010, OT-CDI8C-01 D). In
some instances, a furin cleavage site was added between the DD and the CD19 scFv. A
constitutively expressed CAR construct, OT-CD19C-001 was used as a posttive control.

[60585] To test ligand dependent expression of BD-CB19 CAR constructs, 1 mitlion HEK
2937 cells were cultured in growth medium containing DMEM and 10% FBS and transfected
with CAR constructs using Lipofectamine 2000. 48 hours afier iransfection, cells were treated
with 1M orlOuM Shield-1, 10uM Trmethoprim, 1pM Methotrexate, or vehicle control and
mcubated for 24 hours. Cells were harvested, lysed and immunoblotted for CD3 Zeta, a
component of the CAR, using anti-CD247 (BD Pharmingen, Franklin Lanes, NIy and Alexa 555-
conjugated-goat-anti mouse antibody (red) (Li-Cor, Lincoln, NE}. Lysates were also

immunoblotied for Actin with Alexa 488-conjugated sccondary antibody {green) to confirm
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uniform protein loading in all the samples. Compared to the untreated control, OT-CD19C-002
and OT-CD19C-003 showed mereased levels of CD3 Zeta in the presence of ligands Shield-1
and TMP respectivelv mdicating the stabilization of the CD19 CAR (Figure 21A). As shown in
Figure 21B, OT-CD18C-008 and OT-CD19C-010 constracts showed strong increase in CP3
Zeta levels i the presence of Methotrexate and low levels in the absence of ligand, indicating a
strong hgand-dependent stabilization of CD19 CAR. OT-CD19C-007 and OT-CD19C-009
showed modest increase in CD3 Zeta levels in the presence of Shield-1 and Methotrexate
respectively, indicating a modest hgand-dependent stabilization of CD 19 CAR. As expected, the
constructively expressed, OT-CD19C-001 showed strong expression of CD9 CAR in the
absence of ligand treatment.

[00386] Lysates from cells expressing D19 CAR constructs were also immunoblotted for 4 1-
BB, a component of the CAR. As shown m Figure 21C, OT-CD19C-008, OT-CD19C-009, OT-
CDI9C-010 and OT-CDI9C-011 showed low levels of 4-1 BB 1n the absence of ligand and high
levels of 4-1 BB n the presence of the ligand, Methotrexate, indicating a strong ligand
dependent stabilization of CD19 CAR using these constructs. GT-CD19C-003, OT-CD19C-006
and OT-CD19C-007 showed modest increase in 4-1BB cxpression levels with treatment of
corresponding higands- TMP and Shield-1, indicating a modest ligand dependent stabilization of
CD19 CAR. Constructs OT-CD19N-014 and OT-CDI9N-015, which contain a furin cleavage
site, showed an additional, smaller 4 1BB sized protein product upon treatment with MTX. This
smaller sized 4-1BB protein band was only scen with the addition of the ligand and tts molecular
weight is consistent with the size of the CD19 CAR in OT-CD19-001. These data indicate that
the furin cleavage occurs only with ligand treatment.

100587 Surface expression of DD-CD19 CAR constructs i HEK 2937 cells was measured
using Fluorescence activated cell sorting (FACS) with Protein L-Biotin-Strepavidin-~
Allophycocyanin which binds to the kappa light chain of the CAR (ThermoFisher Scientific,
Waltham, MA). Cells were treated with 1uM Shield-1, 1uM Methotrexate, 10uM Trimethoprim
or vehicle control for 24 hours and subject to FACS analysis. As shown in Figure 21D, sarface
expression of OT-C9C-002 with FKBP-13D was detected only m the presence of Shield-1,
while OT-CD19C-003 with ecDHFR-DD showed surface expression only in the presence of
Trimethoprim. As expected, constitutively expressed construct OT-C19C-001 showed high
expression both in ligand and control vehicle treated cells. Additional constructs were analyzed
by FACS with Protein L-Biotin-Strepavidin-Allophycocyanin in a scparate experiment. The
percentage of GFP positive cells obtained with each construct in the presence or absence of

ligand is presented in Table 25, In Table 25, N/A indicates not applicable.
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Table 25; Percentase GFP positive cells

Construct Ligand Percentage GFP positive cells
No Ligand Ligand

OT-CD19C-001 N/A 46.8 45.4
OT-CDISC-006 T™MP 466 438
OF-CD19C-067 Shield-1 289 34

OT-CDI9C-008 MTX 158 313
OT-CD9C-609 MTX 6.5 342
OT-CDI9C-G10 MTX 14.8 33

OT-CD9C-011 MTX i4.5 328
OT-CDI9C-012 T™MP 19.1 187
OT-CD19C-013 Shield-{ 091 0.4

OT-CDI9C-014 MTX 4.68 16.2
OT-CDISC-013 MTX 3.04 182

[00388] An mncrease in the percentage GFP positive cells was observed with OT-CD19C-007,
OT-CB19C-008, OT-CDI9C-009, OT-CDI19C-010, OT-CD19C-011, OT-CD19C-014, and OT-
CDI9C-015. The highest increase in the percentage of GFP posttive cells was observed with OT-
CDI9C-014, and OFT-CD19C-015 constructs.

[00589] The mean fluorescence intensities are presented in Table 26, In Table 26, MFI
represents mean fluorescence miensity. The stabilization ratio was calculated as the fold change
i GFP mmtensity in ligand treated samples compared to treatment with DMSO (e, 1n the absence
of hgand) with the same construct. The destabilization ratio was calculated as the fold change
GFP intensity in the DD regulated constructs compared to the constitutive construct (OT-
CBI9C-001} m the absence of the higand. Destabilization ratios less than 1 and stabilization

ratios greater than 1 are desired.

Table 26: CD12 CAR surface expression

Construct Ligand MFI Destabiliz | Stabilization
ation Ratio
Ratio
Np Ligand
Ligand
OT-CDISC-001 | N/A 453 467
0.90
OT-CDISC-006 | TMP 423 325
0.94 0.76
OT-CD19C-007 | Shield~1 | 132 123 i
(.29 (.93
OT-CDI9C-008 | MTX 94 f48 ,
20 1.66
OT-CDISC-00% | MTX 933 260
021 2.14
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OT-CD19C-010 | MTX 856 160 o

(.19 1.87
OT-CD19C-011 | MTX 833 172

0.18 2.06
OT-CDI%C-012 | TMP P12 105 .

0.25 0.94
OT-CD19C-013 | Shield-1 | 61 495 N N

0.13 (.81
OT-CDIoC-014 | MTX 78.6 124

0.17 1.58
OT-CDI%C-013 | MTX 733 143 ) .

0.16 1.95

[00550] A destabilization ration less than 1 was observed with all constructs indicating that all
DD regulated constructs are destabilized in the absence of ligand. A stabilization ratio of greater
than 1 was observed with OT-CD19C-008, OT-CDI9C-009, OT-CDI9C-010, OT-CDI19C-011,
OT-CDI9C-014 and OT-CD19C-013. Notably, these constructs were also destabilized m the
absence of ligand and therefore represent suitable CD19-DD constructs.

Example 8, fn vifro T cell assay developmend

[00591] The goal of the study was to determine the T cell stimulation regimen and dose of IL12
needed to maxamize T cell persistence and T cell differentiation in vitre. The study recapitulates
the design of the adoptive cell therapy regimen wherein the T colls were initially exposed to the
antigen » vifro which results in activation followed by a resting phase and finally in vivo transfer
where the T cells encounter the antigen agaim. T cells were stiimulated CD3/CD28 beads or
soluble CD3/CD28 on day 0 and the CD3/CD28 stimulus was washed off at the end of 48 hours.
Cells were treated with a dose of {112 ranging from 0.01- 1000 ng/mL.. On day 9, the Thl
phenotype of the cells was evaluated by examiming the frequency of ITFNgamma positive CD4+
cells and CD8+ cells. On day 14, cells were divided into two groups- one group recetved a
second CD3/CD28 stimulation and a second group that was not stimulated. On day 16, the Thi
phenotype was evaluated in both groups using FACS. The results for day 16 are presented in
Figure 22. [FN gamma expression was higher in cells that received a CD3/CD28 restimulation
on dav 14 comparced to cells that did not receive second stimulation. This indicates that both
antigen restimulation and 1112 exposure were required for the Th1 phenotype. Further, as little
as 0.1 ng/mL of 1112 was ablc to cause Thi- skewing and IFN gamma production from T cells
in vitro, and higher doses of IL 12 further wmproved this effect.

Example 9. Measuring human T cell responses in vifro and in vive

[00592] 1L.12 promotes the differentiation of naive T cells into Thi cells which results in the
secretion of IFN gamma from T cells. Human T cells were treated with 1L12 or left untreated and

analyzed by flow cytometry for the expression of IFN gamma and T ccll marker CD3.
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Treatment with IL12 resulted in the differentiation of T cells as measured by an increase n the
percentage of IFN gamma positive T cells from 0.21 10 22.3 (see inset of Figure 23A).

[00593] To test if membrane bound IL15/L15Ra fusion protein {(OT-11L15-008) can induce
human T cell expansion, human T cells were transduced with the constroct. T cell proliferation
was measured by evaluating forward and side scatter of the T cell population using flow
cytometry. Transduction with membrane bound [L15/1L15Ra fusion construct resulted m the
expansion of human T cells (58.9) compared to control untransfected cells (37 83 {(Figure 23B).
[36594] Tracking T cells following their adoptive transfer is critical to deternune their
distribution at different sites in the host, their identity and persistence over time. Huoman T cells
were stimulated with CD3/CD2E beads and incubated with 50U/mi of 1L2. Cells were expanded
invitre for 7 days with IL2 supplementation on day 3 and day 5. On day 3, the CD3/CD28 beads
were removed and the cells were coltured for two days. On day 7, cells were washed to remove
IL2 and 5 million human T cells were ingected intravenously into immune compronused,

NOD Cg-Pricic’ [ 2re 871 mice. Blood samples were obtained 4, 24, 120 and 168 hours
after cell transfer. Mice were cuthanized 168 hours after cell transfer and the bone marrow and
spleen were harvested. Immune cells were isolated from all samples and analvzed for the
presence of human T cells using CD3 and CP45 cell surface markers. As shown in Figure 23C,
the percentage of CD3 positive, CD4S positive human T cclls in the blood was higher in animals
injected with human T cells, especially at 120 and 168 hours. D3 positive, CD45 posttive
human T cells were also detected in the spleen and bone marrow of antmals injected with human
T cella. As expected no CD3 positive, CD45 posttive human T cells were detected in control
ammals that were not injected with human T cells.

100595 To deternine the identity of the T cells following adoptive transfer, blood samples were
collected from mice 48 howrs after injection. CP4 and CD8 T cells were analyzed for surface
expression of CD45RA and CD62L.. Both markers are highly expressed in naive T cells but are
lost as the T cells become antigen exposure. Ag shown in Figure 230, haman CD4 and CD8 T
cells showed high surface expression of both markers prior to injecting into mice, but was lost 48
hours after in vivo cell transfer mdicating that the human T cells are exposed to the antigen in
vivo.

Example 10. DD repulated 1112 mediated functions

[00596] DD-IL12 function is characterized i vivo by evaluating the ability of tumor cells
expressing these constructs to establish tumors and proliferate under the treatment of
corresponding synthetic higands ¢.g. Shield-1, Trimethoprim or Methotrexate. 2-10 million HCT-

116 cells stably transduced with the constructs are subcutancously xenografted with 50 matngel
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into mice capable of producing functional B and NK cells. Approximately, two woeks after
mjection, when the tumors reach a size of approximately 300 cubic am, mice are dosed with
corresponding stabilizing ligands ¢.g. Shield-1, Trimethoprim or Methotrexate at varying
concentrations every two days. Shield-1 s miected with a carrier consisting of 10
Dimethvlacetamide, 10 Solutol HS15, and 80 saline. Tumor volume and body weight are
monttored twice a week and the experiment is terminated once the twmors reach 1000 cabic mm
in size. Plasma and temor samples arc collected 8 houars after the last dose of the ligand andiL12
as well as the ligand levels are measured.

1003971 To evaluate the ability of H.12 expressing cells to form tumors, HCT-116 cells stably
transduced with DD-IL12 constructs are pretreated with corresponding stabilizing ligands,
Shield-1, Trimethoprim or Methotrexate and subsequently xenografted into mice. Reduction in
tumor growth and a concomitant increase in IL12 levels i higand treated mice compared to
untreated controls is indicative conditional regulation of 1IL12 in vive.

Example 11, DD reculated recombinant 1112 mediated functions in T cells

100598 Functional responses to DE-1L172 is evaluated in primary human T cells and in human
cell ines/transformed hematopoictic cell lines ¢.g. Rajt cells. Human T cells are purified from
peripheral blood mononuclear cells (PBMCs) by negative selection using CD4+ T- cell 1solation
kit (Miltenyi Biotec, Germany). T cells are treated with growth media from HEK 2937 cells
expressing DD-IL12 constructs for 5 days. Cells are then activated with beads conjugated with-
CD3/CD28 beads (Thermo Fisher Scientific, Waltham, MA) at the ratic of 3 beads per T cell and
cultared for 3 days. Functional response to DD-IL12 is determined by measuring Interferon
gamma in CD3 positive cells using flow cvtometry following treatment with ligand or vehicle
control. 1L.12 promotes the differentiation of naive T cells into Thi cells which results 1n the
secretion of IFN gamma from T cells.

[60399] To evahluate IL12 induced phosphorylation of STAT4 (Signal transducer and activator
of transcription 4), human T-cells are 1solated from PBMCs and activated with
phytohemagglutinin (PHA, Zug/mi) for 3 davs followed by treatment with 50 TU/ml of
Interleukin 2 (IL.2) for 24hrs. Cells are then washed, resuspended i fresh media and rested for 4
hrs in the presence of higand or vehicle control. Supernatant from DD-IL12 expressing
HEK?293T cells is added to the primary cells, followed by incubation for 30 minutes. Cells are
then bharvested and STAT4 phosphorylation is analyzed using STAT4 antibody (Cell Signaling

Technology, Danvers, MA).
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Example 12, Functional analvsis of DD resulated 11L15-1115Ra fusion molecule

[00600] Activation via 1L15 can sustain T cell persistence by conferring a survival advantage.
In addition, 1L15/1L.15Ra fusion molecule has been shown to confer a memory phenotype on T
cells and increase proliferation of NK cells (Hurton (2016), PNAS, 113: E7788-7797; the
contents of which are incorporated herein by reference n their endirety).

[00601] To evaluate signaling by DD regulated [L13-IL15Ra fusion constructs, NK-92 cells are
mcubated with HCT-116 cells expressing DD regulated IL13-IL15Ra fusion constructs. Trans
signaling by IL15/1L15Ra is expected to increase STATS phosphoryviation in NK92, which is
measured by westemn blotting, and by FACS. Proliferation of NK9Z cells 1s also measured.
[60602] To evaluate the effect of DI regulated [L13-I115Ra fusion constructs on primary T
cells, cells are transduced with the fusion constructs. T cell proliferation in the absence of
exogenous IL15 supplementation is measured. The T cell memory phenotype is measured by
quantifying CD6ZL cxpression by FACS.

[00603] To assess if DD-IL15/IL15R expressing T cells maintain prolonged persistence in vivo,
DD modified T cells are injected into mice. Constructs are tagged with luciferase reporter to
allow in vive tracking in mice. Mice are treated with vehicle control or correspounding ligand,
Shield-1, Trimethoprim or Methotrexate depending on the construct utilized and monitored over
a period of 40-530 days using bioluminescent imaging (PerkinElmer, Massachusetts). Mice
treated with ligand are expected o retain T cells expressing BD-1L15/1L15Ra while T cells in
vehicle control {reated animals are not expected to persist.

Example 13. DD reculated CD18 CAR expression and function in ¥ cells

00604 Ligand dependent expression of DD-CD19 CAR constructs is gvaluated m primary
human T cells and in immortalized/transformed hematopoietic cel lines ¢.g. Raji cells, Jurkat
cells and K562 cells. Human T cells are punfied from peripheral blood mononuclear cells
{(PBMCs} by negative selection using CD4+ T- cell 1solation kit (Miltenyvi Biotec, Germany).
Primary T cells and hematopoietic cell lines are stably transduced with DD-CD19 CAR
constructs, Cells are treated with 10pM Shield-1, 10pM Trimethoprim, M Methotrexate or
vehicle control and immunoblotied for CII3 Zeta using anti CD247 antibody.

[60605] The production of functional DD-CD19 CAR is analyzed m primary human T cells or
human cell lines (NALMS6, K362, Jurkat and Raji cells). Cells are incubated with CD19
expressing antigen presenting cells or CD19/Fc fusion protein in the presence of DD stabilizing
ligands Shield-1, TMP or MTX. After incubation, celis are stained with fluorescently labelled
anti~CD6Y antibodies and analyzed by flow cytometry. Cells with high CD6Y expression are

considered to have a functional BD-CD19 CAR. Functional response to BD-CP19 CAR s also
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determined by measuring interferon gamma levels using ELISA. BD-CD19 CAR cxpressing
cells are expected to demonstrate higher Interferon gamma levels in the presence of ligand than
untreated cells.

[00606] Cytolvtic potential of DD-CDMY CAR expressing cells 1s evaluated in primary human T
cells or human cell lines {e.g. NALMS, K562 and Raji) using Chronium-31 Release Assay.
Target cells are loaded with of Naz *'CrO4, washed twice and resuspended in phenol red-free
growth medium. Untreated or ligand treated DD-CB19 CAR and mock transduced cells are
coincubated with CD 19 expressing target cells at vanious effector: target cell ratios, and
chromium release into the supematant is measured using a hiquid scintillation counter. Cells with
DD-CD19 CAR are expected to demonstrate specific cviolyvsis only in the presence of higand.
Cells with DB-CD 19 CAR in the absence of Higand or mock transfected cells are expected to
show mirimal cytolytic activity.

{80667 The in vive antitumor efficacy of DD-CD 19 CAR 15 also evaluated. Immune
compromised mice are injected with luciferase expressing human leukemic cell lines (NALM-6).
Subsequently, nuice are injected with DB-CD19 CAR T cells via tail vein injections. Mice are
subdivided into treatment groups and are treated with a range of ligand doses. Two control
groups are also included in the study: a conirol group that did not receive any ligand and another
group that did not receive any T cells. Tumor burden as measured by luciferase activity is
monitored over time using bioluminescent imaging. Mice treated with DBD-CD 19 CAR T cells
and ligand are expected to have a reduced tumor burden when compared to control animals.

Example 14, Evaluation of antitumor response of DD resulated pavieads in syngeneic

mouse models

[06608] The efficacy of cancer immunotherapy in organisims with intact immune cells is
evaluated using syngeneic mouse models ¢.g. pMEL-1 and 4T1 mouse models. Immune cells
sach as T cells and NK cells are isolated from syngeneic mice and transduced with DD regulated
pavicads such ag DD-IL12, DD-IL1S, DDIL15S-1L15Ra, and BD-CD19 CAR,. Cells are then
mjected 1nto mice bearing subcutancous syngeneic tumors and treated with varying
concentrations of ligand, Shield-1, Trimethoprim or Methotrexate, depending on the DD used.
Mice treated with immune cells transduced with DD regulated payload are expected to have a
rechuced tumor burden when compared o control animals,

Example 15, Optimizins workflow for discovery of Di-reculated imumunotherapeutic

agents

160669 To identify DD-CD19 CAR constructs suitable for immunotherapy, constructs are

udroduced into cell lines e.g. HEKZ93T cclls and Jurkat cells. The expression of the construct in
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the presence or absenee of the corresponding ligand 1s tested. Constructs which show low basal
expression in the absence of ligand and robust, ligand-dose responsive expression are selected
for further analvsis. Hno DD-CD 1Y CAR constructs show higand-dependent expression, then
constructs are redesigned and the experiment 15 repeated till a regulatable construct is wdentified.
Next, the ligand dependent regulation of the DD-CDB19 CAR constructs is tested 2 virro in
prmary T cells. If the constructs show low basal expression in the absence of the ligand and
ligand dose responsive expression, they are subject to i vive PK/PD proof of concept
experiments. Otherwise, the constructs are redesigned and the new constructs are subject to
stmiltar analysis. The constitutively expressing CD 19 CAR constructs are transduced into T cells
and CD 19 CAR expression 1s measured in paraliel to the regulated construct. If no expression is
detected 1n vitro, efforts are refocused on testing DD- CD 9 CAR constructs i vitro in T cells.
In contrast, if the constitutive constructs show expression, then the expression of CE19 CAR is
measured 77 vivo.

[00610] Totestin vivo PK/PD, mice are injecied with T cells expressing BD-CD19 CAR
constructs and the test group is dosed with the ligand corresponding to the DD, while the control
group is dosed with the appropriate vehicle control. Constructs that display ligand-dependent
expression of C19 CAR are selected for in vivo functional proof of concept expenments.
Parallel experiments are also conducted using the constitutive CP19 CAR constructs. If
constitutive CD19 CAR expression is detected i vivo, then the constructs are selected for
functional experiments. i no expression is detected i vivo, then constructs are redesigned.
{00611 Functional analvysis in vivo is performed by testing if the constitutive and DD regulated
D19 CAR expressing T cells display anti-tumor activity in a constitutive or ligand dependent
manner respectively. I ves, then i vive proof of concept is achieved and constracts suitable for
mmmunotherapy are identified. If none of the DD regulated constructs show anti-tumor activity,
then alternate dosing regimens are explored. If the constitutive CD19 CAR constructs do not
show anti-tumor activity, then efforts are focused on identifying DD-CD19 CAR constructs that
show in vivo expression in T cells.

Example 16, Co-expression of DD regulated pavioads

[38612] Toncity related to systemic administration of interleukins can be circumvented by
using CAR-T cells to deliver interleukins to the target tissue. This combinatornial approach also
has greater anti-tumor activity than mnterleukin and CAR therapy alone. Cells are co-transfected
with CD19 CAR (constitutive or BD regulated} and DD-Interlevkin e g. PD-IL12, DB-1L15 and

DD-IL15/1L15Ra constructs. Transfected cells are treated with stabilizing ligands depending on
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the DD utilized. CD19 CAR expression is evaluated by immunscblotting for CD3 zeta. DD-1LI2,

DD-IL15 and DD-IL15/1L.15Ra expression in the media is measured by ELISA.

Example 17. CAR expression and functionality in T cells

[00613] Primary T cells were transduced with CD19 CAR constructs. Surface expression of
CD19 CAR construct was measured using Fluorescence activated cell sorting (FACS) with
Protein L-Biotin-Strepavidin-Allophycocyanin which binds to the kappa light chain of the CAR
(ThermoFisher Scientific, Waltham, MA}. To determuine the percentage of the CD4 and CDS sub
populations of CAR T cells, celis were analvzed by anti CD4, anti CD8 antibodies and Proten L.
As shown in Figure 24A, 673 % of CAR positive cclls obtained were CD4 positive, while only
14 2% cells were CDR positive.

[00614] Totest the ability of CD19 CAR cells to kill target cells, primary T cell populations
transduced with OT-CD19N-001 or OT-CD19N-017 were cocultured with K562 cells expressing
D19 (target cells) at a ratic of 3:1. Additional control combinations of T cells and target cells
were also set up. These included CAR expressing T cells co cultured with K562 cells, T celis co
cultured with K562 cells expressmg CD19 and K562 cells expressing CD19 without T cell co
culture. K562 cells were fluorescently labelled with NucLight Red and co cultured with T cells
for 30 bours. Cell death was monitored by labelling cells with Annexin V and K562 target cell
death was measured by evaluating Annexin V staining in Nuchight Red postiive cells. The ratio
of Annexan V stamning per target cell arca was calculated. As shown in Figure 24B, OT-CD19N-
001 or OT-CD19N-017 expressing T cells were effective in killing target K562 cells expressing
CB19. A low level of target cell killing was observed when untransduced T cells were
cocultured with CD 19 expressing target cells. As expected, cell death was minimal in the co-
culture of OT-CBI9N-001 expressing T cells and K562 cells {without CD19 expression). These

data show that CD19 CAR cells are effective in killing their corresponding target celis.

Example 18. Reculated expression of IL15-1L15Ra in T cells

100615] DD regulated 1L15-1L15Ra constructs such as OF-1L15-009 or constitutively expressed
constructs such as OT-1L15-008 were transduced into T cells such as primary T cells or SupT1
cells. The transduction was carried out at two different lentivirus concentrations, 5 pl and 20 pl
for the DD regulated construct using Lentiboost ™ (Sirion Biotech, Germany). 4 days after
transduction, celis were treated with 10uM TMP or DMSO control for 24 and 48 hours. Samples
were analyvzed with an antt 1L15Ra antibody using FACS. Additional controls samples such as

cells treated with Lentiboost only, untransduced cells treated with DMSO or TMP, and Isotype
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controls were included in the FACS analvsis. The FACS results are depicted in Figure 25A for
24 hours of TMP treatment and 1n Figure 258 for 48 hours of TMP treatment. In both figures,
DMSO-A and TMP-A indicate cells treated with 3 ul of lentivirus and DMSO- B and TMP-B
mdicate cells treated with 20 pl of lentivirus. Treatment of T cells expressing OT-1L15-009 with
TMP for 24 hours resulted in an increase n the expression of IL15Rain T cells with both doses
of lentivirus used. Additionally, very low levels of IL15Ra were detected in the DMSO treated
samples under the same conditions as well as in untransduced T cells. As expected, the
constitutively expressed construct, OT-1L15-008 showed high expression of HL15Ra. TMP
dependent expression of OT-IL15-009 was not observed in SapT1 cells (Figure 25A). Similar
results were observed for both T cells and SupT1 cells at 48 howrs (Figure 25B). These results
show that tight regulation of IL15-11.15Ra constructs can be achieved in primary T cells.
[00616] The surface expression of IL15 and [L15Ra was measured for OT-IL15-008 and GT-
[L13-009. The percentage of cells expreasing IL15, IL15Ra or both on the cell surface is
presented in Table 27.

Table 27: Surface expression of IL15 and IL15Ra

%% Positive cells

OT-1L15-008 OT-IL15-609
1115 and TL15Ha positive | 2.03 .51
IL15Ra positive 13.0 15.8
1115 positive $.29 (.60

[06617] As shown in Table 27, the percentage of cells with detectable surface expression of
IL15 and IL15Ra was less than 5% with both constructs. Further, the percentage of cells with
surface expression of 1L15Ka was much higher than the percentage of cells with detectable
surface expression of IL15.

[00618] The cffect of increasimg doses of TMP on IL15Ra expression in T cells was measured
using the OT-1L15-009 construct. T celis were treated with a range of doses of TMP starting
from 0.156 uM to 160 pM for 24 hours. IL15Ra expression was measured using FACS. As
shown n Figure 25C, the percentage of IL15Ra expressing T cells with OT-IL15-009 cells was
detected even at the lowest concentration of TMP and the percentage of IL15Ra positive cells at
the lowest concentration of TMP was higher than the untreated control. The percentage of

[L.15Ra cells mcreased with increasing doses of TMP.
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Example 19, TMP dose responsive expression of 1LIS-FL15Ra

[60619] TLIS-IL15Ra fusion constructs, OT-TL15-008, OT-IL15-009, and OT-IL15-010 were
stably expressed in HCT116 cells treated with increasing doses of TMP ranging from 10uM,
33uM, and 100uM TMP for 24 hours. Celi lysates were immunoblotted with anti {L.15Ra
antibody. As shown in Figure 26, IL15Ra expression of OT-IL15-009 was virtually undetectable
m the absence of TMP, and addition of increasing doses of TMP resulted in an increase in
IL15Ra levels. Modest inerease i 1L 13Ra expression was observed with OT-1L15-010 construct
with the addition of TMP. As expected, the constitutive construct, (OT-1L15-008 showed sirong

expression of IL15Ra both in the presence and absence of ligand.

Example 20, Effect of 1L15-1L15Ra on T cell persistence and T cell memory phenotype

[60626]  The effect of constitutively expressed 1L15-11.15Ra fusion construct, OT-1L15-008
on T cell persistence was measured m NSG mice. T cells were transduced with OT-1L.15-008 and
4 miliion cells T cells were mjected intravenously info NSG mice {(number of mice =3). Asa
control, additional mice were injected with untransduced T cells. Blood samples were obtained
from mice at 2, 3, 4, 5 and 6 weeks afier injection and analyzed by FACS for the presence of
CD8 and/or CD4 positive human T cells expressing 1115 and [L15Ra. The percentage of human
T cells in the blood was calculated as the percentage of total T cells 1.2, human T cells (imeasured
using anti-human CD45 antibody) and the mouse T cells and endothelial cells (measared using
the anti-mouse CD45 antibody). As shown in Figure 27 A, the percentage of T cells in the blood
at 2 wecks was greater m mice injected with T cells transduced with OT-HL15-008 compared to
control mice that were mjected with antransduced T cells. This observed increase in T cells
decreased over 3.4, and 5 wecks, and the percentage of T cells was comparable between the two
cohorts. At 6 weeks, one of the mice mjected with OT-IL15-008 transduced T cells showed a
higher percentage of human T cells in the blood. Thus, at 2 weceks, the frequency of human T
cells in the blood is increased in the blood of mice mjected with OT-IL15-008 transduced T
cells.

[00621] The number of T cells in the blood was measured by comparing the number of human
T cells in 50 oL of mouse blood using anti-heman D45 antibody as a marker for human T cells
and anti-munne CD3 antibody as a marker for murine endothelial cells. As shown in Figure 278,
the number of human T cells in the blood increased at 2 weeks in nuce injected with OT-1L15-
0038 transduced T cells, as compared to mice injected with untransduced T cells. The difference
between the two cohorts was dimimished at 3 weeks and 4 weeks. At 6 wecks, one of the mice

mjected with OT-1L15-008 transduced T cells showed a higher number of human T cells in the
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blood. Thus, at 2 weeks, the frequency and number of human T cells in the blood 1s increased in
the blood of mice injected with OT-1L15-008 transduced T cells. These data support the role of
[L135-H.15Ra fusion proteins in T cell persistence. The increased T cell frequency and number
observed at 6 weeks in one of the mice may be due to graft versus host disease.

[00622] The effect of OT-1L15-008 expression on the CD4 and CD8 subset of T cells was
measured prior 1o injecting mnto mice (Week 0) and 2 wecks after injection. As shown 1 Figure
27C, the ratic of CD4 and CD8 cells was 1:1 prior to injecting into mice. However, at 2 weeks,
the proportion of CD4 positive cells was much higher than the CB# positive cells in the
transduced cells, indicating that OT-1L15-008 caunses a preferential expansion of CIM positive
cells. The expression of the OT-IL15-008 construct within the CD4 and CD8 subsets was
measured using antt IL15Ra antibody. As shown in Figure 27D, prior {0 injections, 25 % of the
OF-1L15-008 transduced CD4 T cells and UDE T cells oxpressed 1L15Ra. At week 2, the
percentage of {L.15Ra positive CD4 and CD8 T cells increased to 80% indicating a preferential
expansion of T cells transduced with OT-IL15-008. As expected, untransduced control T cells

were negative for IL15Ra expression.

Example 21. [1L12 dependent, re-stimulation independent Thi markers

[60623] T cells require T cell receptor restimulation in vive or in vitro stimulation with
CD3/CD2E to produce IFNgamma. To study the effect of 1112 activity on T cells in the absence
of restimulation, several T cell markers were explored. T cells were expanded using one of the
following 4 expansions strategies (1) Day 10 cytokine switch from IL2 to 1L12, CD3/CD28
stimulation from day 0 to day 10 with no restimulation (it} Day 10 cviokine switch from {L2 to
[L12, CD3/CD28 stimulation from day 0 to day 10 and restimulation at with CD3/CD28 from
day 12 to day 14 (i1} Day 10 eytokine switch from IL2 to IL12, CD3/CB28 stimudation from day
0 to day3 with no restinmdation {(iv) Day 10 cytokine switch from 1L2 0 1112, UD3/CD2R
stimulation from dav 0 to day 3 and restimulation at with CD3/CD2E from day 12 to day 14.
Markers tested include CDoY, IFNg, Perforin, CXCR3, Granzyme B, CCRS, CXCRS6, Ki-67 and
T-bet. IFNg appears to be the most robust and consistent marker for IL12 activity on haman T
cells, but requires re-stimulation of T cells to induce production. Thl markers which increase in
response to 1112 in the absence of re~-stinmuldation and L2 {(Lkely in vivo conditions) melude Ki-
67, T-bet, Perforin, CXTR3, and CCRS.
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Example 22, Effect of cvtokines on NK cell proliferation and activation

[60624] bnmune cells such as Natural Killer cells depend on cytokines such as {L15 for their
proliferation and survival. This dependence on cytokines can be used to test the functionality of
DD regulated or constitutively expressed cviokines and cyviokine fusion proteins.

[00625] The dependency of the NK-92 cells on cytokines for activation was tested. Cells were
mitially cultured for 3 davs with 1L2, following which, cells were washed twice and cultured m
media without IL2 for 7 hours. The cells were cultured for 18 hours in the presence of 1L12 {10
ng/ml) or varying concentrations of IL15 (100 ng/mli, 20 ng/ml, 4 ng/ml, 0.8 ng/ml, 0.16 ng/ml,
0.032 ng/ml, 0.0064 ng/ml and 0.00128 ng/mi). NK-92 cell activation in response to L1535 and
IL12 treatment was evaluated by FACS analvsis using a panel of markers whose increased
expression is associated with NK cell activation. These markers mehude NKG2D, CD71, CD69;
chemokine receptors such as CCRS, CXCR4, and CXCR3, Perforin, Granzvme B and Interferon
gamma (IFNg). Prior to FACS analvsis for IFNg, cells were cultured for 4 hours with Brefeldin
AL NK celis respond to external stimuli such as cytokines in their environment through the
phosphorviation of proteins JAK/STAT, ERK, and p38/MAPK pathways which are important
for cell activation, signaling and differentiation pathways. The phosphorylation of AKT, STAT3
and STATS in response to cytokine addition was measured by FACS. Since phosphorylation
events are transient NK-92 cells were treated with the cvtokines for 15 or 60 minutes, prior to the
analysis. The fold change 1n mean fluorescence ntensitics compared o untreated for {L15

treatment are presented in Table 28,

Table 28: 115 induced markers

IL15 dose | CD6Y | CXCR4 | Perforin | Granzymae | pSTATS | pSTATS | IFNgamma
{ng/ml) B (13 {60
mins} ning)
100 1.91 3.87 1.67 [.43 1.98 2534 3.00
20 2.10 3.62 1.57 1.40 1.96 2.35 5.55
4 1.39 3.03 1.28 1.16 1.81 233 2.76
0.8 1.18 2,10 1.16 £.09 1.76 2.47 1.92
0.16 0.99 1.41 1.04 1.03 P44 2.08 241
0.032 1.05 1.14 0.92 0.92 1.23 1.67 0.95
0.0064 111 139 0.79 0,78 1.03 26 0.85
0.00128 1.07 1.15 0.85 0.88 0.99 1.04 P19

[00626] Treatment with TL 15 resulted in an increase in the expression of CD6Y, CX R4,
Perforin, Granzyme B, and IFNg. The effoct of IL15 on these markers was dose dependent with

a higher dose of 1L15 resulting in a corresponding upregulation of markers. Phosphoryiation of
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STATS was increased both at 13 and 60 minutes after the addition of IL2 or HL15. Taken
together, these results show that cytokines can activate NK cells.
[00627] The fold change in activation markers observed with TL12 treatment are shown n Table

29.

Table 29: 1112 induced markers

Marker Fold change
CCRS 160
Perforin 167
Grauzyme 187
(g 174
[FNg (supernatant) 666.15

[00628] Treatment with HL12 resulted in an increase in the expression of markers CD69, CCRS,
Perforin, Granzyme B, and IFNgamma. Further, JFNg fevels secreted by NK-92 celis into the
media higher than vntreated controls upon treatment with {112, Treatment with 112 resulted in
an merease in the expression of CXCR4, Perforin, Granzyme B, and IFNg. Further, IFNg levels
secreted by NK-92 cells into the supematant was higher than untreated controls uvpon treatment

with IL2.

Example 23, Effect of cviokines on T cell expansion and activation

100629] To teost the requirement of 1.2 and .12 for T cells expansion and activation, T cells
were stimulated with soluble CD3/CD2E, CD3/CD28 Dynabeads or left unstimulated for two
days. Each of these groups was further split mto two sub groups. One sub group was treated with
IL2 and 100 ng/ml of 1L.12 while the second sub group was treated with IL2 only for the duration
of the stimulation. For the soluble CD3/CD2E stimulated cells, a third subgroup that was only
treated with 100 ng/mi was also mcluded. T cell expansion over the course of 14 days was
measored and the fold change m T cells expanston is shown m Figure 28A. CD3/CD28
dynabeads plus 112 with or without 11,12 had the most profound tmpact on T ccll expansion
followed by the T cells treated with soluble CD3/CD28 plus 12 with or without IL12.
Unstirnilated cells and cell treated with sohuble CD3/CD28 cells that did receive [L2 treatment
were unable to expand over the course of the expeniment. These results show that FL2 is requured
for T cell expansion, but 112 may be dispensable.

[00630] The effect of TL12 on T cell activation was measured by deternuning the trequency of
[FNgamma positive CD4+ and CD8 + T cells. IFNg ts produced by activated T cells. Three

different stimulation protocols were used. fo the first protocol, cells were stimulated with
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CB3/CD28 dynabeads for Z days, following which the beads were washed off and the cells were
treated with varying concentrations of IL12 for 7 days (from dav 2 to day 9). At day 9, cells were
restimulated with soluble CD3/CD28 and the frequency of IFNgamma positive cells was
determined by FACS. The results are presented in Figore 288 as the percentage of cells. In the
second protocol, following 2 day CD3/CD28 dynabeads simulation, T cells were mamtained n
culture for a longer duration of 14 dayvs 1.¢. from day 2 to day 16. At dav 16 cells, were
restimulated with scluble CD3/CD28. At day 16, the frequency of IFNgamma positive cells was
measured. The results are presented in Figure 28C as the percentage of cells. In the third
protocol, T cells were nitially sttmulated for 2 days with CD3/CD28 dynabeads and 112,
followed by treatment with IL2 only for 9 days (1.¢. from day 2 to day 11}, followed by {112
treatment for 2 to 3 days. In the last two days of the expertment, cells were also restimulated
with soluble CB3/CD23. IFNgamma positive {14 and UD¥ cells were measured using FACS,
The third protocol mumics the environment that is presented to T cells in adoptive cell therapy,
both during in vitro transduction and T cells expansion as well as the in vivo. The results are
presented in Figure 28D as the percentage of cells. In both 7-day treatment with 1012 as well as
14-day treatment with 1112, shown o Figure 28B and Figure 28C respectively, restinmlation
with CD3/CD23E cells at the end of the experiment increased the percentage of IFNgamma
positive cells. A half maximum effective concentration (EC50) of IL12 observed with the first
protocol for CD8 cells was 50 pg/ml. The ECS0 of 1172 observed with the second protocol was
12 pa/ral for CD4 celis and 65 pg/mi for CDR cclls. Long~teom culture with CD3/CD28 further
increased the dependence on re-stimulation and 1112 for IFNg production.

(006311 The results obtained with the third stimulation protocol are presented v Figure 28D,
Immune cells treated with 1112 for the final 3 days of the experiment combined with CD3/D28
restimulation showed the lighest percentage of IFN gamma positive cells (EC30 = 24 pg/ml for
CD4 cells and 40 pg/mi for CD3 cells), followed by cells that recetved IL12 for 2 days. Thus, T
cells expanded in vitro can later differentiate in response to IL12, but restimulation may be
required for IFNg production.

[00632] Taken together these resulis mdicate that 1L 12 can stimulate IFN production in T cells
when restimulated with CD3/CD28.

Example 24. Promoter selection for expression of SREs in T ¢celis

108633] The expression of SREs in a vector can be driven by cither the retroviral long termunal
repeat (LTR) or by cellular or viral promoters located upstream of the SRE. The activity of the

promoter may vary with the cell type and thus promoter selection must be optimized for each
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cell type. To dentify optimal promoters, AcGFP {(SEQ 1D NO. 870) was cloned info pLY X,
IRES Puro construct with a UMV or an EFla promoter. Patient derived T cells and Sup T1 cells
were transduced with the constructs and GFP expression was measured at day 3 and day 5 after
transduction using FACS. As shown tn Figore 29, both the CMV promoter and the EFla can
drive the expression of GFP in Sup Tl cells and T cells. The percentage of GFP positive T celis
was higher when GFP expression was driven by CMV promoter compared to an EF 1a promoter,
both at 3 days and 6 days after transduction. In contrast, the percentage of GFP positive cells was
much higher when GFP expression was driven by the EFla promoter when compared to the
UMV promoter. Thus, the optimum promoter suitable for expression differs based on the cell

tvpe.

Example 25, Effect of isand on T cell proliferation

[00634] The effect of ligands specific to the SREs of the invention on tmmune cell proliferation
was measured to identify concentrations of the ligand that did not mhibit T cell growth or
survival. T cells derived from two different donors were stimulated with CD3/CD28 and treated
with hgand TMP at doses ranging from 0.04 uM to 160 pM or DMSO. The percentage of
divided cells within the CD4 and the CD3E populations of T cells was measured usmg FACS.
Concentrations of TMP ranging {from 0.04 uM to 40 uM showed no effect on the percentage of
divided celis within the CD% and {34 populations, while 160 uM concentration of TMP resulted
in an 70-90% reduction in the percentage of divided cells. Thus, the optimal concentration of

TMP for T cell based experuments was determined to be less than 160 pM.

Example 26, Effect of DD regulated C19 CAR on tonic sionaling

[00635] Chronic antigen activation can result in T cell exhaustion. To test if DD regulated
519 CAR constructs induce tonic signaling, irradiated K562 cells expressing CD19 are plated
into culture plates 12 hours before the addition of T cells expressing DD regulated CP19 CAR
constructs with Interleakin 2. Cells are counted every two days and media is replaced. For
repeated stimudations, cells are transferred to a new plate with K562-CD19 cells after 24 hours
(for two stimulations) or every 12 hours (for four stimulations). For each condition, T cells are
counted and analvzed by FACS for CAR, phenotypic and exhaustion markers every 12 hours.
DD regulated constructs were analyzed in the presence or absence of ligand. Markers analvzed
include CD25 and CD69 for activation status; CD62 and CD45RA for memory status; and
exhaustion markers PD, TIM3 and LAG3. DD regulated CD19 CAR constructs arc expected to

induce a lower percentage of cells that are positive for all three exhaustion markers- 1.e PD
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TIM3 and LAG3 and a higher percentage of cells that are CD45A+/CD62L+ indicating less
differentiated T cells. Constitutively expressed CD19CAR constructs may induce the expression
of all three exhaustion markers and may have a more differentiated phenotype with a higher

proportion of CD45-/CDG62ZL- and CD45+CD62L- cells.

Example 27. Functional analvsis of DD reculated D192 CAR

[38636] To test the ability of DD regulated CDB19 CAR cells to kill target cclls, primary T cell
populations transduced with DD regulated CD 19 CAR constructs arc co cultured with K562 cells
expressing CD1Y (target cells) at a ratio of 5:1 in the presence or absence of the ligand specific to
the DD c.g. Shield-1, TMP or MTX. Additional control combinations of T cells and target cells
are also set up. These include DD regulated CAR expressing T cells co cultured with K562 cells
(in the presence or absence of the ligand), T cells co cultured with K562 cells expressing C319
and K562 cells expressing CD19 without T cell co culture. The K362 cells are fluorescently
labelled with NucLight Red and co cultured with T cells for 30 hours. Cell death is monitored by
iabelling celis with Annexin V and the cell death in target K562 cells is monitored by cvaluating
cells that are positive for both Annexsin V and Nuclaght Red. The ratio of Annexin V staining
per target cell arca s caleulated. DD-CD19CAR expressing T cells are expected to be effective
in killing target K562 cells expressing CD19 only in the presence of the ligand specific to the
DD, Mimimal target cell death 1s expected to occur when untransduced T cells are coculinred
with CD19 expressing target cells; and with DD-CAR T cells (with or without hgand treatment)

plus K362 cclls (without CD19 expression).

Example 28. Generation of CD19 seFvs using the larce phace antibody Bbraries

Constraction of Primary Phagenud Library
[00637] Total RNA is prepared from 40 different samples of human peripheral blood

lymphocyies and cDNA is svnthesized using random primers. IgM variable regions are amplified
using an IgM 3' primer and 5'VH primers. Pooled primers arc also used to amaplify the Vk and
VL. An additional PCR step 1s added to include restniction sites as well as to mtroduce a region
of overlap containing an scFv loxP hinker. scFvs are obtained by mixing equimolar amounts of
VH and VL genes and performing assembly. The scFvs are then cloned into pDDANS vectors to

obtain a primary library of approximately 103

Recombination and secondary of the secondary library
[00638] To mnduce recombination, bacterial strain BS 1365 (which express Cre-recombinases

constitutively) are infected with primary phagemid library at an MO of 20:1. This results in
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bacteria containing multiple phagemids, each of which encodes different VH and VL genes,
which can be recombined by the Cre recombinase. Since the phagemid arise from bacternia
containing many different scFv, the phenotype and genotype are not coupled. Phagenuds derived
from the bacteria are used to infect bacteria that do not express Cre (e g. DHS5a) at a low MO of
< 0.1 to couple genotype to phenotype.

U39 expression constructs and cell lines

100639] Human CB19 isoforms described 1o Table 14 are cloned into appropriate vectors and
transfected 1nto cell lincs with low endogenous CPD19 expression such as K562 and 373 cell
lines. The CP19 expressing lines 1.e. K562- CB19 or 3T3 -CD19 cells, are used for posttive
selection of scFvs in the phage display hibrarv. The parental K562 and 373 are used for the

negative selection.

Selection of antibodios recoguzing CY on coll surface
[00640] The sccondary phage display library is pre-cleared by screening with parental cells to

remove non-specific binding phages. The precleared phages are incubated with K562-CD19 or
3T3-CD19 cells, and bound phages are recovered and amplified for next round of selection.
Three rounds of selection are performed o enrich for CD19 binders. FMC63-distinct scFvs i¢.
scFvs that bind to epitopes distinet from FMC63, are selected i a paralle! sclection process by
blocking the FMC63 epitope with an excess of FMC63 antibody.

00643 The affinity of the scFv to D19 15 g critical aspect that determines the performance of
the antibody n pharmacokinetic and inunune response assayvs. Affintty measurements for 96
scFv clones are made using techmiques such as ELISA and surface plasma resonance which
provide on-rate (Kaj}, off-rate (Kd}, and affinity constant (KB},

100642] scFv clones with desired off rates are subjected to Sanger sequencing to wentify vnigue
clones that bind to CI319 expressing cells but not parental celis. Identified clones are then subject
to epitope binning, using a competitive immunoassay that is used to characterize and then sort a
library of seFvs against a target protein, e.g. CD19. scFvs against CD19 are tested against all
other C19 scFvs identified from the library, 10 a patrwise fashion o identify scFvs that prevent
the binding of other scFvs 1o an epitope of CD19 antigen. After a profile 1s created for cach
CDI19 schv, a competitive blocking profile 1s created for each scFv relative to the others. Closely
related binning profiles indicate that the antibodies have the same or a ¢losely related epitope are
binned together.

[00643] scFvs obtained at cach of step of the selection process are subject to deep sequencing

methods such as Ion Torrent/MiSeq. Heavy chain CBR3 sequences, including those that do not
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bind to FMC63 are identified using the Abmining ToolBox (D'Angelo § et al. (2014) MAbs,
6{1}: 160-172) and top ranking HCDR3s arc identified. HCDR3 specific primers designed from
the DNA sequence ot the top ranked sequences are then used to amplify scFv clones by inverse

PCR and the PCR product is cloned into expression vectors.

Example 29. CD19 sc¥Fv affinity

100644 The affinity of the scFv to the CD19 antigen is a critical aspect that determines the
performance of the antibody in phammacokinetic and tramune response assays. Affinity
measurements are made using technigues such as ELISA and surtace plasma resonance which
provide on-rate (Kaj}, off-rate (Kd}, and affinity constant (KB},

100645] Antibodies with varying affinitics are identified using cells that have high or low
ectopic expression of C19. K562-CDH9 cells and parental K562 cells with low CD19
expression are sorted by FACS using CD1Y antibodies e.g. FMC63 to determine surface
expression of 319, Cells are sorted into bottom 5% {L.¢. low CD19 expressing cellsy, top 3%
(high C1319 expressing celis) and the rest of the population of cells is categorized as median

CD19 expressing cells.

Example 30. Screening strateov for identifvine FMOC63-distinet CD19 sc¥Fvs

CD9/Fe fusion proteins
[00646] FMCO3 binds to human CD19 m the region encoded by exon 2. To identity FMC63-

distinet CD19 scFvs, human CB19 (Exon 1-4) or human CD19 (Exon 1,3.4} are fused with IgG
to generate CD19-1gG fusion proteins, CD19sigGl-4 and CD19sigG1,3.4 respectively. CD19-
IgG fusion proteins are used for antibody screening. 96-well plates are coated with capture
antibodies and incubated with CD19sIgG1-4 or CD19s51gG1,3,4 fusion protein. The plates are
washed and incubated with candidate CB19 scFvs identified in Example 28. The plates are
washed again and iocubated again with reporter {e.g. Alkaling phosphatase} conjugated detection
antibodics and detocted using reporter compatible detection methods. Capture antibodies may be
antthuman Ig( Fe antibodies, or the FMC63 antibody {as a conirol). The detection antibodyv may
be anti-human IgM antibody. FMC63-distinct {19 scFvs are expected to bind to
(CD19s1g(1,3.4) and (CD19sigG1-4). To contrast, candidate CD19 scFvs that bind to epitopes

that are 1dentical or overap with FMC63's epitope are expected to oniy bind to (CD19sigG1-4).

Compelition assay
[00647] CD19 expressing K562 cells are incubated with nano molar concentrations of tagged

candidate CD19 scFvs e.g. identified in Example 28 and fixed concentration of tagged FMC63
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scFv for competition binding assays. Cells are washed and stained with the secondary antibody
corresponding to the tag used in the candidate C19 scFv. Mean fluorescence intensity is
measured using flow cyvtometry. As anegative control, T 19 K562 expressing cells are
mecubated with varying concentrations of tagged candidate CD19 scFv alone or FMC63 alone.
For FMU63-distinct CD19 scFvs, it 15 expected that there will be no competition for binding to
CD19 between the candidate CD19 scFvs and FMC63. Thus, the mean fluorescence intensity of
the tagged candidate CD1Y scFv is expected to increase with increasing concentrations of the
candidate CD19 scFy, while the mean fluorescence intensity of tagged FMU63 antibody is not
expected to decrease with increasing concentrations of the candidate U319 scFv. This would
indicate that the FMC63 1s not displaced from its epifope by the addition of the candidate CD 19
scFv, suggesting distinet binding epitopes. For candidate CD19 scFv that bind to the same
epitope as FMC63, a decrease i the fluorescence mtensity of FMC63 with increasing

concentrations of the candidate CD19 scFv is expected.

Example 31, Functional analvsis of FMOC63-distinct CD19 CAR constructs

[00648] FMCo3-distinct CD19 scFvs enginecred to generate FMC63-distinet CD19 CAR
constructs with destabilizing domains, binkers, transmembrane and intracellular domains
described i Table 1, and Tables 6, 7, 8A or 8B, The ability of FMC63-distinct CD19 CAR to
mduce ccll activation, eytotoxicity and proliferation is compared to the FMC63-C119 based
CAR constructs in Jurkat cells. Constructs are also analyzed for their ability to induce the
upregulation of exhaustion markers, PR, TIM3 and LAG3, and constructs that are positive for
muftiple exhaustion markers are excluded from the analysis. Constructs that can induce Jurkat
cell activation and cytotoxicity but not exhaustion markers are transduced into T cells and ther
ctficacy 1s compared with the constitutively expressed FMC63-based CB19 CAR construct. It is
expected that DD regulated FMC63-distinet CD19 CAR constructs will demounstrate superior
cyiotoxic capabilitics with minimal tonic signaling as compared to FMC63 CD19 CAR

constructs.

Example 32 Ligand dependent tarset cell death induced by BD repulated CB19 CAR

[00649] To test the antigen specificity of cell killing by T cells engineered to express
constitutive or BD-containing CAR construct, CD19 was ectopically expressed in the antigen
negative K362 cell line. CDI9 expression was measured using anti-CD9 antibody conjugated to
Phycoerythrin (PE}. Figure 30A shows the expression of CD19 in parental K562 cells and K3562-

D19 cells, wherein CD 19 is ectopically expressed.
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[38658] To test the ability of DD regulated CDB19 CAR cells to kill target cclls, primary T cell
populations were transduced with DD regulated CD19 CAR constructs, OT-CD 19-024 with
human DHFR DD and an EFia promoter. Transduced T cells were co cultured with K362 cells
expressing CD19 (target cells) at a ratio of 53:1 in the presence or absence of TMP (100ubM).
Additional control combinations of T cells and target cells were also set up. These incladed BD
regulated CAR expressing T celis co cultured with antigen-negative K362 cells {in the presence
or absence of the ligand), untransduced T cells co cultured with K562 cells expressing CD19 and
K562 cells expressing CD19 without T cell co culture. The T cells utilized for this experiment
were transduced with the OT-CD19-024 construct {or untransduced) and ¢xpanded for 11 days
using protocols described 1 previous examples, frozen, thawed and co-cultured with target cells.
Target cells were treated with Mitomyem C to prevent their proliferation. The K562 or K362-
D19 target cells stably expressing the fluorescent protein NucLight Red were co cultured with
T cells for 300 bours. Cell death was monitored by labelling cells with Annexin V and the cell
death in target K562 and K562-CDN9 cells was monitored by evaluating cells that were positive
for both Annexin V and NucLight Red using the IncuCyte® Live Cell Analysis Svstem (Essen
Biosciences, Ann Arbor, MI}. The results arg presented in Figure 30B. where the killed target
cells represented on the v axis are based on target celis that are positive for both Nuclight Red
and Annexin V. Figure 30C, shows the killed target size as measured i (uM/well} at day 5.
Target cell killing was observed with the OT-CD19-024 construct only in TMP treated co-
cultures of T cells and K562 target cells ectopically expressing CD19. No cell killing was
observed in untreated controls of the same co-culture set up and when T cells were co cultured
with parental K562 cells that do not express CD19 in the presence or absence of higand. These
data show that regulated CARs display ligand- and target-dependent cell killing with mimimal

basal off-state.

Example 33. In vitro CAR-T cell functional analvsis

[60651] The efficacy of T cells expressing DD regulated CD19 CAR constructs in functionally
uderacting with target cells 1s evaluated. To interact with the CDI9CAR T cells, the chosen
target cells express CD19 naturally or ectopically. In this context, target celis which have hugh
endogenous expression of CD19 such as Nalm6, Rajpi, Reh, Sem, Kopn8, and Daudi cells.
Alternatively, target cell lines may be engineered by ectopic expression of CE¥19 1 cell lines that
have low endogenous expression of U319 such as K362, Multiple assays are used to measure
functionality. Prior 1o co culture, the target cells are optionally cultured in the presence of

presence of mitomycin C to prevent target cell proliferation. This ensures that target cell growth
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does not out compete T cell growth, Cytotoxicity assays are used to measure the ability of T cells
induce target cell death. Target cells arc engineered to express Renilla or Firefly luciferase and
co cultured with T cells expressing DD regulated CD19 CAR constructs for 18 to 24 hours n the
presence of the ligand related to the DD or vehicle control. At the end of co culture, cells are
lysed and luciferase activity is measured using appropriate substrate. Luciferase activity is
expected to inerease when DD regulated CD19 CAR expressing T cells are co cultured with
D19 expressing target cells in the presence of ligand. Cytotoxicity is not expected in vehicle
control cells or when the target cells do not express CD19 are utilized.

100652] Engagement of the €19 CAR with CD 19 antigen results in the activation of T cells
which is measured 24 hours after co culture of CAR expressmg T cells and target cells.
Activation of T cells is evaluated by measuring levels of FFNg, 112, and CD69. T cell
proliferation in response to antigen mediated T cell activation is measured by labelling T cells
with Carboxyfluorcscein succinimidyvl ester, which is used to trace celis across multiple
generations. Labelled T celis are cultured with Mitomyein treated target cells and cell
proliferation is tracked over a period of 3 o 5 days. T cell proliferation and activation is expected
1o increase when DI regulated CD 19 CAR expressing T cells are co cultured with CD19
expressing target cells in the presence of igand. Both parameters are not expected in vehicle
control cells or when the target cells do not express CD19 are utilized.

100653] Activation of T cells results m degramulation, an exocytic process by which cytotoxic T
cells release molecules like perfonin and granzymes which enable target cell killing,.
Degranulation 1s measured by analysis of media for indications of exocviosis ¢.g. CDI07 by

FACS and by markers of degramudation sach as perforin and granzyme using immunoassays.

Example 34, Licand dependent target cell death induced by DD resulated CDI9 CAR

100654] To test the ability of BD regulated CB19 CAR cells to kill target cells, primary T cell
populations are transduced with BD regulated CD19 CAR constructs are co cultured with K562
cells expressing CD 19 (target cells) at a ratio of 5:1 in the presence or absence of the ligand
specific to the DD ¢ g. Shield-1 (1uM), TMP (100uM) or MTX Constructs with FKBP,
ecDHFR or human DHFR DDs may be utilized. Constructs with either CMY, EFla or PGK
promoters mayv also be used. Multiple combinations of T cells and target cells are set up. These
meluded DD regulated CAR expressing T cells co cultured with K362 cclls (in the presence or
absence of the ligand), T eclls co cultured with K562 cells expressing CD19 and K562 cells
expressing CD19 without T cell co culture. Additional controls melude target cells only;

untransduced T cells; T cells transduced with empty vector. The T cells utilized for this
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experiment are expanded for 11 days using protocols described in previous examples, frozen,
thawed and transduced with the CI319 CAR constructs. Target cells are treated with Mitomycein
C to prevent their proliferation. The K562 cells are fluorescently labelled with NucLight Red and
co cultured with T cells for 300 hoars. Cell death 1s monitored by labelling cells with Annexin V
and the celi death in target K562 cclis s monitored by cvaluating cells that are positive for both
Annexin V and Nuclaght Red usimg the IncuCyie® Live Cell Analysis System (Essen
Biosciences, Ann Arbor, ME). Target cell killing is expected with the DD regulated CAR
constructs only in the presence of ligand and when K562 target cells ectopically expressing
C1319 are utilized. No cell killing is expected in untreated controls of the same co-culture set up
and when T cells are co cultured with parental K362 cells that do not express CD9 m the
presence or absence of ligand. Constitutive constructs are predicted to show cell killing both in
the presence of higand. Cell killing is also not expected in cocultures with untransduced T cells,

T cells transduced with empty vector; and cultures of target cells only.

Example 35, Effect of Lizand on Cvtokine Expression

[006553] To study the effect of higand on the expression of cytokines m regulated CD19 CAR
constructs, T cell populations were transdoced with empty vector, OT-CD19-017, OF-CD19-
023, OT-CD19-024, or OT-CD19-025. 5x10* transduced T cells were co cultured for 48 hours at
an BT (effector to target cell) ratio of 3:1 in the presence or absence of TMP or Shield-1. Target
cells were treated with 30 ug/ml of Mitomyem C to prevent their proliferation. The cviokine
concentration of IFNy and IL2 in the media supematant were determined for cach construct
using MSD V-PLEX Promflammatory Panel 1 Human Kit. The readout was obtained using a
MESQ QuickPlex 5Q120. As shown in Figure 31A, a 6 fold increase in IFNy concentration was
seen with the addition of ligand for OT-CD19-024, and a 2 fold mncrease in IFNy concentration
was scen with the addition of ligand for OT-CE19-025. As shown in Figure 31B, a 6 fold
merease in L2 was scen for OT-CD19-024 with the addition of ligand and a 9 fold increase was

seen for OT-CD19-025 with TMP.

Example 36, In vivo time course study of 1112 levels in mice

[00656] HCT116 parental cells or cells transduced with .12 constructs (OT-1L12-020, OT-
[L12-026, or OT-IL12-029) were injected into immune compronused CD1 nade mice (=4 per

group) according to the study design in Table 30 below.
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Table 30. Study Design

Pay 135 Dose
Vehicle

Shield-1 {1x}

Shield-1 (3x, Zh apart)

HOTH16 cells Route of Day 15 Dose

Intraperitoneal

Concentration
n/a

OT-IL12-026 10 mg/kg Intraperitoneal

10 mg/kg Intraperitongal

Vehicle u/a

Shield-1 (1x)

Inteapernitoneal

OT-1L12-029 10 mg/kg Intraperitoneal

Shield-1 (3x, 2h apart) | 10 mp/ke Intraperitoncal

Vehicle n/a Intraperitoneal
OT-IL124020

Shield-1 {Ix) 10 mgkg Intraperitoneal

Vehicle n/a Intraperitoneal
Parental

Shield~1 (Ix) 10 mg'kg Intraperitoneal

{80657 The mice were bled (blood harvested for plasma PK and 1112 MSD) at day 14 after
subcutaneous mjection of 5x10° cells {day 0), and 6, 10, and 24 hours post the day 15 dosing. At
the end of the study, tumor and kidneys were minced with the razor in 500 ul PBS, spun down,
and supernatant isclated for {112 Meso Scale Diagnostic(MSD) assay.

[00658] As shown in Figure 32A, the basal plasma 1L.12 levels of the DD constracts were high,
but the OT-1L12-026 and OT-IL12-029 constructs were still 100-fold lower than the constitutive
{OT-1.12-020} construct. When Figure 324 1is shown as fold change from pre-dose plasma, OT-
[L.12-026 shows regulation at 6 and 10 hours. Figures 328 and 32C show that 1L.12 1s detectable

in kidney (Figure 32B) and tumor (Figure 32} and the levels coordinate with plasma levels.

Example 37, In vivo time course study of 1112 levels in mice

[006659] HCT116 parental cells or cells transduced with IL12 constructs (OT-1L12-020, OT-
IL12-026) were injected subcutaneously into Matrigel plus in female NSG mice {implant 200 ol
matrige! plug with 1x107 cells) (n=4) according to the studv design in Table 31 below.

Table 31, Study Desion

HCT116 cells

Dose

Harvest Plug

Coverage above ECS0

OT-1IL12-026

Vehicle (1x)

8 hours after 1% dose

Vehicle (1x)

24 bours after 1% dose

AquaShield-100 mg/kg (1)

8§ hours after 1% dose

4 hours

AguaShield-108 mg/kg (2%, 4 hours
between doses)

8 bours after 1% dose

8 hours

AguaShield~100 mg/kg (Ix)

24 hours after 1* dose

4 hours

AguaShicld-100 mg/kg (Ox, 4 hours | 24 howrs after 1 dose 8 hours
between doses)
AquaShield-108 mg/kg 3x, 4 hours | 24 howss after 1 dose 12 hours

between doses)

OT-1L12-620

Vehicle (1x)

24 hows after 1 dose

Parental

Vehicle (I1x)

24 hours after 1* dose
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100660] Terminal collection of plasma {for [L12 MSD), plug supemnatants and kidneys were
collected. As shown in Figure 33A, regulation of .12 was achieved i vive with high dose
Aquashield. There was less regulation observed in the plasma (Figure 33B) and there was some

flexi-1L12 detected in the kidnevs (Figure 33C}.

Example 38. Shield-1 Can Induce ~40-50x Increases in §11.12 Production by Primary
Human T Cells Transduced with the [1.12-826 Construct

{00661 On Day 0, primary human T cells were stimulated with Dynabeads (T-expander
CD3/CD28) at a 3:1 bead:cell ratio. The next day, lentiviruses (empty vector (pLVX-EFla-
IRES-Puro}, OT-1L12-020 (constitutive}, or OT-IL12-026 (regulated)) were added at a
multiplicity of infection (MO} of 10 in the presence of LentiBOOST and 5% FBS. On day 2, the
cells were washed to remove the LentiBOOST and the bead:cell ratio was reduced to 1:3, and
fresh 10% media and 112 were added. On days 6, 9, and 13 the cells were counted tor equal cell
number plating, media replaced. higand was added, and cells were either left unstimulated or
restimulated with soluble ImnunoCult™ Human CD3/CD28 T Cell Activator (StemCell
Technologies). After overnight meubation {on days 7, 10, and 14}, the supematants were
collected for IL12p40 and p70 MSD assay, and transduction efficiency was analyzed by FACS.
OT-1L12-026 T cells were found to be 7% transduced, and OT-IL12-020 {constitutive) T cells
were 13% transduced on day 7. Restimulation was shown to increase the expression of H.12
(Figure 34A). Ligand increased production of {112 by 10-day expanded OT-1L12-026
expressing T cells by 40-50 fold (Figore 34B and Figure 34C).

Example 39. Dose Response of Shield-1 on Transduced T Cells

100662] Human T cells were activated with CB3/CD28 Dynabeads (Life Technologies) for 1
day prior to transduction with lentiviruses (OT-1L.12-026 or vector control}, followed by 12-13
days of expansion in culture. T cells that had been transduced with different amounts of virus
{4-40 MOI) were exposed to either a dose response of Shield-1 for 24h {left panel}. T cells that
had been transduced at an MO{ of 14 were treated with 1uM Shield-1 or vehicle control for
mcreasing amounts of time (right pancl). The levels of 1112 that had accumulated o the
sapernatants {from 100,000 cells per 200ul. media) were measured using human 1112p40 MSD
V-plex assay kits (Meso Scale Discovery).

{00663 From the analvsis, it was shown that the increase in IL12 production by T cells
expressing OT-1L12-026 is dose responstve to the higand, Shield-1 Figure 33A, and accumulates

over time Figare 35B.
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Example 40, In Vive Dose Response, and Repeat Dosine of AguaShield in NSG Mice with
Transferred T Cells Expressing O1-10.12-026

[00664] Primary human T cells were stimulated with Dynabeads (T-expander CD3/CD28) at a
3:1 bead:cell ratio. The next day, lentivicuses {OT-1L12-020 {(constitutive}, OT-1L12-026
{regulated). or vector control) were added at a multipheity of infection (MO1) of 10 m the
presence of LentiBOOST and 5% FBS. The following day, T cells were washed to remove the
LentiBOOST and the bead:cell ratio was reduced to 1:3. and fresh 10% media and IL2 were
added. The T cells were expanded for a total of 10 days. and then 25x10° vector control or O7-
[L12-026 transduced T cells or 10x10° constitutive QT-IL12-020 transduced T cells were
transferred into NSG nuce (study day 0). Three days after cell transfer, the animals were dosed
with either vehicle or AquaShield (10, 50 or 100mg/kg). Blood was sampled for plasma analysis
of IL12p70 bv MSD assay at 0, 4, 8, and 24h post dosing (Figure 36A). Clear dose responsive
increases in plasma IL12 was observed.

100665] On day 5 post T cell ransfer, amimals were dosed a second time with AquaShield
(Figure 36B). A second increase in plasma [L12 was observed upon repeat dosing with
AquaShield.

Example 41. Jn VFivo Reculation of DD-12 Expressed in T Cells

[60666] To determine whether ligand can stabilize DD-IL12 i7 vivo upon sequential dosing of
AgquaShield, T cells are transduced with DD-IL12-expressing constructs (OT-1L.12-020 or O7-
TL12-026) and implanted into mice {n=4 per group) (day ©) as outhined i the study design

below.

Table 32, Study Desion

Group Description
A Empty Vector, Day 3-6: oral vehicle daily for 4 davs
B OT-IL12-020, Day 3-6: owal vehicle daily for 4 days
C OT-IL12-026: Day 3-6: oral vehicle daily for 4 days
D OT-1L12-026, Day 3-6: Aquashield 50 mp/kg orally daily for 4 days
E OT-1IL12-026, Day 4 and 6: Agquashield 3¢ mg/kg orally
F Empty Vector, Day 3 and 10: oral vehicle
G OT-1L12-020, Day $ aud 10: oral vehicle
H OT-1L12-026, Day S and 10; oral vehicle
1 OT-1L12-026, Day 5 and 10: Aquashield 50 mg/kg orally
J OT-IL12-026, Day 10: Aquashield 50 mg/kg orally

[00667] For each group, a pre-bleed sample is collected as well as samples at 4 hours and 24
hours after cach dose. At the end of the study, tissue and organ samples are collected. FALS

analysis 15 conducted to determine cell numbers and Thl markers.
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100668] On Bay O, primary human T cells were stimulated with Dynabeads (T-expander
CD3/CD28) ata 3:1 bead:cell ratio. The next day, lentiviruses {empty vector (pLVX-EFla-
[RES-Puro}, OT-1L12-020 (constitutive), or OT-1L12-026 (regulated)) were added at a
multiplicity of mfection (MOI) of 10 in the presence of LentiBOOST and 5% FBS. On day 2, the
cells were washed to remove the LentiBOOST and the bead:cell ratio was reduced to 1:3, and
fresh 10% media and 112 were added.

[00669] In vitro evaluation of these cells is shown under Figure 37A-37C.

006701 After 10 days of expansion, T cells were injected into NSG mice (12 x 10 % celis
injected, cells were 15% (constitutive) and 7.5% (regulated) IL12 positive by FACS). Forcach
group, a pre-bleed sample was collected as well as plasma samples at 4 hours and 24 hours after
cach dose. At the end of the study, tissue and organ samples are collected. FACS analysis was
conducied to determine T cell numbers in the blood and o assess Thi phenotypic markers.
1606711 As shown 1o Figure 37A, 1112 expression in response to sequential pulsed doses of
ligand (50 mg/kg Aquashield administered orally on day 4 and 6 {50 mpk Aquashield g48hr})
was elevated in the plasma of mice with T cells expressing OT-IL12-026 as compared to the
vehicle treated controls. T cells expressing the empty vector control did not produce 112, T
cells transduced with OT-11.12-020 (J1.12-020), the consuifutive control, produced 1112
throughout the time course.

160672] In Figure 378, elevated plasma H.12 expression in response to sequential pulsed doses
ot igand (50 mg/kg Aquashicld adnunistered orally for 4 days {day 3-6) (50 mpk Aguashicld
3Dxd})y was seen i mice beanng OT-IL12-026 expressing T cells as compared to the vehick
treated controls. Cells transduced with OT-IL12-020 (dL12-020}, the constitutive control,
produced 1112 throughout the time course,

[00673] Figure 37C shows the [L12 expression over 11 days for the constitutive construct OT-
[L12-020 (IL12-020). Ligand-regulated expression of IL12 from T cells expressing DD-IL12
from the construct OT-1L12-026 was seen in mice treated with 50 me/kg Aquashield
administered orally on dav 5 and 10 (50 mpk Aguashicld d5/19). T cells expressing the empty
vector control did not produce 1112,

[36674] Figure 37D shows ligand-induced regulation of plasma H.12 expression from T cells
expressing DD-1L12 from the construct OT-1L12-026 when mice were treated orally with 50
mg/kg Aquashicld on day 10 (50 ok Aquashield d10}. The single igand pulse increased
plasma IL12 levels over those detected in vehicle-treated control mice harboring OT-1L12-026

expressing T cells.
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[38675] Regulation of 1112 for all constructs shown in Figures 37A-37D did not impact IFNy
icvels, mstead the levels of IFNy gradually rose over time. This 1s likely due to the exposure of
the T cells to IL12 wn culture during the in virro expansion phase. However, ligand-imduced
regulation of 1112 mcreased granzyvme B {(GrB) (Figure 37E) and perforin expression (Figure

29F) bv CD8+ T cells i vive at day 7 post in vive T ccll transfer.

Example 42, Effect of PGK Promoter and N-terminal FKBP

[00676] HEK293T cells were transiently transfected with Lipofectamine 3000 and Zug plasmid
DNA each of OT-IL12-019 (PGK promoter), OT-IL12-020 (EF lalpha promoter), OT-1L.12-025
(PGK promoter, C-termuinal FKBP domain), OT-1L12-026 (EF lalpha promoter, Cterminal
FKBP domain}, OT-1L12-046 (N-terminal FKBP). Ligand (1uM Shield-1) was added one day
after transfection, and the cells were further cultured for 2 more days. {112 secretion into the
supernatants was guantitated by IL12p40 MSD assay. Genomic DNA (gDNA) and messenger
RNA (mBNA) was purified from the cells. The levels of construct DNA integration inio the
cellular genome and levels of [L12 mRNA expression were quantitated by qPCR using primers
specific to the WPRE clement and L 12 within the respective constructs.

[60677] The gDNA gPCR analysis demonstrated that the FKBP DD-contaiming constructs had
integrated to sinular levels within the cellular genomes, and that the PGK promoter, as expected,
generated less 112 mRNA cxpression than the EFlalpha promoter (Figure 38A).

[00678] Due to the lower levels of mRNA transcription mduced by the PGK promoter, the

L 12p40 MSD assay also demonstrated that the PGK promoter reduced both basal and peak [L12
levels of secretion as compared to the construct using the EF lalpha promoter. The lower basal
levels of H.12 production downstream of the PGK promoter resulted in ~2 fold improved higand-
mduced .12 regulation as compared with the construct with the EFlalpha promoter (Figure
388). More specifically. the higand-induced regulation of 1L.12 expression increased from 6-fold
to 13-fold with the change from the EFlalpha to the PGK promoter, respectively.

{00679 Constructs containing FKBP either at the N-terminus or at the C~terminus of IL12 were
mtegrated similarly into the cellular genome and generated similar levels of mRNA (Figure
38A). However, while C-terminal containing FKBP constructs regulate 1112 expression, the N-
terminal-containing FKBP construct failed to regulate 1112 expression (Figure 38B).

Example 43. Kinetics of lirand-dependent stabilization of DD-IEL15- IL15Ra

[60686] The on/off kinetics of ligand-dependent stabilization of DD-1L15-1L15Ra was

measured in CD4 positive T cells. T cells were activated with CD3/CD28 beads at 3:1 bead to T

cell ratio 1n 24-well plates for 24 hrs. Lentivirus was added to wells in the presence of

-233 -



WO 2018/161017 PCT/US2018/020741

LentiBoost reagent, and cells were incubaied for another 24 hrs and washed. Cells were
resuspended in fresh media, and media was added cvery 2-3 days to expand and maindain cells at
0.5-1x10%ml. After 7 days of expansion, T cells transduced with the ecDHFR DD-IL15-IL15Ra
fusion construct (OT-IL15-009) were treated with 100uM ecBHEFR higand Trimethoprim (TMP}
or vehicle control, DMSO. At multiple time points (t.e., 1,2, 4, 6, &, 15, 22 and 24 hrs) after
TMP treatment, the transduced T cells were collected and analyzed for IL15Ra surface
cxpression using anti-1L15Ra antibodics by flow cvtometry. Untransduced T cells werc used as a
negative control. The T cells were sorted into CD4 positive and CD8 positive populations and
the percentage of HL15Ra positive CD4 positive T cells was analvzed. Figure 39 shows the
kinetics of surface expression of {1.15Ra on 14 T cells afier TMP treatment. Among the CD4
positive T cells transduced with the OT-1L15-009 construct, the proportion of cells with surface
expression of IL15Ra remained similar for both TMP treated and DMSO treated cells until 2 hrs
after TMP treatment, and was comparable to that of untransduced cells. However, frony 4 hrs
after TMP treatment, the cells transduced with the OT-11L.15-009 construct and treated with TMP
exhibtied an increased proportion of cells with surface expression of IL15Ra. This trend was
observed until 22 hours after treatment with TMP. The CB4 positive T cells with surface-
expressed IL15Ra cells constituted ~1% of untransduced cells, indicating that the proportion of
cells that expressed endogenous [L15Ra is low.

Example 44, Lisand-dependent stabilization of DD-TL15-IL15Ra fusion molecules in vive

100681 To examine whether ligand treatment induces stabilization of the DD-IL15-1L.15Ra
fusion molecules in vivo, HCT116 cells transduced with the OT-IL15-009 construct were
implanted subcutancously in BALB/c nude mice and treated with TMP. TMP was orally
administered to mice at a dose of 100 mg/kg, twice a day for 11 days after tmplantation,
followed by admnistration of TMP at the dosc of 300 mg/kg, twice a day for 6 days. Asa
negative control, separate mice implanted with HCT116 cells transduced with the OT-IL135-009
construct were treated with the vehicle twice aday for 17 days. At 4 hrs after the last dosing of
TMP or the vehicle control, tumors were harvested from the mice and analyzed for the levels of
H.15-H.15Ra fusion molecules by westem blotting. As shown m Figure 40, HCT116 tumors
harvested from mice treated with TMP exhibited elevated levels of 1L 15-11 15Ra expression,
compared to tumors treated with the vehicle. The GAPDH level was analvzed as a loading
control. These data show that adnunistration of ligand enabled stabilization of the DDB-IL15-
IL15Ra fusion molecule in vivo.

[36682] Consistent with the efficacy of TMP-dependent IL15-IL15Ra stabilization in vive,

elevated levels of TMP (399 38 ng/e tumor) were observed m HCT116 tumors harvested from
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mice treated with TMP for 17 days. The levels of TMP associated with HCT116 tumors were
considerably higher than those observed 1 nouse plasma at day 3 (15.67 ng/md plasma} and at
day 17 (99.5 ng/mli plasma), mdicating that the orally admmistered TMP was successfully
delivered to and accumolated 1n HCT116 tumors implanted in mice.

Example 45, Shedding rvesistant IL15-1115Ra constructs

[00683] To mamtain the efficiency of the trans-presentation of [L13 via the H.15-1L15Ra fusion
molecule, the IL15-1L15Ra shedding needs to be prevented. For this purpose, new DD-IL15-
HL.15Ra and constitutive 1L13-1L.15Ra constructs are designed through a variety of modifications
on the IL15-IL15Ra fusion molecule. For example, the 115 molecule or the 1L15Ra molecule is
truncated or mutated to remove presumable cleavage sites. 1L15Ra has a cleavage site
(PQGHSDTT from the position 168 1o 175 of SEQ ID NO. 803) in the extracelhular domain
immediately distal to the transmembrane domain of the receptor, as described by Bergamaschi £
et ol (2008). J Biol Chem ;283(7):4189-99; Anthony SM er a/. (2015). PLoS One. 10(3):
e0120274), and Intemational Patent Application Publication Nos. W02014066327 and
WO2009002562 {the contents of each of which are incorporated herein by reference in their
entiretv}. Tumor necrosis factor-alpha-converting enzyme {TACE/ADAMI17) has been
implicated as a protease that cleaves between glyveine {at the position 170 of SEQ 1D NG. 803)
and histidine {at the position 171 of SEQ ID NO. 803} and generates a natarally occurring
soluble form of IL15Ra. The same mechanism can be responsible for the [L15-IL15Ra shedding.
Hence, the cleavage site of 1L15Ra 1s mutated such that cleavage by an endogenous protease is
prevented. The mutation of the cleavage site is miroduced by substitution, insertion or deletion
of amino acid residues. The IL15-IL15Ra fusion molecule 15 also modified such that the full-
length or truncated IL15-1L.15Ra fusion molecule is fused to heterologous hinge domains and/or
heterologous transmembrane domains. As non-himiting examples, varants of TL15Ra can be
utilized. Additionally, the length and sequence of the linkers that connect 1115 and IL15Ra are
modified.

00684 To confirm that the modifications on the IL15-1L15Ra fusion molecule prevent
sheddmg, the new DD-IL15-IL15Ra or constitutive IL15-IL15Ra constructs are introduced into
HCT-116 cells. Surface expression of [L15 and IL15Ra on the HCT-116 cells 18 examined by
flow cytometry using anti-iL.15 and 1L15Ra antibodics {o assess surface 1L15-1L15Ra shedding.
The presence or absence of IL135 in the cell culture supernatant is also analvzed by MSD assay.
As a functional assay based on the sensitivity of NK cell activation by shed IL15 i tumor
sapernatant, the transwell assay 1s conducted using HCT-116 cells transduced with new DD-

TL15-HL15Ra or constitutive 1L 15-1L15Ra expressing constructs and NK cells. The new DD-
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FL15-HL15Ra-expressing constructs that do not induce activation of NK cells in the presence of
figand and the new constitutive {L.15-[1.15Ra-~expressing constructs that do not induce activation
of NK cells are chosen for use n future experiments.

Example 46. Beeulated expression of IL15-1115Ra fusion molecule with C-terminal DD

00685 A fusion molecule is generated by fusing membrane bound 1115, 1115 Receptor alpha
subunit (IL.15Ra) and a human DHFR (DD). These fusion molecules were cloned into pL.VX-
EF1a-IRES-Puro vector.

[30686] To test ligand dependent 1L15-1L15Ra production, 1 mithion HEK-2937T cclls were
plated in a 6-well plate in growth media containing DMEM and 10 FBS and mcubated overmight
at 37°C, 5% CO2. Cells were then transfected with 100ng of constitutive IL13-1L15Ra (OT-
IL15-008) or DD linked HL15-FL15Ra (OT-1L15-037 or OT-IL15-040} using Lipofectamine
2000 and ncubated for 24 hrs. Following the incubation, media is exchanged for growth
medium with or without 30pM Trimethoprim (TMP) and further incubated for 48 hrs. Cells
were harvested and 1113 levels are analvzed via western blotting using buman [L.135 aotibody
{Abcam, Cambridge, UK). The molecular weight of IL15Ra m OT-IL15-037 and OT-IL15-040
appeared to be the same as OT-IL15-008.

1006871 Totestif [L15 is shed mio the media, supernatant from HEKZ93 cells expressing H.15-
FL15Ra fusion constructs was subject to immunoassays such as MSD (Rockville, Maryland). 48
hours after transfection, cells were analyzed and, as expected, constitutive IL15-IL15Ra
construct OT-1L15-008 showed high surface expression of IL15 i the presence and absence of
tigand. OT-1L15-037 and OT-1L.15-040 showed the hgand (Trimethoprim} dependent surface
expression of 113 and 1L 15Ra (Figure 41). The detection of membrane bound IL15-11.15Ra
fusion constructs in the supematant suggests that IL15 constructs are Iikely shed from the cell

surface.

Example 47, Effect TMP exposure to TMP in vitro on membrane bound IL15 exoression

[00688] In order to deternune if the dose and time of exposure to TMP in vitro influenced
membrane bound 1115 expression, an in vitre dose response study was conducted with T cells
expressing OT-1L15-073 For this purpose, T cells were activated with CB3/CD28 beads at 3:1
bead to T cell ratio 1n 24-well plates for 24 hre. Lentivirus was added to wells. Afier 24 hrs, frech
media was added every 2-3 days to expand cells while maintaining cells at 0.5-1x10%ml. On day
11 of expansion. T cells treated with TMP starting at 100 uM, 10x dilutions and 9 points werg
analyzed after 2 hours in culture {(washed 3x after TMP addition, fresh media added without

TMP for 22 hours), 6 hours in culture, or 24 hours in culture and the results are shown in Figure
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42 A Asshown in Figure 428 and Table 33, this study showed that TMP higand regolates
membrane bound 1115 expression and the dose and time of exposure to TMP in vifro influences
membrane bound 1115 expression,

Table 33, Membrane Bound 1115 Expression

TP FC86, uM ECo0, uM EC58, uM (intal ECO0, uM (total
Treatment (Y lLISHLISRat) {%ILIS+HILISRat) Y115 MK 113 MIFD
24 hour 0.035 0.255 0.063 .75

24 hour (wash 396 i1.1 66.9

at 2 hours) 115

6 hours (3.021 .81 .030 .88

Example 48. Resulated membrane bound 1115 expression in vive

100689] To evaluate regulation of membrane bound 1115 in vive, 2 constructs were selected for
evaluation 7z vive. Four group of T cells were used for this study and are outlined in Tablc 34.
In Table 31, “N” represents the number of mice in each group.

Table 34, T Cell Groups

Group M T Celis Treatment
i 4 Untransduced -
2 4 OT-IL15-071 (pELNS vector, EF {a promoter, -
' membane bound 1L 13 seguence from OT-IL15-008)
3 4 OT-1L15-073 (pELNS vector, EF 1a promoter, Vehicle
3 membraue bound L 15 sequence from OT-1115-009)
4 4 OT-IL15-073 (pELNS vector, EF 1a promoter, T™MP
membrane bound 1L 15 sequence from OT-IL13-009)

100698] The T cells which were to be used as part of the in vive study were evaluated 6 days
post transduction, day of implant (dav 9 post transduction) and 13 days post transduction and the
cells in Groups 2-4 showed expression of the constructs.

[006%1] T cells putlined in Table 31 were administered to mice by intravenous administration
(3.9 x 10° cells per mouse implanted). On day 3 the mice were dosed with 500 mg/kg of TMP 3
times {4 hours between doses) and bled 2 hours after each dose. The mice were again bled on
day 4, 24 hours after the first TMP dose.

100692 Figures 43A-43C show the expression of membrane bound HL15, 2, 6, 10, and 24 hours
after the first TMP dose, using 1115 staining (Figure 434), IL15Ra stamning (Figure 43B), and
TL15/1L15Ra double ++ staiming (Figure 43C). Figure 43D are FACS plots for each mouse 10
hours after the first TMP dosge. Figare 43E shows the expression of membrane bound IL15 1n
blood 2, 6, 10, and 24 hours afier the first TMP dose and Figure 43F shows the plasma TMP
fevels 2, 6, 10, and 24 hours after the first TMP dose.
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Example 49, Effect of lons term intraperitoneal (IP) or oral (PO) TMP dosine on T cell

function

[00693] In this study, T cells transduced with OT-1L15-071 or OT-IL15-073 (no lentiBoost}
were administered intravenously to mice (15 x 10° per mouse). 6 study groups were evaluated
for this study: (1) untransduced, (2) OT-1L15-071 T cells, (3) OT-IL15-073 PO velucle, (4) OT-
IL15-073 PO TMP 300 mg/kg), (5) OT-IL15-073 IP vehicle, and (6) OT-IL15-073 1P TMP 300
mg/kg. The study design is shown in Table 35. PO dosing is 500 mg/kg TMP in §.1M citrate
and 1P dosing is 300 mg/kg TMP lactate in water,

Table 35, Study Desion

Timepoin Dose Sample Collection
{

Day -3 Iiject T cells in mice by IV administration -

Day PO Ixor P Ix -

4 hours PO Ix -

6 hours - Bleed (survivah
24 hours PO 2xor [P Ix Bleed (survival}
Day 2 PO Ixor P Ix -

Dav 3 PO IxorIP ix -

Day 4 PO 2xorIP Ix -

120 hours

PO 2xorIP Ix

RBieed {survival)

126 hours

Bleed (survival)

Dav 6 PO 2xorIP 1x -
Day 7 PO 2xor IP Ix -
Dav 8 - Bleed (survival)
Dav 19 - Bleed (survival)
Day 25 - Bleed (terminal)

[06694] The regulated expression in blood was analvzed 6 howurs and 24 hours after the first
dose, and 6 hours after the 5% dose.

[00695] OT-1L15-071 showed expression of membrane bound 1115 and the untransduced
control did not show any expression.

[006%6] Regulation of membrane bound FL15 was scen with repeat PO and IP dosing. As seen
in Figure 44, regulated expression of membrane bound 1115 was detected 6 howrs afier the first
dose on day 0, and 6 hours after dosing on day 5 (126 hrs) with both PO and IP dosing. There
Was no increase in expression in mice treated with vehicle,

160697] While the present mvention has been described at some length and with some
particularity with respect to the several described embodiments, it is not intended that it should
be himited to any such particulars or embodiments or any particular embodiment, but 1t is to be

construed with references to the appended claims 3o as to provide the broadest possible
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interpretation of sach claims in view of the prior art and, therefore, to effectively encompass the
itended scope of the mmvention.

[00698] All publications, patent applications, patents, and other references mentioned herein are
mcorporated by reference in their entirety. In case of conflict, the present specification,
including definitions, will control. In addition, section headings, the materials, methods, and

examples are llustrative only and not intended fo be limiting,.
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CLAIMS

1. A compostition for mducing an immune response in a cell or a subject comprising a first
effector module, said effector module compnising a first stmulus response element (SRE)

operably linked to at least one immunctherapeutic agent.

2. The composition of claim 1, wherein said at least one immunotherapeutic agent is selected

from a chumeric antigen receptor (CAR) and an antibody.

3. The composition of claim 2, wherein said first SRE is responsive to or inferacts with at least

one stinnlus,

4. The composition of claim 3, wherein said firgt SRE is a destabilizing domain (DD}

5. The composition of claim 4, wherein the DD 1s denved from a parent protein or a mutant
protein having one, two, three or more amino acid mutations compared 1o said parent protein,
wherein the parent protein is selected from:

(a} human protein FKBP comprising the amino acid sequence of SEQ 1D NG, 3,

(b) human DHFR (hDHFR) comprising the amino acid sequence of SEQ ID NO. 1,

(¢} E. coli BHFR (ecDHFR} compnising the amino acid sequence of SEQ ID NQ. 2,

(d) PDES comprising the amino acid sequence of SEQ 1D NG, 4,

{¢) PPAR gamma comprising the amino acid sequence of SEQ [D NQO. 5,

(£y CA2 comprising the amino acid sequence of SEQ ID NO. 6, and

(g3 NQO2 comprising the aming acid sequence of SEQ ID NO 7.

6. The composition of claim 5, wherein the parent protein 1s hDHFR and the DD comprises a
mutant protein having:
{(a} a single mutation selected from hDHFR {117V}, hDHFR (F595), hDHFR (N65D),
hDHFR (K81R), hDHFR (A107V), hDHFR (Y 1221, hDHFR (N127Y), hDHFR
{(M1401), hDHFR (K185E}, hDHFR (N186D), hDHFR (M1401), hDHFR {(Amino acid 2-
187 of WT; N127Y), hDHFR (Amino acid 2-187 of WT; 117V), hDHFR (Amino acid 2-
187 of WT, Y1221}, and bDHFR (Amuno acid 2-187 of WT: KI85E).
{b} a double mutation selected from hDHEFR (C7R, Y1630, hDHEFR (A L0V, H88Y),
hDHFR (36K, Y1221), hDHFR (M53T, R1381), hDHFR (TS7A, 172A), hDHFR (E63G,
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1176F), hDHFR (G217, Y1225, hDHFR (L74N, Y1221), hDHFR (V73F, Y1220,
hDHFR (L94A, T147A), DHFR (VIZ21A, Y221, hDHFR (Y1221, A125F), hDHFR
(H131R, E144G), hDHFR (T137R, Fl43L), hDHFR (Y 178H, E18IG), hDHFR (Y 183H,
KI18SE), hDHFR (E162G, 1176F) hDHFR (Amino acid 2-187 of WT, 117V, Y1221,
hDHFR (Amino acid 2-187 of WT, Y1221, M1401), hDHFR (Anuno acid 2-187 of WT,
WNI127Y, Y1225, hDHFR {(Amino acid 2-187 of WT, E162G, 1176F), and hDHFR
{Amino acid 2-187 of WT; HI31R, Ei44G), and hDHFR (Amino acid 2-187 of WT;
Y1221, A125F),
(¢} a tuple mutation selected from hDHFR (VI9A, SO3R, P150L), hDHFR (18V, K133E,
Y1630, hDHFR (1238, VI2TA, YIS7C), hBHFR (K19E, F89L, EIR1G), hDHFR
(QQ36F, N6SF, Y1221, hDHFR (G54R, M140V, 5168(), hDHFR (V110A, V136M,
KI177R), hDHFR (Q36F, Y1221, A125F), hDHFR (N49D, F398, D153G), hDHFR
(G2IE, 172V, H76T), hDHFR (Amino acid 2-187 of W, Q36F, Y1221, A125F),
hDHFR (Amino acid 2-187 of WT; Y1221 HIZ IR, E144G), hDBHFR {Anuno acid 2-187
of WT, E31D, F32M, V1i6l), and hDHFR (Amino acid 2-187 of WT; Q36F, N63F,
Y1221 or
{d) a quadruple or higher mutation selected from hDHFR (V2A, R33G, Q36R, L100P,
K185R), hDHFR {Amino acid 2-187 of WT, D225, F32M, R335, (3365, N635), hDHFR
(T1I7N, LO8S, KO9R, M1 12T, EI51G, E162G, E172G), hDHFR (G165, 117V, FR9L,
DO6G, KI23E, M140V, D146G, K136R), hDHFR (KE8IR, K99R, L100P, E102G,
NI08D, Ki23R, HI28R, D142G, FI80L, K185E), hDHFR (R138G, D 142G, F1435,
K136R, KIS8E, E162G, VI6sA, Ki77E, Y178C, K185E, N186K), hDHFR (N14S,
P248, F35L, M53T, K56E, R92G, 893G, N1278, HI28Y, F135L, F1435, L159P, L160P,
E173A, FI80L), hDHFR (F35L, R37G, N63A, L68S, K69E, R71G, L80OP, K99G,
G117D, L132P, 1139V, MI40L, B142G, Di46G, E173G, D187G), hDHFR (L28P,
N30H, M38Y, V44A, L68S, N73G, R78G, A97T, K99R, A107T, KI09R, DI1IN,
L134P, F1353V, T147A 1152V, K138R, E172G, VI82A, E184R), bDHFR (V2A, 117V,
30D, E3LG, Q36R, F595, KG6OE, 1727, H8RY, FROL, NI08D, K109E, V110A 1115V,
Y1228, L132P, FI358, M40V, E144G, T147A, Y1STC, VI70A, K174R, N1868),
hDHEFR {(L100P, E102G, Q103R, P104S, E105G, N108D, VII3A WI114R Y122C,
M126f, NI27R, HI128Y, Li32P, FI135P, 11397, FI48S, FI49L, 1152V, DI33A, DI6YG,
VI170A, HT70A, K177R, V182A, K185R, N1868), and hDHFR (A10T, Q13R, N14§,
N20D, P245, N3OS, M38T, T40A, K47R, N498, K56R, 1617, K64R, K69R, [72A,
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R78G, EB2(G, FE9L, D960, N108D, M112V, W114R Y122D, K123E 1139V, Q141IR,
D142G, F1481, EIS1G, E155G, YI5TR, Q171R, Y183C, E184G, K185del, D18TN).

7. The composition of claim 6, wherein the stimulas 1s selected from the group consisting of

Trimethoprim {(TMP) and Methotrexate (MTX).

&. The composition of claim 2, wheremn the immunotherapeuntic agent is a chimeric antigen

receptor (CAR).

9. The composition of claim 8, wheremn the chimenc antigen receptor (CAR) comprises
{(a) an extracellular target moicty,;
(b} a transmembrane domain;
{c) an mtracellular signaling domain; and

{d) optionally, one or more co-stimulatory domains.

10. The composition of claim 9, wherein the CAR is a standard CAR, a split CAR, an off-swiich
CAR, an on-switch CAR, a first-generation CAR, a second-gencration CAR, a third-generation

CAR, or a fourth-generation CAR.

11. The composition of claim 9, wherein the extracetlular target moicty recognizes a target
molecule on the surtace of a cancer cell, wherein said target molecule on the surface of the
cancer cell i selected from a cancer antigen, a plasma membrane hipid, a receptor and a

membrane bound glycoproteimn.

12. The composttion of any of claims 9-11, wherein the extracellular target moiety is selected
from any of:
. an g NAR,
it.  aFab fragment,
i, aFab' fragment,
tv.  a F{ab)? fragment,
v. aF(aby3 fragment,
vi. an Fv,
vit. & single chain variable fragment (scFv),

viii.  a bis-scFv, a (scFv)2,
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X,

Xi.

Xiii.
X1v.

XV,
KV,

Xvii.

a minibody,

a diabody,

a triabody,

a tetrabody,

an intrabody,

a disulfide stabilized Fv protein {dskv},

a unibody,

a nanobody, and

an antigen binding region derived from an antibody that specifically binds to any of a

protein of interest, a ligand, a receptor, a receptor fragment or a peptide aptamer.

13. The composition of claim 12, wherein the extracellular target moiety 15 a scFv derived from

an antibody that specifically binds a CD 9 antigen.

14. The composition of claim 13, wherein the scFv is a CD19 scFv is selected from one that

COMPrises:

(a) a heavy chamn variable region having an amino acid sequence independently selected
from the group consisting of SEQ 1D NG: 49-80, and a light chain variable region having
an amino acid sequence independently selected from the group consisting of anv of SEQ
D NOs: 81-122; or

{b) an amino acid sequence selected trom the group consisting of any of SEQ ID NQs:

123-267 and 624.

15. The composttion of claim 9, wherein

{(a} the intracellular signaling domain of the CAR 1s the signaling domain derived from T
cell receptor CD3zeta or a el surface molecule selected from the group consisting of
FcR gamma, FcR beta, CD3 gamma, CD3 delta, CB3 epsilon, CD5, CB22, CH79a,
CB79b, and CD66d; and

{(b) the co-stimalatory domain is present and is selected from the group consisting of 2B4,
HVEM, ICOS, LAG3, DAP10, DAP12, CD27, CD28, 4-1BB (CD137), OX40 (CD134),
CD30, CD40, 1COS (CD278), glucocorticoid-induced tumor necrosis factor receptor
(GITR), lyvmphocyte function-associated antigen-1 (LFA-1}, CD2, CD7, LIGHT,
NKG2C, and B7-H3.
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16. The composition of claim 15, wherein the intraccliular signaling domain of the CAR isa T
cell receptor C3zeta signaling domain comprising the amine acid sequence of SEQ 1D NO:

339,

17. The compasttion of claim 9, wherein the intracellular signaling domain of the CARisa ™
cell receptor CD3zeta signaling domam comprising the amino acid sequence of SEQ 1D NO: 626
and the co-stimulatory domain 1s present, said co-stimulatory domain being selected from amino

acid sequence of any of SEQ ID NOs; 268-374,

18. The composttion of claim 9, wherein the transmembrane domain is derived from any of the
members of the group consisting of;
{(a) a transmembrane region of an alpha, beta or zeta chain of a T-cell receptor;
(b} the CD3 cpsilon chain of a T-cell receptor;
{c} a molecule selected from CD4, COS, CBE, CD8q, CDY, D16, CB22, €33, CD2E,
CD37, CD45, Ch64, CDBO, CD86, CD148, DAP 10, EpoRI, GITR, LAGS, ICOS, Her2,
OX40(CD134), 4-1BB (CD137), CD152, CD154, PD-1, or CTLA-4; and

(d) an immunoglobulin selected trom IgGl, Igh, 1G4, and an IgGs Fe region.

19. The composttion of claim 9, wherein the transmembrane domain comprises an anming acid

sequence sclected from the group consisting of any of SE(Q 1D NOs: 375-425 and 897-907.

20. The composition of claim 9, wherein the CAR further comprises
(¢} a hinge region near the transmembrane domain, said hinge region comprising an

amino acid sequence selected from the group consisting of any of SEQ 1D NOs: 426-504.
21 The composition of claim 2, wherein the immunctherapeutic agent is an antibody that s
specifically immunoreactive to an antigen sclected from a tumor specific antigen (TSA), a tumor

associated antigen (TAA), or an antigenic epitope.

22. The composition of claim 21, wherein the antigen is an antigenic epitope and said antigenic

epitope 1s CDI9,

23 The composition of claim 22, whergin the antibody is selected from one that comprises
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{a} a heavy chain variable region having an amino acid sequence independently selecied
from the group consisting of any of SEQ D NOs: 49-80 and a light chain vanable region
having an amino acid sequence independently sclected from the group consisting of any
of SEQ ID NOs: 81-122; or

(b} an amino acid sequence selected from the group consisting of any of SEQ 1D NOs:

123-267.

24. The composition of claim 1 wherein said first effector module comprises the amino acid

sequence of any of SEQ 1D NO: 635-649, 1005-1010, 1015-1018, and 1215-1231.

25. The composition of claim 24, wherein said first SRE of the effector module stabilizes the
tmmunotherapeutic agent by a stabilization ratio of 1 or more, wherein the stabilization ratio
comprises the ratio of expression, function or level of the mmunotherapeutic agent in the
presence of the stimulus to the expression, function or level of the mmmunotherapeutic agent in

the absence of the stimulus.

26. The composition of any of claims 24-25, wheremn the SRE destabilizes the
mmunotherapeutic agent by a destabilization ratio between 0, and 0.09, wheremn the
destabilization ratio comprises the ratio of expression, function or level of the
vamunotherapeutic agent in the absence of the stimulus specific to the SRE to the expression,
function or level of the immunotherapeutic agent that is expressed constitutively, and in the

absence of the stimulus specific to the SRE.

27. A polvnucleotide encoding any of the compositions of claims 1-26.

28. The polynucleotide of claim 27, wherein the polynucieotide is a DNA molecule, or a RNA

molecule.

29. The polynucleotide of claim 28, wherein the polynucleotide is an RNA molecule and said

RNA molecule is 3 messenger RNA.
pd

30. The polvnucleotide of claim 29, which is chemically modified.

31. The polynucleotide of claim 28, which comprises spatiotemporally selected codons.
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32. The polvnucieotide of claim 29, further encoding a promoter, a linker, a signal peptide, a tag,

a cleavage site and/or a targeting peptide.

33, A vector comprising a polyoucieotide of any of claims 27-32.

34. The vector of claim 33, wherein the vector is a viral vector, or a plasmid.

33. The vector of claim 34, which 1s a viral vector and wherein the viral vector 1s a retroviral
vector, a lentiviral vector, a gamma retroviral vector, a recombinant AAY vector, an adeno viral

vector, or an oncolytic viral vector.

36. An tmamune cell for adoptive cell transfer (ACT), which expresses any of the compositions of
any of claims 1-26, the polynucleotides of any of claims 27-32, and/or 1s infected or transfected

with the vecior of any of claims 33-35.

37. The mmune cell of claim 36, wheremn the iownune cell 15 a CD8+ Teell, a CD4+Teell, a
helper T cell, a natural killer (NK) cell, a NKT cell, a eytotoxic T lvmphocyte (CTL), a tumor
infiltrating lymphocyte {T1L), a memory T cell, a regulatory T (Treg) cell, a cytokine-induced
killer (CIK) cell, a dendritic cell, a human embryonic stem cell, a mesenchyvmal stencell, a

hematopoietic stem cell, or a mixture thereof

38. The immune cell of claim 36, wherem the imuune cell 49which further expresses a
composition comprising a second ¢ffector module, said second effector module comprising a
second SRE hinked to a second immunotherapeutic agent wherein the second immunotherapeutic
agent 1s selected from a cytokine, and a cvtokine- ovtokine receptor fusion.

39, The immune cell of claim 38, wherein the second immunotherapeutic agent is a cviokine.

40. The immune cell of claim 39, wherein the cytokine is IL12 or IL15,

41. The immune cell of claim 38, wherein the second immunotherapeutic agent s a cytokine-

cytokine receptor fusion polypeptide.
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42. The mmune cell of claim 41, wherein the cytokine-cyickine receptor fusion polypeptide is
selected from a 1L12-11.12 receptor fusion polypeptide, a IL135-1L13 receptor fusion polvpeptide,

and a [L15-IL15 receptor sushi domain fusion polvpeptide.

43. The immunc cell of claim 36 or 37, wherein the immune cell is autologous, allogencic,

syngenegic, or xenogeneic in relation to a particular mndividual subject.

44. A method of reducing a tumor volume or burden in a subject, comprising contacting said
subject with a composition of any of claims 1-26, the polvnucleotides of any of claims 27-32, the
vectors of any of claims 33-35 or the mmmune cells of any of claims 36-43, wherein the SRE
responds to a stimulus and regulates the expression and function of the immunotherapeutic

agent.

43. A method of inducing an immune response in a subject comprising adnunistering to the
subject an effective amount of any of the compositions of claims 1-26, the polynucleotides of
any of claims 27-32, the vectors of any of claims 33-35 or the immune celis of any of clairas 36-

43.

46. A method of identifying a domain of a CD 9 antigen which will not bind the FM{83
antibody (FMC63-distinct CD 19 binding domain}, said method comprising:
(a) preparing a composition comprising a CD19 antigen,
(b) contacting the composition in {a) with saturating levels of FMC63 antibody,
(¢} contact the composition of step (b} with one or more selected members of a library of
potential CD19 binders; and
{d) identifying a binding domain on the CD9 antigen based on the differential binding of

the selected members of the library of CD19 binders compared to the binding of FM{63.

47. The method of claim 46, wherein said binding domains of the library are generated using

phage display tochnigues with the CD19 antigen as the seed sequence.
48. The method of claim 47, wherein the binding domain is sclected from a Fab fragment, a Fab'

fragment, a F(ab}'2 fragment, a F(ab}'3 frapment, Fv, a single chain vaniable fragment (scFv), a

bis-scFv, a {scFv)2, a minibody, a diabody, a triabody, a tetrabody, a disulfide stabilized Fv
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protein {dsFv), a unibody, a nancbody, or an antigen binding region of an antibody, and an

antibody fragment.

49. The method of claim 48, wherein the CD19 antigen is selected from a whole or a portion of a

human CD19 antigen, and a whole or a portion of a Rhesus C319 antigen.

30. A chimeric antigen receptor comprising the FM{63-distinet CD19 binding domain obtained

according to the method of any of claims 46-49.

51. An etfector module comprsing a stmulus response element {(SRE) operably lined to the

chimeric antigen receptor of claim 50.
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Figure 35A
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Figure 36A
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Figure 37E
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Figure 43C
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Figure 43E

YILGRa"IL1D” T cealls in blood

+ 70n
9 & {7
€ A~ .
Q. % » x O73 THP
50 - .
= & £ & 073 Vah
T A
LQ ) 3
=) 304
+ )
& 29 o &
:J 10 ‘
fool B o we ®
2 6 10 24
Howrs Post Dose
Figure 43F
FPlasma TMP levels
1000
TP PRPO 500magikg FO
00 Dosed g4h
'f;? 1o T T S PN IR
&
e 4
g : \"‘\\ >
Q.1 W
QO‘E Y LR ARELARE AR AR ) ¥ ¥ 1 L JRRCAREE SRACARE SRACARE SRRCARA SRECAR §
?_% 2 %’4 8 § 10 13 14 18 18 20 2 24
Haurs post first dose
Figure 44
Regulated mbiL-15
£ 204 fveh vs TMP, PO or iP)
&3
3
& 154 :
8 .
S 104 %
= L
& 54 TS P %
i S @'} N
po8 ¢ e e  Jenns masas: snmae |  Jammns manan % | Janas anns masan ¢
S et e et et St
CEES CREDF TFPE TEEE
Time Pogt Dose
s OF3VEMPQ s (73 VEHIP
¥ 73 TAMPRO O CF3TMFIR

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US18/20741

Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:

m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13¢er. 1(a) for the purposes of international search
only in the form of'an Annex C/S1.25 text file.

C. I:' furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13ter. 1(a)).
D on paper or in the form of an image file (Rule 13/er.1(b) and Administrative Instructions, Section 713).
2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

l. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. EI Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K‘ Claims Nos.: 27-45
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-***-Please See Supplemental Page-"*"-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [:I As only some of the required additional search fees werc timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-5, 8-11, 12/9-11, 13/12/9-11, 14/13/12/3-11, 15-16, 18-23 SEQ ID NOs: 3, 49, 81, 339, 375, 426

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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A.
IPC
CPC -

CLASSIFICATION OF SUBJECT MATTER

- CO7K 14/505, 14/705, 14/725, 16/18, 16/28, 16/30, 16/46; A61K 38/17, 38/43, 35/14 (2018.01)

CO7K 14/505, 14/705, 16/18, 16/28, 16/30, 16/46, 16/2896; A61K 35/14, 38/17, 38/43, 39/395,
48/00; C12N 5/10, 15/62, 15/63, 15/85; A61P 35/02

According to Interational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016/134284 A1 (UNIVERSITY OF FLORIDA RESEARCH FOUNDATION, INC.) 25 1-4, 8-11, 12/9-11,
-- August 2016; page 2, lines 13-15; page 5, lines 9-10; page 6, line 29; page 10, lines 15-17; 13/12/9-11, 15-16, 18,
Y page 11, lines 20-23; page 12, line 11; page 13, line 18; page 15, lines 23-24; page 16, line 10; |20-22
page 26, line 20; page 39, lines 3-6, 18-19; page 42, lines 1-8; page 55, lines 14-17; page 107, |-------
line 28; Figure 1 5, 14/13/12/9-11, 19, 23
Y US 2008/0280830 A1 (CHOI, SY et al.) 13 November 2008; paragraph [0004], [0011) 5
Y US 2015/0307564 A1 (THE CALIFORNIA INSTITUTE FOR BIOMEDICAL RESEARCH) 29 14/13/9-11, 23
October 2015; paragraphs [0004), [0060]
Y WO 2005/012493 A2 (IMMUNOMEDICS, INC.) 10 February 2005; page 54, lines 25-30 14/13/12/9-11, 23
Y WO 2016/113203 A1 (PIERIS AG) 21 July 2016; page 5, 2nd paragraph 19
A US 2013/0266551 A1 (ST. JUDE CHILDREN'S RESEARCH HOSPITAL, INC.) 10 October 1-5, 8-11, 12/9-11,
2013: entire document 13/12/9-11,
14/13/12/9-11, 15-16,
18-23
A WO 2012/079000 A1 (THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANIA) 14 June | 1-5, 8-11, 12/9-11,
2012; entire document 13/12/9-11,
14/13/12/9-11, 15-16,
18-23

Iz Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or afier the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

“P"  document publishied priot W the interational (iling date but Jater tau
the priority date claimed

“gn

“L

«Q”

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying tﬁe invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered 1o involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&"  document member of the same patent family

Date of the actual completion of the international search

21 May 2018 (21.05.2018)

Date of mailing of the international search report

21JUN 2018

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2013/059593 A1 (THE UNITED STATES OF AMERICA, AS REPRESENTED BY THE 1-5, 8-11, 12/9-11,
SECRETARY, DEPARTMENT OF HEALTH AND HUMAN SERVICES) 25 April 2013; entire 13/12/9-11,
document 14/13/12/9-11, 15-16,
18-23
P, X WO 2017/180587 A2 (OBSIDIAN THERAPEUTICS, INC.) 19 October 2017; entire document 1-5, 8-11, 12/9-11,
13/12/9-11,
14/13/12/9-11, 15-16,
18-23
P, X WO 2018/023025 A1 (NOVARTIS AG et al.) 01 February 2018; entire document 1-5, 8-11, 12/9-11,

13/12/9-11,
14/13/12/8-11, 15-16,
18-23
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-Continued from Box No. llI: Observations where unity of invention is lacking-"**-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In qrder for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+, Claims 1-26, FKBP, a chimeric antigen receptor (CAR) encompassing a scFv and SEQ ID NOs: 3, 49, 81, 339, 375, and 426
are directed toward a composition for inducing an immune response in a cell or a subject.

The composition will be searched to the extent it encompasses an immunotherapeutic agent encompassing a chimeric antigen receptor
encompassing a scFv (immunotherapeutic agent) comprising a heavy chain variable region encompassing SEQ 1D NO: 49 (VH), a light
chain variable region encompassing SEQ ID NO: 81 (VL), a signaling domain encompassing SEQ ID NO: 339 (signaling domain), a
transmembrane domain sequence encompassing SEQ ID NO: 375 (TM domain); a hinge domain encompassing SEQ 1D NO: 426
(hinge); and a SRE encompassing destabilizing domain encompassing FKBP (SEQ 1D NO: 3)(SRE). Applicant is invited to elect
additional immunotherapeutic agent(s), with (where applicable) a fully specified sequence for the full length agent (i.e. no optional or
variable residues or substituents) represented by a SEQ ID NO: or SEQ ID NO: with specified substitution(s} at specified site(s) therein,
for the immunotherapeutic agent(s), or associated set(s) of specified SEQ ID NO(s), representing the sub-sequences of the agent(s)
(e.g. heavy and light chain variable region sequence pairs; signaling domain sequence, costimulatory domain sequence, transmembrane
domain sequence, hinge domain sequence), and/or to elect additional SRE(s), with specified SEQ ID NO(s), or with specified mutation
(s) to a SEQ ID NO: associated therewith, such that the sequence of the elected SRE(s) are fully specified, to be searched. Additional
immunotherapeutic agent and/or SRE sequence(s) will be searched upon the payment of additional fees. it is believed that claims 1, 2
(in-part), 3 (in-part), 4 (in-part), 5 (in-part), 8 (in-part), 9 (in-part), 10 (in-part), 11 (in-part), 12 (in-part), 13 (in-part), 14 (in-part), 15
(in-part), 16 (in-part), 18 (in-part), 19 (in-part), 20 (in-part), 21 (in-part), 22 (in-part), and 23 (in-part) encompass this first named invention
and thus these claims will be searched without fee to the extent that they encompass SEQ ID NO: 49 (VH), SEQ ID NO: 81 (VL), SEQ
ID NO: 339 (signaling domain), SEQ ID NO: 375 (TM domain); SEQ ID NO: 426 (hinge), and FKBP (SEQ ID NO: 3)(SRE). Applicants
must specify the claims that encompass any additionally elected agent(s) and/or SRE(s) and their associated sequence(s). Applicants
must further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for
this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first
claimed invention to be searched/examined. An exemplary election would be a SRE encompassing human DHFR SEQ ID NO: 1 (SRE).

Group I1, Claims 46-50 are directed toward a method of identifying a domain of a CD19 antigen which will not bind the FMC63 antibody
(FMC8&3-distinct CD19 binding domain), said method comprising: (a) preparing a composition comprising a CD19 antigen, (b) contacling
the composition in (a) with saturating levels of FMC63 antibody, (c) contact the composition of step (b) with one or more selected
members of a library of potential CD19 binders; and (d) identifying a binding domain on the CD19 antigen based on the differential
binding of the selected members of the llbrary of CD19 binders compared to the binding of FMC83.

The inventions listed as Groups I+ and |l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of
Groups I+ include SEQ 1D NO: 3, not present in Group II; the special technical features of Group Il include an FMC63 antibody, not
present in any of Groups |+.

No technical features are shared between Groups I+ and Il, accordingly, these groups lack unity a priori.

No technical features are shared between the agent and/or SRE sequences of Groups I+ and, accordingly, these groups lack unity a
priori.

Additionally, even if Groups I+ were considered to share the technical features including: a composition for inducing an immune
response in a cell or a subject comprising a first effector module, said effector module comprising a first stimulus response element
(SRE) operably linked to at least one immunotherapeutic agent; these shared technical features are previously disclosed by US
2014/0010791 A1 to The Board of Trustees of The Leland Stanford Junior University (hereinafter ‘Stanford’).

Stanford discloses a composition (a composition; abstract, paragraph [0127]) for inducing an immune response in a cell or a subject (for
inducing an immune response in a cell or a subject; paragraph [0158]) comprising a first effector module (comprising a ligand-responsive
stability-affecting protein (comprising a first effector module); paragraph [0012]), said effector module comprising a first stimulus
response element (SRE) (said stability-affecting protein comprising a ligand-dependent stability affecting protein (said effector module
comprising a first stimulus response element (SRE); paragraphs [0012}, [0013]) operably linked to at least one immunotherapeutic agent
(fused to a protein of interest, including TNF-a or IL-2 (operably linked to at least one immunotherapeutic agent); paragraphs [0012],
[0013), [0016]).

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Stanford reference, unity of invention is lacking.
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