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COMPOSITIONS AND METHODS FOR IMMUNOTHERAPY
CROSS REVERENCE TO RELATED APPLICATIONS

{6061}  This application clains priority to the US Provisional Patent Application No.
62/466,601, filed on March 3, 2017 entitled Compositions and Methods for Immunotherapy, US
Provisional Patent Application No. 62/484,063, filed on Apnl 11, 2017 entitled Compositions
and Methods for Immunotherapy, and US Provisional Patent Application 62/542 402, filed on
August & 2017 entitled Compositions and Methods for Immunotherapy, the contents of cach of
which are herein incorporated by reterence in their entirety.

SEQUENCE LISTING

{6002} The present application is being filed along with a Sequence Listing in electronic
format. The Sequence Listing is provided as a file entitled 2095 _1207PCT _SL ixt, created on
March 2, 2018, which 15 1,566,189 bvtes in size. The mformation m the electronic format of the
sequence listing is incorporated herein by reference in its entirety .

FIELD OF THE INVENTION

[00033]  The present invention relates to compositions and methods for immunotherapy.
Provided in the present invention include polypeptides of biocircuit systems, effector modules,
stumulus response clements (SREs) and immunotherapeutic agents, polyoucleotides encoding the
same, vectors and cells containing the polypeptides and/or polvnucleotides for use 1o cancer
mmunotherapy. In one embodiment, the compositions comprise destabilizing domains (DDs)
which tune protein stability.

BACKGROUND OF THE INVENTION

[00604]  Cancer immunotherapy aims to eradicate cancer cells by rejuvenating the tumoricidal
functions of tumor-reactive immune cells, predominantly T cells. Strategies of cancer
immunotherapy mcluding the recent development of checkpoint blockade, adoptive cell transfer
(ACT) and cancer vaccines which can increase the anti-tumor immune effector cells have
produced remarkable results in several tumors.

[0005]  The mpact of host anti-tumor immunity and cancer immunotherapy ts 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 immunosuppressive wmor
microenvironment, Particularly, 1o solid tumors the therapeutic efficacy of immunoctherapeutic
regimens remains unsatisfactory due to lack of an effective an anti-tumor response in the

mmunosuppressive tumor microcnvironment. Tumor cells offen mduce immune tolerance or
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suppression and such tolerance is acquired because even truly foreign tumor antigens will
become tolerated. Such tolerance is also active and dominant because cancer vaccines and
adoptive transfer of pre-activated immune effector cells (e.g., T cells), are subject to suppression
by mhibitory factors in the tumor microenvironment {TME}.

j0006] In addition, administration of engineered T cells could result in on/off target toxicitics
as well as a cytokine release syndrome (reviewed by Tey Clin. Transl. Immunol. | 2014, 3 el7
10.1038).

16087]  Development of a tunable switch that can turn on or off the transgenic
immunotherapeutic agent expression is needed in case of adverse events. For example, adoptive
cell therapies may have a very fong and an mdefinite half-life. Since toxicity can be progressive,
a safety switch is desired to elimunate the infused cells. Systems and methods that can tune the
transgenic protein level and expression window with high flexibility can enhance therapeutic
benefit, and reduce potential side cffects.

[0008] To develop regulatable therapeutic agents for disease therapy, in particular cancer
immunotherapy, the present invention provides biocircuit systems to control the expression of
immunatherapeutic agents. The biocircurt svstenm comprises a stimulus and at lcast onc effector
module that responds to the stimulus. The effector module may include a stimulus response
clement (SRE} that binds and 1s responsive to a stimulus and an immunotherapeutic agent
operably linked to the SRE. In one example, a SRE is a destabilizing domain (DD} which ig
destabilized 1 the absence of its specific ligand and can be stabilized by binding 1o its specific
ligand.

SUMMARY OF THE INVERNTION

10009] The present mvention provides compositions and methods for immuactherapy. The
compositions reiate 1o tunable systems and agents that induce anti-cancer immune responses n a
cell or in a subject. The tunable system and agent may be a biocireunit system comprising at least
one effector module that is responsive to at least one stimubus. The biocircuit system may be, but
1s not linvted 1o, a destabilizing domain (DD13) biocircuit system, a dimerization biocircuit system,
a receptor biocircuit system, and a cell biocircuit system. These systems are further taught m co-
owned U.S. Provisional Patent Application No. 62/320,864 filed April 11, 2016, 62/466,596
filed March 3, 2017 and the International Publication W(2017/180587 (the contents each of
which are herein incorporated by refercnce in their enfirety).

[0018]  In some cmbodiments, the composition for inducing an mmune response may

comprise a first effector module. In some embodiments, the effector module may comprise a first
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stimulus response element (SRE) operably linked to at least one pavlcad. In one aspect, the
pavicad may be an iamunotherapeutic agent.

(0011} In some embodiments, the immunotherapeutic agent may be selected from, but is not
Limated to a cytokine, a safety switch, a regulatory switch, a chimeric antigen receptor and
combmations thercof.

[0012] In one aspect, the first SRE of the composition may be responsive to or mteract with at
least one stimulus.

10013]  In some embodiments, the first SRE may comprise a destabilizing domain {BD). The
DD may be derived from a parcnt protein or from a mutant protein having one, two, there, or
more amino acid mutations compared to the parent protemn. In some embodiments, the parent
protein may be selected from, but i1s not hmited to, human protein FKBP, comprising the amino
acid sequence of SEQ. 1D NO. 3; human DHFR (WDHFR), comprising the amino acid sequence
of SEQ. 1D NO. 2; £ Colt DHFR, comprising the anino acid sequence of SEQ. 1D NG, 1;
PDES, comprising the amino acid sequence of SEQ. 1D NO. 4; PPAR, gamima comprising the
amino acid sequence of SEQ. 1D NQ. 5; CAZ, comprising the amino acid sequence of SEQ. [D
NO. 6; or NQO2, comprising the amino acid sequence of SEQ. D NG 7.

{00014} In one aspect, the parent protein is hDHFR and the DD comprises a mutant protein
having at least one mutation sclected from Mldel VZA, CTR I8V, VOA, A10T, A10V, BI3R,
Ni45, GI6S, H7N, 117V, K19E, N20D, G217, G21E, D228, L238, P24S, L28P, N30D, N30H,

M38T, T40A, V44A, K4TR, N49S, N49D, M33T, G54R, KS6E, KS6R, TSTA. F598. 161T.
K64R, N65A, N65S, N65D, N65F. L6838, K69E, K69R, R71G, I72T, I72A, 172V, N73G, L74N,
V75F, R78G, L8OP, K81R, E82G. H8SY. FSOL, R92G, 893G, S93R, L94A, D96G, A9TT,
1988, K99G, K99R. L.100P, E102G, Q103R, P104S, E105G, A107T, A107V, N105D, K109E,
K109R, V110A, D11IN, MI12T, M112V. V113A, W114R, 1115V, VI16L, G117D, V121A,
Y122C, Y122D, Y1221, K123R, K123E, A125F, M126L, N127R, N127S, N127Y, HI28R,
HI28Y. HI3IR, L132P, K133E, L134P, F135P, F135L, F1358, FI135V. VI36M, TI37R,
R138G, R1381, 11397, 1139V, M140L, M140V. Qi41R, D142G, F143S. F143L, E144G. D 146G,
TI47A, F148S, F148L. F149L, P150L, E151G, 1152V, D133A, DI53G, E155G, K156R,
YI57R. Y157C, K158E, K158R. L159P, L160P, E162G, Y163C, V166A, S168C, D169G,
V1704, Q17IR, E172G, B173G. E173A. KI174R, T176A, 1176F, 1176T. K177E, K177TR, Y175C.
Y178H, FISOL, E181G, V182A, Y183C, YI83H, E184R, E184G. K185R, K185del, K185E,
N1868, N186D, D187G, and DISTN.

[0015]  In one aspect, the stimulus of the SRE may be Trmethoprin or Methotrexate.
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10016] In some embodiments, the immunotherapeutic agent may be a cytokine. In one aspect,
the cytokine may be an uierleukin, an interferon, a tumor necrosis factor, a transforming growth
factor B, a CC chemokine, a CXC chemokine, a CX3C chemokine or g growth factor. In some
embodiments, the cytokine is an mterleukin. In some embodiments, the tnterfeukin is selected
from a group consisting of IL.1, 1L 1-alpha, I.1-beta, IL.1-delta, 1L.1-cpsilon, HL.1-eta, iL.1-zcta,
T-RACTEZ2, TE3, 104, 105, e, 117, ILE, 1RO, TG, TL10C, IL10D, Hlla H11h, TL13, TL14,
L6, HLT7 IL-17A L7, ILI7C, ILY7E, IL17F, IL18, IL19, 1120, TL.20L ) [L21, 122, 1123,
FL23A 124 125 126, 1127, 128 1L20, 1130, 131, 1132, 1133, 1134, 1136, 11365, 1136y,
FL36RN, 1137, 11.37a, 1L37b, 1L37¢, 137d, 11.37¢, and {1.38.

{00177  In one aspect, the mierleukim may be 1L.2, comprising the ammo acid sequence of SEQ
IBNG. 51

16018] In one aspect, the immunotherapeutic agent may be a safety switch. In some
erabodiments, the safety switch may be selected from a Caspase 9, an inducible FAS (GFAS), an
inducible caspase 9 (icasp®), a CD20/anti-CD20 antibody pair, a protein tag/anti-tag antibody,
and a compact suicide gene (RQRE). In one aspect, the safety switch may be Caspase ©
comprising the amino acid sequence of SEQ [ NO. 63

[0019]  In one aspect, the mmmunotherapeutic agent may encode a regulatory swiich. In some
embodiments, the regulatory switch may be selected from a FOXP3, a Nida, a FOXQO, and a NF-
«B. In one aspect, the regulatory switch may be a FOXP3, comprising the amino acid seguence
of SEQ 1D NO. 103-106.

[0026] In one aspect, the immunotherapeutic agent may be a chimeric antigen receptor (CAR).
In some embodiments, the CAR may be selected from a GD2 CAR, aHer2 CAR, a BCMA
CAR, a D33 CAR, an ALK CAR, a CD22 CAR, and a CD276 CAR. The CARs described
herein may comprise an extracellnlar moicty, a transmembrane domain, an intracellular signaling
domain, and optionally, one or more co-stimulatory domains.

[0021] In one aspect, the CAR may be selected from, but s not imited, to a standard CAR, a
split CAR, an off-switch CAR, an on-switch CAR, a first-generation CAR, a second-generation
CAR, a third-gencration CAR, or a fourth-generation CAR.

{0022} In some embodiments, the extraceliular target motety of the CAR may be selected
from, but 1s not limited to an [g NAR, a Fab fragment, a Fab' fragment, a F(ab)? fragment, a
F{ab)'3 fragment, an Fv, a single chain variable fragment (scFv}, a bis-scFv, a {(scFvi2, a
mimibody, a diabody, a triabody, a tetrabody, an intrabody, a disulfide stabilized Fv protein

{dsFv), a unibody, 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,

[6023]  In some embodmments, the extraceular target moiety may be selected from an ALK
target motety, comprising the amino acid sequence of SEQ ID NG. 242- 257 and 422-429, a
CID327 target moicty, comprising the amino acid seqguence of SEQ 1D NO 238-262 and 430-432,
a CD276 target moiety, comprising the amino acid sequence of SEQ ID NG, 263-270 and 433-
436, a GD2 target moiety, comprising the amino acid scquence of SEQ 1D NO.271-349 and 437-
465, a CD33 target moicty, compnsing the amino acid sequence of SEQ 1D NG, 350-357. a
BCMA target moiety, comprising the amino acid sequence of SEQ 1D NO. 358-365, and a Her?
target moiety, comprising the amino acid sequence of SEQ ID NG, 366-421 and 466-473.
[0624] In some embodiments, the intracellular signaling domaim of the CAR may be derived
from T cell receptor CD3zeta or a cell surface molecule selected from the group consisting of
FcR gamma, FoR beta, CD3 gamma, CD3 delta, CD3 epsion, CD3, CD22, CD79a, CD79%, and
CDo6d.

10025  In some embodiments, the CAR may comprise a co-stimulatory domain, The
costimulatory domain may be sclected from the group consisting of 284, HVEM, {COS, L.AG3,
DAPIO, DAPI2, CD27, CD28, 4-1BB (CDI37), OX40 (CD134), CD30, CD40, ICOS (CD278),
glucocorticoid-induced tumor necrosis factor receptor {(GITRY, lymphocvie function-associated
antigen- 1 (LFA-13, CD2, CD7, LIGHT, NKG2C, and B7-H3.

[0026] In onc embodiment, the transmembrane domain of the CAR may be derived from a
transmembrane domam. In one aspect, the transmembrane domain may compnse the amino acid
sequence sclected from, but not limited to SEQ (D NGO, 527-624,

100277  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
actd sequence selected from the group consisting of any of SEQ 1D NOs. 628-694.

16028] In one aspect, the first effector module may comprise an 1IL.2-DD, comprising the
amino acid sequence of any of SEQ {13 NOs. 52-54.

[0029]  In one aspect, the first effector module may comprise a Caspase 9-DD, comprising the
amino acid sequence of any of SEQ ID NOs. 72-80.

10036  In one aspect, the first effector module may comprise a FOXP3-DD, comprising the
anuno acid sequence of any of SEQ 1D NOs. 107-116.

[6031] In one aspect, the first effector module may comprise a BCMA CAR-BD, comprising

the amino acid sequence of any of SEQ 1D NOs. 775-777.
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10032]  In one aspect, the first effector module may comprise a HERZ-DD, comprising the
anuno acid sequence of any of SEQ 1D NO. 906,

[0033]  The present invention, also provides polynucieotides encoding the compositions of the
mvention.

[6034] In one aspect, the polvoucleotides may be a DNA or RNA molecule. In one aspect, the
polynucleotides may comprise spatiotemporally selected codons. In some embodiments, the
polynucleotides may be an RNA molecule. In one aspect, the RNA molecule may be a
messenger molecule. In some embodiments, the RNA molecule may be chemically modified. In
some embodiments, the polynucleotides may comprise spatiotemporally selected codons.

[6035]  In some embodiments, the polynucleotides may further compnise, 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.

j0036] The present invention also provides vectors comprising polynucleotides described
herein. 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 AAY
vector, an adeno viral vector, and an oncolviic viral vector,

{00377 The present invention also provides immune cells for adoptive cell transter (ACT)
which may express the compositions of the invention, the polynucleotides described herein. In
ong aspect, the immune cells may be infected or transfected with the vectors described herein.
The mmune cells for ACT may be selected from, but not hmited to a CDE+ Teell, aCD4+ T
cell, a helper T cell, a natural killer (NK) cell, a NKT cell, a cviotoxic T lvmphocyte (CTL), a
tamor infiltrating lymphocyte (TIL), a memory T cell, a regulatory T (Treg) cell, a evtokine-
induced killer (CIK) cell, a dendritic cell, a human embryonic stem cell, a mesenchymal stem
cell, a hematoporetic stem cell, or a mixiure thereof,

[6038] In one aspect, the immane cell may comprise a destabilizing domain DD, wherein the
DD 1s derived from human protein FKBP comprising the amino acid sequence of SEQ 1D NO. 3,
DHFR comprising the amine acid sequence of SEQ 1D NG. 1-2, PDES comprising the anmino
acid sequence of SEQ ID NO. 4, PPAR gamma comprising the amino acid sequence of SEQ [D
NG, 3, CA2 comprising the amino acid sequence of SEQ 1D NO. 6 and NQO2Z comprising the
amino acid sequence of SEQ [B NG 7.

[6639]  In one aspect, the DD may be derived from a parent protein and the parent protein is
hDHFR and the DD comprises a mutant protein having at least one mutation selected from
Midel VZA, C7R, I8V, VOA K AI0T, AIOV, QI3R, NI4S, G168, HITN, 117V, K19E, N20D,
G2IT, GZIE, D228, L2385, P248, L28P, N30D, N30H, N308, E31G, E31D, F32M, R33G,
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R338, F35L, Q36R, 368, Q36K, Q36F, R37G, M38Y, M3RT, T40A, V44A, K47R, N498,
N4903, MS3T, G34R, K56E, K36R, TSTA, F5398, 1617, K64R, N6SA, N63S, N63D, N65F,
L68S, K6OE, Ko9R, RTIG, 1721, 172A, 172V, N73G, L74N, V75F, R78G, LE0P, K81R, ER2G,
HE8Y, F8OL, RO2G, 893G, S93R, LY4A, D96G, A9TT, LO8S, K99G, K99R, L100P, E102G,
QIO3R, P104S, E1053G, A107T, A107V, NI108D, KI09E, KI09R, VII0A, DIIIN, M112T,
M2V, VIIZA WI4R, TSV, VIl GI7D, VI21A, Y122C, Y1220, Y1221, KI123R,
KI23E, A125F, M126L NI27R, N1275, Ni27Y, Hi28R, Hi28Y, HI31IR, Li32P, K133E,
L134P F133P, FI35L, F1338, FI135V, V136M, T137R, RI38G, R1381 1397, 1139V, M1401,
M40V, Ql141R, D142G, F1438, F1431, E144G, D146G, T147A, Fi485, F148L, Fi49L,
P15OL, EI51G, 1152V, DIS3A, DIS3G, EI55G, K156R, YI57R, YIS7C, KI158E, K158R,
L139P, L160P, E162G, Y163C, V166A, S168C, DI69G, VI70A, Q171R, E172G, E173G,
E173A, K174R, H176A, 1176F 11767, K177E, K177TR, Y 178C, Y178H, FIB0OL, E181G, VISZA,
Y183C, Y183H, E184R, E184G, KI85R, K183del, KISSE, N186S, N186D, D187G, and
DI8TN.

10046]  In some embodiments, the immune cells may be autclogous, allogensic, syngeneic, or
xenogeneic i relation to a particular individual subject.

[0041}]  The present invention provides methods for reducing a tumor volume or burden in a
subject comprising contacting the subject with the mnmune cells of the tnvention. Also provided
herein, is a method for inducing an anti-fumor immune response in a subject, comprising
admunistering the immune cells of the system to the subject.

[0042]  Also provided herein, 1s a method for inducing an immune response in a subject,
admimstering the compositions of the invention, the polynucleotides of the invention, and/or the
immung cells of the invention to the subject.

{0043}  The present invention also provides methods for preventing or reversing T cell
exhaustion in a subject in need thereof. Such methods may comprise administering to the
subject, a therapeutically effective amount of compositions described herein, the polynucleotides
of the invention, the vectors of the invention, or the imnune cells described herein. Such
methods may comprise an SRE that responds to a stimulus and tunes the expression and/or
function of the immunoctherapeutic agent, thereby preventing or reversing T cell exhaustion.
10044] In some aspects, the immunotherapeotic agent is a chimeric antigen receptor. In some
embodiments, the chimeric antigen receptor may be a G2 CAR, a BCMA CAR, a CD33 CAR,
aHer2 CAR an ALK CAR, a CD22 CAR, ora CD276 CAR.

10045]  Also provided herein, 1s a method for detecting cancer in a mammal, comprising the

steps of (a) contacting a sample comprising one or more cells from the mammal with the
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compositions, the polvnucleotides, the vector or the immune cells of the invention, and {(b)
detecting the complex, wherein the detection of the complex may be indicative of the presence of
cancer in the mammal.

0046} In some embodiments, the effector module comprises a stimulus response element
(SRE) and at least one payload comprising a protein of interest (PO,

{0047 In some embodiments, the SRE may be a destabilizing domain (DD}, In some
examples, the DD 1s a mutant domain derived from a protein such as FKBP (FKS06 binding
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.

[0048] The payvload may be any immunotherapeutic agent used for cancer immunotherapy
such as a cvitokine such as 1L2, a safety switch such as Caspase 9, a regulatory switch encoding
FOXP3, a chimeric antigen receptor such as BCMA CAR, CD33 CAR, GD2 CAR, HerZ CAR,
ALK CAR, CD22 CAR, (D276 CAR or any agent that can induce an immune response. The
SRE and payload may be operably linked through one or more hinkers and the positions of
components may vary within the effector module.

[0049]  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 ¢ffector module to a specific cellular or subcellular
location, penetrating scquences, or tags and biomarkers for tracking the effector module.

[B0S6] The mvention provides isolated biocircuit polypeptides, effector modules, stimulus
response elements (SREs) and payloads, as well as polynuaclestides encoding any of the
foregoing; vectors comprising polynucleotides of the invention: and cells expressing
polvpeptides, polvnucleotides and vectors of the mvention. The polypeptides, polvnucleotides,
viral vectors and cells are useful for inducing anti-tumor immune responses in a subject.

16051]  In some embodiments, the veotor of the invention is a viral vector. The viral vector may
nclude, but is not limited to a retroviral vector, an adenoviral vector, an adeno-~associated viral
vector, or a lentiviral vector.

[0052]  In some embodiments, the vector of the mmvention may be a non-viral vector, such as a
nanoparticles and liposomes.

{0053} The present invention also provides tmmune cells engineered to include one or more
polypeptides, polynucleotides, or vectors of the present invention. The cells may be tmmune
effector cells, including T cells such as cytotoxic T cells, helper T cells, memory T cellg,

regulatory T cells, natural killer (NK) cells, NK T cells, cytokine-induced killer (CIK) cells,
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cytotoxic T lvmphocytes (CTLs), and tumor infiltrating lvmphocovies (T1Ls). The engineered cell
may be used for adoptive cell transfer for treating a disease (¢.g., a cancer}.

[0084] The present invention also provides methods for inducing immune responses in a
sabject using the compositions of the invention. Also provided are methods for reducing a tumor
burden in a subject using the compositions of the rvention and methods for preventing or
reversing T cell exhaustion.

BRIEF DESCRIPTION OF THE DRAWINGS

10055]  Figure 1 shows an overview diagram of a biocircuit system of the invention. The
biocircuit comprises a stimulus and at least onc 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 element (SRE)Y and one payload.

10056] Figure 2 shows representative effector modules carrving one payload. The signal
sequence (55}, SRE and pavioad may be located or positioned in various arrangements without
{Ato Fyor with (G to Z, and AA to DD) a cleavage site. An optional linker may be mserted
between each component of the effector module.

{0037}  Figure 3 shows representative effector modules carrving two pavioads without a
cleavage site. The two payloads may be either directly linked to each other or separated.

[0088] Figure 4 shows representative effector modules carrying two payloads with a cleavage
site. In one embodiment, an 58 is positioned at the N-terminus of the construct, while other
components: SRE, two payloads and the cleavage site may be located at different positions {A to
L}, In another embodiment, the cleavage site 1s positioned at the N-terminus of the construct (M
to X). An optional linker may be inserted between each component of the effector module.
1005%]  Figure 5 shows effector modules of the invention carrving two payloads, where an SRE
is positioned at the N-terminus of the construct (A to L), while 85, two pavioads and the
cleavage site can be in any configuration. An optional linker may be 1nserted between gach
component of the effector module.

[6060]  Figure 6 shows effector modules of the invention carrying two payloads, where cither
the two pavicads (A to F) or one of the two pavicads (G to X} is positioned at the N-terminus of
the construct (A to L}, while §5, SRE and the cleavage site can be in anv configuration. An
optional linker may be mserted between each component of the effector module.

[6061] Figure 7 depicts representative configurations of the stimulus and cffoctor module
within a biocireuit system. A trang-membrane effector module 1s activated either by a free

stimulos (Figure 7A) or a membrane bound stimudus (Figure 78) 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.

[0062] 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.

[0063] Figure 9 depicts a dual stimulus-single presenter biocircuit svstem, 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.

[0064] 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),

[0065] Figure 11 depicts a single stimulus-single receiver biocircuit system, wherein the single
recetver contains the two effector modules which are sequentially activated by a single stimulus.
[0066] Figure 12 depicts a biocironit 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).

[6067] Figure 13 is a line graph depicting the effect of Shicld-1 on BD-IL2 levels.

[0068] Figure 14 denotes the frequency of IFNgamma positive T cells.

[#069] Tigure 15A depicts IFN gamma production in T cells. Figure 15B depicts T cell
expansion with IL15/1L.15Ra treatment. Figure 15C 5 a dot plot depicting percentage human
cells atier in vivo cell transter. Figure 15D 1s scatier plot depicting CD4+/CDE+ T cells.

[0078] Figure 16A is a western blot depicting luciferase levels in BD-luciferase expressing
cells. Figure 16B depicts hiciferase activity.

[6071] Figure 17A and Figure 178 are western blot depicting DD regulated expression of
FOXP3.

[3072] Figure 18 is a bar graph representing the effect of promoters on transgene expression.

(067

(g9

}  Figure 19 represents Shield-1 regulation of BB-1L2 secretion from HCTH6 cells in
Vive.

[6074] Figure 20 depicts the viability of T cells cultured with different ratios of CB3/CD8
beads.

[6075]  Figure 21 represents the percentage BCMA CAR positive T celis with ligand treatment.

10
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DETAILED DESCRIPTION OF THE INVENTION

[0076] 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 hercin can be used in the practice or testing of the present invention, the
preferred materials and methods are now described. Other features, objects and advantages of the
mvention will be apparent from the description. In the description, the singular forms also
mnclade the plural unless the context clearly dictates otherwise. Unless defined otherwise, all
technical and scientific terms used hergin have the same meaning as commonly understood by
one of ordinary skill in the art to which this invention belongs. In the case of conflict, the present
description will control.

LINTRODUCTION

16077] Cancer immunotherapy aims’ at the induction or restoration of the reactivity of the
uamune system towards cancer. Significant advances m mumunotherapy research have led to the
development of various sirategies which may broadly be classified into active immunotherapy
and passive inummnotherapy . In general, these strategies may be utilized to directly kill cancer
cells or to counter the imumumosuppressive tumor microenvironment. Active inununotherapy
aims at mduction of an endogenous, long-lasting tumor-antigen specific immune response. The
response can further be enhanced by non-specific stimulation of immune response modifiers
sauch as cytokines. In contrast, passive immunotherapy includes approaches where immune
effector molecules such as tumor-antigen specific cytotoxic T cells or antibodics are
admimstered to the host. This approach is short hived and requires multiple applications.

[0078] Despite significant advances, the efficacy of current immunotherapy strategies is
limited by associated toxicities. These are 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 in vivo since adoptively transferred immune cells continue to proliferate within the
paticnt, often unpredictably.

[0079] A major risk involved m wmmunotherapy is the on-target but off tumor side effects
resulting from T-cell activation in response to normal tissue expression of the timor associated
antigen {FAA). Clinical trials utilizing T cells expressing T-cell receptor against specific TAA
reported skin rash, colitis and hearing loss in response to immunotherapy.

[6088] BInmmunctherapy may also produce on target, on-tumor toxicitics that emerge when
tumor cells are killed 1n regponse 1o the immunoctherapy. The adverse effects include tumor lysis

syndrome, cytokine release svadrome and the related macrophage activation syndrome.

11
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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 hughly desirable since they have the potential to reduce toxicity and
maximize efficacy.

[6081] The present invention provides svstems, compositions, tmmunotherapeutic agents and
methods for cancer immunotherapy. These compositions provide tunable regulation of gene
expression and fimetion in immumotherapy. The present invention also provides biocircuit
systems, effector modules, stimulus response elements (SREgs) and pavicads, as well as
polvnucleotides encoding any of the foregoing. In one aspect, the systems, compositions,
mmmunotherapeutic agents and other components of the invention can be controlled by a
separately added stimulus, which provides a significant flexability to regulate cancer
tmmunotherapy. Further, the systems, compositions and the methods of the present invention
may also be combined with therapeutic agents such as chemotherapeutic agents, small
molecules, gene therapy, and antibodies.

10082] The tunable nature of the systems and compositions of the tnvention has the potential to
improve the potency and duration of the efficacy of tmmunotherapics. Reversibly silencing the
biological activity of adoptively transferred cells usmg compositions of the present invention
allows maximizing the potential of cell therapy without irretrievably killing and terminating the
therapy.

[6083] The present invention provides methods for fine tuning of inumunotherapy after
admimstration to patients. This in turm improves the safety and efficacy of immunotherapy and
increases the subject population that may benefit from mmunotherapy.

1L COMPOSITIONS OF THE INVENTION

[0084] According to the present invention, biocircuit systems are provided which compnise, at

their core, at least one effector module system. Such effector module systems comprise at least
one effector module having associated, or integral therewith, one or more stimolus response
elements (SREs). The overall architecture of a biocircuit system of the invention is dlustrated in
Figure 1. In general, a stimulus response element (SRE) may be operably linked to a payload
construct which could be any protein of interest (PO} (e.g., an immunotherapeatic agent), to
form an effector module. The SRE, when activated by a particular stimulug, ¢.g., 3 small
molecule, can produce a signal or cutcome, to regulate transcription and/or protein levels of the
linked payload either up or down by perpetuating a stabibizing signal or destabilizing signal, or
any other types of regulation. A much-detailed description of a biocircuit system are taught in

co-owned U.S. Provisional Patent Application No. 62/320,864 filed Aprif 11, 2016, 62/466,596
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filed March 3, 2017 and the International Publication W(2017/180587 (the contents each of
which are herein incorporated by refercnce in their entirety). In accordance with the present
invention, biocircuit systems, effector modules, SREs and components that fune expression
levels and activities of any agents used for immunotherapy are provided.

[0085]  As used herein, a “biocircuit” or “biccircuit system” is defined as a circutt within or
useful 10 brologic systems comprising a stimulus and at least one effector module responsive to a
stimulus, where the response to the stimulus produces at feast one signal or outcome within,
between, as an indicator of, or on a biologic system. Biologic systems are generally vaderstood
o be any cell, tissue, organ, organ system or organism, whether animal, plant, fungi, bactenal, or
viral. It 1s also understood that biocircuits may be artificial civeuits which employ the stimuli or
effector modules taught by the present mvention and effect signals or outcomes m acellular
environments such as with diagnostic, reporter sysiems, devices, assays or kits. The artificial
circuits may be associated with one or more electronic, magnetic, or radicactive components or
parts.

10086] In accordance with the present invention, a biocircuit system may be a destabilizing
domain (1)) biocircuit svstem, a dimenization biocircuit system, a receptor biocircuit systom,
and a cell biocircnit system. Any of these systems may act as a signal to any other of these
biocircuit systems.

Effector modules and SREs for immunotherapy

j0087] 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 immunotherapeutic agent may be an antibody and
fragments and vanants thereof, a cancer specific T cell receptor {TCR) and varants thergof, an
anti-tumor specific chimeric antigen receptor (CAR), a chimeric switch receptor, an inhibitor of
a co-inhibitory receptor or ligand, an agonist of a co-stimuulatory receptor and ligand, a cytokine,
chemokine, a cyiokine recepior, a chemokinge receptor, a soluble growth factor, a metabolic
factor, a suicide gene, a homing receptor, or any agent that induces an immune response in a celf
and a subject.

[D088]  Ag stated, the biocircuits of the invention include at least one effector modude as a
component of an effector module systerm. As used herein, an “effector module” is a single or
multi-component construct or complex comprising at least {a) onc or more stimulus response
clements (1.¢. proteins of interest (POIs). As used herein a “stimulus response element (SRE)Y is
a component of an effector module which is joined, attached, linked to or associated with one or

nore payiocads ot the effector module and in some instances, is responsible for the responsive
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natuie of the effector module to one or more stimuli. As used herein, the “responsive™ nature of
an SRE to a stimulus may be characterized by a covalent or non-covalent interaction, a direct or
indirect association or a structural or chemical reaction to the stimulus. Further, the response of
any SRE to a stimulus may be a matter of degree or kind. The response may be a partial
response. The response may be a reversible response. The response may ultimately lead to a
regulated signal or output. 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.

[0089]  In some embodiments, the present invention provides methods for modulating protein
expression, function or level. In some aspects, the modulation of protem expression, function or
level refers to modulation of expression, function or level by at least about 20%, such as by 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%, 20-95%, 20-100%, 30-40%, 30-50%, 30-
60%, 30-70%, 30-80%, 30~90%, 30-95%, 30-100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-
90%, 40-93%, 40-100%, 50-60%, 50-70%, 50-80%, 53-90%, 30-95%, 50-100%, 60-70%, 60~
80%, 60-90%, 60-95%, 60-100%, 70-80%, 70-90%, 70-95%, 70-100%, 80~90%, 80-95%, 80-
100%, 90-93%, 90-100% or 95-100%,

[0098]  In some embodiments, the present mvention 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, function or level of
a protein of interest in response to the stimulus to the expression, function or level of the protein
of interest in the absence of the stimulus specific to the SRE. In some aspects, the stabilization
ratio i3 at keast 1, such as by at feast 1-10, 1-20, 1 -30, 1-40, 1-50, 1- 60, 1-70, 1-80, 1- 90, 1-100,
20-30, 20-40, 20-50, 20-60, 20-70, 20-80, 20-90, 20-95, 20-100, 30-40, 3050, 30-60, 30-70, 30-
80, 30-90, 30-953, 30-100, 40-50, 40-60, 40-70, 40-80, 40-90, 40-95, 40-100, 50-60, 50-70, 50-
80, 50-90, 50-95, 50-100, 60-70, 60-80, 60-90, 60-95_ 60-100, 70-80, 70-90, 70-95, 70-100, &0-
90, 80-95, 80-100, 90-93, 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
stimulus specific to the effector module o the expression, function or level of the protein of
interest, that is expressed constitutively and in the absence of the stimulus specific to the SRE.
As used herein “constitutively” refers to the expression, function or level of a protein of interest
that 18 not linked to an SRE, and 1s therefore expressed both in the presence and absence of the
stimulos. In some aspects, the destabilization ratio is at least &, such as by at least 0.1, 0.2, 0.3,

04.05.06.07.08. 09 oratieast, 0-0.1. 0-0.2, 0-0.3, 0-0.4, 0-0.5, 0-0.6, 0-0.7. 0-0.8, 0-0.9,
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0.1-0.2,01-03,01-04,0.1-05,01-06,0.1-0.7,0.1-0.8,0.1-09,02-03,02-04,02-05,02-
0.6,02-07,02-08,02-09,03-04, 06.3-05,03-06,03-07,03-08,03-09,04-05, 04-0.6,
0.4-07,04-08,04-09,05-0.6,05-0.7,05-08,05-09,06-07 06-08,06-0907-08,0.7-
0.9 0r0.8-0.9.

[0091] The SRE of'the effector module may be selected from, but is not limited to, a peptide,
peptide complex, peptide-proten complex, protein, fusion proten, protein complex, protein-
protein complex. The SRE may comprise one or more regions derived from any natural or
mutated protein, or antibody. In this aspect, the SRE 1s an element, when responding to a
stimulus, can tune intracclular localization, intramolecular activation, and/or degradation of
pavicads.

[0692]  In some embodiments, effector modules of the present invention may comprise
additional features that facilitate the expression and regulation of the effector module, such as
ong or more signal sequences (SSs), one or more cleavage and/or processing sites, One O MOTS
targeting and/or penetrating peptides, one or more tags, and/or one or more linkers. Additionally,
effector modules of the present invention may further comprise other regulatory moieties such ag
mductblc promoters, enhancer sequences, microRNA sites, and/or microRNA targeting sifes.
Each aspect or tuned modality may bring {o the effector module or biocircuit a differentiatly
tuned feature. For example, an SRE may represent a destabilizing domain, while mutations in the
protein payload may alter its cleavage sites or dimerization properties or half-life and the
melusion of one or more microRNA or microRNA binding site may tmpart cellular detargeting
or trafficking features. Consequently, the present invention embraces biocircuiis which are
multifactorial in their tenability. Such biocircnits may be engineered to contain one, two, three,
four or more tuned features.

(00931 In some embodiments, effector modules of the present mvention may mclude one or
more degrons 1o tune expression. As used hercin, a "degron” refers to a minimal sequence within
a protein that is sufficient for the recogaition and the degradation by the proteolytic system. An
waportant property of degrons is that they are transferrable, that 1s, appending adegrontoa
sequence confers degradation upon the sequence. In some embodiments, the degron may be
appended to the destabilizing domains, 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 cxpression. 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-limiting example, the degron may be an Omithine decarboxylase

degron as described by Takeuchi et al. (Takeuchi J et al. (2008). Biochem 1. 2008 Mar
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1:410¢2):401-7; the contents of which are incorporated by reference in their entirety). Other
cxamples of degrons uscful 1n the present invention mclude degrons described in Intemational
patent publication Nos. WO2017004022, W(32016210343, and WO201 1062962, the contents of
cach of which are incorporated by reference in their entirety.

[6094] As shown 1o Figure 2, representative effector module embodiments comprising one
pavioad, 1.e. one immunotherapeutic agent are illustrated. Each components of the effecior
module may be located or positioned 1n vartous arrangements without (A to F) orwith (G to Z,
and AA to DD} a cleavage site. An opticnal hinker may be inserted between each component of
the effector module.

[0095]  Figures 3 to 6 illustrate representative effector module embodiments comprisimg two
pavlcads, t.¢. two immunctherapeutic agents. In some aspects, more than two
tmmunotherapeutic agents {payloads) may be tncluded in the effector modele under the
regulation of the same SRE {¢.g., the same DD}, The two or more agents may be etther directly
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.

[0056] 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 cyviokine 1112, Biocircuits
and components utilizing such effector molecules are given in Figures 7-12.

16897  In some embodiments, biocircuits of the invention may be modified to reduce therr
manunogenicity. Immunogenicity 1s the result of a complex series of responses to a substance
that is perceived as foreign and may include the production of neutralizing and non-neutralizing
antibodics, formation of immune complexes, complement activation, mast cell activation,
mflammation, hypersensitivity responses, and anaphylaxis. Several factors can contribute to
protein immunogenicity, including, but not limited to protein sequence, route and frequency of
administration and patient population. In a preferred embodiment, compositions of the invention
may be engingered to reduce the immunocgenicity of the compositions of the invention. In some
crabodiments, modifications to reduce imnwnogenicity may include modifications that reduce
binding of the processed peptides derived from the parent sequence to major histocompatibility
complex (MHC) proteins. For example, amino acid modifications may be engineered such that
the minimum number of immune epitopes are avatlable to bind with high affinity to any
provalent MHC allcles. Several methods of identifving MHC hinding epitopes of known protein
sequences are known in the art and may be useful in the present mvention. Such methods are
disclosed in US Patent Publication No. US 20020119492, US20040230380, and US

20060148009; the contents of cach of which are incorporated by reference in their entirety.
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10098]  Epitope identification and subsequent sequence modification may be applied to reduce
immunogenicity. The identification of immunogenic epitopes may be achieved using physical or
computational methods. Physical methods of epitope identification may include, for example,
mass spectrometry and tissue cubture/cellular techmqgues. Computational approaches use antigen
processing, loading and display information, structural and/or proteomic data to identify non-
self-peptides produced by antigen processing with good MHC groove binding characteristics.
{Ome or more matations may be introduced into the biocircuits of the invention directing the
expression of the protein, to maintain its functionality while simultaneously rendering the
identified epttope less or non~-immunogenic.

[6099]  Protein modifications may also be emploved fo interfere with antigen processing and
peptide loading e.g. glycosylation and PEGvlation. Compositions of the invention may also be
engimeerad to include non-classical amino acid side chains to design less immunogenic
compositions. Any of the methods discussed in fntemational Patent Publication No.
WO2005031975 for reducmg immunogenicity may be useful in the present mvention (the
contents of which are incorporated by reference in their entirety).

[00108] In one embodiment, patients may also be stratified according to the immunogenic
peptides presented by their immune cells and may be utilized as a parameter to determine
saitable patient cohorts that may therapeutically benefit for the compositions of the invention,
160161] In some embodiments, reduced immmunogenicity may be achieved by Emiting
wamunoprotcasome processing. The proteasome 1s an important cellular protease that is found in
two forms: the constitutive proteasome, which 1s expressed n all cell types and which contams
active e.g. catalytic subunits and the mmmunoproteasome that is expressed in cell of the
hematopoietic lincage, and which contains different active subunits termed low molecular weight
proteins (LMP) namely LMP-2, LMP- 7 and LMP-10. Immunoproteasomes exhibit altered
peptidase activities and cleavage site preferences that result in more efficient liberation of many
MHC class I epiiopes. A well described function of the immunoproteasome is to 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 certain peptide on the surface of
the antigen presenting cells; and enhanced peptide quantities (Beol P et al. (2007} J fmmuno! 178
(12) 7557~7562; the contents of which are incorporated herein reforence in its entirety). This
study indicates that reduced mmmunoproteasome processing may be accompanted by reduced
tmmunogenicity. In some embodiments, immunogenicity of the compositions of the invention

may be reduced by modifying the sequence encoding the compositions of the invention to
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proevent immunoproteasome processing. Biocircuits of the present invention may also be
combined with immunoprotecasome-sclective inhibitors to achieve the same effects. Examples of
inhibitors useful in the present invention include UK-101 (B11 selective compound), IPSI-001,
ONX 0914 (PR-957}, and PR-924 (IPSI).

[00162] Another embodiment of the invention provides a method of detecting the presence of
cancer m a mammal, compnsing: (a) contacting a sample comprising one or more cells from the
mammal with any of the CARs, nucleic acids, recombinant expression vectors, host cells,
population of cells, or pharmaceutical compositions of the invention, thereby forming a complex,
(b} and detecting the complex, wherein detection of the complex is indicative of the presence of
cancer in the mamimal. The sample may be obtained by any suitable method, e.g., biopsy or
necropsy. A biopsy is the removal of tissue and/or cells from an individual. Such removal may
be to collect tissue and/or cells from the todividual in order to perform experimentation on the
removed tissue and/or cells. This experimentation may also be used to deternune if the individual
has and/or is suffering from cancer.

100163] With respect to an embodiment of the inventive method of detecting the presence of
cancer i g mammal, the sample comprising cclls of the mammal can be a sample comprising
whole cells, lysates thereof, or a fraction of the whole cell tysates, e.g., a nuclear or cyvioplasmic
fraction, a whole protein traction, or a nucleic acid fraction. If the sample comprises whole cells,
the cells can be any cells of the mammal, e.g.. the cells of any organ or tissue, including tumor
cells. The contacting can take place in vitro or in vivo with respect, to the mammal. Preferably,
the contacting is in vitro. Also, detection of the complex can occur through any number of ways
known in the art. For instance, the mventive CARs, nucleic acids, recombinant expression
veciors, host cells, populations of cells, or pharmaceutical compositions described herein can be
labeled with a detectable label such as, for mstance, a radioisotope, a fluorophore (¢.g..
fluorescein 1sothiocyanate (FITC), phycoervthrin (PE)Y), an enzyme {e.g., alkaline phosphatase,
horseradish peroxidase), and element particles (¢ g., gold particles). Methods of testing the
compositions of the invention for the ability to recognize target celis and for antigen speciticity
are known in the art. For instance, Clay et al, J. Immunol, 163; 507-51 3 (1999), teaches methods
of measuring the release of cyvtokines (¢.g., mterferon-y, granulocyte/monocyte colony
stimulating factor {GM-CSF), tumor necrosis factor a (TNF-a) or interleukin 2 (1L2)}. In
addition, anti-CD276 material function can be evaluated by measurement of cellular cvtotoxicity,
as described in Zhao et al | §. Immunol, 1 74; 44) 5-4423 (2005).

160184] In some embodiments, the stimulus of the present invention maybe uvltrasound

stimulation. In some embodiments, the SREs of the present invention may derived from

18



WO 2018/160993 PCT/US2018/020704

mechanosensitive proteins. In one embodiment, the SRE of the present invention may be the
mechanically seusitive ion channel, Piezol.

[00165] Expression of the pavioad of mnterest n such instances 1s tuned by providing focused
ultrasound stimulation. In other embodiments, the SREs of the present invention may be denved
from calcium bioscunsors, and the stimulus of the present invention may calcium. The caleium
may be generated by the ulirasound induced mechamical stimulation of mechanosensitive 1on
channels. The ultrasound activation of the 1on channel causes a calcium influx thereby generating
the stimulus. In one embodiment, the mechanosensitive ion channel is Piezo 1. Mechanosensors
may be advantageous to use since they provide spatial control 1o a specific location in the body.
1. Destabilizing domaing (DDs)

[00106] In some embodiments, biocircuit systems, effector modules, and compositions of the
present invention relate to post-translational regulation of protein (payioad) function anti-tumor
vamune responses of immunotherapeutic agents. In one embodiment, the SRE is a
stabilizing/destabihizing domain (BD). The presence, absence or an amount of a small molecule
ligand that binds to or interacts with the DD, can, upon such binding or interaction modulate the
stability of the payload(s) and consequently the function of the pavicad. Depending on the
degree of binding and/or mnteraction the aliered function of the pavicad may vary, hence
providing a “tuning” of the payload fumction.

160167] In some embodiments, destabilizing domains described herein or known 1o the art may
be used as SREs in the biocireuit systems of the present invention in association with any of the
immunotherapeutic agents (payioads) taught heremn. Destabilizing domains (DDs) are small
protein domains that can be appended to a target protein of intercst. DPs render the attached
protein of nterest unstable in the absence of a DD-binding ligand such that the protein is rapidly
degraded by the ubiguitin-proteasome svstem ot the cell (Stankunas, K, et al., Mol. Ceil, 2003,
12: 1615-1624; Banaszynsky, o7 af , Cell; 2006, 126(5): 995-1004; reviewed in Banaszynski,
LA, and Wandless, TJ. Chem. Biol; 2006, 13:11-21 and Rakhit R et al., Chem Biol 2014
21(9):1238-1232). However, when a specific small molecule ligand binds ts intended DD as a
ligand binding partner, the instability 1s reversed and protein function 1s restored. The conditional
nature of DD stability allows a rapid and non-perturbing switch from stable protein to unstable
substrate for degradation. Moreover, its dependency on the concentration of its hgand further
provides tunable control of degradation rates.

[00108] In some embodiments, the desired characteristics of the DDs may include, but are not

Linmated to, low protein levels in the absence of a Hgand of the DD (1.¢. low basal stability), large
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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.

[00109] Several protemn domains with destabilizing properties and theiwr paired small molecules
have been identified and used to control protein expression, including FKBP/shield-1 system
(Fgcleretal., J Biol. Chem. 2011, 286(36): 32328-31336; the contents of which are incorporated
herein by reference in their entirety), ecDHFR and its ligand trimethoprim (TMP); estrogen
receptor domains which can be regulated by several estrogen receptor antagonists (Mivazalki 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
bilirubin-inducible fluorescent protein, UnaG and 1ts cognate figand bilirubin (BR) { Navarro ¢t
al., ACS Chem Biol , 2016, June 6; the contents of which are incorporated herein by reference in
their entirety).

[00118] Known DDs also include those described in U.S. Pat. NO. 8,173,792 and U .S Pat. NO.
8,530,636, the contents of which are cach incorporated herein by reference i their entirety,
100111] In some embodiments, the DDs of the present invention may be derived 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
(S4-residues) of ACST (-aminocyelopropane-1-carboxylate synthase) in Arabidopsis, when
fused to the B-glucuronidase (GUS) reporter, can significantly decrease the accumulation of the
GUS fusion protem (Xiong et al, J. Exp. Bot., 2014, 653(13): 4397-4408). Xiong et al. further
demonstrated that both exogenous 1-anunocyclopropane-1-carboxvlic acid (ACC) treatment and
salt can rescue the levels of accumuldation of the ACS N-terminal and GUS fusion protein. The
ACS N-terminus mediates the regulation of ACS7 stability through the ubiquitin-268
proteasome pathway.

[60112] Another non-hmiting example is the stability control region (SCR, residues 97-118) of
Tropomyosin {Tm}, which controls protein stability. A destabilizing onutation L110A and &
stabilizing mutation A 1091 dramatically affect Tropomyosin protein dynamics (Kirwan and
Hodges, J. Biol. Chem., 2014, 289: 4356-4366). Such sequences can be screened for ligands that
bind them and regulate their stability. The identified sequence and ligand pairs may be used as
components of the present invention.

[00113] In some emboduments, the Dis of the present invention mayv be developed from known
proteins. Regions or portions or domains of wild type proteins mayv be utilized as SREs/DDs in

whole or in part. They may be combined or rearranged to create new peptides, proteins, regions
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or domains of which any may be used as SREs/DDs or the starting point for the design of further
SREs and/or DDs.

[66114] Ligands such as small molecules that are well known to bind candidate proteins can be
tested for their regulation in protein responses. The small molecules may be clinically approved
to be safe and have appropriate pharmaceutical kinetics and distribution. fo some embodiments,
the stimulus s a ligand of a destabilizing domain (BD), for example, a small molecule that binds
a destabilizing domain and stabilizes the POI fused to the destabilizing domain. In some
embodiments, ligands, DDs and SREs of the present invention, mehude without limitation, any of
those taught in Tables 2-4 of copending conmmonly owned U.S. Provisional Application NOs.
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 which are
incorporated herein by reference in their entirety. Some examples of the proteing that may be
used to develop DBs and their ligands are listed 1n Table 1.

Table 1: Proteins and their bindine livands

Protein Protein Sequence Protein | Ligands
SEQIB
NOS.
E. coli MISLIAALAVDRVIGMENAMPWNLPADLAWFKRNT | 1 Methotrexate
Dihydrofolate INKPVIMGRHTWESIGRPLPGRKNILSSQPGTDDRVT (MTX)
reduciase WYKSVDEAIAACGDVPEIMVIGGGRVYEQFLPKAQK Trimethoprim
{ccDHIFR) LYLTHIDAEVEGDTHFPDYEPDDWESVFSEFHDADA {TMP)
(Uniprot ID: ONSHSYCFEILERR
POABO4)
Human MVGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYF(Q | 2 Methotrexate
Ditvdrofolate RMTTTSSVEGKONLVIMGKETWFSIPEKNRPLEGRIN MTX)
reductase LVLSRELKEPPQGAHFLSRSLDDALKL TEQPELANKY Trimethoprim
(hDHFR) DMVWIVGGSSVYKEAMINHPGHLKLFVTRIMQODFES (TMP)
{Uniprot ID: DTFFPEIDLEKYKLLPEYPGVLSDVQEEKGIKYKFEY
POO3T4) YEKND
FK306 binding GYOVETISPGDGRTFPKRGOTCVVHYTGMLEDGKKE | 3 Shield-t
protein (FKBP) DSSEDRNEKPFKFMLGKQEVIRGWEEGVAQMSVGOR
(Uniprot I AKLTISPDY AYGATGHPGIIPPHATLVFDVELLILE
P62942)
Phosphodiesteras | MEETRELGSLAAAVVPSAQTLKITDFSFSDFELSDLET | 4 Sildenafil;
e 5 (PDES), ALCTIRMFTDLNLVONFOMKHEVLCRWILSVEKNYR Vardeuafil,
ligand binding KNVAYHNWRHAPNTAQCMFAALK AGKIONKLTDL Tadalafil
domain (Uniprot EILALLTAALSHDLDHRGYNNSYIQRSEHPLAQLYCH
3 Uniprot (D SIMEHHHFDOCLMILNSPOGNGQILSGLSIEEYKTTLKEK
Q76074 QAILATDLALYIKRRGEFFELIRKNOFNLEDPHOKELF
LAMIMTACDLSAITEKPWPIQORIAELVATEFFDQGDR
ERKELNIEPTDLMNREKKNKIPSMQVGFIDAICLOLY
EALTHVSEDCFPLLDGCRENROKWQALAEQQ
PPAR gamma SVEAVQEITEY AKSIPGFVNLDUNDOQVTLLKYGVHEI | 3 Posiglitazone
(PPARg), ligand YIMLASLMNKDGYLISEGOGFMTREFLKSLRKPFGD Pioglitazone
binding domain FMEPKFEFAVKFNALELDDSDLAFIAVIILSGDRPGL
(Uniprot 1T} LNVKPIEDIODNLLOALELQLKL NHPESSQLFAKLLG
P37231; amino EMTDLROIVTEHVQLLOVIKKTETDMSLHPLLOEIYK
acids 317-505) DLY
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Carbenic MSHHWGYGKHNGPEHWHKDFPIAKGERGSPVDRIDT | 6 Celecoxib
anhydrase 11 HTAKYDPSLEPLSVISYDOATSLRINNGHAFNVEFD Acetazolamide
{CA2) (Uniprot DSODEAVEKGGPLDGTYRLIQFHFHWGSLDGQGSEH
D3: POOSES) TVDKEKYAAELHLYHWNTE YGDFGK AVQQPDGL.
VLGIFLEVGSAKPGLOKVVDIVLDSIKTKGKS ADFTNF
DPRGLLPESLDYWTYPGSLTTPPLLECVTWIVLKEPIS
/SSEQVLKFRELNFNGEGEPEELMVDNWEREPAQPLEN
ROIKASFK
NRH: Cinone MAGKKVLIVY AHQEPKSFNGSLENVAVDELSREQGC | 7 Imatindt
oxidoreductase 2 | TVTVSDLYAMNLEPRATDKDHTGTLANPEVENYGVE Melatonin
(NQO2) (Uniprot | THEAYKQRSLASDITDEQKKVREADLVIFQFPLYWES
1D: P16083) VPAILKGWMDRVLCQGFAFDIPGFYDSGLLOGKLAL
LSVITGGTAEMYTKTGYNGDSRYFLWPLOHGTLHE
CGFEVLAPQISFAPEIASEEERKGMVAAWSORLQTIW
KEEPIPCTAHWHEGD
Dipeptidyl MKTPWKVLLGLLGAAAL VITITVPVVLLNKGTDDAT | 224 Sitagliptin,
peptidases ADSRKTYTLTDYLENTYRLKLYSLRWISDHEYLYK(Q Saxagliptin,
(DPFIV) (Uniprot | ENNILVENAEYGNSSVFLENSTPDEFGHSINDYSISPD Denagliptin

1D P27487)

GOFILLEYNYVKOQWRHSYTASYDIYDRINKRQLITEER

IENNTOWVTWSPVCOHELAYVWNNDIYVKIEPNLPSY
RITWTGKEDHYNGITDWVYYREEVFSAYSALWWSPN
GIFLAYAQFNDTEVPLIEYSFYSDESLQYPKTVRVPY
PKAGAVNPTVKFFVYNTDSLSSVINATSIQITAPASM
LIGDHYLCDVTWATQERISLOWLRRIGNYSVMICD
YDESSGRWNCLVARQHIEMSTTGWYVGRFRPSEPHET
LDGNSFYKISNEEGYRHICYFOQIDKKDCTFITKGTWE

JGIEALTSDYLYYISNEYKGMPGGRNLYKIQLSDYT
KVTCLSCELNPERCOYYSVSFSKEAKYYQLRUSGPG
LPLYTLHSSVNDKGLRVLEDNSALDKMLONVMPS
KKLDFILNETKFWYCQMILPPHFDK SKKYPLLLDVYA
GPCSOKADTVIRLNWATYLASTENIIVASFDGRGSG
YOGDKIMHAINRRLGTFEVEDQIEAARQFSKMGFVD
NEKRIAIWGWSYGGY VISMVLGSGSGVFKCGIAVAPY
SRWEYYDSVYTERYMGLPTPEDNLDHYRNSTVMSR
AENFKOVEYLLIHGTADDNVHFQGSAQISKALVDVG
VDFQAMWYTDEDHGIASSTAHQHIYTHMSHFIKQCF
SLP

[60115] In some embodiments, DDs of the mvention may be FKBP DD or ecDHFR DDs such
as those listed 1n Table 2. The position of the mutated amino acid listed in Table 2 1s relative to
the ecDHFR (Uniprot ID: POABQ4) of SEQ 1D NO. 1 for ecDHFR DDs and relative to FRKBP
{(Uniprot ID: P62942) of SEQ 1D NO. 3 for FKBP DDs,

Table 2: ecDHFR DDs and FKBP DDs

Db Seguence SEGID
N,

ecDHFR (R12Y, MISLIAALAVDY VIGMENAMPWNLPADLAWFKRNTLNKP 8

Y1i06DhH VIMGRHTWESIGRPLPGRKNILSSOPGTDDRVIWVKSVIE
ATAACGDVPEIMVIGGGRVIEQFLPKAQKLYLTHIDAEVEG
DTHFPDYEPDDWESVESEFHDADAQNSHSYCFEILERR

¢ccDHFR (Amino ISLIAALAVDYVIGMENAMPWNLPADLAWFKRNTLNKPVI | &

acid 2-159 of WT) MGRHTWESIGRPLPGRENILSSOPGTDDRVIWVKSVDEAI

(RI2Y, Y100D) AACGDVPEIMVIGGGRVIEQFLPK AQKLYLTHIDAEVEGDT
HFPDYEPDDWESYVFSEFHDADAQNSHSYCFEILERR
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ecDHFR (Amine ISLIAALAVDHVIGMENAMPWNLPADLAWFERNTLNKPVI | 16

acid 2-139 of WT) MGRHTWESIGRPLPGRKNILSSOPGTDDRVIWVKSVDEAL

(RI2H, E129K) AACGDVPEIMVIGGGRVYEQFLPKAQKLYLTHIDAEVEGD
THEPDYKPDDWESVESEFHDADAQNSHRIYCFEILERR

FKBP (F36V, GVOVETISPGDGRTFPKRGOTCYVHYTGMLEDGKICVDSSR | 1

L1G6P) DRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPD
YAYGATGHPGIPPHATLVFDVELLKPE

FKBP (E316, GVQVETISPGDGRTIPRRGOTCVVHYTGMLGDGKKVDSESR | 12

F36V, R71G, DRNKPFKIMLGKOQEVIRGWEEGVAQMSYGOQGAKL TISPL

KA05E) YAYGATGHPGUPPHATLVEDVELLELE

j00116] 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 DHEFR (hDHFR), PDES {phosphodiesterase 3), PPAR gamma {peroxisome
proliferator-activated receptor gamuma), CA2 (Carbonic anhydrase ) and NQO2 (NRH:
Quinone oxidoreductase 2). Candidate destabilizing domain sequence identified from protein
domains of these proteins {as a template) may be mutated to gencrate Hibraries of mutants based
on the template candidate domain sequence. Mutagenesis strategies used to generate DD hibraries
may include stte-directed mutagenesis ¢.g. by using structure guided information; or random
nmutagencsis ¢.g. using error-prone PCR, or a combmation of both. In some embodiments,
destabilizing domains identified using random mutagenesis may be used to identify structural
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 mutagenesis.

[00117] In some embodiments, novel DDs derived from E.coli DHFR (ecDHFR) may comprise
amino acids 2-159 of the wild type ecDHFR sequence. This may be referred to as an Midel
mutation.

[00118] 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 mustation), and may include
one, two, three, four, five or more mutations including, but not limited to, Mldel, R12Y, R12H,
Y1001, and E129K.

[00119] In some embodiments, novel DDs derived trom FKBP may comprise amino acids 2-
107 of the wild tvpe FKBP sequence. This mav be referred to as an Midel mutation.

[00128] In some embodiments, novel DDs derived from FKBP may comprise amino acids 2-
107 of the wild type FBKP sequence {(also referred to as an Midel mutation), and may include
one, two, three, four, five or more mutations including, but not imited to, Mldel, E31G, F36V,
R71G, K105E, and L106P.

00121 In some embodiments, DD mutant librarics may be screencd for mutations with aliered,

preferably higher binding affinity to the ligand, as compared to the wild type protein. BD
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libranes may also be screened using two or more ligands and DD mutations that are stabilized by
some ligands but not others may be preferentially selected. DD nutations that bind preferentially
to the higand 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 mintmize deleterious offects caused by off-target ligand binding.
[00122] In some embodiments, suitable DDs may be identified by screening mutant libraries
using barcodes. Such methods may be used to detect, identify and guantify mdivideal mutant
clones within the heterogeneous mutant hibrary. Each DD mutant within the Library may have
distinct barcode sequences (with respect to each other). In other instances, the polvnucleotides
can also have different barcode sequences with respect to 2,3,4,5,6,7.8,9.10 or more nucleic acid
bases. Each DD mutant within the library may also compnse a plurality of barcode sequences.
When ased in plurality may be used such that each barcode is onigque to any other barcode.
Alematively, each barcode used may not be unigue, but the combination of barcodes used may
create a unigue sequence that can be individually tracked. The barcode sequence may be placed
upstream of the SRE, downstream of the SRE, or in some instances may be placed within the
SRE. DD mutants may be identified by barcodes using sequencing approaches such as Sanger
sequencing, and next generation seqguencing, but also by polvmerase chain reaction and
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, cach barcode may have a unigue quantitative
polymerase chain reaction probe sequence that enables targeted amplhification of each barcode.
[00123] In some embodiments, DPs of the invention may be derved from hman dibydrofolate
reductase thDHFR), hDHFR is a small (18 kDa) enzyme that catalyzes the reduction of
dihvdrofolate and plays a vital role m variety of anabolic pathway. Dihvdrofolate reductase
(DHFR) is an essential enzvme that converts 7,8-dihydrofolate (DHYE) to 5,6,7 8, tetrahvdrofolate
(THF) in the presence of nicotinamide adenine dihydrogen 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, interfercs with folate metabolism, mainly by
inhibition of dihvdrofolate reductase, resulting in the suppression of purine and pynmidine
precursor synthesis. Other inhibitors of hDHFR such as folate, TQD, Trimethoprim (TMP),
cpigallocatechin gallate (EGCG) and ECG {(epicatechin gallate) can also bind to hDHFR mutants
and reguiates 1ts stabiity.

[00124] In one aspect of the invention, the DHFR DDs of the mvention may include mutations

such as, but not limited to VZA, C7R, I8V, VOA, A10T, AIOV, QI3R, N14§, G165, HITN, 117V,
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KI9E, N20D, GZ1T. GZ1E, D228, L238, P24S, L28P, N30D, N30H, N30S, E31G, E31D,
F32M, R33G, R338, F35L, Q36R, Q368, Q36K, Q36F, R37G, M38V, M38T, T40A, V444,
K478, N49S, N49D, M53T, G54R, K56F, K36R, T57A, F5985, 161T, KodR, N6SA, NG6SS,
N6SD, N65SF, L68S, K69E, K69R, R71G, 1727, 172A, 172V, N73G, L74N, V75F, R78G, L80P,
KSR, EB2G, HRRY, FRIL, RO2Z(G, §93G, SO3R, LodA, DO6G, A9TT, LO8S, K99G, KO9R,
LIOOP, E102G, QI03R, P104S, E105G, A107T, A107V, N108D, KI09E, K109R, VI10A,
DITIN, MEII2T, M2V, VII3A WIHI4R, 1115V, V161, GII7D, VI21A, Y122C Y122D,
Y1221, K123R, K123E, A125F, M1261, NI127R, NI278 NI127Y, HI28R, HIZ8Y, HI3 1R,
LI32P, KI33E, L134P, FI35P, FI35L, FI358, FI1353V, V136M, TI137R, R138G, R1381, [139T,
139V, MI40EL M40V, Q141R, D426, F143S, FI43L, E144G, D146G, T147A, F1485,
F148L, F149L, PI30L, E151G, 1152V, DIS3A, DI33G, EI155G, K156R, Y157R, Y1S7C,
KIS8E, KI58R, LI59P, L160P, E162G. Y163(, VI66A, S168C, DI6OG, VITOA, Q171R,
EY72G, E173G, E173A, K174R, [176A, T176F, [1767T, KVTT7E, K177R, Y178C, Y178H, Fi8OL,
EI81G, VIS2A, YI83C, Y183H, E184R, EI184G, K185R, K183del, K185E, N186S, Ni8sh,
DI87G, and DISTN.

[00125] In one embodiment, the stimulus is a small molecule that binds to a SRE in order to
post-transiationally regulate protein levels. In one aspect, DHFR ligands: trimethoprim (TMP)
and methotrexate (MTX) are used to stabtlize hDHFR mutants. The hDHFR based destabilizing
domatns are listed in Table 3. The position of the mutated amino acid listed in Table 3 1s relative
to the human DHFR (Uniprot ID: PO0374) of SEQ D NG. 2 for human DHFR. In Table 3, the
motations are wnderfined and wm bold. In Table 3, “deb” means that the mutation is the deletion of

the amine acid at that position relative to the wild type sequence.

Table 3: Human DHFR mutanis and novel destabilizing domains

Mutants Amine acid Sequence SEGID
NG
hDHFR (117V) MVGSLNCIVAVSQNMGYVGKNGDLPWPPLRNEFRYFQR | 13

MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVIRIMQDFESDTFFFEID
LEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND
hDHFR (F39S) MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFOR 14
MTTTSSVEGKONLVIMGKKTWSSIPEKNRPLEGRINL VL
SRELKEPPOQGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVIRIMODFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND
hDHFR (N631)) MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR 13
MITTSSVEGKONLVIMGEKTWEFRIPEK DRPLKGRINL VL
SRELKEPPOQGAHFLSEALDDALKLTEQPELANKVIMVW
VGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFPED
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hDHFR (K&1R) MVGSLNCIVAVSONMGIGENGDLPWPPLENEFRYFOR 16
MITTSSVEGEKONLVIMGEKTWESIPEKNRPLKGRINL VL
SRELREPPOGAHFLSRSLDDALKLTEQGPELANKVDMVW
VGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFPED

LEKYKLLPEYPGVLADVOEEK GIKYKFEVYEKND

hDHFR (A107V) MVGSLNCIVAVSQONMGIGKNGDLFWPPLRNEFRYFQR 17
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELVNKVDMVW

IVGGSSVYKTAMNHPGHLELFVIRIMODFESDTEFFPEID
LEKYKLLPEYPGVLSDVOQEEKGIKYKFEVYEKND

hDHFR (Y1221) MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFOR 18
MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLKGRINL VL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSVIKEAMINHPGHLKLFVTRIMODFESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (N127Y) MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR 19
MITTSSVEGKONLVIMGEKTWEFRIPEK NRPLKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGESVYKEAMYHPGHLKLFVIRIMOQDFESDTFFPEID
LEKYKLLPEYPGVLIDVOEEKGIKYKFEVYEKMND

hIVFR (M1401) MYGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQR 20
MTTTSSVEGKONLVIMGKETWESIPEKNRPLKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTRIQDFESDTFFPEIDL

hDHFR (K185E} MVGSLNCIVAVSONMGIGKNGDLPWPPLENETRYFQR 21
MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTRIMQDFESDTFFPEID

hDHFR (N186D) MVGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR 22
MTTTSSVEGKONLVIMGKKTWESIPEK NRPLKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVIRIMQDFESDTFFFEID
LEKYKLLPEYPGYVLSDVOEEKGIKYKFEVYEKDD

hIDHFR (C7R, Y163C) MYGSLNRIVAVSQNMGIGKNGDLPWPPLRNEFRYFQR 23
MTTFSSVEGKONLVIMGKETWEFSIPEKNRPLEGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVIRIMODFESDTFFPEID
LEKYKLLPECPGVLSDVQEEKGIKYKFEVYEKND

hDHFR (A10V, H88Y) MVGSLNCIVVVSONMGIGENGDLPWPPLENEFRYFOR 24

SRELKEPPQGAYFLSRSLDDALKLTEQPELANKVIMYW
IVGGSSVYKEAMNHPGHLKLFVTRIMQDFESDTFFPEID

hDHFR (Q36K, Y1221) MVGSLNCIVAVSQNMGIGKNGDLFWPPLRNEFRYFKR 25
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVIKEAMNHPGHLEKLFVTIRIMODFESDTFFPEIDL

EXYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND
hDHFR (MS53T, R138T) MVGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFOR 26

MTTTSSVEGKONLVITGKK TWESIPEXNRPLICGRINLVL

SRELKEPPOQGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTIIMOQDFESDTIFPEIDL
EKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (T37A, [72A) MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR 27
MITTSSVEGEKONLVIMGKKAWFSIPEKNRPLEGRANLY
LSRELKEPPOQGAHFLSRILDDALKLTEQPELANKVIMY
WIVGGSSVYKEAMNHPGHLELFVIRIMODFESDTFFPEL
DLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND
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hDHFER (E63G, I176F)

MVGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFOR
MITTSSVEGEONLVIMGEKTWESIPGKNRPLEGRINLVL
SRELKEPPQGAHFLSRSLDDALKLTEQPELANKVIMYW
VGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFPED

28

WDHFR (G217, Y1221

MVGSLNCIVAVSQNMGIGKNTDLPWPPLENEFRYFOQRM
TTTSSVEGKONLVIMGKKTWISIPEKNRPLKGRINLVLS
RELKEPPOQGAHFLSRSLDDALKLTEQPELANKVDMVWI
VOGSSVIKEAMNHPGHLKLFVTRIMQDFES

29

hDHFR (L74N, Y1221

MVGSENCIVAVSONMGIGKNGDLPWPPLRNEFRYFOR
MTTTSSVEGKONLVIMGKKTWFSIPEKNRPLE GRINNVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSVIKEAMINHPGHLKLFVTRIMODFESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (V735F, Y1221)

MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFOR
MITTSSVEGKONLVIMGEKKTWEFRIPEK NRPLKGRINLFL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGESVIKEAMNHPGHLKLFVIRIMODFESDTFFPEIDL
EXYKLLPEYPGVLSDVQEEKGIKYKFEVYEKND

hDHFR (Lo4A, T147A3

MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFPFQR
MTTTSSVEGKONLVIMGKETWESIPEKNRPLKGRINLVL
SRELKEPPOGAHFLSRSADDALKLTEQPELANKVIMYW
IVGGSSVYKEAMNHPGHLELFVTRIMODFPESDAFFPED
LEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

DHFR (VIZ1A, ¥Y22I)

MVGSLNCIVAVSONMGIGKNGDLPWPPLENETRYFQR
MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKVDMVW
IVGGSSAIKEAMNHPGHLKLFVTRIMODFESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEKGIKYKFEVYEEND

(52
(98]

hDHFR (Y1221, A125F)

MVGSENCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKKTWESIPEK NRPLKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVIKEFMNHPGHLKLFVTRIMODFESDTFFPEIDL
EXYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

34

hDHFR (H131R, E144G)

MYGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQR
MTTFSSVEGKONLVIMGKETWEFSIPEKNRPLEGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGRLKLFVIRIMGDFGSDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

35

hDHFR (T137R, Fi43L)

MVGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFOR

SRELKEPPQGAHFLSRSLDDALKLTEQPELANKVIMYW
IVGGSSVYKEAMNHPGHLKLFVRRIMODLESDTFFPEID

36

hDHFR (Y178H, E18IG)

MVGSLNCIVAVSQONMGIGKNGDLFWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVIRIMQDFESDTFFFEID
LEKYKLLPEYPGVLSDVOEEKGIKHKFGVYEKND

hDHFR (Y183H, K183E}

MVGSENCIVAVSONMGIGKNGDLPWPPLRNEFRYFOR
MTTTSSVEGKONLVIMGKKTWEFSIPEKNRPLEKGRINL VL
SRELKEPPOQGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVTRIMODEFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIK YK FEVHEEND

hDHFR (V9A, S93R, PI150L)

MVGSLNCIAAVSONMGIGENGDLPWPPLRNEFRYFOR
MITTSSVEGKONLVIMGEKTWEFRIPEK NRPLKGRINLVL
SRELKEPPQGAHFLSRRLDDALKLTEQPELANKVDMVW
IVGGISVYKEAMNHPGHLKLFVTRIMQDFESDTFFLEID
LEKYKLLPEYPGVLIDVOEEKGIKYKFEVYEKND
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hDHFR {18V, K133L, Y163C)

MVGSLNCVYVAVSONMGIGKNGDLPWPPLRNEFRYFQR
MITTSSVEGEKONLVIMGEKTWESIPEKNRPLKGRINL VL
SRELKEPPQGAHFLSRSLDDALKLTEQPELANKVIMYW

40

hDHFR (1238, VI21A, Y157C)

MVGSLNCIVAVSQNMGIGKNGD SPWFPLRNEFRYFOQR
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSAYKUAMNHPGHLELFVIRIMODFESDTEFFPEID
LEKCKLLPEYPGVLSDVQEEEGIKYKFEVYEEND

41

hDHFR (K19E, F8OL, E181G)

MVGSLNCIVAVSQNMGIGENGDLPWPPLRNEFRYFQRM
TTTSSVEGKONLVIMGKEK TWEFSIPEKNRPLIKGRINLVLS
RELKEPPQGAHLLSRSLDDALKE TEQPELANKVDMVWI
VGGSSVYKEAMNHPGHLKLFVTRIMQDFESDTIFPEIDL
EXKYKLLPEYPGVLSDVOEEKGIKYKFGVYEKND

hDHFR (Q36F, N63F, Y1221

MVGSLNCIVAVSONMGIGENGDLPWPPLRNEFRYFFRM
TTTASVEGKONLYIMGKKTWESIPEKFRPLKGRINLVLS
RELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVWI
YVOGSSVIKEAMNHPGHLKLFVTRIMODFESDTFFPEIDL
EXYKLLPEYPGVLSDVQEEKGIKYKFEVYEKND

hIVHFR (G34R, M140V, 5168C)

MVGSENCIVAVSQNMGIGKNGDLPWPPLRNEFRYFPQR
MTTTSSVEGKONLVIMEKKTWESIPEK NRFLKGRINLVL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLELFVIRIVODFESDTFIPEIDL
EEYEKLLPEYPGYLCDVOEEK GIKYKFEVYEKND

44

hDHIR (V110A, VI36M, K177R)

MVGSLNCIVAVSONMGIGKNGDLPWPPLENETRYFQR

MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPQGAHFLSRSLDDALKI TEQPELANKADMVW
IVGGSSVYKEAMNHPGHLKLFMTRIMOQDPESDTFFPEID

hDHFR (Amino acid 2-187 of WT,
(J36F, Y1221, A125F)

VGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFFRMT
TTSSVEGKONLVIMGKKTWESIPEKNRPLKGRINLVLSR
ELKEPPOGAHFLSRSLDDALKL TEGPELANKVDMVWIV
GGSSVIKEFMNHPGHLKLFVTRIMOQDFESDTTFPEIDLEK
YKLLPEYPGVLSDVOERKGIKYKFEVYREKND

46

hIDHFR (N49D, F398, IH153G)

MYGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQR
MTTFSSVEGKQDLVIMGKEKTWSSIPEKNRPLEGRINL VL
SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLKLFVIRIMODFESDTEFFPEIG
LEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR (G21E, 172V, 1176T)

MVGSLNCIVAVSONMOGIGENEDLPWEPLRNEFRYFORM
TTTISVEGKONLYIMGKKTWESIPEKNRPLKGRYNLVLS
RELKEPPOGAHFLSRSLDDALKLTEQPELANKEVIMVWI
VOGSSVYKEAMNHPGHLELFVIRIMOQDFESDTFFPEIDL
EKYKLLPEYPGVLSDVOEEK GTKYKFEVYERND

43

hDHFR (L100P, E102G, Q103R,
P1045, E103G, N108D, VIIGA,
WIHI4R, Y1220, M126L N127R,
HIZ8Y, L132P, F135PF, 11397,
F1488, F149L, 1152V, 1534,
3169G, VIT0A, 1176A, K177R,
VI82ZA, KI85R, N186S)

MVGSLNCIVAVSQONMGIGKNGDLPWPPLRNEFRYFQR
MTTTSSVEGKONLVIMGKIK TWESIPEKNRPLEKGRINL VL
SRELKEPPOGAHFLSRSLDDALKPTGRSGLADKVDMAR
IVGGSSVCKEAIRYPGHPKLPVTRTMODTFESDTSLPEVA
LEKYKLLPEYPGVLSGAQEEKGARYKFEAYERSD

225

hDHFR (VZA, R33G, Q36R,
L100P KI185R)

MAGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFGYFRR
MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPOQGAHFLSRSLDDALKPTEQFELANKVDMVYW
IVGGSSVYKEAMNHPGHLKLFVTRIMODEFESDTFFPEID
LEKYKLLPEYPGVLSDVOEEKGIKYEFEVYERND

hDHFR (G168, 117V, FRIL.
DY6G, K123E, M140V, D146G,
K136R)

MVGSLNCIVAVSONMSVGENGDLPWPPLRNEFRYFOR
MITTSSVEGKONLVIMGEKTWEFRIPEK NRPLKGRINL VL
SRELKEPPOGAHLLSRSLDGALKLTEQPELANKVDMVW
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IVGGSSVYEEAMNHPGHLKLFVTRIVODFESGTFFPEIDL
ERYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

NI27Y, Y1225

TTSSVEGKONLVIMGKKTWESIPEKNRPLKGRINLVLSR
ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVWIV

hDHFER (F35L, R37G, NG3A, MVGSLNCIVAVSONMGIGEKNGDLPWPPLENEFRYLOQG | 228

L68S, K69E, R71G, L8oP, K99G, | MTTTSSVEGKONLVIMGKKTWESIPEKARPSEGGINLVL

G117D, L132P, 1139V, M1401, SREPKEPPOGAHFLSRSLDDALGLTEQPELANKVDMVW

D142G. D146G, E173G, DISTG) IVDGSSVYKEAMNHPGHPKLFVTRVIQGFESGTFFPEIDL
EKYKLLPEYPGVLEDVOEGKGIKYKFEVYEKNG

hDHFR (117N, L98S, K99R, MVGSLNCIVAVSONMGNGEKNGDLPWPPLRNEFRYFOQR | 229

M1i2T, EIS1G, E162G, E172G) MTTTSSVEGKONLVIMGKKTWESIPEK NRPLKGRINL VL
SRELKEPPOGAHFLSRSLDDASRLTEQPELANKVDTVWI
YVOGSSVYKEAMINHPGHLKLFVIRIMGDFESDTFFPGIDL
EXYKLLPGYPGVLSDVOGEKGIKYKFEVYEKND

hIHFR (RI138G, DI42G, 1438, MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFOR 236

K136R, K158E, E162G, V166 A, MTTFSSVEGKONLVIMGKETWEFSIPEKNRPLEGRINL VL

K778, Y178C, KI83E, N1865) SRELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVW
IVGGSSVYKEAMNHPGHLELFVTGIMQGSESDTFFPEID
LERYELLPGYPGALSDVOEEBKGIECKFEVYEESD

hDHFR (K&81R, K99R, L100P, MVGSLNCIVAVSONMGIGENGDLPWPPLENEFRYFOR 231

E102¢G, N108D3, K123R, H128R, MITTSSVEGEKONLVIMGEKTWESIPEKNRPLKGRINL VL

13142¢G, F180L, KI185E) SRELREPPOGAHFLSRSLDDALRPTGOQPELADKVDMVW
IVGGSSVYREAMNRPGHLELFVIRIMOQGFESDTEFPFEID

TEND

hDHFR (N14S, P24S, F35L, MVGSLNCIVAVSOQSMGIGKNGDLSWPPLRNEFRYLORM | 232

M33T, KS6E, R92G, 393G, TTTSSVEGKONLVITGKETWEFSIPEKNEPLKGRINLVLSR

N1278, Hi28Y, F135L F1438, ELKEPPOGAHFLSGGLDDALKELTEQPELANKVDMVWIV

L159P, LIG0P, E173A, FISOL) GGSSVYKEAMSYPGHLKLLVTRIMODSESDTFFPEIDLE
KYKPPPEYPGVLSDVOEAKGIKYKLEVYEKND

hDHFR (V2ZA, 117V, N30D, MAGSLNCIVAVSONMGVGKNGDLPWPPLRDGFRYFRR | 233

E31G, Q36R, F398, K69E, 1727, MTTTSSVEGKONLVIMGKKTWSSIPEKNRPLEGRTNLY

HE8Y, F8IL, N108D, KI109E, LSRELKEPPOGAYLLSRSLDDALKLTEQPELADEAGMY

V1i10A, [115V, Y1220, L132P, WYVGGSSVDKEAMNHPGHPKLSVIRIVODFGSDAFFPE

FI338, M140V, E144G, Ti47A, IDLEKCKLLPEYPGVLSDAQEERGIKYKFEVYEKSD

Y137C, VIT0A, K174R, NISGS)

hIDHFR (L28P, N30H, M38Y, MVGSLNCIVAVSQNMGIGKNGDLPWPPPRHEFRYFQRYVY | 234

V44 A, L68S, N73G, R78G, AYTT, | TTTSRAEGKONLVIMGKKTWESIPEENRPSKGRIGLVLS

KO9R, AL07T, K109R, D1TIN, GELKEPPOGAHFLSRILDDTLRLTEQPELTNRVNMVWI

LI34P F135V, T147A, 1152V, VGGRSVYKEAMNHPGHLRPVVTRIMODFESDAFFPEVD

KI58R, E172G, VISZA, B84 LEKYRLLPEYPGVLSDYQGEKGIKYKFEAYRK ND

hDHFR (A10T, Q13R, N1485, MVGSLNCIVTVSREMGIGKDGDLSWPPLRSEFRYFQRTT | 235

N20D, P24S, N3OS, M38T, T40A, | ATSSVEGRQSLVIMGKRTWEFSTPERNRPLRGRANLVLS

KATR, N49S, K56R, 1617, K64R, | GELKGPPOGAHLLSRSLDGALKLTEQPELADKVDVVRI

K69R, [72A, R78G, B82G, F89L, | VGGSSVDEEAMNHPGHLKLFVTRVMRGFESDTLFPGID

396G, N108D, M112V, WII4R, LOGKRKLLPEYPGVLSDVREEK GIKYKLEVCGNN

Y122D, K123E, 1139V, Q141R,

131424, FI481, BE131G, E135G,

YISTR, QUTIR, Y183, E184G,

K.185del, D87

hDHFR (Amino acid 2-187 of WT; | VGSLNCIVAVSQNMGVGENGDLPWPPLENEFRYFORM | 236

I17v, Y1225 TTTSSVEGKONLVIMGKKTWISIPEKNRPLKGRINLVLS
RELKEPPOQGAHFLSRSLDDALKLTEQPELANK VDM VWI
VOGSSVIKEAMNHPGHLKLFVTRIMQDFESDTFFPEIDL
EXYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

hDHFR (Amino acid 2~-187 of WT; | VGELNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQRMT | 237

Y1221, M140D) TTSSVEGKONLVIMGEKTWFESIPEKNRPLKGRINLVLSR
ELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVYWIV
GGSSVIKEAMNHPGHLKLFVTRIIQDFESDTFFPEIDLEK
YKLLPEYPGVLSDVQEEKGIKYKFEVYEKND

hDHFR (Amino acid 2-187 of WT; | VGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFORMT | 238
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GGSSVIKEAMYHPGHLELFVTRIMODFESDTFFPEIDLE
EYRKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR {(Amino acid 2-187 of WT,
Y1221, HI31IR, E144G)

VGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFEYFORMT
TTSSVEGKONLVIMGEKTWFESIPEKNRPLKGRINLVLSR
ELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVYWIV
GGSSVIKEAMNHPGRLKLFVTRIMOQDFGSDTIFPEIDLE
KYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

o]
(a2
D

hDHFR (Amino acid 2-187 of WT,
228, F32M, R335, Q3685, N63%)

VGSLNCIVAVSONMGIGKNGSLPWPPLRNEMSYFSRMT
TTSSVEGKONLVIMGKKTWESIPEK SRPLKGRINLVLSR
ELKFEPPOGAHFLSRSLDDALKLTEQPELANKVDMVWIV
GGSSVYKEAMNHPGHLKLFVTRIMODFESDTFFPEIDLE
KYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

240

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

YGILNCIVAVIQNMGIGKNGDLPWPPLRNDMRYFQRM
TTTSSVEGKONLVIMGKK TWESIPEEKNEPLKGRINL VLS
RELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMYWI

KYKLLPEYPGVLSDVOEEKGIK YKFEVYEKND

243

hDHFR (Amino acid 2-187 of WT,
1624, [176F)

VGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQRMT
TTSSVEGKONLYVIMGKKTWESIPEKNRPLKGRINLVLSR

GOGSSVYKEAMNHPGHLKLFVTRIMODFESDTFFPEIDLE
KYKLLPGYPGVL SDVOEEKGFE YKFEVYEKND

hDHFR (Amino acid 2-187 of WT,;
KI85E)

VGSLNCIVAVSONMGIGKNGDLPWFPLRNEFRYFOQRMT
TTSSVEGKONLVIMGKKTWEFSIPEKNRPLKGRINLVLSR
ELKEPPOGAHFLSRSLDDALKL TEGPELANKVDMVWIV
GGSSVYKEAMNHPGHLELFVIRIMODFESDTFFPEIDLE
KYKLLPEYPGVLSDVQEEKGIK YKFEVYEEND

hDHFR (Amino acid 2-187 of WT,
Y1221, AI25F)

YVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFORMT
TTSSVEGKONLVIMGKKTWESIPEKNRPLEKGRINLVLSR

ELKEPPOGAHFLIRSLDDALKLTEQPELANKVDMVWIV
GGSSVIKEFMNHPGHLKLFVTRIMODFESDTTFPEIDLEK
YKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

856

KDHFR {Awmino acid 2-187 of WT;
{336F, N63F, Y1221)

VGSLNCIVAVSONMGIGK NGDLPWPPLENEFRYFPEMT
TTESVEGKONLVIMGK KTWESIPEKFRPLKGRINLVLSR

KYKLLPEYPGVLSDVOEEKGIKYKFEVYERKND

o
gl
-~

hDHFR (Amino acid 2-187 of WT,;
NIZ7Y)

VGSLNCIVAVSONMGIGKNGDLPWFPLRNEFRYFOQRMT
TTSSVEGKONLVIMGKK TWFSIPEKNREPLKGRINLVLSR
ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMYWIV
GGOSSVYKEAMYHPGHLEKLFVIRIMODFESDTFFPEIDLE
EYELLPEYPGYLSDVOQEEKGIK YKFEVYEKND

858

hDHFR (Amino acid 2-187 of WT,
HI3IR, E144G)

YVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFORMT
TTSSVEGKONLVIMGEKTWFESIPEKNRPLKGRINLVLSR
ELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVYWIV
GGSSVYKEAMNHPGRLKLFVTRIMODEFGSDTIFPEIDLE
KYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

859

hDHFR (Amino acid 2-187 of WT,
117V)

VGSLNCIVAVSONMGVGKNGDLPWPPLENEFRYFOQRM
TTTISVEGKONLYIMGKKTWESIPEKNRPLKGRINLVLS
RELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMVWI
YVOGSSVYKEAMNHPGHLKLFVIRIMODFESDTFFPEIDL
EXYKLLPEYPGVLSDVQEEKGIKYKFEVYEKND

860

BIHFR (Amino acid 2-187 of WT,
Y1221

VGELNCIVAVSQNMGIGKNGDLPWEPPLRNEFRYFQRMT
TTSSVEGKOQNLVIMGKK TWEFSIPEENRPLKGRIMNLVLSR
ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMYWIV
GGSSVIKEAMNHPGHLKLFVIRIMODFESDTFFPEIDLE
KYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

861

hDHIR (E162G, 1176F)

MVGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFQR
MTITTSSVEGKONLVIMGEKTWEFSIPEKNRPLKGRINLVL
SRELKEPPOGAHFLSRILIDDALKLTEQPELANK VDMYW

862
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IVGGSSVYKEAMNHPGHLELFVTRIMODFESDTFFPEID
LEKYKLLPGYPGVLSDVOEEK GFKYKFEVYEEND
hDHFR {(Amino acid 2~187 of WT: | VGSLNCIVAVSQONMGIGKNGDLPWPPLRNEFRYFKRMT | 863
Q36K, Y1221 TTSSVEGKONLVIMGKKTWFSIFEKNRPLEKGRINLVLSR
ELKEPPQGAHFLSRSLDDAL KL TEQPELANKVDMVWIV
GGSSVIKEAMNHPGHLKLFVTRIMQDFESDTFFPEIDLE
KYKLLPEYPGVLSDVOQEEKGIKYKFEVYEEKND

100126] In some embodiments, DD mutations that do not inhibit higand binding may be

preferentially selected. In some embodiments, ligand binding may be improved by mutation of
residues in DHFR. Anmuno acid positions selected for mutation include aspartic acid at position
22 of SEQ ID NO. 2, glutarmic acid at posttion 31 of SEQ ID NO. 2; phenvl alanine at position
32 of SEQ 1B NO. 2; arginine at position 33 of SEQ ID NO. 2; glutamine af position 36 of SEQ
1D NO. Z; asparagine at position 65 of SEQ {D NO. 2; and valine at position 115 of SEQ 1D NO.
2. In some embodiments, one or more ot the following mutations may be utilized m the DDs of
the present invention to improve TMP binding, mclading but not imited to, D225, E31D, F32M,
R335, 365, N65S, and V1161 The position of the mutated amino acids is relative to the
wildtype human DHFR (Uniprot ID: PO0374) of SEQ D NO. 2.

[00127] In some embodiments, novel DDs derived from human DHEFR may include ong, two,
three, four, five or more mutations mcluding, but not limited to, Midel, V2A, CTR, I8V, VoA,
ALOT, AT0V, QI3R, N14S, G168, HI7N, T17V, KI19E N20D, G211, G21E, D22S, 1238, P24§,
L28P, N30D, N3OH, N30S, E31G, E31D, F32M, R33G, R338, F35L, Q36R, (3368, Q36K,
(Q36F, R37G, M38V, M38T, T40A, V44A, K47R, N49S, N4SD, M53T, G54R, K56F, K56R,
TSTA, F598_ 161T, K64R, N65A, N6SS, N6sSD, N65SF, L68S, K69, K69R, R71G, 1727T, 1T2A,
72V, N73G, 74N, V73F, R78G, L80OP, K8IR, ER2G, HERY, FBOL, RO2(G, 8930, SU3R, LI4A,
D56G, A9TT, L98S, K99G, K99R, L100R, E102G, GI03R, P1045, E105G, A107T, A107V,
NIO8D, KI09E KI09R V110A, DITIN, MII2T, MI12V, VII3A, WII4R 1115V, 11150,
Vil6L GIITD, VI2IA, YI22C, Y1220, Y1221 KI123R, KI23E, A125F, M1261, NI27R,
NI1278, N127Y, Hi28R, HI28Y, HI3IR, L132P, KI33E, L134P, FI35P, F135L, FI356,
F1353V, V136M, TI37R, R138G, R13&1, 11397, 139V, M140L M40V, QI41R, D426,
F1438, F143L, E144G, D146G, T147A, F1485, F148L, F149L, PI50L, EI51G, 1152V, DIS3A,
DBI53G, EI155G, KI536R, YIS7R, YISTC, KISEE, KI1S8R, L139P, L1s0P, E162G, Y163,
VI66A, S168C, DI169G, VIT0A, QI7IR, E172G, E173G, E173A, K174R, 1176A, 1176F, 11767,
KI77E, KI77R, Y178C, Y178H, Fi80L, E181G, VIBZA, Y183C, Y183H, E184R, E184G,
KIB3R, K183del, KI8SE, NI86S, NI&aD, DI87G, and DIRTN.

[00128] In some embodiments, novel DDs denved from human DHFR may comprise amino
acids 2-187 of the wild type human DHFR sequence. This may be referred to as an Midel

mutation.
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160129] In some embodiments, novel DDs derved from human DHFR may comprise amino
acids 2-187 of the wild type human DHFR sequence (also referred to as an Midel mutation}, and
may include one, two, three, four, five or more mutations including, but not hmited to, Midel,
V2A, C7R, 18V, VOA, A10T, A10V, Q13R, N14S, G16S, 117N, [17V, KI9E, N20D, G21T,
G21E, D228 1238, P248S, L28P, N30D, N30OH, N30S, E31G, E31D, F32M, R334, R338, F351,
I36R, Q368, Q36K, Q36F, R37G, M38V, M38T, T40A, V44A, K47R, N49S, N49D, M53T,
G34R, K56E, K56R, T57A, F595, 1617, KodR, N63A, N65S, N6SD, N6SF, L68S, K69E, Ko9R
R7IG, V72T, V72A, 172V NT3G, L74N, V75F, R78G, L8OP, K8IR, ER2ZG, H8RY, F&9L, R92G,
893G, S93R, Lo4A, DO6G, A9TT, L98S, K99G, KO9R, L100P, E162G, QI03R, P104S, E105G,
ATO7T, A107V, NIOSD, KI00E, KI109R, VIIGA, DUTIN, MEI12T, M2V, VII3A, WII4R,
THISV, IHISL, VEIGE GHITE, VI2TA, Y122C, Y1220, Y1221 K123R, K123E, A125F, Mi26],
NIZTR NI27S, N127Y, HI28R, HI128Y, HIZIR, L132P, K133E, L134P, F1353P, F135L,
F1358, FI35V, VI36M, T137R, RI138G, RIZ8L 11397, 1139V, MI40f, M40V, QI41R,
D142G, F1438, F1431L, E144G, D146G, T147A F1485, FI48L, F1490, P150L, EI51G, 1152V,
DI33A, DIS3G, E155G, KI156R, YI3TR, YI57C, K158E, K158R, L159P, L160P, E162G,
YI163C, VI6GA, S168C, DI69G, VITOA, QI7IR, E172G, E173G, E173A, K174R, 1176A,
[176F, I176T, KI77E, KIU77R, YI178C, Y178H, FI80L, EI&1G, VI82A, YI83(, YI83H,
E184R, E184G, KI85R, K185del, KI83E, N186S, N186D, D187G, and DX187N.

2

2. Stimuius

160138 Biocircuits of the mvention are triggered by one or more stimuli. Stimuli may be
sclected from a ligand, an extemally added or endogenous metabolite, the presence or absenec of
a defined higand, pH, temperature, hight, 1onic strength, radioactivity, cetlular location, subject
stte, microenvironment, the presence or the concentration of one or more metal tons.

100131] In some embodiments, the stimulus is a ligand. Ligands may be nucleic acid-based,
protem-based, lipid based, organic, inorganic or any combination of the foregoing. In some
embodiments, the higand is selected from the group consisting of a protein, peptide, nucleic acid,
Lipid, lipid derivative, sterol, steroid, metabolite dertvative and a small molecule. In some
embodiments, the stimulus is a small molecule. In some embodiments, the small molecules are
cell permeable. Ligands useful in the present invention include without limitation, any of those
taught in Table 2 of copending commonly owned US serial number 62/320,684, 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 herem
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by reference in their entirety. In some embodiments, the small molecules are FDA-approved,
safe and orally adounistered.

[00132] In some embodiments, the higand binds to dihydrofolate reductase. In some
embodiments, the igand binds to and inhibits dihydrofolate redoctase function and is herein
referred o as a dihvdrofolate mhibitor.

[B0133] In some embodiments, the ligand may be a selective mhibitor of human DHFR.
Ligands of the mvention may also be selective mhibitors of dihydrofolate reductases of bacteria
and parasitic organisms such as Preumocystis spp., Toxoplasma spp., Tryvpanosoma spp.,
Mycobacterium spp., and Strepiococcus spp. Ligands specific to other DHFR may be modified
to mmprove binding to human dihvdrofolate reductase.

[00134] Examples of dibhvdrofolate mhibitors include, but are not limited to, Trimethoprim
(TMP), Methotrexate (MTX), Pralatrexate, Piritrexim Pyrimethamine, Talotrexin,
Chioroguanide, Pentamidine, Trimetrexate, aminoptenn, C1 898 tnhvdrochloride, Pemetrexed
Drsodium, Raltitrexed, Sulfaguanidme, Folotyn, Iclaprnim and Diavenidine. Other examples of
DHFR inhibitors include BAL0G030543, BAL0030544 and BAL0030545, developed by Basillea
Pharmaceuticals; as well as WER 99210, and P218. Any of the inhibitors described by Zhang Q ot
al. (2015} Int J Antimicrob Agents. 2015 Aug; 46(2): 174-182 (the contents of which are
mcorporated herein by reference in their entirety}. Some mhbitors contain bulky benzyl groups
that dramatically diminish binding to human DHFR. In some embodiments, the inhibitors may
be designed without bulky benzvl groups to improve TMP binding.

[00135] In some embodiments, ligands of the present invention may be polvglutamate or non
polvglutamylatable. Like natorally ocourring folates, polyglutamatable folates also contain a
glutamic acid residue and therefore undergo intraceilular polyglutamylation. In contrast. non-
polyvglutamatable antifolates are devoid of a glutamate residue and thus are not available for
polvglutamylation. In some embodiments, polyglutamylatable ligands may be preferred to
increase mtracelular retention as they can no longer be exported out of the cell. In other
crabodiments, non polyghitamylatable igands may be preferred to decrease intracellular
refention.

[00136] In some embodiments, ligands of the present invention may mmchude dihydrofolic acid
or any of its derivatives that may bind to human DHFR. In some embodiments, the ligands of the
present invention, may be 2,4, dianinohetrocvelic compounds. In some embodiments, the 4-oxo
group tn dihydrofolate may be modified to generate DHFR inhibitors. In one example, the 4 -oxo
group may be replaced by 4-amino group. Various diamino heterocycles, including pteridines,

quinazohines, pyridopyrimidines, pyrimidines, and triazines, may also be used as scaffolds to
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develop DHFR inhibitors and may be used in the present invention. The crystal structure of
DHFR m complex with known DHFR inhibitors may be utilized in the rational design of better
DHFR ligands. The ligands used herein include a 2, 4-diamnopyrmidine ring with a propargyl
group linked to an optionally substituted aryl or hetercaryl ring (as deseribed in US Patent No.
US 8,426,432; the contents of which are imcorporated hercin by reference in their entirety).
[80137] In some embodiments, ligands include TMP- denved hgands containing portions of the
ligand known to mediate binding to DHFR. Ligands may also be modified to reduce offtarget
binding to other folate metabolism enzymes and increase specific binding to BHFR.

3. Pavicads: Immunotherapeutic acents

[00138] In some embodiments, pavioads of the present invention may be immunotherapeutic
agents that mduce immune responses in an organism. The immunotherapeutic agent may be, but
is not limited to 3 cytokine, a safety switch {e.g., a suicide gene}, a regulatory swiich, a chimeric
antigen receptor, or any agent that induces an immune response. fn onc cmbodiment, the
mmunotherapeutic agent induces an anti-cancer immune response in a cell, or in a subject.
160139] In some embodiments, the payload of the invention may be any of the co-stimulatory
molecules and/or intracchular domains described herein. In some embodiments, one or more co-
stimulatory molecules, each under the control of ditferent SRE may be used in the present
mvention. SRE regulated co- stimulatory molecules may also be expressed in compunction with a
first generation CAR, a second generation CAR, a third generation CAR, a fourth generation, or
any other CAR design described herein,

Cyiokines. chemokines and other soluble factors

[00140] In accordance with the present imvention, payloads of the present invention may be
cytokines, chemokines, growth factors, and soluble proteins produced by immune cells, cancer
cells and other cell types, which act as chemical communicators between ceils and tissues within
the body. These proteins mediate a wide range of physiclogical functions, from effects on ccll
growth, differentiation, migration and survival, to several effector activities. For example,
activated T cells produce a variety of cytokines for cyvtotoxic function to eluninate tunor cells.
[00141] In some embodiments, pavioads of the present invention may be cviokines, and
fragments, variants, analogs and derivatives thereof, including but not himited to interleukins,
tamor necrosis factors (FNFs), interferons (JFNs}, TGF beta and chemokines. It is understood in
the art that certain gene and/or protein nomenclature for the same gene or protein may be
melusive or exchusive of punctuation such as a dash “~° or symbolic 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 skill i the art. For example, 1.2, 1L.2 and 1L 2 refer to the same
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interleakin. Likewise, TNFalpha, TNFo, TNF-alpha, TNF-q, TNF alpha and TNF o all refer o
the same protein. In some embodiments, payvioads of the present invention may be cytokines that
stimulate immune responses. In other embodiments, pavioads of the invention may be
antagonists of cytokines that negatively impact anti-cancer inimung responses.

j00142] In some embodiments, pavloads of the present invention mayv be cyvtokine receptors,
recombinant receptors, variants, analogs and derivatives thereof, or signal components of
cytokines.

100143] In some embodiments, cytokines of the present invention may be vtilized to improve
cxpansion, survival, persistence, and potency of immune cells such as CD8+Tewm, natural kaller
cells and tumor infiltrating lvmphocytes (TIL) cells used for immunotherapy. In other
embodiments, T cells engineered with two or more BD regulated cytokines are utilized to
provide kinetic control of T cell activation and tumor microenvironment remodeling. In one
aspect, the present invention provides biocircuits and composttions to minimize toxicity related
to cytokine therapy. Despite its success mn mitigating tumor burden, svstemic cyvioking therapy
often results in the development of severe dose limiting side effects. Two faciors contiibute to
the observed toxicity (a) Pleiotropism, whercin cvtokines affect ditferent cells types and
sometimes produce opposing effects on the same cells depending on the context (b) Cyviokines
have short serum half-life and thus need to be administered at high doses to achieve therapeutic
effects, which exacerbates the pleiotropic effects. In one aspect, cytokines of the present
mvention may be utilized to modulate cviokine expression n the event of adverse effects. In
some embodiments, cyiokines of the present invention may be designed {o have prolonged hife
span or enhanced specificity to mininize toxicity.

[06144] In some embodiments, the payload of the present invention may be an interleukin (IL)
cytokine. Interleukins (ILs) are a class of glveoprotemns produced by leukocytes for regulating
mmung responses. As used herein, the term “interleukin (IL)” refers to an interleukin
polypeptide from any species or source and includes the full-length protein as well as fragments
or portions of the protein. In some aspects, the wterieukin pavload is selected from 111,
IL.1alpha (also called hematopoietin-1), Il 1beta (catabolin}, 111 delta, [L1epsilon, [L1eta, IL1
zeta, interlenkin-1 family member | to 11 (LIF] to IL1F11}, interleukin-1 homolog 1 to 4
(HL1HT to IL1H4), IL1 related protein 1 to 3 (JLIRPI to ILIRP3), 112, L3 114, 115, 116, 1.7,
FER, TED, IO, ILIOC, TLI0D, JL1E, IR ta, TR 1h, YL 12, 113, T4, TLIS, 16, 17, IL1TA,
0178, IL17C, IL17E IL17F, IL18, IL19, 1020, 1020 like (JL20L), 1121, 1122, 1123, IL23A,
1L23-p19, 1L.23-p40, 1L24, 125, 1026, 1L27, 1L28A TL28B, 1129 1130, 1L31, 1132, 1133, 1L34,
T35, 1136 alpha, 1136 beta, 1136 gamma, IL36RN, 1L37, 1L37a, 1L.37b, TL37¢, 1374, H.37¢
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and IL3%. In other aspects, the pavioad of the present invention may be an interieukin receptor
selected from CD121a, CDwI21b, IL2ZRa/CD25, HL2RB/CDI22, TLZRyCDI32, CDw131,
CD124, CDI31, CDwi25, CD126, CBI30, CD 127, CDw210, 1L8RA, HL11Rq, CD212,
CD213al, CD213a2, IL14R, IL13Ra, CDwW217, IL18Ra, IL18RE, IL20Rq, and IL20RS.
00145 In onc embodiment, the payload of the mvention may comprise IL2. In one aspect, the
effector module of the invention may be a DD-IL2 fusion polypeptide. The anuno acid
sequences corresponding to BDD-IL2 and its components are listed in the Table 4. The amino acid
sequences in Table 4 may comprise a stop codon which is denoted in the table with 3 *™*” at the
end of the amino acid sequence.

Table 4: BD-IL2 construct sequences

Description Aming Acid Sequenee Amino Nucleic
Actd SEQ | Acid SEQ
i NG B NG/
Sequence
IL2 signal MYRMQLLSCIALSLALVTNS 49 55-56,
sequence 117-118
Linker EFSTEF 30 37
Linker MH - ATGCAC
L2 APTSSSTKRTOLOLEHLLLDLOMILNGINNYKNPELTRM | 51 58-39
LTFKFYMPRKATELKHLOCLEEELKPLEEVENLAQSKNF
HLRPRDLISNINVIVLELKGSETTFMCEY ADETATIVEFL
NRWITFCQSHSTLT
FKBF (F36V, GVQVETISPGDORTFPERGOTCVVHYTOMLEDGKE VDS § 1 60, 878-
Lig6R) SRDRNEPFKFMLGKOEVIRGWEEGVAQMSVGORAK LTI 882
SPDYAYGATGHPGIPPHATLVFDVELLKPE
¢cDHFR {Amine | ISLIAALAVDYVIGMENAMPWNLPADLAWFKRNTLNKP | 9 61, 869~
acid 2-159 of VIMGRHTWESIGRPLPGRENILISQPGTDDRVTWVESY 874
WT) (R12Y, DEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLYLTHIDA
Y106T) EVEGDTHFPDYEPDDWESVFSEFHDADAQNSHSYCFEIL
OT-IL2-001 (IL2 | MYRMQLLSCIALSLALVTNSEFSTEFGVQVETISPGDGR | 52 62
Signal Sequence — | TFPKRGOTCVVHYTGMLEDGKX VD SSRDRNKPFKFML
Linker (EFSTEF)- | GKOQEVIRGWEEGVAQMSVGORAKLTISPDYAYGATGH
FKBP (F36V, PGITPPHATLVFDVELLKPEMHAPTSSSTKKTQLOQLEHLL
L106P) - Linker | LDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHL
(MH) - L2~ stop) | QCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLEL
KGSETTFMCEYADETATIVEFLNRWITFCOSIISTLT
OT-1L2-002 (L2 | MYRMOLLSCIALSLALVTNSAPTSSSTKKTQLOLEHLLL | 53 63
Signal Sequence - | DLOMILNGINNYKNPKLTRMLTFKFYMPKEKATELKHLG
TL2- stop) CLEFELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELK
GSETTPMCEYADETATIVEFLNRWITFCOSIISTLY
OT-IL2-003 (L2 | MYRMOLLSCIALSLALVTNSEFSTEFISLIAALAVDYVIG | 54 64
Signal Sequence - | MENAMPWNLPADLAWFKRNTLNKPVIMGRHTWESIGR
Linker (EFSTEF)- | PLPGRKNULSSQPGTDIRVTWVKSVDEATAACGDVPE]
ecDHFR (Amine | MVIGGORVIEQFLPKAQKLYLTHIDAEVEGDTHFPDYEP
acid 2-159 of DDWESVFSEFHDADAQNSHSYCFEILERRMHAPTSSSTK
WTy{(R12Y, KTQLOLEHLLLDLOMIINGINNYKNPKLTRMLTFKFYM
Y106D) -~ Linker | PKKATELKHLOQCLEEELKPLEEVLNLAGSKNFHLRPRDL
{MH) - 1L2- stop)
QSTSTLT
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100146] In some aspects of the invention, an FL2 mutein may be used as a payload. As used
herein, the term “mutein” is a construct, molecule or sequence of a mutation, change or alieration
m a protein and hence 1s also known as a mutant, ¢.g., a protein nutant, mutein, Conscquently,
an “IL2 mutein” is an [L2 mutant. In some embodiments an [L2 muotein 15 a variant of wild type
IL2 protein, where the wildtype IL2 consists of the amino acid scquence of SEQ D NG 31 in
some aspects, it refers to an IL2 variant which binds to and activates only cells expressing
IL2Rafy, but does not signmificantly bind to or activate cell expressing only IL2ZRBy. In some
examples, an 112 mutein may be an IL2 protein in which residucs of 1L.2 responsible for binding
1o cither IL2RB or HL.2Ry are substituted to abolish the interaction of 1L.2 with HL.2Rf or ILZRy.
In other examples, an IL.2 mutein may be an [L2 protein comprising mutations conferning high
atfimity for ILZRo. An IL2 mutein may be an IL2 selective agomist (FL.254) which can
preferentially activate the high affinity 1L.2 receptor (i.c., ILZRafly} which is necessary to
sclectively activate T cells with respect to NK celis. In some embodiments, the 1.2 mutein may
be IL2 protein which preferentially binds to the lower affinity IL2RPy but with reduced affimity
to CD25.

[00147] In some embodiments, IL2 muteins may be used to preferentially expand or stimulate
Treg cells. As used herein “preferentially expand or stimulate Treg cells™ means the IL2 muteins
promote the proliferation,; survival, activation and /or function of T regulatory cells.

[60148] Exemplary IL2 muteins may include, but arc not limited to, N8SR substitution
(Shanatelt ¢t al., Nature Biorech., 2000, 18:1197-1202), an 1L2 with a V91K substitution {c.g.,
US Patent publication NO. US20140286898); VOIK substitution, C125A substitution, an 1L2
with three mutations: V69A, N7IR, Q74P; an IL2 mustein with high affinity for IL2Ra (N26S,
Y31H, K35R, T37A, K48E, Vo9A N7IR, Q74P); an L2 mutemn with high affinity for IL2Ra
and reduced signaling activity (N295, Y31H, K35R, T37A, K48E, V69A, NTIR, Q74P, N88D,
and D20H, D201, N&8G, N88E, NEER, and (31261 substitutions as described m PCT application
NO. 1995060128; the contents of each of which are incorporated herein by reference m their
entirety. In other aspects, IL2 muteins may include those described in US Patent NOs. 4,518,584,
5,116,943; 5,206,344 6,955,807, 7,105,653, 7,371,371, 7,803,361, 8,124,066, 8,349,311,
§,759,486; and 9,206,243, PCT patent pubhication NGs. W2005086751 and W(2012088446;
European Patent N.s.. EP0234599 and EP0200280 and Sim, G.C. et al. {2016} Cancer Immunol
Res; 4(11):983-994; the contents of cach of which are incorporated herein by reference in their
entirety.

108149] In some aspects, the 112 mutein may be fused to a polypeptide that extends the serum

halt-life of the {L.2 mutein, such as an 1gG Fe fragment. Preferred Fe regions are derived from
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human IgG, which mclades IgGl, 1gG2, 1863, and 1G4, In other aspects, the payload of the
mvention may be an .2 fusion proicin comparing a second functional polvpeptide. ¥o a non-
hmiting example, an IL2 fusion protein may comprise an IL2 or IL2 mutem polvpeptide fused
with a pro-apoptotic Bel-2 family polyvpeptide (such as Bad, Bik/Nbk, Bid, Ban/Bod, Hrk, Bak
or Bax); such fusion protein may be capable of inhibiting cell survival, inhibiting ccll
proliferation, or enhancing cell death or apoptosis of a target cell expressing an 112 receptor.
Alternatively, an 1L2 or IL2 muotem polvpeptide may be fused with an anti-apoptotic Bel-2
family polypeptide {such as Bel-xo, Bel-w or Bel-2). The fusion protein may be capable of
enhancing cell survival, enhancing cell proliferation, or inhibiting cell death or apoptosis of a
target cell expressing an [L.2 receptor. See, e.g.. US patent publication NOS. US2016/0229901,
[00150] In addition, the IL.2 fasion protein may be a IL2-GMCSF fusion protemn which can
promote cell-cell mteraction; therefore, enhances anti-cancer immung respouses (Wen et al | J.
Tramsiational Med., 2016, 14: 41},

Safety switch

100151] In some embodiments, payloads of the present invention may comprise SRE regulated
safety switches that can eliminate adoptively transferred cells in the case of severe toxicity,
thereby mitigating the adverse effects of T cell therapy. Adoptively transferred T cells in
mmunotherapy may attack normal cells in response to normal tissue expression of TAA. Even
on-tumor target activity of adoptively transferred T cells can result in toxicities such as tumor
tysis svndrome, cviokine release syndrome and the related macrophage activation syndrome.
Safety switches may be utilized to eliminate mappropriately activated adoptively transferred
cells by induction of apoptosis or by imnunosurveillance.

100152] In some embodiments, payloads of the present invention may comprise inducible
killer/suicide genes that acts as a safety switch. The killer/suicide gene when mitroduced into
adoptively transferred immane cells, could control their alloreactivity. The killer/suicide gene
may be an apoptotic gene {e.g., any Caspase gooe) which allows conditional apoptosis of the
transduced cells by administration of a non-therapeutic igand of the SRE (c.g., DD}

[00153] In some embodiments, the payioad of the present invention may be Caspase 8. In some
instances, Caspase 9 may be modified to have low basal expression and lacking the caspase
recruitment domain {CARD) (SEQ ID NOS. 26 and SEQ ID NOS. 28 of US Patent No.
US943493582; the contents of which are incorporated by reference m their entirety).

[00154] In one embodiment, the pavicad of the present invention is a suicide gene svstem,
1Casp9/Chemical induced dimerization (CID) system which consists of a polypeptide derived

from the Caspasc9 gene fused to a drug binding domain derived from the human FK306 protein.
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Administration of bioinert, small molecule APTS03(rimiducid), mduces cross linking of the drug
binding domains and dimerization of the fusion protein and in turn the dimerization of Caspasc
9. This results n the activation of downstream effector Caspase 3 and subsequent induction of
cellular apoptosis {Straathof et al., Blood, 2005, 105: 42474234, incorporated herein by
reference o its entirety). Prechinical trials using CART including an 1Casp9 gene bave shown
effective chimination of CAR T cells in vivo in mouse models and demonstrate the potential
efficacy of this approach. (Budde et al, Plos One, 2013, 8. ¢82742.10.1371; Hoyos et al,
Leukemia, 2010; 24(6).1160-1170}. In one embodiment, the payload of the mmvention may
comprise Caspase 9. In one aspect, the effector module of the invention may be a DD-Caspasc9
fusion polypeptide. The DD-Caspase 9 may comprise the amino acid sequences provided in
Table 5. The amino acid sequences in Table 5 may comprise a stop codon which is denoted in
the table with a *“*”" at the end of the amino acid sequence

Table 8: BI-Caspase 9 consiructs

Description/ Amino acid sequence Amine Nucleic

Construct 1D Acid Acid SEQ
SEQID | IDNOJ
NO, Sequence

Caspase 9 DEADRRLLRRCRLRLVEELQVDQLWDALLSRELFRPH | 653 81-82

MIEDIQRAGSGSRRDGAROQLIDLETRGSOALPLFISCLE
DTGODMLASFLRTNROQAAKLSKPTLENLTPVVLRPEIR
KPEVLRPETPRPVDIGSGGFGDVGALESLRGNADLAYI
LSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEKLRRR
FSSLHFMVEVKGDLTAKKMVLALLELAQODHGALDC
CVVVILSHGCQASHLOFPGAVYGTDGCPVSVEKIVNIF
NGTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPED
ESPGSNPEPDATPFQEGLRTFDQLDAISSLPTPSDIFVSY
STFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOQSL
LLRVANAVSVKGIYKOMPGCFNFLRKKLFFETS

{aspase delta GVDGFGDVGALESLRGNADLAYILSMEPCGHCLIINNY | 66 83

Ch NFCRESGLRTRTGANIDCEKLRREFSSLHFMVEVKGDL
TAKKMVLALLELARQDHGALDCCVVVILSHGCOQASHL
QFPGAVYGTDGCPVIVEKIVNIFNGTSCPSLGGKPKLFF
IGACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFQE
GLRTFDQLDAISSLPTPSDIFVSYSTFPGEFVSWRDPKSGS
WYVETLDDIFEQWAHSEDLOSLLLRVANAVSVEGIYK
ONMPGCENFLRKKLFFKTS

Linker VDYPYDVPDYALD 67 84

Linker SGGGH 68 85,69, 86

Linker OLIGMLOGLMEDL 908 909

Linker SG - AGLCGGC

FKBP (F36V, GVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKVD | 11 640, 878~

L106P) SSRDRNKPFKIMLGKOEVIRGWEEGVAQMSVGORAK 882
LTISPDYAYGATGHPGIHPPHATLVFDVELLKPE

FKBP Fi6V)y | GVOVETISPGDGRTFPKRGQTCYVHYTGMLEDGKKYVD | 70 87

SSROENKPFKFMLGKQEVIRGWEEGVAQMSYVGORAK
LTISPDYAYGATGHPGIIPPHATLVFDVELLKLE
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FKBP (E31G, | GVOVETISPGDGRIFPKRGOTCYVHY TGMLGDGKKY 12 88, 883~
F36V, R71G, DSSRDRNEPFKFMLGKQEVIRGWERGVAQMSVGGA 889
K105E) KLTISPDYAYGATGHPGUPPHATLVFDVELLELE
ecDHFR MISLIAALAVDY VIGMENAMPWNLPADLAWTKENTL 8 89
(R12Y, 100Dy | NKPVIMGRHTWESIGRPLPGRKNITLSSQPGTDDRVTW
VKSVDEATAACGDVPEIMVIGGGRVIEQFLPEKAQKLYL
THIDAEVEGDTHFPDYEPDDWESVESEFHDADAQNSH
SYCFEILERR

ecDHFR ISLIAALAVDYVIGMENAMPWNLPADLAWFKRNTLNK | 71 S0

{Amino acid 2- | PVIMGRHTWESIGRPLPGRKNILSSQPGTDDRVIWVK

159 of WT) SYDEAIAACGDVPEIMVIGGGRVYEQFLPKAQKLYLTH

RI12Y, IDAEVEGDTHFPDYKPDDWESVESEFHDADAQNSHSY

Ei29K) CFEILERR

ecDHFR ISLTIAALAVDYVIGMENAMPWNLPADLAWFKRNTINK | 9 61, 869-

{(Amine acid 2- | PVIMGRHTWESIGRPLPGRENILISOPGTIDRVIWVE 874

139 of WT} SYDEAIAACGDVPEIMVIGGGRVIEQFLPK AQKLYLTHI

(R12Y, Y106]) | DAEVEGDTHFPDYEPDDWESVFSEFHDADAQNSHSYC
FEILERR

hDHFR MYVGSLNCIVAVSQNMGIGKNGDLFWFPLRNEFRYFQR | 18 91

(Y1221 MTTTSSVEGKONLVIMGKEKTWESIPEENREPLKGRINLY
LSRELKEPPQGAHFLSRSLIDALKLTEQPELANK VDM
YWIVGGSSVIKEAMNHPGHLELFVIRIMODFESDTEFP
FIDLEKYKLLPEYPGVLESDVOEEEGIKYKFEVYEKND

hDHFR MVGSLNCIVAVSONMGIGENGDLPWPPLENEFRYFQR | 31 52

(V75F, Y1220y | MTTTSSVEGKONLVIMGKKTWESIPEKNRPLKGRINLF
LSRELKEPPOQGAHFLSRSLDDALKL TEQPELANK VDM
VWIVGGSSVIKEAMNHPGHLKLFVIRIMODFESDTEEFP
EIDLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

hDHFR MVGSLNCIVAVSONMGIGKNGDLPWPPLRNEFRYFOQR | 32 93

(L94A, MTTTSSVEGKONLVIMGKKTWE SIPEKNRPLKGRINLY

Ti47A) LSRELKEPPQGAHFLARSADDALKLTEGPELANKVDM
VWIVGGSSVYKEAMNHPGHLKLFVTRIMQDFESDAFF
PEIDLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKND

OT-CASPY- MGVOVETISPGDGRTFPKRGOTCYVVHYTGMLEDGKK 72 54

001 (Met — VDSERDRNKPFKFMLGKQEVIRGWEEGVAQMIVGOR

FKBP (F36V, | AKLTISPDY AYGATGHPGOPPHATLVEDVELLKPESGG

L106PR) — GSDEADRRLULRRCRLRLVEELQVDGQLWDALLSRELFR

Linker PHMIEIMQRAGSGSRRDQARQLODLETRGSQALPLEISC

(5GGGS) - LEDTGODMLASFLRTNROQAAKLSKPTLENLTPVVLRPE

Caspase 9 - IRKPEVLRPETPRPVDIGSGGFGDVGALESLRGNADLA

Stop) YILSMEPCGHCLIINNVNFCRESGLRTRTGSNIDCEKLR
RRFSSLHFMVEVKGDLTAKKMVLALLELAQODHGAL
DCCVVVILSHGCQASHLOFPGAVYGTDGCPVSVEKTV
NIFNGTSCPSLGGKPKLFFIQACGGEQKDHGEFEVASTSP
EDESPGSNPEPDATPTQEGLRIFDOLDAISSLPTPSDIFY
SYSTFPGFVSWEDPKSGSWYVETLDDIFEQWAHSEDL
OSLLLRVANAVSVEKGIVEOMPGCENFLEKKLFFKTS*

OT-CASPY- MISLIAALAVIYY VICMENAMPWNLPADLAWEFKRNTL 73 85

002 (ecDHTR | NKPVIMORHTWESIGRPLPGRENOLSSOQPGTDDRVTW

R1ZY, Y1I00L) | VKSVDEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLYL

—Linker THIDAEVEGDTHFPDYEPDDWESVFSEFHDADAQNSH

(8GGGS) - SYCFEILERRSGGGSDEADRRLLRRCRLRLVEELQVDQ

Caspase 9 - LWDALLSRELFRPHMIEDIQRAGSGSRRDQARQLIDL

stop) TRGSQALPLFISCLEDTGODMLASFLRTNRQAAKLSKP
TLENLTPYVLRPEIRKPEVLRPETPRPVDIGSGGFGDVG
ALESLRGNADLAYILSMEPCGHCLIINNVNFCRESGLRT
RTGSNIDCEKLERRFSSLHFMVEVKGDLTAKKMVLAL
LELAGODPHGALDCCVVVILSHGCQASHLOFPGAVYGT
DGCPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQK
DHGFEVASTSPEDESPGSNPEPDATPFOEGLRTFDOLD
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AISSLPTPSDIFVSY STPPGEFVSWRDPKSGISWYVETLDDI
FEQWAHSEDLQSLLLEVANAVSVKGIYKQMPGCENFL
RKEKLFFKTS*

OT-CASPO-
003 (WDHFR
Y1220y -
Linker
{(8GGGS) -
Caspase 9 -
stop)

MVGSLNCIVAVSQONMGIGKNGDLPWFPLRNEFRYFQR
MTTTSSVEGKONLVIMGKKTWISIPEKNRPLKGRINLY
LSRELKEPPQGAHFLSRESLDDALKI TEQPELANKVDM
VWIVGGSSVIKEAMNHPGHLELFVIRIMQDFESDTEFP
EIDLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKNDS
GGGSDEADRRLIRECRLRLVEELQVDOQLWDALLSREL
FRPEHMIEDIQRAGSGSREDOQARQLUIDLETRGIQALPLFI
SCLEDTGODMLASFLRTNROAAKLSKPTLENLTPVVLR
PEIRKPEVLRPETPRPVDIGSGGFGDVGALESLRGNADL
AYILAMEPCGHULINNVNFCRESGLRTRTGSNIDCERL
RRRFS[LHFMVEVKGDLTAKKMYLALLELAQUDHGA
LDCCYVVILSHGUQASHLOFPGAVYGTDGUPYSVEKIV
FNGTSCPSLGGKPKLEFIQACGGEQKDHGEEVASTSP
EDESPGSNPEPDATPFQEGLRTIDQLDAISSLPTPRINEY
SYSTFPGFVSWRDPKSGSWY VETLDIMFEQWAHSEDL
OSLLLRVANAVSVEKGIYKOMPGCENFLREKKLFFKTS*

OT-CASPY-
34 (hDHFR
(V75F, Y1220
- Linker
(SGGGS) -
(Caspase 9 -
stop)

MVGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQR
MTTTSSVEGKOQNLVIMGKEKTWESIPEKMNEPLKGRINLF
LSRELKEPPQGAHFLSRSLIDALKLTEQPELANK VDM
YWIVGGSSVIKEAMNHPGHLELFVIRIMODFESDTEFP
EIDLEKYKLLPEYPGVLSDVOEEKGIKYKFEVYEKNDS
GGGSDEADRRLIERRCRLRLVEELQVDIQLWDALLSREL
FRPHMIEDIQRAGSGSERDQARQLIDLETRGIQALPLFL
SCLEDTGODMLASFLRTNROAAKLSKPTLENLTPVVLR
PEIRKPEVLRPETPRPVDIGSGGPFGDVGALESLRGNADL
AYILAMEPCGHULINNVNFCRESGLRTRTGSNIDCEKL
RRRFSSLHFMVEVKGDLTAKKMVYLALLELAGQGODHGA
LBCCVVVILSHGCQASHLQFPGAVYGTDGUPVSVEKIY
NIFNGTSCPSLGGKPKLFFIQACGGEQKDHGEFEVASTSP
EDESPGSNPEPDATPTOEGLRTFDOLDAISSLPIPSDIFY
SYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDL
OSLLLRVANAVSVEGIYKOMPGCENFLREKKLFFKTS*

~3
U

N
-~

OT-CASPY-
005 (WDHFR
(L94A,
T147A) -
Linker
(5GGGS) -
Caspase 9 -
stop)

MVYGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFPQR
MTTTSSVEGKQNLVIMGKETWEFSIPEKNRPLKGRINLV
LSRELKEPPOGAHFLSRSADDALKLTEQPELANKVDM
VWIVGGSSVYKEAMNHPGHLKLFVIRIMOQDFESDAFF
PEIDL LADVOEEKGIKYKFEVYEKND
SGGGSDEADRRLLRRCRLRLVEELGVDQLWDALLSRE
LFRPHMIEDIQRAGSGSRRDOARQLIDLETRGSQALPL
FISCLEDTGODMELASFLRTNRQAAKLSKPTLENLTPVY
LRPEIRKPEVLRPETPRPVDIGSGGFGDVGALESLRGNA
DLAYILSMEPCGHCLINNVNFCRESGLRTRTGSNIDCE
KLRRRFSSLHFMVEVKGDLTAKKMVLALLELAQQDH
GALDCCVVVILSHGCQASHLOQFPGAVYGTDGCPVSVE
KIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVAS
TSPEDESPGSNPEPDATPFOEGLRTFDQLDAISSLPTPSD
IFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSE
DLOSLLLEVANAVSVKGIYKOMPGCFNFLRKELFFKTS

e
o

OT-CASPY-
006 (Met —
Leu—-Glu -
FKEBP (F36V}
— Linker
(SGGGS) -
Caspase Delta
CD — Linker

MLEGVOQVETISPGDGRTFPKRGOTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMIVGO
RAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLESG
GGSGVDGFGDVGALESLRGNADLAYILSMEPCGHCLI
NNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVK
GDLTAKKMVLALLELARQDHGALDCCVVVILSHGCQ
ASHLOQFPGAVYGTDGCPVSVEKIVNIFNGTSCPSLGGK
PELITFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDAT

~3
-3

99
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(QLIGMLQG | PFQEGLRTFDOQLDAISSLPTPSDIFVSY STFPGEVSWRDP
LMBRDL) - ESGSWYVETLDDIFEQWAHSEDLQSLLLRVANAVSVK
stop) GIYKOMPGCENFLREKLFFKTSOQOLIGMLOGLMRDL*
OT-CASPY- MDEADRRLLRRCRLRLVEELGVDOLWDALLSRELFRP | 78 100
007 (Met - HMIEDIGRAGSGSREDQARQLIIDLETRGSQALPLFISCL
Caspase 9 — EDTGODMLASFLRTNRQAAKLSKPTLENLTPVVLRPEI
Linker (§8G) - | RKPEVLRPETPRPVDIGSGGFGDVGALESLRGNADLAY
FKBP (E31G, | ILSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEKLER
F36V, R714G, RFSSLHFMVEVKGDLTAKKMVLALLELAQOQDHGALD
K105E) - stop) | CCYVVILSHGCQASHLOFPGAVYGTDGCPYSVEKIVNI

FNGTSCPSLGGK PKLFFIQACGGEQKDHGFEVASTSPE
DESPGSNPEPDATPFOEGLRTFDOQLIAISSLPTPSDIFVS
YITFPGPVSWRIPKSGSWY VETLDDIFEQWAHSEDLQ
SLLLRVANAVSVEGIYKQMPGCENFLRKKLFFKTS3GG
VQVETISPGDGRTFPERGOTCVYVHY TCGMLGDGKIK VIS
SRDRNEPFKFMLGKQEVIRGWEEGVAQMAVGQGAKL
TIRPDYAYGATGHPGHPPHATLVFDVELLELE*
OT-CASPY- MDEADRRLLRRCREREVEELGVDQUWDALLSRELFRP | 79 161
008 (Met - HMIEDMOQRAGSGSREDQARQLIDLETRGSQGALPLFISCL
Caspase 9 — EDTGODMLASFLRTNROQAAKLSKPTLENLTPVVLRFPE]L
Linker (S84 - | RKPEVLRPETPRPVINGSGGFGDVGALESLRGNADLAY
ecDHFR ILSMEPCGHCLINNYNFCRESGLRTRTGSNIDCEKLER
{Amino acid 2- | RFSSLHFMVEVKGDLTAKKMVLALLELAQODHGALD
159 of WT) CCVVVILSHGCQASHLOFPGAVY GTDGCPYSVEKIVN]
(R1ZY, YI00D | FNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPE
- §top DESPGENPEPDATPFOEGLRTFDOLIDAISSLPTPSDIFVS
YITFPGPVSWRIPKSGSWY VETLDDIFEQWAHSEDLQ
SLLLRVANAVSVEGIYKOMPGCENFLREKLFFETS3GI
SLIAALAVDYVIGMENAMPWNLPADLAWFKENTLNK
PVIMGRHTWESIGRPLPGRENILSSCPGTDDRVIWVK
SYDEAIAACGDVPEIMVIGGGRVIEGFLPK AQKLYLTHI
DAEVEGDTHFPDYEPDDWESVFSEFHDADAQNSHSYC
FEILERR?
OT-CASPY- MDEADRRLLRRCREREVEELGVDQUWDALLSRELFRP | 80 162
009 (Met - HMIEDHQRAGSGSERDQARGQLUDLETRGRGALPLFISCL
Caspase 9 - EDTGODMLASFLRTNEQAAKLSKPTLENLTPVVLEPE]
ecDHFR RKPEVLRPETPRPVIHGRGGFGDVGALESLRGNADLAY
(Amine acid 2- | ILSMEPCGHCLONNYNFCRESGLETRTGSNIDCEKLRER
139 of WT} RFSSLHFMVEVKGDLTAKKMVLALLELAQQDHGALD
R1ZY, CCVVVILSHGCQASHLOFPGAVY GTDGCPYSVEKIVN]
E129K) - stop) | FNGTS3CPSLGGKPKLFFIGACGGEQKDHGFEVASTSPE
DESPGSNPEPDATPFQEGLRTIFDGLDAISSLPTPSDIFVS
YSTFPGFVSWRDPKSGSWY VETLDDIFEQWAHSEDLQ
SLLLRVAMNAVSVKGIYKOQMPGCFNFLRKKLFFKTSSGI
SLIAALAVDYVIGMENAMPWNLPADL AWFKRNTLNK
PVIMGRHTWESIGRPLPGRENILSSCPGTDDRVIWVK
SVDEAIAACGDVPEIMVIGGGRVYEQFLPKAQKLYLTH
IDAEVEGDTHFPDYKPDDWESVFSEFHDADAQNSHSY
CFEILERR*

I60155] In some instances, the 1Casp9/CID system hag been showa to have a basal rate of
dimerization even in the absence of nmiducid, resulting in unintended cell death. Regulating the
expression levels of 1Casp9/CID is enitical for maximizing the efficacy of 1Casp@/CID system.
Biocircuits of the present mnvention and/or any of their components may be utilized m regulating

or tuning the 1Casp®/CID system to optimize its utility. Other examples of proteins used in

42



WO 2018/160993 PCT/US2018/020704

dimerization-induced apoptosis paradigm may include, but are not limited o Fas receptor, the
death ctfector domain of Fas-associated protein, FADD, Caspase 1, Caspase 3, Caspase 7 and
Caspase 8. (Belshaw P.J. et al, Chem Biol., 996,3.731-738; MacCorkie R.A. et al, Proc Natl
Acad Sci, 1998, 95:3655-3660; Spencer, D M. et al., Curr Biol 1996; 6:839-847. the contents of
cach of which are incorporated berein by reference m their entiretv).

[00156] In some embodiments, the safety switch of the present invention may comprise a
metabolic enzyme, such as herpes simplex virus thymidine kinase (HSV-TK) and cytosine
deaminase {CD). HSV-TK phosphorylates nucleoside analogs, mcluding acyclovir and
ganciclovir {(GCV} to generate triphosphate form of nucleosides. When incorporated into DNA,
it leads to chain termunation and cell death. Unlike the mammalian thymudine kinase, HSV-TK
i characterized by 1000-fold higher affinity to nucleoside analogs such as GCV, making it
suitable for use as a suicide gene in mammalian colls. Cytosing deaminase {CD) can converis 5-
fluorocytosine {5-FC) mto the cyvtotoxic S-fluorouracil (3-FU) (Tiraby et al, FEAMS Lett., 1998,
167 41-49).

100157] In some embodiments, the safety switch of the present mvention may comprise a
CYP4B1 mutant (as suicide gene), which may be co-expressed in a CAR engineered T cells
{Roellecker et al., Gen Ther.,, 2016, May 19, doi: 10.1038/g1.2016.38.).

[00158] In some embodiments, the pavioad of the present mvention may comprise a fusion
construct that can induce cell death, for example, a polypeptide with the formula of 5t-R1-51-(3-
$2-R2, wherein the St is a stalk sequence, R1/2 and § are different epitopes; and 51/2 arc
optional spacer sequences (See International patent publication NOS. WO2013153391; the
content of which are incorporated herein by reference m their entirety).

100159] In some embodiments, safety switch may be mediated by therapeutic antibodies which
specifically bind to an antigen that is expressed m the plasma membrane of adoptively
transferred cells. The antigen-antibody interaction allows cell removal after admunistration of a
specific monocional antibody against the antigen. As non-limiting exarples, payloads of the
present invention may comprise the antigen and antibody pair used to mediate safety switch
such as CD20 and anti-CD20 antibody (Griffioen et al., Haematologica, 2009, 94:1316-1320), a
protein tag and anti-tag antibody {(Kieback et al., Narl. Acad. Sei. US 4., 2008, 105: 623-628), a
compact suicide gene {RQRS) combining epitopes from CD34 {(as a marker moiety) and CD20
(as a suicide moicty) which enables CI334 sclection, cell tracking, as well as cell deletion after
anti-CP20 monoclonal antibody admmistration (Philip et al., Blood, 2014, 124: 127712873,
truncated human EGFR polypeptide and anti-EGFR monoclonal antibody {Wang et al, Blood,

2011, 118:1255-1263); and a compact polypeptide safety switch having a structural formula as

43



WO 2018/160993 PCT/US2018/020704

discussed in U.S Patent Application Publication NOS. US20150093401; the contents of each of
which are mcorporated herein by reference in thetr entirety.

Regulatory switch

[60166] The utility of adoptive cell therapy (ACT) has been limited by the high mcidence of
zraft versus host disease (GYHD). GVHD occurs when adoptively transferred T cells elicit an
immune response resufting in host tissue damage. Recognition of host antigens by the graft cells
triggers a proinflammatory cytokine storm cascade that sigmifies acute GVHD. GVHD is
characterized as an imbalance between the effector and the regulatory arms of the immune
svstem. In some embodiments, the payvioads of the present invention may be used as regulatory
switches. As used herein "regulatory switch” refers proteins, which when expressed m target
cells increase tolerance to the graft by enhancing the regulatory arm of the immune system.
160161] In one embodiment, regulatory switches may include payloads that preferentially
promote the expansion of regulatory T (Treg colls). Tregs are a distinct population of cclis that
are positively sclected on high affinity igands m the thymus and play an important role in the
tolerance to self-antigens. In addition, T regs have alsc been shown to play a role i peripheral
tolerance to foreign antigens. Since Tregs promote immune tolerance, expansion of Tregs with
the compositions of the mvention may be desirable to it GVHD.

[00162] In some embodiments, the regulatory switch may include, but 1s not hmited to T regs
activation factors such NF«xB, FOXO, nuclear receptor Nrda, Retinoic acid receptor alpha,
NFAT, AP-1 and SMAD. Such factors can result in the expression of Fork headbox P3 (FOXP3)
in T cells resulting 1o the activation of the regulatory T cell program and the expansion of T
cells.

[00163] In one embodiment, the regulatory switch may be FOXP3, a transcriptional regulator in
T cells. A function of FOXP3 is 1o suppress the function of NFA'T, which leads to the
suppression of expression of many genes including 1.2 and effector T-cell cytokines. FOXP3
acts also as a transeription activator for genes such as CD2S, Cyiotoxic T-Lyvmphocyte Antigen
Cytotoxic T-Lymphocyte Antigen 4 {CTLA4), glucocorticoid-induced TNF receptor family gene
(GITR}) and folate receptor 4. FOXP3 also inbibits the differentiation of H.17 producing helper
T-cells (Thi7) by antagonizing RORC (RAR related orphan receptor C). Isoforms of FOXP3
lacking exon2 (FOXP3 delta 23, or exon 7 (FOXP3 delta 73 may also be used as regulatory
switches. In one aspect, the effector module of the imvention may be a DD-FOXP3 fusion
polvpeptide. The DD-FOXP3 may comprise the ammo acid sequences provided in Table 6. The
amino acid sequences in Table 6 may comprise a stop codon which is denoted in the table with a

“*7 ot the end of the amino acid sequence.
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FOXP3 delta
b

“

RGPGGTPQGRILRGGAHASSSSLNPMPPSQLOLSTVDA
HARTPVLOVHPLESPAMISLTPPTTATGVFSLKARPGLP
PGINVASLEWVSREPALLCTFPNPSAPRKDSTLSAVPQS
SYPLLANGVCKWPGCEKVFEEPEDFLKHCQADHLLDE
KGRAQCLLOREMVQSLEQOLVLEKEKLSAMQAHLAG
KMALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPR
EAPDSLFAVRRHLWGSHGNSTFPEFLENMDYFKFHNM
RPPFTYATLIRWAILEAPEKQRTLNEIYHWFTRMFAFFR

WO 2018/160993 PCT/US2018/020704
Table 6: BD-FOXP3 constructs
Construct/ Aminn Acid sequence Aming Nucleic
Description Acid SEQ | Acid SEQ
B NO. D N,

Linker SGGGS 68 85,69, 86

Linker SG - AGCGGC

FKBP (F36V, | GVOQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK VD | 11 64, 878-

L106P) SSRORNKPFKFMLGKOEVIRGWEEGVAQMSVGORAK 882
LTISPDYAYGATGHPGIPPHATLVFDVELLKPE

FKBP (E31G, | GVOQVETISPGDGRTFPKRGQTCVVHYTGMLGDGKKY 12 88, 883~

F36V, R71G, | DSSRDRNKPFKFMLGKQEVIRGWEEGVAQMIVGQGA 889

K105E) KLTISPDYAYGATGHPGIIPPHATLVFDVELLELE

ecDHFR MISLIAALAVDYVIGMENAMPWNLPADLAWFKRNTL 8 85

(R12Y, NKPVIMGRHTWESIGRPLPGRENIILSSQPGTDDRVTW

Y100D) VKSVDEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLYL
THIDAEVEGDTHFPDYEPDDWESVFSEFHDADAQNSH
SYCFEILERR

ccDHFR ISLIAALAVDYVIGMENAMPWNLPADLAWFKRNTLNK | 9 61, 869~

{Amino acid PVIMGRHTWESIGRPLPGREKNIILSRQPGTDDRVTWVK 874

2-159 of WT) | SVDEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLYLTHI

RI1ZY, DAEVEGDTHFPDYEPDDWESVFEFSEFHDADAQNSHIYC

Y100D) FEILERR

FOXP3 full MPNPRPOGKPSAPSLALGPSPGASPSWRAAPKASDLLGA | 103 g1l

length RGPGGTFQGRIDLRGGAHASSSSINPMPPSOQLOLPTLRL
VMVAPSGARLGPLPHLOALLQDRPHFMHOLSTVDAH
ARTPVLOVHPLESPAMISLTPPTTATGVFSLK ARPGLPP
GINVASLEWVSREPALLCTFPNPSAPRKISTLSAVP(GSS
YPLLANGVCKWPGCEKVFEEPEDFLKHCQADHLLDEK
GRAQCLLOREMVQSLEGQLVLEKEKLSAMGQAHLAGK
MALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPRE
APDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNMR
PPFTYATLIRWAILEAPEKQRTLNEIYHWFTRMFAFFRN
HPATWKNAIRHNLSLHKCFVRVESEKGAVWTVDELEF
RKERSQRPSRCSNPTPGP*

Amino Acid PNPRPGKPSAPSLALGPSPGASPSWRAAPKASDLLGAR | 104 312

2-431 of GPGOTFOGRDLREGGAHASSSSINPMPPSQLOLPTLPLY

FOXP3 full MVAPSGARLGPLPHLQALLODRPHFMHQLSTVDAHAR

length TPVLQVHPLESPAMISLTPPTTATGVESLKARPGLPPGI
NVASLEWVSREPALLCTFPNPSAPRKDSTLSAVPOSSY
PLLANGVCKWPGCEKVFEEPEDFLKHCQADHLLDEKG
RAGCLLOREMVQSLEQOLVLEKEKLSAMOQAHLAGKM
ALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPREAP
DSLFAVRRHLWGSHGNSTFPEFLENMDYFKFHNMEPP
FIYATLIRWAILEAPEKQRTLNEIYHWFTRMFAFFRNH
PATWKNAIRHNLSLHKCFVRVESEKGAVWTVDELEFR
KKRSQRPSRCSNPTPGP
MPNPRPOGKPSAPSLALGPSPGASPSWRAAPKASDLLGA | 105 13
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NHPATWEKNARHNLSLHKCFVRVESEKGAVWTVDELE
FRKKRSOQRPSRCSNPTPGP

FOXP3 delta
2

PNPRPGKPRAPSLALGPSPGASPSWRAAPKASDLLGAR
GPGGTPOQGRDLRGGAHASSSSLNPMPPSOLOLSTVDA
HARTPVLOVHPLESPAMISLTPPTTATGVESLKARPGLP
PGINVASLEWVAIREPALLUTEPNPSAPREKDSTLSAVPOS
SYPLLANGVUKWPGCEKVFEEPEDFLKHCQADHLLDE
KGRAQULLOREMVOSLEQQLVLEKEKLSAMOQAHLAG
KMALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPR
EAPDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNM
RPPFTYATLIRWAILEAPEKQRTLNEIYHWFTRMFAFFR
NHPATWENAIRHNLSLHKCFVRVESEKGAVWTIVDELE
FREKRSORPSRCSNPTPGE

106

OTF-FOXP3-
(01 (FoxP3 -
stop)

MPNPRPGKPSAPSLALGPSPCASPRWRAAPK ASDLLGA
RGPGGTPQGRILRGGAHASSSSLNPMPPSQLOLPTLPL
VMVAPSGARLGPLPHLOALLODRPHFMHEQLSTVIAH
ARTPVLOVHPLESPAMISLTPPTTATGVFSLK ARPGLPP
GINVASLEWVSREPALLCTFPNPSAPRKIISTLSAVPQSS
YPLLANGVCK WPGCEK VFEEPEDFLK HCQADHLLDEK
GRAQCLLOREMVQSLEQQLVLEKEKLS AMGAHLAGK
MALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPRE
APDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNMER
PPFTYATLIRWAILEAPEKQRTLNEIVHWFTRMFAFFRN
HPATWKNAIRHNLSLHKCFVRVESEK GAVWTVDELEF
RKKRSQRPSRCSNPTPGE*

107

OT-FOXP3-
(02 (FoxP3
Delta 2 -
stop)

MPNPRPGKPSAPSLALGPSPGASPSWRAAPKASDLLGA
RGPOGGTFQGRIDLRGGAHASKSSINPMPPSQLOLITVDA
HARTPYLOVHPLESPAMISLTPPTTATGVESLEKARPGLP
PGINVASLEWVSREPALLCTITPNPSAPRKIISTLSAVPQS
SYPLLANGVCEWPGCERKVFEEPEDFLKHCQADHLLDE

KGRAQCLLOREMVOQSLEQOLVLEKEKLSAMQARLAG

KMALTKASSVASSDEGICCIVAAGSQGPVVPAWSRGPR

EAPDSLFAVRRHLWGSHGNSTFPEFLENMDYFKFHNM
RPPFTY ATLIRWAILEAPEKQRTLNEIYHWEFTRMEFAFFR
NHPATWKNAIRHNLSLHKCFVRVESEKGAVWIVDELE
FRKERSORPSRCSNPTPGP®

108

OT-FOXP3-
603 (Met -
FKRBP (F36V,
L106P) -
Linker
{(8GGGS) -
Amino Acid
2-431 of
FOXP3 full
length - stop)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLEDGEK
VDSERDRNEPFKFMLGKQEVIRGWEEGVAQMIVGOR
AKLTISPDYAYGATGHPGUPPHATLVEDVELLKPESGG

ARGPGGTFOGRDLRGGAHASSSSLNPMPPSQLOLPTLP

LVMVAPSGARLGPLPHLOALLODRPHFMHQLSTVIAH
ARTPVLOVHPLESPAMISL TPPTTATGVFSLK ARPGLPP

GINVASLEWVSREPALLCTFPNPSAPRKDSTLSAVPQSS
YPLLANGVCKWPGCEK VFEEPEDFLKHCQADHLLDEK
GRAQCLLOREMVQSLEQQLVLEKEKLS AMGAHLAGK

MALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPRE

APDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNMR
PPFTYATLIRWAILEAPEKQRTLNEIYHWFTRMFAFFRN
HPATWENAIRHNLSLHK CFVRVESEKGAVWTVDELEF
RKKRSOQRPSRCSNPTPGP*

109

OT-FOXP3-
004 (ecDHFR
RI2Y,
Y1000 -
Linker
(SGGGS) -
Amino Acid
2-431 of

MISLIAALAVDYVIGMENAMPWNLPADLAWEKRNTL
NKPVIMGRHTWESIGRPLPGRENIILSSQPGTDDRVIW
VKSVDEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLYL
THIDAEVEGDTHFPDYEPDDWESVFSEFHDADAOQNSH
SYCFEILERRSGGGSPNPRPGIKPSAPSLALGPSPGASPS
WRAAPKASDLLGARGPGGTFOGRDLRGGAHASSSSEN
PMPPSOLOLPTLPLVMVAPSGARLGPLPHLQALLODRYP
HFMHQLSTVDAHARTPVLQVHPLESPAMISLTPPTTAT
GVEFSLEARPGLPPGINVASLEWVSREPALLCTFPNPSAP
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FOXP2 full RKDSTLSAVPQSSYPLLANGYCKWPGCEKVEERPEDFL
length - stop) | KHCOQADHLLDEKGRAQCLLOREMVOSLEQOLVLEKE

KELSAMOAHLAGKMALTKASSVASSDKGSCCIVAAGSQ
GPVVPAWSGPREAPDSLFAVRRHLWGSHGNSTFPEFL
HNMDYFEFHNMRPPETY ATLIRWAILEAPEKQRTILNEI]
YHWFTRMEAFFRNHPATWKNAIRHNLSLHECEFVRVES
EKGAVWTVDELEFREKREIORPSRCAINPTPGP*
OT-FOXP3- | MPNPRPGEPSAPSLALGPSPGASPSWRAAPKASDLLGA | 111 197
5 (FoxP3 — | RGPGOTFQCGRDLRGGAHASSSSLNPMPPSQLOLPTLPL
Linker (8G) - | VMVAPSGARLGPLPHLOQALLODRPHFMHQLSTVDAH
FKBP (E31G, | ARTPVLOVHPLESPAMISLTPPTTATGVESLKARPGLPP
F36V, R71G, | GINVASLEWVSREPALLCTFPNPSAPRKDSTLSAVPQSS
K103E) - YPLLANGVCKWPGUEKVPEEPEDFLKHCOQADHLLDEK
stop) GRAQCLLOREMVYQSLEQOLVLEKEKLSAMOQAHLAGK
MALTK ASSVARSDKGSCUIVAAGIQGPVVPAWSGPRE
APDSLFAVRRHLWGSHGNSTFPEFLHNMIDYFEFHNMR
PPFTYATUIRWAILEAPEKQRTLNEIYHWEFTRMPAFFRN
HPATWENARBNLSLHKCFVRVESEKGAVWTVDELEF
RKKRSORPSRCSNPTPGPSGGVQVETISPGDGRTFPKRG
QTCVVHYTGMLGDGKK VDS SRDRNKPFKFMELGKGEV
IROGWEEGVAQMSIVGQGAKLTISPDYAYGATGHPGIIPP
HATLVFDVELLELE*
OT-FOXP3- | MPNPRPGKPSAPSLALGPSPGASPSWRAAPKASDLLGA | 112 198
(06 RGPGGTFQGRIDLRGGAHASRSSINPMPPSQLOLPTLPL
VMVAPSGARLGPLPHLOALLOQDRPHFMHEQLSTVIAH
{FoxP3 ARTPYVLOVHPLESPAMISLTPPTTATGYFSLK ARPGLPP
Linker (8G) - | GINVASLEWVSREPALLCTFPNPSAPRKDRTLSAVPQSS
ecDDHFR YPLLANGYCKWPGCEK VFEEPEDFLKHCQADHLLDEK
{Amioo acid | CRAQCLLOREMVQSLEQOULVLEKEKLSAMOAHLAGK
2-159 of WT) | MALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPRE
RI12Y, APDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNMER
Y100 - PPFTYATLIRWAILEAPEKQRTLNEIYHWEFTRMFAFFRM
Stop) HPATWEKNAIRHNLSLHKCFVRVESEKGAVWTIVDELEF
RKKRSORPSRCSNPTPGPSGISLIAALAVDY VIGMENA
MPWNLPADLAWFKRNTLNKPVIMGRHTWESIGRPLPG
RKNILSSQPGTDDRVTWVKSVDEATAACGDVPEIMVI
GGGRVIEQFLPKAQKLYLTHIDAEVEGDTHFPDYEPDD
WESVESEFHDADAQONSHSYCFEILERR*
OT-FOXP3- | MGYVQVETISPGDGRTFPKRGOQTCVVHYTGMLEDGKX 113 199
807 (Met - VDASRDRNKPFRFMLGKOEVIRGWEEGVAQMSYGOR
FKBP (F36V, | AKLTISPDYAYGATGHPGIPPHATLVFDVELLKPESGP
Lio6P) - NPRPGKPSAPSLALGPSPGASPSWRAAPKASDLLGARG
Linker (5G) - | PGGTFQGRDLRGGAHASSSSLNPMPPSQLOLSTVDAH
Amino Acid | ARTPVLOVHPLESPAMISLTPPTTATGVYFSLK ARPGLPP
2-396 of GINVASLEWVSREPALLCTFPNPSAPRKDSTLSAVPQSS
FOXP3 delta | YPLLANGVCKWPGCEKVFEEPEDFLKHCQADHLLDEK
2 - stop) GRAQCLLOREMVQSLEGQOLVLEKEKLSAMOAHLAGK
MATLTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPRE
APDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNMR
PPFTYATLIRWAILEAPEKQRTLNEIYHWFTRMFAFFRN
HPATWEKNAIRHNLSLHKCFVRVESEKGAVWTVDELEF
RKERSQRPSRCSNPTPGP*
OT-FOXP3- | MISLIAALAVDYVIGMENAMPWNLPADLAWEFKRNTL 114 200
008 (ecDHFR | NKPVIMGRHTWESIGRPLPGRIKNIILSSQPGTDDRVTW
RI12Y, VKSVDEAIAACGDVPEIMVIGGGRVIEQFLPKAQKLYL
Y100D - THIDAEVEGDTHFPDYEPDDWESVFSEFHDADAOQNSH
Linker (5G) - | SYCFEILERRSGPNPRPGKPSAPSLALGPSPGASPSWRA
Amino Acid | APKASDLLGARGPGGTFOGRDLRGGAHASSSSLNPMP
2-396 of PSOLOLSTVDAHARTPVLOVHFLESPAMISLTPPTTATG
VESLEKARPGLPPGINVASLEWVSREPALLCTIFPNPSAPR
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POXP3 delta | KBSTLSAVPQSSYPLLANGYCKWPGCEKVIEEPEDFLK
2 - stop) HOQADHLLDEKGRAQCLLOREMVOSLEQOLVLEKER

LSAMOAHLAGKMALTKASSVASSDKGSCCIVAAGSQG
PVVPAWSRGPREAPDSLFAVRRHLWGSHGNSTFPEFLH
NMDYFKFRNMEPPEFTYATLIRWAILEAPEKOQRTLNELY
HWFTRMFAFFRNHPATWKNARHNLSLHKCEVRVESE
KGAVWTVDELEFREKRSQRPSRCSNPTPGP*
OT-FOXP3- MPENPRPGKPSAPSLALGPSPGASPSWRAAPKASIILLGA | 115 201
9 (FoxP3 RGPGOTFOGRDLRGGAIASSSSLNPMPPSGQLOLSTVDA
Delta 2- HARTPVLOVHPLESPAMISLTPPTTATGVESLKARPGLP
Linker {SG)y - | PGINVASLEWVSREPALLCTEPNPSAPRKDSTLSAVP(S
FKBP (E31G, | SYPLLANGVCKWPGCEKVPFEEPEDFLKHCQADHLLDE
F36V, R71G, | KGRAQULLOREMVQSLEQQLVLEKEKLSAMOQAHLAG
KI103E) - KMALTKASSVASSDKGSCCIVAAGSQGPYVPAWSGPR
stop) EAPDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNM
RPPFTYATLIRWAILEAPEKOQRTLNEIVHWEFTRMFAFFR
NHPATWENARHNLSLHKCFVYRVESEKGAVWTVDELE
FREKKRSQRPSRCSNPTPGPSGGVOVETISPGDGRTFPKE
GOTCVVHYTGOGMLGDGKK VD SSRDRNKPFKFMLGKQE
VIRGWEEGVAQMSVGQGAKLTISPDY AYGATGHPGIIP
PHATLVFDVELLELE*
OT-FOXP3- MPENPRPGKPSAPSLALGPSPGASPSWRAAPKASDLLGA | 116 202
010 (FoxP3 RGPGOTFOGRDLRGGAIASSSSLNPMPPSGQLOLSTVDA
Delia 2- HARTPVLOVHPLESPAMISLTPPTTATGVESLKARPGLP
Linker {SG)Y - | PGINVASLEWVSREPALLUTEPNPSAPREDSTLSAVP(S
ecDDHFR SYPLLANGVCKWPGCEKVFEEPEDFLKHCQADHLLDE
{Amino acid KGRAQUCLLOREMVOSLEQOLYVLEKEKLSAMOQAHLAG
2-159 of WT3 | KMALTKASSVASSDKGSCUIVAAGSQGPVVPAWSGPR
RI1ZY, EAPDSLFAVRRHLWGSHGNSTFPEFLHNMDYFKFHNM
Y1007) - RPPFTYATLIRWAILEAPEKQRTINEIYHWFTRMFAFFR
stop) NHPATWENAIRHNLSLHKCFVRVESEKGAVWTVDELE
FREKRSQRPSRCSNPTPGPSGISLIAALAVDYVIGMENA
MPWNLPADLAWFKRNTLNKPVIMGRHTWESIGRPLPG
RENIILSSQPGTDDRVIWVKSVDEATAACGDVPEIMVI
GGGRVIEQFLPKAQKLYLTHIDAEVEGDTHFPDYEPDD
WESVFSEFHDADAQNSHSYCFEILERR*
Antibodies

[00164] In some embodiments, antibodies, fragments and variants thereof are payloads of the
present invention.

[00165] In some embodiments, antibodies of the present invention, include without limitation,
any of those taught in Table 5 of copending commonty 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 W(O2017/180587, the contents
of which arc incorporated herein by reference in their entirety.

Antibody fragments and variants

[60166] In some embodiments, antibody fragments and varianis may comprise antigen binding
regions from intact antibodies. Examples of antibody fragments and variants may inchude, but
are not imited to Fab, Fab', F(ab')2, and Fv fragments; diabodies; hincar antibodies; single-chain

antibody molecules such as single chain vanable fragment {scFv); and multispecific antibodies
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formed from antibody fragments. Papain digestion of antibodies produces two identical antigen-
binding fragments, called "Fab" fragments, cach with a singlc antigen-binding site. Also
produced 1s a residual "Fo" fragment, whose name reflects 1ts ability to crystallize readily. Pepsin
treatment yields an F(ab')2 fragment that has two antigen-binding sites and 1s still capable of
cross-linking with the antigen. Pharmaceutical compositions, biocireuits, biocircuit components,
effector modules including theiwr SREs or payloads of the present invention may comprise one or
more of these fragments.

100167 For the purposes herein, an "antibody” may comprise a heavy and light variable domain
as well as an Fc region. As used herein, the term "native antibody” usually refersto a
heterotetrameric glveoprotein of about 150,000 daltons, composed of two dentical Tight (L)
chains and two 1dentical heavy (H} chams. Genes encoding antibody heavy and hight chaing 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 Liet al, Blood, 2004,
103(12): 4602-4609; the content of cach of which are herein incorporated by reference in their
entirety}. Each light chain i1s linked to a heavy chain by one covalent disulfide bond, while the
number of disulfide linkages varics among the heavy chains of different inununoglobulin
1sotypes. Fach heavy and light chain also has regularly spaced ntrachain disulfide bridges. Each
heavy chain has at one end a variable domain (VH) followed by a number of constant domains.
Each light chain has a variable domain at one end (VL) and 3 constant domain at its other end;
the constant domain of the light chain is aligned with the first constant domain of the heavy
chain, and the light chamn variable domain is aligned with the vanable domain of the heavy chain.
[00168] Asused herein, the term "vanable domain” refers to specific antibody domains found
on both the antibody heavy and light chains that differ extensively in sequence among antibodies
and are used in the binding and specificity of each particular antibody for its particular antigen.
Varable domains comprise hypervariable regions. As used herein, the term "hypervariable
region” refers to a region within a variable domain comprising aming acid residues responsible
for antigen binding. The amino acids present within the hypervariable regions determine the
structure of the complementarity 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 comphmentary {o its target antigen or epitope. Other portions of
the variable domain, not interacting with the antigen, are referred to as framework (FW) regions.
The antigen-binding site (also known as the antigen combining site or paratope) comprises the
amino acid residues necessary o interact with a particular antigen. The exact residues making up

the antigen-binding site are typically clucidated by co-crvstallography with bound antigen,

49



WO 2018/160993 PCT/US2018/020704

however computational assessments based on comparisons with other antibodies can also be
used (Strohl, W R. Therapeutic Antibodv Engineering. Woodhbead Publishing, Philadelphia PA.
2012. Ch. 3, p47-54, the contents of which are herein incorporated by reference in their entirety).
Determining residues that make ap CDRs may mchude the use of numbering schemes including,
but not limited to, those taught by Kabat (Wu et al., JEM, 1970, 132(2):211-250 and Johnson ¢t
al., Nucleic Acids Res. 2000, 28(1): 214-218, the contents of each of whuch are herein
mcorporated by reference in their entirety ), Chothia (Chothia and Lesk, I Mo/ Biol 1987, 196,
901, Chothia et al., Nature, 1989, 342 877, and Al-Lazikani et al., J Aol Biof. 1997, 273(4}.
927-948, the contents of cach of which are herein incorporated by refercnce in their entirety),
Lefranc (Lefranc et al., Jpmmunome Res. 2005, 1:3) and Honegger (Honegger and Pluckthun, J
Mol Biol 2001, 309¢(3}: 657-70, the contents of which are herein incorporated by reference
their entirety).

j00169] VH and VL domains have three CDRs cach. VL CDRs are referred to herein as CDR-
L1, CDR-L2 and CDR-L3, in order of occurrence when moving from N- to C- ternunus along
the variable domain polvpeptide. VH CDRs are referred to herein as CDR-H1, CDR-HZ and
CIR-H3, i order of accurrence when moving from N-to C- terminus along the variable domain
polypeptide. Each of CDRs has favored canonical structures with the exception of the CDR-H3,
which comprises amino acid sequences that may be highly vanable in sequence and length
between antibodies resulting in a variety of three-dimensional structures in antigen-binding
domaing {(Nikoloudis, et al., Peerd. 2014, 2: ¢456). In some cases, CDR-H3s may be analyzed
among a panel of related antibodies to assess antibody diversity. Various methods of determining
CDR sequences are known n 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 in their entirety).

[00170] As used herein, the toerm “Fv” refers to an antibody fragment comprising the nunimum
fragment on an antibody needed to form a complete antigen-binding site. These regions consist
ot a dimer of one heavy chain and one light chain variable domain in tight, non-covalent
association. Fv fragments can be generated by proteolvtic cleavage, but are largely unstable,
Recombinant methods are known in the art for generating stable Py fragments, typically through
insertion of a flexible linker between the light chain vanable domain and the heavy chain
varniable domain (to form a single chain Fv {scFv)) or through the miroduction of a disulfide
bridge between heavy and hight chain vanable domains (Strohl, W R, Therapeutic Antibody
Engineering. Woodhead Publishing, Philadelphia PA 2012, Ch. 3, pd46-47, the contents of which

are herein incorporated by reference n their entirety).
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100171] Asused herein, the torm "light cham” refers to a component of an antibody from any
vericbrate specics assigned to one of two clearly distinet 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, lgE. 1gG, and igM, and several of these may be
further divided into subclasses (isotypes), ¢.g., IgGl, 1902, 1gG3, IgG4, IgA, and [gAZ.
[36172] Asused herein, the term "single chain Fv” or "scFv" refers to a fusion protein of VH
and VL antibody domains, wherein these domaings are linked together into a single polypeptide
chain by a flexible peptide linker. In some embodiments, the Fv polypeptide linker cnables the
scFv to form the desired structure for anfigen binding. In some embodiments, scFvs are utilized
in conjunction with phage display, veast display or other display methods where they may be
expressed in association with a surface member {¢.g. phage coat protein) and used in the
wentification of high affinity peptides for a given antigen.

[00173] Using molecular genetics, two scFvs can be engineered in tandem into a single
polypeptide, separated by a linker domain, called a “tandem scFv” {(tasckFv). Construction of a
tascHv with genes for two different scFvs yields a “bispecific single-chain variable fragments”
(bis-scFvs). Only two tascFvs have been developed climically by commercial firms; both are
bigpecific agents tn active early phase development by Micromet for oncologic indications, and
are described as “Bispecific T-cell Engagers (BiTE).” Blinatumomab 1s an anti-CD1%/anti-CD3
bispecific tascFv that potentiates T-cell responses to B-cell non-Hodgkin lvraphoma in Phase 2.
MT110 is an anti-EP-CAM/anti-CD3 bispecific tascFv that potentiates T-cell responses to solid
tamors in Phase 1. Bispecific, tetravalent “TandAbs™ are also being rescarched 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 1g& may also be mcluded.

[00174] As used herein, the term “bispecific antibody” refers to an antibody capable of binding
two different antigens. Such antibodies typically comprise regions from at least two different
antibodics. Bispecific antibodics may nclude any of those described m Ricthmuller, G. Cancer
Trmmunity, 2012, 12:12-18, Marvin et al., 2005, Acta Pharmacologica Sinica. 2003, 26(6). 649-
658 and Schacfer et al., PNAS 2011, 108(27):11187-11192, the contents of each of which are
herein mcorporated by reference in their entirety.

[00175] Asused herein, the torm "diabody" refers to a small antibody fragment with two
antigen-binding sites. Diabodies are functional bispecific single-chain antibodies (bscAb).
Diabodics comprise a heavy chain variable domain VH connected to a light chain variable

domatn VL in the same polypeptide chain. By using a hnker that is too short to allow pairing
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between the two domains on the same chain, the domains are forced to pair with the
complementary domains of another chain and create two antigen-binding sites. Diabodies are
deseribed more tully m, for example, EP 404,097, WO 93/11161; and Hollinger et al. (Hollinger,
P.ctal, “Dhabodies™ Small bivalent and bispecific antibody fragments. PNAS, 1993, 90: 6444-
6443); the contents of cach of which are incorporated herein by reference in their entirety.
[00176] The term “intrabody” refers to a form of antibody that is not secreted from a cell in
which it is produced, but instead targets one or more intracellular proteins. Intrabodies may be
used to affect a multitude of cellular processes including, but not limited to intracellular
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, variable domain sequences and/or CDR seqguences
disclosed herein may be incorporated intc ong or more constracts for intrabody-based therapy.
j00177] As used herein, the torm "monoclonal antibody” refers to an antibody obtained from a
population of substantially homogeneous cells (or clones), 1.¢., the individual antibodies
comprising the population are identical and/or bind the same epitope, except for possible variants
that may arise during production of the monoclonal antibodics, such variants generally being
present in minor amounts. In contrast to polyclonal antibody preparations that typically mnclude
different antibodies directed against different determinants (epitopes), cach monoclonal antibody
is directed against a single determinant on the antigen.

[80178] The modifier "monoclonal” indicates the character of the antibody as being obtained
from a substantially homogeneous population of antibodies, and is not to be construed as
requiring production of the antibody by any particular method. The monoclonal antibodies herein
include "chimerie" antibodies Gmmunoglobulins} in which a portion of the heavy and/or light
chain 1s identical with or homologous to corresponding sequences in antibodies derived from a
particular specics or belonging to a particular antibody class or subclass, while the remainder of
the chain(s) is identical with or homologous to corresponding sequences in antibodies derived
from another species or belonging to another antibody class or subclass, as well as fragments of
such antibodics.

(001791 Asused hergin, the term "humanized antibody” refers to a chimeric antibody
comprising a minimal portion from one or more non-human {¢.g , muring) antibody source{s)
with the remainder derived from one or more human immunoglobulin sources. For the most part,
humamized antibodies are human immaunoglobuling (recipient antibody} in which residues from
the hypervanable region from 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,
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rat, rabbit or nonhuman primate having the desired specificity, affinity, and/or capacity. In one
embodiment, the antibody may be a hwmanized full-length antibody. As a non-limiting example,
the antibody may have been humanized using the methods tanght 1in US Patent Publication NO.
US20130303399, the contents of which are hersin incorporated by reference in its entirety.
[00188] As used herein, the torm “antibody vanant” refers to a modified antibody (in relation to
a native or starting antibody} or a biomolecule resembling a native or starting antibody
structure and/or function {e.g., an antibody mimetic). Antibody variants mayv be altered in their
aming acid sequence, compaosttion or structure as compared {0 a native antibody . Antibody
vanants may include, but are not limited to, antibodiecs with altered 1sotypes {e.g., IgA, IgD, IsE,
feG1, 12, 1gG3, 1gG4, or IgM), humanmized vanants, optimized vanants, multispecific
antibody vanants (¢.g., bispecific variants), and antibody fragments.

[60181] In some embodiments, pharmaceutical compositions, biocircuits, biocircuit
components, effector modules including their SREs or pavioads of the present invention may be
antibody mimetics. As used herein, the term “antibody mimetic” refers to any molecule which
mimics the fanction or ¢ffect of an antibody and which binds specifically and with high affinity
1o their molecular targets. In some embodiments, antibody mimetics may be monobodics,
designed to incorporate the fibronectin type HI domain (Fn3) as a protein scaffold (US
6,673,901, US 6,348 384). In some embodiments, antibody mimetics may be those known i the
art including, but are not imited to affibody molecules, affiling, affiting, anticalins, avimers,
Centvring, DARPINSTM, Fvnomers and Kunitz and domain peptides. In other embodiments,
antibody mimetics may include one or more non-peptide regions.

[00182] In one embodiment, the anttbody may comprise a modified Fe region. As a non-
limiting example, the modified 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.

160183] In some embodiments, payloads of the invention may encode swultispecific antibodies
that bind more than one epitope. As used herein, the terms “mukftibody” or “multispecific
antibody” refer to an antibody wherem two or more variable regions bind to different epitopes.
The epitopes may be on the same or different targets. In one embodiment, the multispecific
antibody may be generated and optimized by the methods described i1n Interational Patent
Publication NO. W02011109726 and US Patent Publication NO. US20150252119, the contents
of which each of which are herein meorporated by reference in thewr entirety. These antibodies

are able to bind to multiple antigens with bigh specificity and high affinity.
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100184 In certain embodiments, a multi-specific antibody is 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 antibodies tvpically comprise
antigen-binding regions from at least two different antibodies. For example, a bispecific
monoclonal antibody (BsMAb, BsAbj) is an artificial protein composed of fragmentis of two
different monoclonal antibodies, thus allowing the BsAb to bind to two different tvpes of
antigen. Bispecific antibody frameworks may mehide any of those described m Riethmuller, G,
2012, Cancer Immuonity, 2012, 12:12-18; Marvin et al | Acta Pharmacologica Sinica. 2003,
26(6):649-638; and Schacter et al,, PNAS. 2011, 108(27): 11187-11192, the contents of cach of
which are herein incorporated by reterence in their entirety. New generations of BsMAD, called
“trifunctional bispecific” antibodies, have been developed. These consist of two heavy and two
light chains, one each from two different antibodies, where the two Fab regions {the amms) are
directed against two antigens, and the Fe region (the foot) comprises the two heavy chains and
forms the third binding site.

100185] In some embodiments, payvloads may encode antibodies comprising a single antigen-
binding domain. These molecules are extremely small, with molecular weights approximately
one-~tenth of those observed for full-sized mAbs. Further antibodies may nclude “nanobodies™
derived from the antigen-binding variable heavy cham regions {VHHSs) of heavy chain antibodics
found in camels and Hamas, which lack light chaing (Nelson, A L, MAbs 2010, Jan-Feb,
201y.77-83).

[00186] In some embodiments, the antibody may be “mimaturized”. 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 containing 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 penctration claimed by fragments while retaining the
vamune cffector functions conferred by constant domains. At least three “mimiaturized” SMiPs
have entered clinical development. TRU-013, an anti-CD20 SMIP developed in collaboration
with Wyeth, 1s the most advanced project, having progressed to Phase 2 for theumatoid arthritis
(RA). Earlicr attempts in systemic hupus eryvthrematosus (SLE) and B ccl lynmphomas 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 lymphoid neoplasias, a
project that has reached Phase 2. Wyeth has licensed the anti-CD20 SMIP 5BI-087 for the

treatment of antotmmune diseascs, including RA, SLE and possiblv multiple sclerosis, although
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these projects remain in the garkiest stages of clinical testing. (Nelson, A, L., MAbs, 2010, Jan-
Feb; 2(1):77-83).

[00187] On example of mimaturized antibodies is called “umibody™ m which the hinge region
has been removed from IgG4 molecules. While 1G4 molecules are unstable and can exchange
light-heavy chain heterodimers with one another, deletion of the hinge region prevents heavy
chain-heavy chain paining entirely, leaving highly specific monovalent ight/heavy heterodimers,
while retaiming the Fo region to ensure stability and half-life in vivo. This configuration may
minimize the nsk of immune activation or oncogenic growth, as IgG4 interacts poorly with FcRg
and monovalent unibodies fail to promote mtraceliular signaling complex formation {sce, ¢ g.,
Nelson, A. L., MAbs, 2010, Jan-Feb; 2(1377-83).

[00188] In some embodiments, payloads of the invention may encode single-domain antibodics
{sd Abs, or nanobodies) which are antibody fragment consisting of a single monomeric variable
antibody domain. Like a whole antibody, it 1s able to bind sclectively to a specific antigen. fn
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,
FASEB J., 2007, 21: 3490~ 3498). A "heavy chain antibody” or a "camchd antibody" refers o an
antibody that contains two VH domains and no hight chains (Riechmann L. et al, J. Jmmunol.
Methods, 1999, 231: 25-38; International patent publication NOs. W{(31594/04678 and
W01994/025591; and U.S. Patent No. 6,005,079}, In another agpect, a sdAb may be a
“immunoglobulin new antigen receptor” (IgNAR). As used berein, the ternm "tmmunoglobulin
new antigen receptor” refers to class of antibodies from the shark immune repertoire that consist
of homodimers of one variable new antigen receptor (YNAR) domain and five constant new
antigen receptor (CNAR) domains. IgNARs represent some of the smallest known
immunoglobulin-based protein scaffolds and are highly stable and possess efficient binding
characteristics. The inherent stability can be attributed to both (i) the underlying Ig scaffold,
which presents a considerable mumber of charged and hydrophilic surface exposed residues
compared to the conventional antibody VH and VL domains found in munne antibodies; and (1)
stabilizing structural features i the complementary determiming region (CDR) loops including
inter-loop disulphide bridges, and patterns of intra-loop hvdrogen bonds.

100189 In some embodiments, payloads of the invention may encode intrabodies. Intrabodics
are a form of antibody that is not scereted from a coll in which it is produced, but instead targets
one or more intracellular proteins. Intrabodies are expressed and function intracellularly, and
may be used to affect a multitude of cellular processes including, but not limited to mtracchular

trafficking, transcription, translation, mctabolic processes, proliferative signaling and cell
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division. In some embodiments, methods described berein include intrabody-based therapies. In
some such embodiments, vanable domain sequences and/or CDR sequences disclosed herein are
incorporated into one or more constructs for intrabody-~based therapy. For example, intrabodies
may target one or more glycated intracellvlar proteins or may modulate the mteraction between
one or motre glyvcated intracellular proteins and an alternative proiein,

[0019G] The mtracellular expression of intrabodies n ditferent compartments of mammalian
cells allows blocking or modulation of the function of endogenous molecules (Bioeca, et al,
EMBO J. 1990, 9: 101-108; Colby et al., Proc. Natl Acad Sci. U8 4. 2004, 101: 17616-17621).
Intrabodies can alter protein folding, protein-protein, protein-DNA, protcm-RNA interactions
and protein modification. Thev can induce a phenotypic knockout and work as neutralizing
agents by direct binding to the target antigen, by diverting its mtracelhular trafficking or by
inhibiting its association with binding partners. With high specificity and affinity to target
antigens, intrabodies have advantages to block certain binding interactions of a particular target
molecule, while sparing others.

100151] Sequences from donor antibodies may be used to develop intrabodigs. Intrabodies are
often recombinantly expressed as single domain fragments such as isolated VH and VL domains
or as a single chain vanable fragment (scFv) antibody within the cell. For example, intrabodies
are often expressed as a single polypeptide to form a single chain antibody comprising the
variable domains of the heavy and light chains joinged by a flexible linker polypeptide.
Imtrabodies tvpically lack disulfide bonds and are capable of modulating the expression or
activity of target genes through their specific binding activity. Single chaim mtrabodics are ofien
expressed from a recombinant nucleic acid molecule and enginecred o be retained mtracelhdarly
{e.g., retained m the ovtoplasm, endoplasmic reticulum, or periplagm}. Intrabodies may be
produced using methods known in the art, such as those disclosed and reviewed 1n: (Marasco et
al.,, PNAS, 1993, 90. 7889-7893; Chen ct al., Hum. Gene Ther. 1994, 5:595-601; Chen et al.,
1994, PNAS, 91 5932-5936; Maciejewski et al., 1995, Narure Med., 1. 667-673; Marasco, 1995,
Immunotech, 1. 1-19; Mhashilkar, et al., 1995, EAMBO J 14 1542-51; Chen et al., 1996, Hum.
Gene Therap., 7. 15153-1525; Marasco, Gene Ther. 4:11-15, 1997; Rondon and Marasco, 1997,
Annu. Rev. Microbiol. 51:257-283; Cohen, et al., 1998, Oncogene 17:2445-36; Probaet al,,
1998, J. Mol. Biol. 275.245-253; Cchen et al., 1998, Oncogene 17:2445-2456; Hagsanzadeh, 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; Ohage et al,, 1999, J. Mol. Biol. 291:1129-1134; Wirtz and
Steipe, 1999, Protein Sci. 8:2245-2250; Zha et al, 1999, J. Immunol. Methods 231:207-222;
Arxafat et al., 2000, Cancer Gene Ther. 7:12530-6; der Maur et al |, 2002, J. Biol. Chem.
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277:45075-85; Mhashilkar et al, 2002, Gene Ther. 9:307-19; and Wheeler et al., 2003, FASEB
J.17: 1733-5; and reforences cited therein).

[00192] In some aspects, payloads of the mvention may encode biosynthetic antibodies as
deseribed m US. Patent No. 5,091,513, the contents of which are herein incorporated by
reference o their entiretv. Such antibody may include one or more sequenees of anuno acids
constriuting a region which behaves as a biosynthetic antibody binding site (BABS). The siies
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 polypeptide linker, or 3)
mdwviduals VH or VL domains. The binding domains comprise linked CDR and FR regions,
which may be derived from separate immunoglobulins. The biosynthetic antibodies mayv also
mclude other polypeptide sequences which function, e.g., as an enzyme, toxin, binding site, or
site of attachment to an immobilization media or radivactive atom. Methods are disclosed for
producing the biosynthetic antibodics, for designing BABS having anvy specificity that can be
elicited bv 1n vivo generation of antibody, and for producing analogs thercot’

100193] In some embodiments, pavloads may encode antibodies with antibody acceptor
frameworks taught in U.S. Patent No. 8,399,625, Such antibody acceptor frameworks may be
particularly well suited accepting CDRs from an antibody of interest.

[00194] In one embodiment, the antibody may be a conditionally active biologie protem. An
antibody may be used to generate a conditionally active biologic protein which are reversibly or
ureversibly inactivated at the wild type normal physiological conditions as well as to such
conditionally active biclogic proteins and uses of such conditional active biologic proteins arc
provided. Such methods and conditionally active proteins are taught 1, for example,
International Publication No. WO2015175375 and WO2016036516 and US Patent Publication
No. US20140378660, the contents of each of which are incorporated herein by reference in their
entirety.

Antibody preparations

j00195] The preparation of antibodies, whether monoclonal or polyclonal, is known in the art.
Technigues for the production of antibodies are well known n the art and described, ¢g. n
Harlow and Lane "Antibodies, A Laboratory Manual”, Cold Spring Harbor Laboratory Press,
1988, Harlow and Lane “Using Antibodies: A Laboratory Manual” Cold Spring Harbor
Laboratory Press, 1999 and “Therapeutic Antibody Engineering: Current and Future Advances
Driving the Strongest Growth Area in the Pharmaceutical Industry” Woodhead Publishing, 2012.
160196] The antibodies and fragments and vanants thereof as described herein can be produced

using recombinant polvnucieotides. In one embodiment, the polynucleotides have a modular
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design to encode at least one of the antibodics, fragmenis or variants thercof. As a non-hmiting
cxample, the polynucleotide construct may encode any of the following designs: (1) the heavy
chain of an antibody, (2) the hight chain of an antibody, (3) the heavy and hght cham of the
antibody, {4} the heavy chain and light cham separated by a linker, (§) the VHI, CHI, CH2, CH3
domains, a linker and the light chain or (6) the VHI, CHI, CH2, CH3 domains, VL region, and
the light chain. Any of these designs may also comprise optional Iinkers between any domam
and/or region. The polynacleotides of the present invention may be engineered to produce any
standard class of immunoglobuling using an antibody described herein or any of its component
paris as a starting molecule.

[000197] Recombinant antibody fragments may also be 1solated from phage antibody hibranes
using technigques well known in the art and described 1 e g. Clackson et al., 1991, Nature 352:
624-628; Marks et al,, 1991, J. Mol. Biol. 222: 581-597. Recombinant antibody fragments may
be derived from large phage antibody libraries generated by recombination in bacteria (Sbhlaticro
and Bradbury, 2000, Nature Biotechnology 18:75-80; the contents of which are incorporated
herein by reference in iis entirety).

Antibodies used for immunotherapy

[00198] In some embodiments, pavioads of the present invention mayv be antibodies, fragments
and variants thereof which are specific to tumor specific antigens (TSAs) and tumor associated
antigens {TAAg). Antibodies circulate throughout the body until they find and attach to the
TSA/TAA. Ouce attached, they recruit other parts of the immune system, increasing ADCC
{antibody dependent cell-mediated cytotoxicity) and ADCP (antibody dependent celi-mediated
phagocytosis) to destroy tumor cells. As used hercin, the term “tumor specific antigen (TSAY”
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 neoantigen. The tumor
antigen specific antibody mediates complement-dependent cytotoxic response against tumor
cells expressing the same antigen.

[00199] In some cmbodiments, the tumor specific antigens (TS As), tumor associated antigens
{TAAs), pathogen associated antigens, or fragments thereof can be expressed as a peptide or as
an mtact protein or portion thereof. The intact protein or a portion thereof can be native or
mutagenized. Antigens associated with cancers or viras-induced cancers as described herein arg
well-known in the art. Such a TSA or TAA may be previously associated with a cancer or may
be identified by any method known in the art.

160268] In one embodiment, the antigen may be GD2 ganghioside. In one embodiment,

pavioads of the present invention may be antibodies, fragments and variants thereof which are
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specific to GD2 antigen. Gangliosides expressed on the tumor cell surface can be targets for
cancer immunotherapy. GD2 is a disialoganglioside with a molecular formula of
CT74H134N4032. Ganghosides are acidic glycosphingolipids found on the outer surface of most
cell membranes. They are ideal targets for immunotherapy because of the high antigen density,
lack of modulation, relative homogeneity in many tumors and the possibility of up regulation by
cytokines. Many tumors have abnormal glveolipid composition and structure. GD2 has been
found in a wide spectrum of human tumors, including those of neurcectodermal or epithelial
origin, virtuaily all melanomas, and approximately 50% of tumor samples from osieosarcoma
and soft tissue sarcoma. Antibodies with high affinity for GD2 melude, but not limited to 1B7,
ZHI2, 1G2, 1ES, TH3, 2F5, 2F7, 31F9, 31FOV2, 32E2, chl4 18, huld 18, 3F8, 886, 4B3, 1A7,
A1G4, GB2 mimotopes, huld 18K322A, 5K, 3G6, 1dg2a, and 14.18. In one embodiment, the
GD antibody s the 14¢2a antibody (Mujoo K., et al. {1989) Cancer Res. 1:49(113:2857-61; the
contents of which are incorporated herein by reference i #ts entirety). Any of the GD2
antibodies described m Long A H. et al. (2015) Nat Med. 21{6):581-90; the contents of which
are incorporated by reference in their entirety).

{00201 In one embodiment, the antigen s HERZ antigen. In one embodiment, payloads of the
present invention may be antibodies, fragments and vanants thereof which are specific to HER2
antigen. HER?2 is the oncogene product of human epidermal cell growth factor receptor 2 related
oncogenes and is a transmembrane receptor protein having a molecular weight of 185 kDa and
having a tyrosine kinase domain. HER2 is a member of the EGFR family consisting of HER]
{(EGFR, ERBB1}, HERZ {(neu, ERBB-2), HERZ (ErbB-3}, and Herd (ErbB-4) and 1s known 1o be
autophosphorvlated at intracellular tyrosine residues by its homodimer formation or heterodimer
formation with another EGFR receptor HER1, HER3, HER4 and 15 activated in this manner.
Thereby plaving an important vole 1n cell growth, differentiation, and survival in normal celis
and tamor cells. In some embodiments, HERZ2 antibodies usefud in the present invention may
include 3BS {from Oneogene Science/BAYER), 2C4 (ATCC HB-12697), 7C2 (ATCC HB-
12215), ApoB17F/ocHER2, 8A4 (ATCC PTA-4565), A10AT2Z (ATCC PTA- 4566), 9G6 |, TH4,
AIOES, A12D6, A6B12, AI0ELL, B3G4, ASCT, 13A11, 1ICH, 13EH], Her2Bi (OKT3 x 9184,
Her2B1 (OKT3 x Here), 7F3 (ATCC HB-12216), huMAb4D3-1, hubMAb4DS-2, huMAb4DS-3,
huMAb4DS-4, huMAb4D5-6, huMAb4DS-7, 52009, CB-11 (from Novocastra Laboratories),
NCLB12 (from Novocastra Laboratories), humanized 2C4 mutant 560, humanized 2C4 mutant
561, humanized 2C4 mutant 362, humanized 24 mutant 368, humanized 204 mutant 369,
humanized 204 mutant 570, humanized 2C4 mutant 571, humanized 2C4 mutant 56869, 3E8,
3H4, C1 11 (NeoMarkers), HER-81, 452F2, 736(G9, 74188, 758G3, 761B10 | anti-
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pl8SHER2/FoyRUL(CD16) | anti-CD3/anti-pI8SHER2 | HudD5-8 and variants, 4D5-H, CB11
(from Ventana Medical Scientific Instruments), 6E9, 2H11, 3BS8, 7D3, HERS50, HER66, HERT0,
scFv 6.5, scFv C6ML3-9 (ML3.9 or C6ML3.9), scFv C6MH3-BI (B or C6MH3 B1), scFv
C6-B1ID2, (BID2 or CoMH3-B1D2), ALM, L87, N28 , N12 , MGr6 |, 9GG.10 (Neomarkers),
MGFc-5 (V379M), MGFc-9 (F2431, V379L), MGFc-10 (K288N, A3308, P396L), MGFc-13
(K334E, T359N, T3668), MGFce-27 (G316D, A378V, D399E), MGFc-37 (K248M), MGFc-39
(E293V Q293E, A327T), MGFe-38 (K392, P396L), MGFc-41 (H263N, P396L), MGFc-23
(K334E, R2921L), MGFe-44, MGFc-45, MDX-210, 17.6.4 , HER2-PY 1248, MAb74, FRPS,
TADL250, HER-81, PN2A, mAb 191924 (R&D systems), IDMI, scFv23, Ab-3, Ab-5 | 25024,
Rexomun, MAB-1129 (R&D systems), and MM-111. In one embodiment, antibodics with high
atfimity may be derived from any of the HER2 antibody heavy and light chain variables
described i Table 7.

602021 In one cmbodiment of the present invention, the antigen is CD33. In one embodiment,
pavioads of the present invention may be antibodies, fragments and variants thereof which are
specific to CD33 antigen. Acute myeloid leukernia {AMLY) is the second most common acute
fcukenua 1 the United States. The commonly applied therapy of loukemic discase inchides
wradiation and/or chemotherapy. However, very often 65-80% of patients receiving treatment
relapse because the cells that survived the chemotherapy are enriched in AMLE leukemia stem
cells (AML-L.5Cs), and constitute a reservoir of cells capable of re-expanding and causing a
relapse. AML-LSCs express a characternistic set of cell surface antigens including among other
CD33. CD33 (hialic acid binding Ig-hike lectin 3) or SIGLEC3(UNIPROT ID: P20138)is a
transmembrane receptor expressed on cells of myeloid lineage. It is asually considered myeloid
spectfic, but i can also be found on some Iyvmphoid cells. It binds to sialic acid. therefore is a
member of the SIGLEC family of lecting. Exemplary antibodies targeting CD33 may include,
but are not limited to M195, M2HIZ, DRB2, My 9-6. In one embodiment, the antibody s
derived from My9.6. In some embodiments, antibodies with high affinity may be derived from
any of the CDI33 antibody heavy and light chain vanables described m Table 7.

[00263] In one embodiment, the antigen of the present invention is a BCMA (B-cell maturation
antigen), also referred to as the CD269. In one embodiment, payloads of the present invention
may be antibodics, fragments and variants thereof which are specific to BCMA antigen. BCMA
antigen (UNIPROT 1D: Q02223) 1s encoded by the gene, TNFRS17. BCMA is a member of the
TNF receptor super family. It binds to B cell activating factor (BAFF) and a proliferation
inducing ligand (APRIL}. Among non-malignant cells, BCMA has been reported to be expressed

mostly by plasma cells and subsets of mature B celis, but not T cells and NK celis. Therefore,
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BCMA represents a suitable therapeutic candidate in the treatment of mudtiple myeloma.
Exemplary antibodies targeting BCMA include, but are not himited to BCMA 50, BCMA30,
CHID3 3 and CI3Fi2.1 In one embodiment, the antibody is denved from C11D3.3. In some
embodiments, antibodies with high affinity may be derived from any of the BCMA antibody
heavy and light chain variables described in Table 7.

[00204] In one embodiment, the antigen of the present mvention is a CD276 {also known as B7-
H3}. In one embodiment, payloads of the present invention may be antibodies, fragment, and
vartants thereof which are specific to CD276. CD276 is expressed in a variety of human tumors,
mcluding pediatric solid tumors and adult carcinomas. Any of the CD276 antibodies taught in
International Patent publications WO2017044699 and W(2014160627 (the contents of which
are incorporated herein by reference m their entivety), may be aseful in the present mvention. In
some embodiments, antibodics with high affinity may be derived from any of the CD276
antibody heavy and hight chain variables described m Table 7.

[00265] In one embodiment, the antigen of the present invention is a ALK protein. The
developmentally-regulated cell surface receptor tvrosine kinase, ALK is known to be expressed
as a tumor associated antigen as a fusion protein resulting from a chromosomal translocation.
Cancer associated ALK was first described as a 2:5 translocation associated with
nucleophosphomin (NPM) in anaplastic large cell leukemia. The fusion protein 1s composed of
intracelbular component of NPM fused to ALK In some embodiments, the ALK antigen may be
the extraceliular portion of the protein. Auny of the antibodics, fragment and variants specific to
ALK may be useful in the present invention. In one embodiment, the ALK antibodies described
in the International Patent Publication, W(2015069922 (the contents of which are incorporated
by reference herein in s entirety). In some embodiments, antibodies with high affinity may be
derived from any of the ALK antibody heavy and light chain vanables described m Table 7.
[00206] In one embodiment, the antigen of the present invention s a CD22 antigen. In one
embodiment, payioads of the present invention may be antibodies, fragment, and variants thereof
which are specific to CD22. CD22 is a lincage restricted B cell antigen belonging to the
mmunogiobulin {Ig) supertamily. CD22 15 expressed in 60-70% of B cell lymphomas and
leukemias {e.g. B-chronic lvmphocytic leukemia, hairy cell leukemia, acute lvmphocytic
leukemia (ALL} and Burkit's lymphoma) and is not present on the cell surface in early stages of
B cell development or on to stem cells. In some embodiments, the antibodies, fragments, and
variants thereof may be anv of those taught in International Patent Publications,
WO2016149578, W2014065961, and WO2013059593 Al(the contents of each of which are

meorporated by reference in its entirety). In some embodiments, antibodics with high affinity
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may be devived from any of the CD22 antibody heavy and light chain variables described
Table 7.

[00287] In some embodiments, the pavioads of the present invention may mclude an antigen
binding region comprising variable heavy chain and variable light chains with the amine acid

sequences selected from those in Table 7.

Table 7: Variable Heavy and Lioht Chain Sequences

Target Pescription and Cloae | Source Antibody | SEQ
rame chata 34
NO.
ALK ALKIS VH SEQ ID NO. 1 1o WO2015069522 Vi 242
ALK ALK48 VH SEG D NO. 3 in WO2015069922 YVH 243
ALK ALK33 VH SEQ ID NO. 5 10 W0O2015069922 VH 244
ALK AILKS8 VH SEQ D NO. 7 in WO2015069922 VH 245
ALK humanized ALK15 VH | SEQ ID NO. 9 in W02015069922 VH 246
ALK humanized ALK48 VH | SEQ ID NO. 11 in WQ2013069922 | VH 247
ALK humanized ALKS3 VH | SEQ ID NQ. 1310 WO2015069922 | VH 248
ALK huramezed ALKSE VH SEQID NG, 15 in WO2015069922 | VH 249
ALK ALK15 VL SEG D NO. 2 in WO2015069922 VL 250
ALK ALK48 VL SEQ ID NO. 4 in W0O2015069922 VL 251
ALK ALKS3 VL SEG 1D NO. 6 in W02015069922 V1 252
ALK ALK38 VL SEQ ID NO. 8 in W02015069922 VL 253
ALK humanized ALKIS VL SEQID NO. 10 in W02013069922 | VL 254
ALK humanized ALK48 VL SEQ I3 NO. 1210 WO20315069922 | VL 253
ALK humamized ALKS3 VL SEQ ID NO. 14 in WO2015069922 1§ VL 256
ALK humanized ALKS8 VL SEQ I3 NO. 1610 WO20315069922 | VL 257
522 CD22 VL SEQ ID NO. 14 in W02016149578 | VL 258
D22 CD22 (HA22 or BL22) SEQ ID NO. | in W02013059393 VL 259
VL
D22 CD22 VH SEQ ID NO. 13 in WO2016149378 | VH 260
CD22 CD22 (HA22 or BL22) SEQ ID NO. 3 in W0O2013059593 VH 261
VH
CD22 CD22 (HA22 or BL22) SEQ ID NO. 4 in W0O2013059593 VH 262
VH
3276 CD276 VH SEQ 1D NO. 7 10 WO2017044699 Vi 263
D276 CD276 VH (CD276.6 SEQ ID NO. 7 in W02014160627 VH 264
{m836))
D276 CI376 VH (CD276.1 SEQ I3 NO. 1710 WO2014160627 | VH 263
{(m831)
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D276 CI3276 VH (CD276.17 SEQ ID NO. 26 in WO2014160627 | VH 266
(m8517)

D276 CI3276 VL SEQ D NO. 8 in W02017044699 YL 267

D276 CD276 VL (CD276.6 SEQ ID NO. 8 10 W02014160627 VL 268
{(mB56})

C3276 CD276 VL (CD276.1 SEQ ID NO. 18 in WO2014160627 | VL 269
(mB51))

CD276 CD276 VL (CD276.17 SEQ ID NO. 27 in WO2014160627 | VL 270
(mB517))

GD2 3F8 beavy chain variable | SEQ ID No. 1 in W0O2011160119 VH 271

GD2 3F8 light chain variable | SEQ ID No. 2 in WO2011160119 VL 272

GD2Z 38 heavy chain vanable | SEQ ID No. 3 30 WO2011160119 VH 273

G2 humanized 3F8 heavy SEQ I3 No. 4 in WO20131160119 YH 274
chain vatiable

G2 humanized 378 light SEQ ID No. 5 in WO2011160119 Vi 275
cliain vadable

G2 humanized 378 heavy SEQ ID No. 6 in WO2011160119 VH 276
cliain 2 variable

GD2 humanized 378 light SEQ D No. 7in WO2011160119 VL 277
chain 2 variable

GD2 humanized 3F8 heavy SEQ D No. 8 in WO2011160119 VH 278
chain variable

GD2 Human GD2 heavy SEQID No. 16 1in VH 27%
chain variable WO2010002822A1

GD2 Human GD2 light chain | SEQID No. 32 in VL 280
variable WO2010002822A%

GD2 chimeric Ch3F§ heavy Cheung et al., Oncoimmunology, VH 281
chain~-gamma { 2012, 1(4): 477-486

GD2 chireric Ch3F8 light Cheung et al., Oncoiramunology, VL 282
chain-kappa 2012, 1(4): 477-486

GD2 hurnamzed Ho3F8 heavy | Cheung et al, Oncoiramunology, VH 283
chain-garmnmal 2012, 1(4): 477-486

GD2 humanmzed Ho3F8 light | Cheung et al., Oncoiramunology, VL 284
chain-kappa 2012, 1(4): 477-486

GD2 Chirseric Ch3F8 heavy Cheung ¢t al., Oncoirumunology, VH 285
chain-garumad 2012, 1(4): 477-486

GD2 humanized Hu3F8 heavy | Cheung et al., Oncoiramunology, VL 286
chain-garumad 2012, 1(4): 477-486

GD2 GD2 VH SEQIDNO. 17in WO2016134284 | VH 287

G2 GD2 VL SEQ ID NO. 18in WO2016134285 | VL 288

GD2 Murine KM666 VH SEQ I NO. 910 WO2015132604 | VH 289
(hieavy chain variable
region) sequence
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G2 Humanized KM666 VH SEQ ID NO. 10 in WO2015132604 | VH 250
SequUence
G2 Murine KM6E66 VL SEQ ID NO. 11 in W0O2015132604 | VL 2381
(light chain variable
region) sequence
GD2 Humanized KM666 YL SEQID NG, 12 in WO2015132604 | VL 292
sequence
GD2 GD2 VL SEQ ID NO. 1in US20040203100 | VL 293
G2 GD2 VH SEG D NO. 2 in US20040203106 | VH 254
GD2 Murine KM666 VH SEQID NO. 9in US20170066838 | VH 295
(heavy chain variable
region) sequence
G2 Humanized KM666 VH | SEQ ID NO. 1610 US20170066838 | VH 256
SequUence
GD2 Murine KM666 VL SEQID NO. 11in US20170066838 | VL 297
(light chain variable
region) sequence
GD2 Humanized KM666 VL | SEQ ID NQ. 12 in US20170066838 | VL 298
sequence
GD2 GD2 VL SEQ ID NO.3 in US20160304620 VL 299
GD2 GD2 VH SEGQ ID NO. 4 in US2016030462¢ | VH 300
GD2 GD2 VH SEQ ID NO. 2 10 US20150353645 | VH 301
G2 GD2 VL SEQ D NO. 4 in US20130353645 | VL 302
GD2 GD2 VH SEQ ID NO. 6 10 US20150353645 | VH 303
G2 GD2 VL SEQ I NO. 8 inUS20130353645 | VL 304
GD2 GD2 VH SEQID NO. 10 inUS20150353645 | VH 305
GD2 GD2 VL SEQ ID NO. 12 in US20150353645 | VL 306
GD2 GD2 VH SEQ D NO. 14 in US201350353645 | VH 307
GD2 GD2 VL SEQ ID NO. 16 in US20150353645 | VL 308
G2 GD2 VH SEQ D NO. 18 in US20150353645 | VH 309
GD2 GD2 VL SEQID NGO, 20 in US20150353645 | VL 310
G2 GD2 VH SEQ I3 NO. 22 in US20150353645 | VH 318
GD2 GD2 VL SEQID NO. 24 in US20150353645 | VL 312
GD2 GD2 VH SEQ ID NO. 26 in US20150353645 | VH 313
GD2 GD2 VL SEQ D NO. 28 in US20150353645 | VL 314
GD2 GD2 VH SEQ ID NO. 30 in US20150353645 | VH 315
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G2 GD2 VL SEQ ID NO. 32 in US201503536435 | VL 316
GD2 GD2 VH SEGID NO. 34 in US20130353645 | Vi 317
G2 GD2 VH SEQ I NG, 36 in US20150353643 | VH 318
GD2 GD2 VL SEQ D NO. 38 in US20150353645 | VL 319
GD2 GD2 VH SEQ ID NG, 40 in US201350353643 | VH 320
GD2 GD2 VL SEQ D NO. 42 in US20150353645 | VL 321
GD2 GD2 VL SEQID NG, 3in US20150139942 VL 322
G2 GD2 VH SEQ D NO. 4 in US24156139942 VH 323
GD2 GD2 VL SEQID NG, 7i0 US20150139942 VL 324
G2 GD2 VH SEQ ID NO. 8 in US20130139942 VH 325
GD2 GD2 VH SEGID NGO, 16 in US201302876%91 | Vi 326
GD2 GD2Z VL SEQ IDNQ. 32 in US20130287691 | VL 327
GD2 GD2 VH SEQ D NO. 40 in US201306287691 | VH 328
GD2 GD2 VL SEQ ID NG, 42 in US20130287691 | VL 329
G2 GD2 VL SEQID NO. 3inUS24140134162 VL 330
GD2 QD2 VH SEQ ID NG, 4 10 US20140134162 VH 331
G2 GD2VH SEQ D NG, 20 in WO20317035385 | VH 332
GD2 GD2 VL SEGID NGO, 20 in WO20170553835 | VL 333
GD2 GD2 VH SEQID NG, 3 in W(O2013189316 VH 334
GD2 GD2 VL SEQ ID NO. 4 in W(O2013189516 VL 338
GD2-0- KM8BG GD2-0- SEQ ID No. 1 in WO2008043777 VH 336
acetylated acetylated heavy chain

variable
GD2-0~ KM8B6 GI32-0~ SEQ I No. 2 in W(2008043777 VL 337
acetylated acetylated light chain

variable
GD2-0- Oracetylated-GD2 SEQ ID No. 6 in W(O2015067373 VL 338
acetylated ganglioside light chain

variable region
GD2-0- O-acetylated-GD2 SEQ I No. 7 in W(0O2013067375 VH 339
acetylated ganglioside heavy chain

variable region
GD2-0- GDZ VL SEQ ID NQG.7 in US201 60068608 VL 340
acetylated
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GI2-0- GD2 VH SEG D3 NO.8 in US20160068608 YVH 341
acetylated
GI2-0- GD2 VL (8B6) SEQ D NO. Tin YL 342
acetylated WO2014177271A1
GD2-0- GD2 VH (8B6) SEQID NQO. 8in VH 343
acetylated WQO2014177271A1
GD2-0- GD2 VL SEQIDNO. 9in VL 344
acetylated WQO2014177271A1
GD2-0- GD2 VH SEQ D NO. 18in VH 345
acetylated WQO2014177271A1
Gangliosides GMabi-VH SEGQID Neo. 11 in WO2012071216 | VH 346
(including
GD2)

Gangliosides GMabi-VH SEQ ID No. 2 in WO2012071216 | VL 347

(including

GD2)

Gangliosides GMabi-VL SEGQID Ne. 13in WO2012071216 | VH 348

(including

GD2)

Gangliosides GMab2-VH SEQ I3 No. 14 in WO2012078216 | VL 349

(including

GD2)

1333 Anti 1333 VH (Clorne SEQID NO. 1 in WO2015150326 | VH 350
MI93)

1333 Anti C1333 VL (Cloue SEQID NG, 12 in WO2015156326 | VL 351
MI93)

€333 Anti €133 VH (Clone SEQID NO. 13 in WO2015130526 | VH 352
M2ZH12)

€333 Anti €33 VL (Cloue SEQ ID NO. 14 in WO2015130526 1§ VL 353
M2ZH12)

D33 Anti CD33 VH (Clone SEQ ID NO. 15 in WO2015150326 | VH 334
DRB2)

D33 Anti CD33 VL (Clone SEQ ID NO. 16 in WO2015150326 | VL 335
DRB2)

D33 Anti CD33 VH (Clone SEQ ID NO. 17in WO2015150526 | VH 336
My9-6)

D33 Anti CD33 VL (Clone SEQ ID NO. [8in WO2015150526 | VL 357
My9-6)

BCMA BCMA VH (Clone SEQ D NO. 11in WO2015158671 | VH 3358
BCMA-30)

BIMA BCMA VL (Clone SEQ I NO. 120 WO2035158672 | VL 359
BLMA-30)

BIMA BCMA VH (Clone SEQ I NO. 1310 WO2013158673 | VH 360
BLMA-30)

BCMA BCMA VL (Clone SEQ D NO. 14ia WOZ2015158674 | VL 361
BCMA-30)

BCMA BCMA VH (Clone SEQ D NO. 15in WO2015158675 | VH 362
CHiD33)
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BCMA BCMA VL {Clone SEQ ID NO. 16 in WO20151358676 | VL 363
C1iD33)

BCMA BCMA VH (Clone SEQ ID NO. 17 in WO2015158677 | VH 364
CI3F12.1)

BCMA BCMA VL (Clone SEQ ID NO. 18 in WQ2015138678 | VL 365
CI3F12.1)

Her2 Trastuzumab (Herceptin} | SEQ ID NO. 1 in W(2017093844 VH 366

Her2 rastuzumab (Herceptiny | SEQ ID NO. 7 in W0O2017093844 VL 367

Her2 huMAb41D5-5 SEQID NO. 1inUS 8,075,850 VL 368

Her2 huMAb4DS-5 SEQID NO. 216 US 8,075,890 VH 369

Her2 a consensus antibody SEQ I NG, 3 inUS 8,075,850 VL 376
variable domain

Her2 a consensus antibody SEQ I NG, 4 inUS 8,075,850 /H 371
variable domain

Her2 muMAb4DS SEQ ID NO. 5inUS 8,075,850 VL 372

Her2 muMAb4DS SEQID NG, 616 US 8,075,890 VH 373

Her2 N29 No SEQ ID in WO1993003741 VH 374

Her2 N8 No SEGQ ID in WO 1993003741 VL 373

Her2 2C4 SEQIDNQ. 1inUS 7,981 418 VL 376

Her2 204 SEQIDNG. 2inUS 7,981 418 VH 377

Her2 variant 374/Pertuzamab | SEQ ID NO. 3 in 1S 7,981,418 VL 378

Her2 variaat 574/Pertuzumab SEQ ID NG 4in US 7,981,418 VH 379

Her2 hurnan Y1 consensus SEQID NG SinUUS 7,981,418 VL 380
(huro. kappa. 1, light
kappa subgroup 1)

Her2 human VH cousensus SEQ D NO. 6inUS 7,981,418 VH 381
(humd, heavy subgroup
i

Her2 Pertuzumab SEQID NGO 13inUS 7,981,418 Vi 382

Her2 Pertuznmab SEQ D NO. 1410 US 7,981,418 /H 383

Her2 trastuznmab/umMAb4d SEQID NG 13inUS 7,981,418 A\%® 384
15-8

Her2 trastuznmab/umMAb4d SEQID NG 16inUS 7,981,418 VH 385
15-8

Her2 a variant Perfuzumab SEQIDNG. 17inUS 7,981,418 VL 386
fight chain sequence

Her2 a variant Perfuzumab SEQID NG, 18inUS 7,981,418 VH 387
heavy cliait sequence
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Her2 3. F2 monocional SEQ ID NO. 2 in W(2001609187 VH 388
antibody

Her2 3. F2 monocional SEQ ID NO. 4 in W(G2001609187 Vi 389
antibody

Her2 1. D2 monoclonal SEQ ID NG, 6 in W(2001009187 VH 356
antibody

Her2 1. D2 monoclonal SEQ ID NO. 8 in WO2001009187 VL 391
antibody

Her2 2. E8 monoclonal SEQ D NO. 10 in WO2001009187 | VH 352
antibody

Her2 2. E8 monoclonal SEG D NGO, 12 in WO2001009187 | VL 393
antibody

Her2 2C4 SEQID NG, 4 in US 7,097 840 VL 394

Her2 variant 574/Pertuzamab | SEQ ID NQG. 3 in US 7,097,840 VL 395

Her2 human VL subgroup SEQID NG, 6 in US 7,097 840 VL 396

Her2 4D3 SEQ ID NO. 14 in W(2003068801 | VH 397

Her2 Hudl>5-8 SEQ ID NO. T in W(2003087131 VL 398

Her2 rhuMADb SEQ ID NO. 30 in US20040234108 | VH 399

Her2 rhuMAb SEQ 1D NO. 52 10 US20040254108 | VL 460

Her2 her2 VHCH - SMS-1 SEQ D NGO, 54 in US20040234108 | VH 461
VH; human kappa chain
constant (CH)

Her2 her2VLCL - SM3-1 VL, | SEQ ID NO. 36 10 US20040254108 | VL 462
huraan kappa chain
congtant (L)

Her2 her2 VH/Fe/FL- rhuMAb | SEQ D NO. 58 in US20040234108 | VH 443
VH; 1gGl Fe; FIG ligand
extracellular region
(hFlex)

Her2 her2 VH/Fe/Link/FL -~ SEQ D NGO, 60 in US20040234108 | VH 464
rhuMAb; 1gGi Fe;
linker, Flt3 ligand
extracellular region
(hFLex)

Her2 Herceptin Fab SEQIDNG. 9in Vi 443

US2005026G711A1
Her2 Herceptin Fdo SEQ I NO. 10 in VH 406
US2005026G711A1

Her2 Pertuzumab with a signal | SEQ ID NO. 17 ia US20060018899 | VL 407
peptide sequence

Her2 Pertuzumab with a signal | SEQ ID NO. 18 in US20060018899 | VH 408
peptide sequence

Her2 Periplasmic Fab-4D3 SEQ D NO. 30in US 7,632,924 VL 409
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Her2 Periplasmic Fab-4D5 SEQ D NO. 31in U8 7,632,924 VH 410
Her2 trastuzumab A8RC SEGID NG, 610 US7521541 VH 411
Her2 trastuzumab A121C SEQ D NO. 7inUJS7521541 /H 412
Her2 trastuznmab VIIQC SEQID NO. 8 inUS7521541 VL 413
Her2 BIiD2 SEQ ID NO. 42 in US7,332,585 VH 414
Her2 BIDZ SEQ ID NO. 47 in U87,332,585 VL 415
Her2 Fab63 SEQID NO. 7in US20100047230 | VH 416
Her2 Fab63 SEGQID NO. 8 in US2610004723¢ | VL 417
Her2 Herceptin SEQ YD NO. 310 US201602563561 VH 418
Her2 anti-her?/neu antibody SEQ I NG, 1 inUS 9,534,057 /H 419
with a signal peptide
Her2 anti-her?/neu antibody SEQ I NG, 2 inUS 9,534,057 VL 420
with a signal peptide
anti-Her2/neu - | anti-HerZ/mew - auti-CH3 | SEQID NO. 3 in VH 421
anti-CI3 hispecific antibody VH WO2Z014079000A1

Chimeric antigen receptors {CARs)

[00208] In some embodiments, payloads of the present mmvention may be a chimeric antigen
receptors (CARs) which when transduced into immume cells (e.g., T cells and NK cells), can re-
direct the tmmune cells against the target (¢.g., a tumor cell) which expresses a molecule
recognized by the extracellular target moicty of the CAR.

{00269 As used herein, the term “chimeric antigen receptor (CAR)” refers to a svnthetic
receptor that mimics TCR on the surface of T cells. In general, a CAR i3 composed of an
extracellular targeting domain, a transmembrane domain/region and an mtracellular
signaling/activation domain. In a standard CAR receptor, the components: the extracellnlar
targeting domain, transmembrane domaimn and intracellular signaling/activation domain, are
linearly constructed as a single fusion protein. The extracellular region comprises a targeting
domam/moicty {¢.g., a scFv) that recognizes a specitic tumor antigen or other tumor cell-surface
molecules. The miraceilular region may contain a signaling domain of TCR complex {e.g., the
stgnal region of CD3L}, and/or one or more costimulatory signaling domains, such as those from
CD28, 4-1BB (CB137) and OX-40 (D134}, For example, a “first-generation CAR” only has
the CD3{ signaling domain. In an effort to augment T-cell persistence and proliferation,

costimulatory intracellular domains are added, giving rise to second generation CARs having a
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CDB3(signal domain plus one costimulatory signaling domain, and third generation CARs having
C133( 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
moicty of the CAR. Recently, it 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.

[00210] In some embodiments, the extracellular targeting domain 1s joined through the hinge
(also called space domain or spacer) and transmembrane regions to an intracellular signaling
domain. The hinge connects the extracellular targeting domain to the transmembrane domain
which transverses the cell membrane and connects 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 moiety binds, and the size and
affinity of the targeting domain #tself. Upon recognition and binding of the targeting moicty to
the target cell, the intracellular signaling domain leads to an activation signal to the CAR T cell,
which is further amplified by the “second signal” from one or more intracellular costimulatory
domains. The CAR T ccll, once activated, can destroy the target cell.

[006211] In some embodiments, the CAR of the present invention may be split into two parts,
cach part is linked a dimenizing domain, such that an mput that tnggers the dimerization
promotes assembly of the intact functional receptor. Wu and Lim recently reported a sphit CAR
m which the extracchiular CD19 binding domain and the intraccllular signaling element are
separated and linked to the FKBP domam and the FRE* (T2089L mutant of FKBP-rapamyvcin
binding} domain that heterodimerize in the presence of the rapamyvein analog AP21967. The split
receptor 1s assembled in the presence of AP21967 and together with the specific antigen binding,
activates T cells {Wu et al., Science, 2015, 625(6258): aab4077).

[06212] In some embodiments, the CAR of the present invention may be designed as an
inducible CAR. Sakemura et al recently reported the incorporation of a Tet-On inducible system
to the CD19 CAR construct. The CD19 CAR is activated only in the presence of doxyeveline
(Dox). Sakemura reported that Tet-CD19CAR T cells i the presence of Dox were equivalently
cytotoxic against CDH 9™ cell lines and had equivalent cytokine production and proliferation upon
P19 stimulation, compared with conventional CDI9CAR T cells (Sakemura et al., Cancer
Immuno. Res., 2016, Jun 21, Epub ahead of print}. In one example, this Tet-CAR may be the

pavlcad of the effector module under the control of SREs (e.o.

P

DDs) of the mvention. The dual

systeras provide more flexibility to tum-on and off of the CAR expression in transduced T cels.
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[36213] 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 in
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 intraceliolar 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.

160214] 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 mmproving the persistence of CAR expressing cells imvivo.

160215] 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 lvsis
syndrome. Down regulating the expression of the CARs of the present invention following anti-
tumor efficacy may prevent {1} On target off imor toxicity caused by antigen expression in
normal tissue. {2) antigen independent activation 7 vivo.

Fxtracelluiar targeting domain/moiety

[00216] In accordance with the invention, the extracellular 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 nmotety may be an antibody and vananis
thereof that specifically binds to a target molecule on tumor 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 vanant or fragment thereof that can bind to the target molecule on tumor cells, or an antigen
recoguition domain from native T- cell receptor {TCR) (¢ g. CD4 extraccliular domain to
recognize HIV mfected cells), or exotic recognition components such as a linked cytokine that

leads to recognition of target cells bearing the cvickine receptor, or a natural ligand of a receptor.
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100217] In some embodiments, the targeting domain of a CAR may be a Ig NAR aFab
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 triabody, a tetrabody, a disulfide
stabilized Fv protein (dsFv), a unitbody, a nanobody, or an antigen binding region derived from
an antibody that specifically recognizes a target molecule, for example a tumor specific antigen
{T5A). In one embodiment, the targeting moiety 1s a scFv antibody. The scFv domain, when it is
expressed on the surface of a CAR T cell and subsequently binds to a target protein on a cancer
cell, is able to maintain the CAR T cell in proximity to the cancer cell and to trigger the
activation of the T cell. A scFv can be gencrated using routine recombinant DNA technology
technigues and is discussed in the present invention.

[00218] In some embodiments, natural higands may be used as the targeting moieties of the
CARs of the present invention. Such natural ligands may be capable of binding to the antigens
with affinity in the range of the scFvs and can redirect T celis specificity and effector functions
to target cells expressmg the complementary receptor. In some embodiments, the targeting
moicty of the CAR may be neuregulin-1 (NRG1) which is a natoral ligand for HER3 and HER4,
VEGF which is a natural ligand of VEGFR; 1113 wildtvpe protein or IL13 mutein ¢.g. E13Y
which binds to IL13Ra2; NEG2D higand, which 1s a natural ligand of NKG2D receptor; CD70
which is ligand of CP27; and a proliferation-inducing ligand (APRIL} which is a natural high
affimity ligand for BCMAS and transmembrane activator and CAML wmteractor (TACD. Any of
the ligand based BCMA CARs taught in the US Patent Publication No. US20160362467A1, the
contents of which are incorporated by reference m their entirety.

[00219] In one embodiment, the targeting motety of the CAR may recognize antigen such as,
but not limited to a ganglicside, a growth factor receptor, a lectin or any other cell surface
antigen. In some embodiments, any of the sequences described in Table 7 or Table 8 may be
useful in the present invention.

160228] In some embodiments, the targeting moicty of a CAR may recognize a tumor specific
antigen (TSA), for example a cancer neoantigen that is only expressed by tumor cells because of
genetic nuitations or alterations n transcription which alter protein coding sequences, therefore
creating novel, foreign antigens. The genetic changes result from genetic substitution, mserfion,
deletion or any other genetic changes of a native cognate protein {i.e. a molecule that is
expressed in normal cells

[06221] In some embodiments, the targeting moigties of the present mvention may be scFy

comprising the amino acid sequences in Table 8.
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Table 8: scFv sequences

Target Pescription and Clone name Seurce SEQ
B
NG,

ALK ALK1S scFy SEQ I3 NO. 17 in WO2015069922 422
ALK ALK 48 scFv SEQ ID NO. 18 in WO2013069922 423
ALK ALKS3S sciy SEQ ID NO. 19 in WO2015069922 424
ALK ALK38 scFv SEQ ID NO. 20 in WQ2015069922 425
ALK humanized ALK13 scFv SEQ D NQ. 21 in WO2015069922 426
ALK humanized ALK48 scFy SEQ ID NO. 22 in WO2015069922 427
ALK humanized ALKS3 scFy SEQ ID NO. 23 in WQ20150659922 428
ALK humanized ALK S8 scFy SEQ ID NO. 24 in WO2015069922 429
CD22 CD22 (m971) scFy SEQ ID NQG. 9 in W(2014063%61 430
D22 CD22 (HA22 or BL22) scFy SEQID NO. 510 WO2013059593 431
CD22 CD22 (HA22 or BL22) scFy SEQID NO. 6 in W(2013059593 432
D276 {276 scPy SEQ 3 NO. 21 in W(G20317044699 433
CD276 CD276 scFy (CD276.6) SEQ ID NO. 16 in WO2014160627 434
CD276 CD276 scFv (CD276.1) SEQ ID NO. 19 in WQ2014160627 4353
D276 CD276 sclv (CD276.17) SEQ ID NO. 28 in W02014160627 436
GD2 hu3F8/huOK T3 scFv SEQ ID No. 23 in WO2011160119 437
GD2 hu3F8/C8.2.5 scFv SEQ ID No. 24 in WQ2011160119 438
Gangliosides DMab14-86184 scFy SEQ ID No. 6 in WO2012071216 439
including GD2

Gangliosides GMab1 schy SEQ ID No. 20 in W2012071216 440
including GD2

Gangliosides GMab2 scFV SEQ 1D No. 21 in WQ2012071216 441
inclading GD?2

Gangliosides DMabi4 scFV SEQ 1D No. 22 in W(2012071216 442
inclading GD?2

GD2 GD2 scFv SEQID NO. 19 in W(Q2016134286 443
GD2 GD2 scFv SEQ ID NO. 20 in WO2016134287 444
GD2 GD2 scFv SEQID NO. 21 in W02016134288 445
GD2 Munne KM666 sequence SEQID NG 7 in WO2015132604 446
G2 Humanized KM666 sequence SEQ ID NO. 8 in WO2815132604 447
GDz GD2 scPy SEQID NG, 11 in US20160032009 | 448
G2 G2 scFy SEQ D NO. 12 in US20160032009 | 449
GD2 GD2 scFv SEQID NO. 13 in US20160032009 | 450
GD2 GD2 scFv SEQ ID NO. 14 in US20160032009 | 451
GD2 GD2 scFv SEGQID NO. 15 in US20160032009 | 452
GD2 GD2 scFv SEQ ID NO. 16 in US20160032009 | 453

73



WO 2018/160993 PCT/US2018/020704
GD2 GD2 scFv SEQID NG, 17 in US20166032009 | 454
G G2 scFy SEQ D NO. 18 in US20160032609 | 435
GD2 GD2 scPy SEQID NG, 19 in US20160032009 | 456
GD2 GD2 scFy SEQ ID NQG. 20 in US20160032009 | 457
GD2 GD2 scFy SEQID NO. 21 in US20160032009 | 458
GD2 GD2 scFv SEQ ID NO. 22 in US20160032009 | 459
G2 G2 scFv SEG ID NO. 23 in US20160032009 | 460
GD2 GD2 scFv SEQ YD NO. 24 in US20160032009 | 461
G2 G2 schv SEQ D NO. 25 in US20160032809 | 462
GD2 Murine KM666 scFv sequence SEQ 1D NO. 710 US20170066838 463
G Humanized KM666 scFy SEQ D NO. 8 in 1US20170066838 464

sequence
G2 GD?2 (clone A7) scFy SEQIDNG. 1inUS 465
20050287 148A1
Her2 F5 SEQID NG, 1 in US 9,388,244 466
Her2 Ci SEQID NG, 2inUS 9,388,244 467
anti-Her2/neu - anti- | anti-Her2/neu - anti-CD3 SEQ ID NG, 1 in WO2014079000A1 | 468
D3 bispecific autibody scFv
Her2 F3 SEQID NG 1inUS7,332,580 469
Her2 HER3IBI2 SEQ D NO. 6 in1J57,332,580 470
Her2 FL/Fe/HERZFv - Fii3 ligand SEG 1D NO. 62 in UUS20040234108 471
extraccliular region (hFLex); IgGl
Fe: thuMAb ScFy
Her2 Periplasmic 6#-His (SEQ ID NO. | SEQ ID NG, 26 in US 7,632,924 472
933} C terminal scFv-4D3
Her2 Periplasmic 6#-His (SEQ ID NQO. | SEQID NG, 28 in US 7,632,924 473
933) N terminal scFv-435

7.7

Intracellular signaling domains

[00222] The mtraceilular domain of a CAR fusion polyvpeptide, after binding to its target

molecule, transmits a signal {0 the immune effector cell, activating at least one of the normal

effector functions of immune effector cells, including cytolyvtic activity (¢.g., cvtokine secretion)

or helper activity. Therefore, the mtraceliular domain comprises an “intracellular signaling

domain" of a T cell receptor {TCR).
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100223] 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 m place of the
intact chain 1t it transduces the effector function signal.

[60224] In some cmbodiments, the mtraceHular signaling domain of the present invention may
contain signaling motifs which arc known as immunoreceptor tyrosine-based activation motifs
(FTAMs). Examples of ITAM containing cvtoplasmic signaling sequences include those derived
from TCR CD3zeta, FeR gamma, FeR beta, D3 gamma, CD3 delta, CD3 epsilon, CD3, CD22,
CB79%, CD79b, and CB66d. In one example, the intracellular signaling domain is a CD3 zeta
(CDH3{) signaling domain.

[002253] In some embodiments, the intraceliular region of the present mvention further
comprises one or more costimntatory signaling domains which provide additional signals to the
immune cffector cells. These costimulatory signaling domains, in combination with the signaling
domain can further tuprove expansion, activation, memory, persistence, and tumor-cradicating
efficiency of CAR engineered immune cells {e.g., CAR T cells). In some cases, the
costinmulatory signaling region contams 1, 2, 3, or 4 ¢ytoplasmic domains of one or more
mtracellular signaling and /or costimulatory molecules. The costimulatory signaling domain may
be the mtracellular/cyvtoplasmic domain of a costimulatory molecule, including but not imited to
CD2, CD7, D27, CD2E, 4-1BB (CD137), OX40 (CD134), CD30, CD40, ICOS (CD278), GITR
(ghucocorticoid-induced tumor necrosis factor receptor), LFA-1 (lymphocyte function-associated
antigen~ 1}, LIGHT, NKG2C, B7-H3. In one example, the costimulatory signaling domain is
derived from the cytoplasmic domam of CD23. In another example, the costimulatory signaling
domain s derived from the cytoplasmic domain of 4-1BB (CD137). In another example, the co-
stimulatory signaling domain may be an intracellular domain of GITR as taught n U.S. Pat.
NOS. 9, 175, 308; the contents of which are mncorporated herein by reference m 1ts entirety.
[00226] In some embodiments, the intracelhular region of the present invention may comprise a
functional signaling domain from a protein selected from the group consisting of an MHC class [
nmolecule, a TNF receptor protein, an immunoglobulin-like protein, a cytokine receptor, an
integrin, a signaling lymphocviic activation protein (SLAM) such as C48, CD229, 28B4, CDE4,
NTB-A, CRACC, BLAME CD2F-10, SLAMF6, SLAMEF7, an activating NK cell receptor,
BTLA, a Toll ligand receptor, OX40, CD2, CB7, CD27, CD28, CD30, CD40, CDS, ICAM-1,
LFA-L{CDHa/CDIS), 4-1BB (CDI37), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR,
BAFFR, LIGHT, HVEM (LIGHTR}, SLAMF7, NKp80 (KLRF1), NKp4d, NKp30, NKp46,
CD19, CD4, CD8alpha, CD8beta, H.2R beta, IL2ZR gamma, FL7R alpha, 11L-15Ra, ITGA4,
VLAL CD49a, ITGA4, 1A4, CD49D, ITGAG, VLA-6, CD49f, ITGAD, CD11d, ITGAE,
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CDI03, ITGAL, CD1la, LFA-L ITGAM, CD11b, ITGAX, CDllc, ITGBL, CD29Y, ITGB2,
CD18, LFA-1, ITGB7, NKG2D, NKG2C, NKD2C SLP76, TNFR2, TRANCE/RANKL,
DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD9% (Tactile), CEACAMI, CRTAM, Ly9
(CD229), D160 {BYSS), PSGLIL, CD100 {(SEMAA4D), CD69, SLAMF6 (NTB-A, Lv108),
SLAM (SLAMF1, CD150, 1PO-3), BLAME (SLAMEFER), SELPLG (CD162), LTBR, LAT,
CD270 (HVEM), GADS, SLP-76, PAG/Cbp, CD19a, a higand that specifically binds with CD83,
DAP 10, TRIM, ZAPT0, Killer immunoglobulin receptors {KIRs) such as KIR2DLI,
KIR2ZDI2/.3, KIR2DE4, KIR2DLSA KIRZDLSB, KIR2ZDSE, KIR2DS2, KIRZDS3, KIRZDSY,
KIRZDSS, KIR3IDL/ST, KIR3DLZ, KIR3DL3, and KIRZDPI ectin related NK cell receptors
such as Ly49, Ly49A, and Lv49C.

[60227] In some cmbodiments, the intraceHular signaling domain of the present invention may
contain signaling domains denved from JAK-STAT. In other embodiments, the intracellular
signaling domain of the present invention may contain signaling domains derived from DAP-12
{Death associated protein 12) (Topfer et al., fmmunol. | 2015, 194: 3201-3212; and Wang et al,
Cancer Immunol., 2015, 3: 815-826). BAP-12 1s a key signal transduction receptor in NK cells.
The activating signals mediated by DAP-12 play important roles in triggering NK cell
cytotoxicity responses toward certan tumor cells and virally nfected cells. The cvtoplasmic
domain of DAPI12 contamns an Immanoreceptor Tyrosine-based Activation Motif (TTAM).
Accordingly, a CAR containing a DAP12-derived signaling domain may be used for adoptive
transfer of NK cells.

[00228] In some embodiments, T cells engineered with two or more CARs incorporating
distinct co-stimulatory domains and regolated by distinet BD may be used to provide kinetic
control of downstroam signaling,

[00229] In some embodiments, the intraceliular domaim of the present invention may comprise
amino acid sequences of Table 9.

Table 9: Intracellular signaling and co-stimulatory

Domain Sequence SEQ
1))
NG

28B4 co-stimulatory | WRRKRKEKQSETSPKEFLTIYEDVKDLKTRRNHEQEQTFPGGGSTIYSMIQ | 474

domain SQSSAPTSQEPAYTLY SLIQPSRKSGSRKRNHSPSINSTIYEVIGKSQPKAQ

NPARLSREELENFDVYS

D27 co- HORRKYRENKGESPVEPAEPCRY SCPREEEGSTIPIQEDYRKPEPACSP 475

stimulatory domain

CD272 (BTLAT) RRHQGKONELSDTAGREINLYDAHLKSEQTEASTRONSQVLLSETGIYDN 476

co-stimulatory DPDLCFRMQGEGSEVY SNPCLEENKPGIVY ASLNHIVIGPNSRLARNVKEAP

domain TEYASICVRS
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CD272 (BTLAD) CCLRRHOQGKONELSDTAGREINLVDAHLKSEQTEASTRONSOVLLSETGE 477

co-stimulatory YDNDPDLCFRMOEGSEVYSNPCLEENKPGIVY ASLNHSVIGPNSRLARNY

domain KEAPTEYASICVRS

D28 co- FWVLVVVGGVLACYSLLVTVAFIIFWY 478

stimulatory

C328 co- KRGREKLLY{FKQPFMRPVOQTTQEEDGUSCRFPEEEEGGUEL 479

stimulatory domain

CD28 ¢co- FWVRSKRSRLLHSDYMNMTPRRPGPTREKHYQPYAPPRIFAAYRS 480

stimulatory dorain

D28 co- RSKRSRGGHSDYMNMTPRRPGPTREKHY(QPYAPPRDFAAYRS 481

stinnlatory donain

D28 co- RSKRSRGGHSDYIVINMTPRRPGPTRKHYQPYAPPRDFAAYRS 482

stimudatory domain

CD28 co- MLRLLLALNLFPSIQVTGNKILVKQSPMLVAYDNAVNLSCKYSYNLFSRE 483

stimmlatory FRASLHKGLDSAVEVCVYVVYONYSQQLOVYSKTGFNCDGKLGNESVIFYL

signaling region ONLYVNOQTIMYFCKIEVMYPPPYLDMNERKSNGTIHHVK GKHLCPSPLFPGPS
KPFWVLVVVGGVLACYSLLVTVAFIFWVRSKRSRLLHSDYMNMTPRRP
GPTRKHYOPYAPPRDFAAYRS

D30 co- RRACRKRIRQKLHLCYPVQTSOQPKLELVDSRPRRSSTQLRSGASVTEPVAE 484

stinmlatory domain | ERGLMSQPLMETCHSVGAAYLESLPLODASPAGGPSSPRDLPEPRVSTEHT
NNKIEKIYIMKADTVIVGTVKAELPEGRGLAGPAEPELEEELEADHTPHYP
BEQETEPPLGSCSDVMLSVEEEGKEDPLPTAASGK

GITR co- HIWQLRSQUMWPRETQLLLEVPPSTEDARSCQFPEEERGERSAEEKGRLG 485

stinndatory domain | DLWV

HVEM co- CVKRRKPRGDVVKVIVSVORKROQEAEGEATVIEALQAPPDVTTVAVEETI 486

stimmlatory domain | PSFTGRSPNH

ICOS co- TKEKKYSSSVHDPNGEYMFMRAVNTAKK SRLTDVTL 487

stimulatory domain

1COS co- CWLTKKEYSSSVHDPNGEYMFMRAVNTARKKSRLTDVTL 488

stiruulatory

signaling domain

LAG-3 co- HLWRROQWRPRRFSALEQGIHPPOAQSKIEELEQEPEPEPEPEPEPEPEPEPE 489

stimulatory region | QL

OX40 co- ALYLLRRDQRLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKI 490

stimulatory domain

0OX40 co- RRDORILPPDAHKPPGGGSFRIPIQEEGADAHSTLAKI 491

stimulatory dorain

4-1BB intraceliular | KRGRKKLLYIFKQPFMRPVOQTIQEEDGCSCRFPEEEEGGCEL 492

domain

4-1BB signaling KRGRKKLLYIFKOQPFMRPVOTTQEEDGCRCRFPEEEEGGYEL 483

domain

4-1BB-CD37eta TGTTTPAPRFPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWA 494

intracelular PLAGTCGVLLLSLVITLYCKRGREKLLYIFKQPFMRPVOTTQEEDGCSCRY

domain PEEEEGGCELRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDEKMAEBAY SEIGMKGERRRGKGHI
GLYQGLSTATKDTYDALHMQOQALPPR

4-1BB~-Z KRGRKKLLYIFKGQPFMRPVOQTTQEEDGCRCRFPEEEEGGCELRVKFSRSAD 495

cndodomain fusion | APAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MQOALPPR

{127 KRIKPIVWPSLPDHK K TLEHLCK KPRKNLNVSFNPESFLDCOIHRVDDIGA 486

mtracetular RDEVEGFLODTPPOOLEESEKQRLGGDVOSPNCPSED VVITPESFGRDSSL

domain TCLAGNVSACDAPILSSSRSLDCRESGKNGPHVYQDLLLSLGTINSTLPPPE
SLOSGILTLNPYVAQGQPILTSLGSNOQEEAYVTMSISFY NG

D37 RESVVKRGRKKLLYIFROPFMRPYVQTTQEEDGCSCRFPEEEEGGCEL 497

mtraceHular

domain
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D148 RKKRKDARNNEVSFSQIKPKKSKLIRVENFEAYFRKKOOQADSNCGFAREYE 498

intraceliufar DLKLVGISQPK Y AAELAENRGRKNRYNNVLPYDISRVELSVOTHSTDDYIN

domain ANYMPGYHSKKDFIATOQGPLENTLEDFWEMVWERKNVYAIIMLTKCVEQ
GRTKCEEYWPSKQAQDYGDITVAMTSEIVLPEWTIRDFTVENIOTSESHPL
ROFHFTSWPDHGVPDTIDLLINFRYLVRDYMKQSPPESPILVHCRAGVGR
TGTFIAIDRLIVOIENENTVDVYGIVYDLRMHRPLMVQTEDQYVFLNQCY
LDIVRSQRKDSKVDLIYONTTAMTIVENLAPVITFGKTNGYIA

CD27 intracellolar | QRRKYRSNKGHESPVEPAEPCHYSCPREEEGSTIPIQEDYRKPEPACSP 459

domain

CD28 intmacellular | FAAYRS 300

domain

D28 signaling FWVLVVVGGVLACYSLLVTVAFIPWVRRSKRSELLHSDYMNMTPRRPGPT | 5301

chaw RKHYQPYAPPRDFAAYRS

D28 signaling RSKRSRLLHSDYMNMTPRERPGPTRKHYQPYAPPRDFAAYRS 302

domain

{28 signaling SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS 303

domain

D28 signaling EVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLA 304

domain CYSLLVTVAFIFWRSKRSRELLHSDYMNMTPRRPGPTRKHYQPYAPPRDF
AAYRS

D28, 4-1BB, RSKRSRLLHSDYMNMTIPREPGPTREKHY(QPYAPPRDFAAYRSRFSVVKRG 305

and/or CD3¢ REKKLLYIFKOQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPA

signaling domain YOOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYN
BELOKDEKMAFAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMGA
LPFR

CD28/C3C AAAIEVMYPPPYLDNEKSINGTIHVKGKHLCPSPLFPGPSKPEFWVLVVVGE | 306
VEACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHY(QPY AP
PROFAAYRSRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRG
RODPEMGGKPRRENPOEGLYNELOQKDKMAEAY SEIGMK GERRRGK GHDG
LYQGLSTATKDTYDALHMOQALPPR

CD28-0X7 RSKRSRLLHSDYNMTPRRPGPTRKHYQPYAPPRDFAAYRSRIQRLPPDAH 07

intracetular KPPGGGSFRTPIQEEQADAHSTLAKIRVKFSESADAPAYQOQGONQLYNEL

domain NLGRREEYDVLDKRRGRDPEMGGKPRRENPOQEGLYNELQKDEMAEAY S
EIGMKGERRRGKGHDGLYQUGLSTATKDTYDALHMQALPPR

D238-4-1BB MFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYIFKQPFMRPVOQT 508

intracellular TOEEDGCSCRFPEEEEGGCEL

domain

{D28-4-1BB EVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLA 309

intracelular CYSLLVTVAFIIFWVKRGRKKLLYIFKOQPFMRPYVQTTQEEDGCSCRFPEEE

domain BEGGCEL

CD28-CD32 Zeta RSKRSRLLHSDYMNMTPRRPGPTRKHYJPYAPPRDFAAYRSRVKFSRSA 510

intracethudar DAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGE PRRKNEQE

domain SLYMNELQKDEKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

CD28-CD37eta KRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADA 311

intracelinlar PAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL

domain YNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR

D3 delita chain MEHSTFLSGLVLATLLSQVSPFKIPIEELEDRVFVNONTSITWVEGTVGTLL 512

mtracelnlar SDITRLDLGKRILDPRGIYRCNGTIDIYKDKESTVQVHYRMCQSCVELDPAT

signaling domain VAGHVTIDVIATLLLALGVFCFAGHETGRLSGAADTQALLRNDQVYQPLR
DRDDAQYSHLGGNWARNK

{133 delta chain MEHSTPLSGLVLATLLSQVSPFKIPIEELEDRVEVNCNTSITWVEGTVGTLL 313

intracetular SDITRLDLGERILDPRGIVECNGTDIYKDKESTVQVHYRTADTOALLRND

signaling domain OQVYQPLRDRDDAGYSHLGGNWARNK

D3 delta chain DOVYQPLRDRDDAQYSHLGGN 314

intraceliutar
signaling domain
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CD3 deita MEHSTFLSGLVLATLLSOVSPFKIPIEELEDRVEFVNCNTSITWVEGTVGTLL 513

intraceliufar SDITRLDLGKRILDPRGIYROCNGTDIYEDKESTVOVHY RMCOQSCVELDPAT

domain VAGIHVIDVIATLLLALGVFCFAGHETGRLSGAADTQALLRNDOVYQPLR
DRIDDAQYSHLGGNWARNK

(D3 delta MEHSTFLSGLVLATLLSOVSPFKIPIEELEDRVFVNONTSITWVEGTYGTLL 516

intracelinlar SDITRLDLGKRILDPRGIYRCNGTDIYKDKESTVOVHYRTADTQALLRND

domain OVYQPLRDRDDAQYSHLGONWARNK

D3 epsilon MOSGTHWRVLGLCLLSVGVWGOQDGNEEMGGITQTPYKVSISGTTVILTCPR 317

intracelhular QYPGSEILWQHNDKNIGGDEDDKNIGSDEDHLSLKEFSELEQSGYYVCYP

domain RGSKPEDANFYLYLRARVCENCMEMDVMSVATIVIVDICITGGLLLLVYY
WSKNRKAKAKPVTRGAGAGGROQRGONKERPPPVPNPDYEPIRKGQRDLY
SGLNORRI

{33 epsilon NPDYEPIRKGORDLYSGLNQR 518

mtracetular

domain

(D3 gamma MEGGKGLAVLILATTLLQGTLAQSIKGNHLVEVYDYQEDGSVLLTCDAEA 519

intracelinlar KNITWFKDGEKMIGFLTEDKKK WNLGSMNAKDPRGMYQCK GSONKSKPLG

domain VYYRMCONCIELNAATISGFLFAEIVSIFVLAVGVYFIAGODGYRQSRASD
KOTLLPNDOQLYQPLEDREDDQY SHLOGNOQLRRN

D3 gamma DOLYQPLKDREDDOYSHLOGN 520

mtracelnlar

domain

CI33 seta MEWKALFTAAILQAGLPITEAGSFGLLDPKLCYLLDGILFIYGVILTALFLR 521

intracethular VKFSRSADAPAYQOGONQLYNELNLGRREEYDWVLDKRRGRDPEMGGKP

domain QRRKNPOEGLYNELOKDKMAEAYSEIGMKGERRRGRGHDGLYQGLSTA
TEDTYDALHMQALPPR

D3 zeta NQLYNELNLGRREEYDVLDKR 522

intraceliufar

domain

D3 zeta domain 2 | RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK 523
(NM_006734.3) PRRKNPQEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR

D3 zeta DGLYQGLSTATEDTYDALHMOQ 524

mtracetular

domain

D3 zeta RVKFSRSAFPPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKEP 525

intraceliufar RRENPOEGLYNELOQKDKMAEAYSEIGMKGERRRGK GHDGLYQGLSTAT

domain KDTYDALHMOALFPPR

CD3 zcta RVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK 326

intracelhular PORRKNPOQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST

domain ATKDTYDALHMQALPPR

D3 zeta RSEVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMG 527

mtracetular GEKPRRKNPQEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS

domain TATKDTYDALHMOQALPPR

D3 zeta RVKFSRSADAPAYQQGEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNEL 528

intracelinlar QKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALP

domain PR

CD3 zcta RVKFSRSADAPAYQOGONQLYNELNLGRREEVDVLDKRRGRDPEMGGK 329

intracelhular PRERKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTA

domain TKDTYDALHMOALPPR

3 zeta MIPAVVLLLLLLVEQAAALGEPQLCYILDAILFLVGIVLTLLVCRLKIQVREK 330

mtracetular AATTSYEKSRVKFSRSADAPAYQOGONGQLYNELNLGRREEYDVLDERRG

domain RDPEMOGGKPRRENPOEGLY NELQRDEMAEAVIEIGMK GERRRGKGHDG
LYQGLSTATKDTYDALHMOALPPR

CD3 zeta LRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGG 331

intracelular KPRRENPOEGLYMNELQKDKMAEAYSEIGMK GERRRGKGHDGLYQGLST

domain ATKDTYDALHMQOQALPPR

D3 zeta RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK 532

intracellular PGRRKNPQEGLY

domain
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CD3 zeta LRVKFSRSADAPAYOQOQGONQLYNELNLGRREEYDVLDKRRGRIPEMGG 533

intraceliufar KPORRENPOEGLYNELOKDKMAEAY SEIGMEK GERRRGKGHDGLYQGLS

domain TATKDTYDALHMOALPPR

D3 zeta RRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGG 534

intracelular KPRRENPOEGLYMNELQKDKMAEAYSEIGMK GERRRGKGHDGLYQGLST

domain ATKDTYDALHMQALPPR

D3 zeta BEGLYNELQKDKMAEAYSEIGMK 335

intracelular

domain

CD3 zeta RVKFSRSADAPAYKOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK. 536

intraceliufar PRRENPOEGLYNELOQKDKMAEAY SEIGME GERRRGKGHDGLYQGLSTA

domain TKDTYDALHMGALPPR

D3 zeta RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK 537

intracelular PRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTA

domain TEDTYDALHMOALP

D3 zeta DPRLCYLLDGILFIVGVILTALFLRVEFSRSADAPAYQQGONQLYNELNLG 438

intracelular REREEYDVLDKRRGRDPEMGGKPORRKNPOEGLYNELOKDKMAEAYSEL

domain GMEGERRRGKGHDGLYQGLSTATKDTYDALHMOAILPPR

CD3 zeta MEKWKALFTAAILOQAQLPITEAQSFGLLDPKLCYLLDGILFIYGVILTALFLR 539

intraceliular VKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKP

domain RRENPOEGLYNELOQKDEKMAEAYSEIGME GERRRGK GHIBGLYQGLITAT
KDOTYDALHMQALPPR

(D40 intracellnlar | RSRDORLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKI 340

domain

{D79A MPGGPOGVLOALPATIFLLFLLSAVYLGPGCOQALWMHBKVPASLMVSLGED 541

intracetular AHFQCPHNSSNNANYTWWRVLHGNY TWPPEFLGPGEDPNGTLIONVNK

domain SHGGIYVCRVOQEGNESYQQSCGTYLRVROQPPPRPFLDMGEGTKNRIITAEG
ILLFCAVVPGTLLLFRKEWONEKLGLDAGDEYEDENLYEGLNLDDCSMY
EDISRGLOGTYQDVGSLNIGDVQLEKP

CD7%A MPGGPGVLOQALPATIFLLFLLSAVYLGPGCQALWMHK VPASLMVSLGED 542

intraceliular AHFQUCPHNSSNNANVIWWRVLHGNYTWPPEFLGPGEDPNEPPPRPFLIM

domain GEGTRNRETAEGHLLFCAVVPGTLLLFREKRWONEK LGLDAGDEYEDENL
YEGINLDDCSMYEDISRGLOGTYQDVGSLNIGDVOLEKP

CD79A ENLYEGLNLDDCSMYEDISRG 543

intracelinlar

domain

D8 intraccHular FVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF 344

domain ACDIYIWAPLAGTCGVLLLSLVITLYCNHRENR

(D8 intraceiular FYPVFLPAKPITTPAPRPPTPAPTIASOPLSLRPEACRPAAGGAVHTRGLDF 345

domain ACDIVIWAPLAGTCGVLLLSLVITLYONHRNR

CD8aintracellular | PTTTPAPRPPTPAPTIASQPLALRPEACEPAAGGAVHTRGLDFACDI 346

domain

{TLAS AVSLSEMLKKRSPLTTGVEVEMAPTEAECEKQFOPYFIPIN 347

mtracetular

domain

CTLA4 AVSLSKMLKKRSPLTTGVYMNMTPRRPECEKQFQFYAPPRDFAAYRS 348

intraceliular

domain

DAPLO RPRRSPAQDGKVYINMPGRG 549

intracelhular

domain

DAPI2 MGGLEPCSRLLLLPLLLAVSGLRPVQAQGAQSDCSCSTVSPOVLAGIVMGD 350

intracetular LVLTVLIALAVYFLGRLVPRGRGAAEAATRKQRITETESPYQELQGQORSD

domain VYSDENTORPYYK

DAPI2 MGGLEPCSRLLLLPLLLAVSGLRPVQAQAQSDCSCSTVSPGVLAGIVMGD 551

intracelinlar LVLTVLIALAVYFLGRLVPRGRGAAFEATRKQRITETESPYQELOQGORSDV

domain YSDINTORPY YK
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DAPLZ MGGLEPCSRLLLLPLLLAVSDUSCSTVSPGVLAGIVMGDLVLTVLIALAVY | 352
intraceliufar FLGRLVPRGRGAAFAATRKOQRITETESPYQELOQGORSDVY SDLNTORPYY
domain K
DAPI2 MGGLEPCSRLLLLPLLLAVSDCSCSTVSPGVLAGIVMGDLVLTVLIALAVY | 533
intracelular FLGRLVPRGRGAAEATRKQRITETESPYQELQGQRSDVYSDLNTQRPYYK
domain
DAPI2 MGGLEPCSRLLLLPLLLAVSGLRPVQAQAQSDCSCSTVSPGVLAGIVMGD 554
mtracelnlar LVLTVLIALAVYFLGRLVPRGRGAAEAATRKQRITETESPYQELQGQRSD
domain VYSDLNTORPYYK
DAPLZ MGGLEPCSRLLLLPLLLAVSGLEPVOAQAQSDCSCSTYVSPGVLAGIVMGD 555
intraceliufar LVLTVLIALAVYFLGRLVPROGRGAABATRKQRITETESPYQELOGQRSDY
domain YADLNTORPYYK
DAPI2 MGGLEPCSRLLLLPLLLAVSDCSCSTVSPGVLAGIVMGDLVLTVLIALAVY | 556
intracelular FLGRLVPRGRGAAEAATRKQRITETESPYQELQGORSDVYSDLNTORPYY
domain K
DAPL2 MGGLEPCSRLLLLPLLLAVSDCSCSTVSPGVLAGIVMGDLVLTVLIALAVY | 537
mtracelnlar FLGRLVPRGRGAAEATRKQRITETESPYQELOGQRSDVYSDLNTORPY YK
domain
DAPLZ ESPYQELQGQRSDVYSDLNTG 358
intraceliular
domain
GITR intracellnlar | RSQCMWPRETQLLLEVPPSTEDARSCQOFPEEERGER SAFEK GRLGDLWY 559
domain
ICOS tntracellular | TKEKKYSASVHDPNGEFMEFMRAVNTAKK SRLTDVTL 360
domain
I-15Ra KSROTPPLASVEMEAMEALPVTWGTSSRDEDLENCSHHL 361
intraceliular
domain
OX40-CD3 Zeta REDOGRIPPDAHKPPGGGSFRTPIGEEQADAHSTLAKIRVKFSRSADAPAYQ | 362
intracelhular QGONQLYNELNLGRREEYDVLDKRRGEDPEMGGKPRREKNPOEGLYNEL
domain QKDKMAFAYSEIGMEGERRRGKGHDGLYQGLSTATKDTYDALHMQALP
PR

ZAPTO MPUPAAHLPFFYGSISRAEAEEHLKLAGMADGLFLLROCLRSLGGYVLAL 363

intracethular VHDVREFHHFPIERQINGTY ATAGGKAHCGPAELCEFY SRDPDGLPCNLRK

domain PUNRPSGLEPQPGVEDCLRDAMVRDYVRQTWKLEGEALEQAIISQAPQVE
KLIATTAHERMPWYHSSLTREEAERKLY SGAQTDGKFLLRPRKEQGTYAL
SLIYGKTVYHYLISQDKAGKYCIPEGTKFDTLWQLVEYLKLKADGLIYCL
KEACPNSSASNASGAAAPTLPAHPSTLTHPQRRIDTLNSDGYTPEPARITSP
DKPRPMPMDTSVYESPYSDPEELKDKKLFLKRDNLLIADIFLGCGNFGIVR
QGVYRMRKKQIDVAIKVLKOQGTEKADTEEMMREAGIMHQLDNPYIVRLI
GVCQAEALMLVMEMAGGGPLHKFLVGKREEIPVSNVAELLHQVSMGMK
YLEEKNFVHRDLAARNVLLVNRHYAKISDFGLSKALGADDSYYTARSAG
KWPLKWYAPECINFRKFSSRSDVWSYGVIMWEALSYGOKPYKKMEGPE
VMAFIEQGKRMECPPECPPELY ALMSDCWIYKWEDRPDFLTVEQRMRAC
YYSLASKVEGPPGSTOKAEAACA

{28 tntracellular | MLRLLLALNLFPSIOVTGNKILVKQSPMLVAYDNAVNLSCKYSYNLFSRE 364

domain FRASLHEGLDSAVEVCVYVVYGNY SQQLOVYSKTGFNCDGRLOGNESVTIFYL
ONLYVNQTDIYFCKIEVMYPPPYLDNEK SNGTHHVK GKHLCPSPLFPGPS
KPFWVLVVVGGVLACYSLLVTVAFIIFWVR

4-1BB intraceliular | MGNSCYNIVATLLLVLNFERTRSLODPCSNCPAGTFCDNNRNGICSPCPPN 563

domain SFSSAGGORTCDICROGCKGVIFRTRKECSSTSNAECDCTPGFHCLGAGCSM
CEQDCKOQGUELTKRGCKI CCFGTINDQKRGICRPWTNCSLIDGK SVLVNG
TKERDVVGPSPADLSPGASSVTPPAPAREPGHRPQIISFFLALTSTALLFLL
FFLTLRESVVKRGREKKLLYIFKOPFMRPVQTTQEEDG

Fc epsilon MIPAVVLLLLLLVEQAAALGEPQLCYILDAILFLYGIVLTLLYCRLKIQVRK | 566

Receptor T gamma | AATTSYEKSDGVYTGLSTRNQETYETLKHEKPPO

chain intraceliular

domain

Fc epsilon DGVYTGLSTRNGQETYETLKHE 367

81




WO 2018/160993

PCT/US2018/020704

chain intracellular
domain
Fc epsilon DPKLCYILDAILFLYGIVLTLLYCRLKIQVRKAAITSYEKSDGVYTGLSTRN 368
Receptor I gamma | QETYETLKHEKPPQ
chain intracellular
domain
D28 intracellnlar | SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS 569
domain
D28 signaling EVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLA 570
domain CYSLLVIVAFIFWVR
D8 signaling FVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF 371
domain ACDIYITWAPLAGTCGVLLLSLVITLYCNHRENR
mtracellular T cell TEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLA 572
sigraling domain CYSLLVTVAFIIFPWVREKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRD
compnising C1328 FAAYRSRVEFSRSADAPAYQQGONQLYNELNLGRREEYDVLIDKRRGRIP
and 133 zeta EMOGRPRRIEKNPOEGLYNELQK DKMAEAYSEIGMKGERRRGKGHIDGLYQ
GLATATKDTYDALHBMQALPPR
intracelular Teell | FVPVFLPAKPTTTPAPRPPTPAPTIASOPLSLRPEACRPAAGGAVHTRGLDE 573
signaling domain ACDIVIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSELLHSDYMNMTPRR
conprising CD28, PGPTREHYQPYAPPRINFAAYRSRFSYVKRGRKKLLYIFKOQPFMRPYOQTTO
C3137, and CD3
zeta
RERGKGHDGLYQGLSTATEDTYDALHMOALPPR

Transmembrane domains

[00230] In some embodiments, the CAR of the present invention may comprise a

transmembrane domaim. As used herein, the term “Transmembrane domain {TM)” refers broadly
o an amino actd sequence of about 15 residues i length which spans the plasma membrane.
More preferably, a transmembrane domain includes 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 amino acid residues and spans the
plasma membrane. In some embodiments, the transmembrane domain of the present invention
may be derived either from a natural or from a synthetic source. The transmembrane domain of a
CAR may be derived trom any naturally membranc-bound or transmembrane protein. For
example, the transmembrane region may be derived from (1.¢. comprise at least the
transmembrane region(s) of) the alpha, beta or zeta chain of the T-cell receptor, CD3 epsilon,
CD4, CD5, CDR, CDRg, CD9, CDie6, CD22, CD33, (D28, CD37, D45, CD64, CDE0, CDR6,
CD134, CD137, CD152, or CD154,

[06231] Alternatively, the transmembrane domain of the present invention may be synthetic. In
some aspects, the synthetic sequence may comprise predominantly hydrophobic residues such as
leucine and valine.

[00232] In some embodiments, the transmembrane domain of the present invention may be
selected from the group consisting of a CD8a transmembrane domain, a CD4 transmembrane
domam, a CD 28 transmembrane domain, a CTLA-4 transmembrane domain, a PD-1

transmembrane domain, and a hwan Igos Fe region. As non-limiting examples, the

82



WO 2018/160993 PCT/US2018/020704

transmerbrane domain may be a CTLA-4 transmembrane domain comprising the amino acid
sequences of SEQ 1D NOs. 1-5 of International Patent Publication NOS. W02014/100385; and a
PD-1 transmembrane domain compusing the amino acid sequences of SEQ D NQOs. 6-8 of
International Patent Poablication NOS. WO2014100385; the contents of cach of which are
meorporated herein by reference in thetr entirety.

[80233] In some embodiments, the CAR of the present invention may comprise an optional
hinge region (also called spacer). A hinge sequence 1s a short sequence of aming acids that
facilitates flexibility of the extracelludar targeting domain that moves the target binding domain
away from the effector cell surface to cnable proper cell/cell contact, target binding and ctfector
cell activation (Patel et al., Gene Therapy, 1999; 6: 412-419). The hinge sequence may be
positioned between the targeting motety 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 fg(G4 Fc hinge, the extracellular regions of type | membrane proteins such as CD8q
U4, CD28 and CD7, which may be a wild type sequence or a derivative. Some hinge regions
mclude an immunoglobulin CH3 domain or both a CH3 domain and a CH2 domain. In certain
embodiments, the hinge region may be modified from an oGl 1gG2, IsG3, or Ig(G4 that
includes one or more amine 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 10 provides
various transmembrane regions that can be used m the CARs described herein.

Table 10: Transmembrane domains

Transmembrane domain Sequence SEQID
NO

CI38 Transmembrate domain TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAY | 574
HTIRGLDFACDI

4-1BB Tmansmembrane domsain ISFFLALTSTALLFLLFFLTLRFSVVKRGR 573

4-1BB Transmembrane domain IISFFLALTSTALLFLLFFLTLRFSVV 576

CD134 {GX40) Transmembrane VAATLGLGLVLGLLGPLAILLALYLL 577

domain

D148 Transmuembrane and AVFGCIFGALVIVIVGGFIFWREKREDAKNNEVS | 378

intracelhular domain FROIKPKESKLIRVENFEAYFEKQQADSNCGFPAEE
YEDLKLVGISQPKYAAFLAENRGEKNRYNNVLPY
DISRVKLSVOTHSTDDVINANYMPGYHRKKIDEFIA
TOGPLPNTLEDFWRMVWERNVY ATIMLTKCVEG
GRTKCEEYWPSKQAQDYGDITVAMTSEIVLPEVVY
TIRDFTVEKNIGTSESHPLRQFHFTRSWPDHGVPDTT
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DLLINFRYLVEDYMKQSPPESPIL VHCSAGYGRTG
TFAIDRLIYVOIENENTYDVYGIVYDLEMHRPLMY
QTEDQYVFLNQCVLDIVRSQKDSKVDLIYONTTA
MTIYENLAPVTTFGKTNGY A

CD28, OX40, and CD3 Zeta
intracellular domain

LHSDYMNMTPRRPGPTREHYOPY APPRIDFAAYR
SRDORLPPDAHKPPGGGSFRTPIQEEGADAHSTLA
KIRVKFSRSADAPAYQQGONQLYNELNLGRREEY
DVLDKRRGRIOPEMGGKPREKNPOQEGLYNELOKD
KMAEAYSEIGMKGERRRGEGHDGLYQGLSTATK
DTYDALHMOALPPR

CD148 Transmembrane domain AVFGCIFGALVIVTVGGFIFW 579

CD2 Transmembrane domain KEITNALETWGALGQODINLDIPSFQMSDDIDDIKW | 380
BEXTSDKKKIAQFRKEKETFKEKDTYKLFKMNGTLK
IKHLKTDDODIYRKVIIYDTKGEKNVLEKIFDLKIQE
RVSKPKISWTCINTTLTCEVMNGTDPELNLYQDG
KHLKLSOQRVITHKWTTSLSAKFKCTAGNKVSKES
SVEPVSCPEKGLD

CD28 Transmembrane and IEVMYPPPYLDNEKSNGTITHVEK GKHLCPSPLFPG | 581

intracellular domain PSKPFWYVLVVVGGVLACYSLLVTVAHIFWVYRSK
RSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDEA
AYRS

CI28 Transmembrane domain FWYVYLVVVGGVLACYSLLVIVAFIIFWY 582

CD28 Transmembrane domain JEVMYPPPYLDNEKSNGTUHVKGKHLCPSPLFPGP | 583
SKPFWVLVVVGGVLACYSLLVIVAFIIFWY

CD28 Transmembrane domain IFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRR 584

CD28 Transmembrane domain FWVLVVVGGVLACYSLLVIVAFIIFWVRSKRSRL | 583
LHSDYMNMTPRRPGPTRKHYQP
YAPPRDFAAYRS

CD28 Transmenbrane domain MEFWVLVVVGGVLACYSLLVIVAFHFWY 586

CD28 Transmembrane domain FWVLVVVGGVLACYSLLVTVAFHFWY 587

CI28 Transmembrane domain MEFWVLVVVGGVLACYSGGVTVAFIIFWY 588

CD28 Transmembrane domain WYVYLVVVGOGVLACYSLLVIVAFIIFWY 389

CI328 Transmembrane domain PFWVLVVVGGVLACYSLLVTVAFOFWVRSKRSR | 590
LLHSDYMNMTPRRPGPTREHYPYAPPRIDFAAY
RS

CD28 Transmembrane domainand | FWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRL | 391

CD28 and D3 Zeta intracelinlar LHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYR

domain SRVKFSRSADAPAYOQQGONQLYNELNLGRREEY
DVLDKRRGREDPEMGGKPRREKNPQEGLYNELOQKD
KMAFAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMGQALPPR

CD28 Transmembrane domain and | FWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRL | 592
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CI28 Transmembrane domain and
CD3 Zeta intracetular domain

FWVLVVVGGVLACYSLLVTVAFIFWVRRVEFSR
SADAPAYOQQGONQLYNELN
GRIDPEMGOKPRRKNPOEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMOALPPR

593

CD28 transmembrane~-CD3 zeta
signaling domain ("2827)

AAATEVMYPPPYLDNEKSNGTIHVKGKHLCPSPL
FPGPSKPFWVLVVVGGVLACYSLLVIVAFIIFWY
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKFSRSADAPAYQQGQNQLYNELNL
GRREEYDVLDKRRGRDPEMGGKPRRENPOEGLY
NELQKDKMAEAY SEIGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMQALPPR

594

CD3 zeta Transmenibrane domain

LCYLLDGILFIYGVILTALFLRY

CI3 zeta Transmembrane domain.

MKWEKALFTAAILLQAQLPITEAQSFGLLDFKLCYL
LDGIFIVGVILTALFL

C3 zeta Transmembrane domain

LCYLLDGILFIYGVILTALFL

CD4 Tansmerbrane domain

ALIVLGGVAGLLLFIGLGIFFCVRC

CD4 Transmembrane domain

MALIVLGGVAGLLLFIGLGIFF

D45 Transmembrane and
intracellular domain

ALIAFLAFLIIVISIALLVVLYKIYDLHKKRSCNLD
EQOQELVERDDEKQLMNVEPIHADILLETYKRKIA
DEGRLFLAEFQSIPRVFSKFPIKEARKPFNQNKNR
YVDILPYDYNRVELSEINGDAGSNYINASYIDGEK
EPRKYTAAQGPRDETVDDFWRMIWEQKATVIVM
VTRCEEGMNRENKCAEYWPSMEEGTRAFGDVVVKI
NOHKRCPDYTIOQKLNIVNKKEKATGREVTHIQFTS
WPDHGVPEDPHLLLKLRRRVNAFSNFFSGPIWHC
SAGVGRTGTYIGIDAMLEGLEAENKVDVYGYVVY
KLRROQRCIMVOQVEAQYILHQALVEYNQFGETEV
NLSELHPYLHNMKERDPPSEPSPLEAEFQRLPSYR

ELEMSKESEHDSDESSDDDSDSEEPSK YINASFIM
SYWKPEVMIAAQGPLKETIGDFWOMIFQREVE VI
YMLTELKHGDOEICAQYWOECGKQTYGMEVDLK

WSVEQLPAEPKELISMIQWRKQKLPOQKNSSEGNKH
HKSTPLLIHCRDGSQOTGIFCALLNLLESAETEEW

DIFQWKALRKARPGMYSTFEQYQFLYDVIASTYP
AQNGOVKKNNHQEDKIEFDNEVDKVKQDANCY

NPLGAPEKLPEAKEGAEGSEPTSGTEGPEHSVNGP
ASPALNGQGS

600

CD621 Transmembrane domain

PLFIPVAVMVYTAFSGLAFITWLA

601

CDY7 Transmembrane domain

AL PAALAVISFLLGLGLGVACVLA

602

CD8 Transmembrane domain

MALPVTALLLPLALLLHAARP

D8 Transmembrane domain and
D28 sigualing domain

AAAFVPVFLPAKPTTITPAPRPPTPAPTIASGPLSLR
PEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCG
VLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTPR
RPGPTRKHYQPYAPPRDFAAYRSRFSVVERGRKK
LLYIFKQPFMEPVOTTOEEDGCSCRFPEIEEGGCE

604

85




WO 2018/160993

PCT/US2018/020704

LRVKFSRSADAPAYQOQGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRREKNPOEGLYNELGED
EMABDAYSEIGMKGERREGKGHDGLYQGLSTATK
DIYDALEMQALPPR

CD8 frarsmembrane domain- AAATTIPAPRPPTPAPTIASQPLSLRPEACRPAAG 603

CD137 {(4-1BB) signaling domain GAVHTRGLDFACDIVIWAPLAGTCGVLLLSLVITL

and CD3 zeta signaling domain YCKRGRKKLLYIFKQPFMREPVOTTOQEEDGUSCRE

{“BBz"} PEEEEGGCELRVKFSRSADAPAYKOQGONQLYNEL
NLGRREEYDVLDKRRGRDPEMGGKPRREKNPOEG
LYNELOQKDKMAEAYSEIGMKGERRRGKGHIDGL
YQGLSTATKDTYDALHMQALPPR

CD8a Transmembrane domain FVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEA | 606
CRPAAGGAVHTRGLDFACDIYVIWAPLAGTCGVLL
LSLVITLYCNHRN

{D8a Transmembrane domain IWAPLAGTCOVLLLSLVITLYC 607

CD8a Transmembrane domain WIWAPLAGTCOVLLLSLVITLYC 608

CD8a Transmembrane domain TYIWAPLAGTCGYLLLSLVITLYCR 609

CD8a Transmembrane domain YIWAPLAGTCOGVLLLSLVITLYCR 610

CD8a Transmembranc domain IYIWAPLAGTCGVLLLSLVIT 611

CD8a Transmembrane domain IWIWAPLAGTCGVLLLSLVITLY 612

CD8b Transmenbrane domain LGLLVAGVLVLLVSLGVAIHLCC 613

EpoR Transmembrane domain APVGLYARLADESGHVVLRWLFPPETPMTSHIRY | 614
EVDVSAGNGAGSVQRVEILEGRTECVLSNLRGRT
RYTFAVRARMABPSFGGFWSAWSEPVSLLTPSD

FcER] a- Transmembrane domain MAPAMBESPTLLCVALLFFAPDGYVLAVPOKPKVSL | 615
NPPWNRIFKGENYVTLTCNGNNFFEVSSTEKWEFHNG
SLSEETNSSLNIVNAKFEDSGEYKCQHOQVNESEP
VYLEVFSDWLLLOASAEVYMEGOPLFLRCHGWR
NWDVYKVIVYKDGEALKYWYENHNISITNATVE
DSGTYYCTGKVWOLDYESEPLNITVIK APREKYW
LOFFIPLLVVILFAVDTGLFISTOQQOVTIFLLKIKRT
REKGFRLILNPHPKPNPKNN

FceRla Transmembrane domain DIFIPLLVVILFAVDTGLFISTQQOVTFLLKIKRTRK | 616
GFRLLNPHPKPNPKNNR

GITR Transmembrane domain PLGWLTVVLLAVAACVLLLTSAGQGLGLHIWQL 617

Her2 Transmembrane domain SHSAVVGILLVVVLGVVFGILII 618

Her? Transmembrane domain CHPECQPOQNGSVTCFGPEADQCVACAHYKDPPPC | 619
VARCPSGVKPDLSYMPIWKFPDEEGACQPCPING
THSCVDLDDKGCPAEQRASPLTSISAVVGILLVY
VLGVVEGILI

[COS Transmerbrane domain FWLPIGCAAFYVVYVCILGCILI 620
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IgG1Tnsmembrane domain EPKSPDKTHTCPPCPAFPPVAGPSVELFPPEPKITL | 621
MIARTPEVTCYVVDVSHEDPEVKENWYVIIGVEV
HNAKTKPREEQYNSTYRVVIVLTVLHQDWILNGK
EYKCKVSNKALPAPEKTISKAKGOPREPQVYTLP
PSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGO

PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWGQG
NVFSCSYMHEALHNHYTQKBLSLIPGKKD

OX40 Transmembrane domain VAAILGLGLVLGLLGPLAILL 622
Transmembrane domain IYIWAPLAGTCGVLLLSLVITLYC 623
Transmembrane domain IYIWAPLAGTCGVLLLSLVITLYC 624
CD28 transmembrane and IEVMYPPPYLDNEKSNGTIHVKGKHLCPSPLFPGP | 623
signaling doruaius SKPFFWVLVVVGGVLACY SLLVTVAFIIFWVRSKR
SRLLHSDYMNMTPRRPGPTREKHYOQPYAPPRIDFA
AYERS
CD28 Transmembrane domain VMYPPEYLDNEKSNGTHHVKGKHLCPSPLFPGPS | 626

KPPWVLVVVGGVLACYSLLVIVAFIIFWVR

(D8 Transmembrane domain TTTPAPRPPTPAPTTIASQPLSLRPEACRPAAGGAY | 627
HTRGLDFACDIYIWAPLAGYTCGVLLLSLVITLYC

[36234] Hinge region sequences uscful i the present invention are provided in Table 11

Table 11; Hinge regions

Hinge Bomain Sequence SECQID
NG
Hinge DEKTHT 628
Hinge CPpC 629
Hinge CPEPKSCDTPPPCPR 630
Hinge ELKTPLGDTTHT 631
Hinge KSCDKTHTCP 632
Hinge KCCVDCP 633
Hinge KYGPRCP 634
(233P Hinge VEPKSPDKTHTCPPCP 635
(2338 Hinge LDPKSSDKTHTCPRPCP 636
D28 Hinge IEVMYPPPYLDNEKSNGTIHHVKGKHLCPSPLFPGPSKP 637
CD8a Hinge GGAVHTRGLDFA 63
{’D&a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD 639
CD8a Hinge AKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD 640
D8a Hinge TTTPAPRPPTPAPTIASOPLSLERPEACRPAAGGAVHTRGLDFACDEPKSP | 641
DKTHTCPPCPAPPVAGPSVFLFPEKPKDT
{’D8&a Hinge PAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDI | 642
Y
{Dx8a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWA | 643
PLAGTCGVLLLSLVITLY
CD8a Hinge TTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD 644
D8a Hinge TTTPAPRPPTPAPTIASOPLSLEPEACRPAAGGAVHTIRGLIDFACDIY 645
Delta3 Hinge LDKTHTCPPCP 646
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EpoR Hinge APVGLVARLADESGHVVLRWLPPPETPMTSHIRYEVDVSAGNGAGSY | 647
QRVEILEGRTECVLANLRGRTRYTFAVE ARMAEPSFGGFWSAWSEPVS
LLAPSD

FCRIIg Hinge GLAVSTISSIFPPGYQ 648

Hinge RWPESPEAQASSVPTAQPOAEGSLAKATTAPATTRNTGRGGEEKKKE | 649

KEKEEQEERETKTPECPSHTOPLOGVYLLTPAVODLWLRDKATFTCFVY
GSDLEKDAHLTWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSL

WHNAGTSYVTCTLNHPSLPPOQRLMALREPAAQAPVKLSLNLLASSDPPEA
ASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPFPOPGSTITWA

WSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSY VIDH
Hinge YVTVSSQDPAEPKSPDK THTCPPCPAPELLGGPSVFLFFPKPKDTLMISR | 650
TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAK GQPREPQV
YTLPFPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSKLTVDK SRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGKEDPK
Hinge KPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA 631
Hinge LEPKSCDKTHTCPPCP 652
Hinge KPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 653
Hinge ELKTPLGDTHTCPRCP 654
Hinge EPKSCDTPPPCPRCP 653
Hinge ESKYGPPCPSCP 636
Hinge ERKCCVECPPCP 657
Hinge (CH2- ESKYGPPCPPCPAPEFLGGPAVFLFPPKPKDTLMISRTPEVICYVVDVSQ | 638
CH3) EDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKGLPSSIEK TISKAKGQPREPOVY TLPPSQEEMTKNG
VSLTCLVKGFYPSIHA VEWESNGUPENNYKTTPPVLISDGSFFLY SRLT
VDKSRWOQEGNVFSCSVMHEALHNHY TOKSLSLSLGK.
Hinge (CH3) ESKYGPPCPPCPGQPREPGVY TLPPSQEEMTENQVSLTCLVKGFYPSDI | 639

AVEWESNGOPENNYKTTPPYVLDSDGSE
CRVMHEALHNHYTQKSLSLSLGK

FLYSRLTYDESRWQEGNVES

IgD Hinge RWPESPKAQASSVPTAQPOAEGSLAKATTAPATTIRNTGRGGEEKKKE | 660
KEKEEQEERETKTPECPSHTOPLGVYLLTPAVODLWLRDKATFTCEFVY
GSDLKDAHLTWEVAGKVPTGGVEEGLLERHSNGSGSCHSRLTLPRSL

WNAGTSVTCTLNHPSLPPOQRLMALREPAAGAPVKLSLNLLASSDPPEA
ASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITWA

WSVLRVPAFPSPOPATYTCVVYSHEDSRTLLNASRSLEVSYVIDH

gD Hinge RWPESPKAQASSVPTAQPOQAEGSLAKATTAPATTIRNTGRGGEERKKKE | 661
KEKEEQEERETKTPECPSHTOPLGVYLLTPAVODLWLRDKATFTCEFVY
GSDLKDAHLTWEVAGKVPTGGVEEGLLERHSNGSGSCOHSRLTLPRSL
WNAGTSVTICTLHPSLPPOQRLMALREPAAQAPVKLSLNLLASSDPPEAA
SWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITWAW
SVLRVPAPPSPOPATYTCVYVSHEDSRTLLNASRSLEVSYVTDH

gD Hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKE | 662
KEKEEQEERETKTPECPIHTOPLGVYLLTPAVODLWLRDKATFTCEFVY
GSDLKDAHLTWEVAGKVPTGGVEEGLLERHANGSGSOHSRLTLPRSL

WNAGTSVTUTLNHPSLPPORIMALREPAAGAPVKLSLNLLASSDPPEA
ASWLLLEVSGFSPPNILLMVVLEDQREVNTSGFAPARPPPOPGRTTFWA
WHEVLRVPAPPIPOPATYTCYVSHEDSRTLLNASRSEEVSYVIDH

gD Hinge ESPRAQASSVPTAQPOAEGSLAKATTAPATTRNTGRGGEEKKKEKEKE | 663
EOQEERETKTP

IgD Hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKE | 664
KEKEEQEERETKTPECPSHTQPLGVYLLTPAVODLWLRDKATFTCFVY
GSPDLEKDAHLTWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSL
WNAGTSVTCTLNHPSLPPORLMALREPAAQAPVEKLSLNLLASSDPPEA
ASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTIFWA
WSVLRVPAPPSPOPATYTCYVVSHEDSRTLLNASRSLEVSYVIDH
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Igly Hinge RWPESPKAQASSVPTAQPOAEGSLAKATTAPATTRNTGRGGEEKKKE | 665
KEKEEQEERETKTPECPSHTOPLGVYLLTPAVODLWLRDKATFTCFVY
GSDLEKDAHLTWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSL

WNAGTSVTCTLNHPSLPPORLMALREPAAQAPVKLSLNLLASSDPPEA
ASWLLCEVSGFSPPNILLMWLEDQREVNTSGEFAPARPPPOPGRITIFWA

WSVLRVPAPPSPOPATYTCVVSHEDSRTLLNASRSLEVISYVTDH
IgD Hinge RWPESPKAQASSVPTAQPOQAEGSLAKATTAPATTRNTGRGGEEKKKE | 666

KEKEEQEERETKTPECPSHTOPLOGVYLLTPAVODLWLRDKATFTCFVY
GSDLEKDAHLTWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSL
WHNAGTSYVTCTLNHPSLPPOQRLMALREPAAQAPVKLSLNLLASSDPPEA
ASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPOPGSTTFWAW
SYLRVPAPPSPOPATYTCVVIHEDSRTLINASRSLEYVSYVTDH

IgD Hinge RWPESPKAQASSVPTAQPOQAEGSLAKATTAPATTRNTGRGGEEKKKE | 667
KEKEEQEERETKTPECPSHTOQPLGVYLLTPAVODLWLRDKATFTCFVY
GSPLKDAHL TWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSL
WNAGTSVTCTLNHPSLPPOQRLMALREPAAQAPVKLSLNLLASSDPPEA
ASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPOPGSTITWA
WSVLRVPAFPSPOPATYTCVYSHEDSRTLLNASRSLEVSYVTDH

IgGI{CHICH3) | AEPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMIARTPEVICVVY | 668
Hinge domain DVSHEDPEVEFNWYVDGVEVHNAKTKPREEGYNSTYRVVSYLTVLH
ODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDEL
TENGVSLTCLVKGEFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFL
YSKETVDKSRWOOGNVESCSVMHEALHNHYTOKSLSL SPGKKD

IgG1 Hinge AEPKSPDKTHTCPPCPKDPK 669
IgG1 Hinge EPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMIARTPEVICYVVD | 670

VSHEDPEVKEFNWY VDGVEVHNAKTKPREEQYNSTYRVVIVLTVLHQ
DWLNGKEVKCKVINKALPAPIEKTISK AKGOPREPOVYTLPPSRDELT
KNGVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWOOGNVESCSVMHEALHNHY TOKSLSLSPGKKD

IgG1 Hinge SVFLFPPEPKEDTL 671
fgGt Hinge EPKSPDKTHTCPPCPAPPVAGPSVFLFPPKPEDTLMIARTPEVICYVVD | 672

VSHEDPEVKEFNWY VDGVEVHNAKTKPREEQYNSTYRVVIVLTVLHQ
DWLNGKEYKCKVINKALPAPIEK TISK AKGOPREPOVYTLPPSRDELT
KNGVSLTCLVKGEFYPSDIAVEWESNGGPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWOOQGNVESCSVMHEALHNHY TOKSLSLIPGK

IgG1 Hinge EPKSPDEKTHTCPPCPAPPVAGPSVELFPPKPKDTLMIARTPEVICVVYD | 673
VSHEDPEVKPNWYVDGVEVHNAKTE PREEQYNSTYRVVSVLTVLHOQ
DWELNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFTLY
SELTVDEKSRWOOGNVESCSVMHEALHNHYTOK SLSLSPGEKDPK

IgG1l Hinge VECPPCPAPPVAGPSVFLFPPKPEDTLMISRTPEVICVVVDVSHEDPEY | 674
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGEE
YKCEVSNEGLPSSIEKTISKAKGOPREPOVYTLPPSREEMTKNOVSLTC
LVKGFYPSDIAVEWESNGOPENNYEKTTPPVLDSDGSFFLYSKLTVIDKES
RWOOGNVESCSVMHEALHNHYTOKSLSLSPGK

IgG1 Hinge DPAEPKSPDKTHTCPPCPAPPVAGPSVELFPPKPKDTLMIARTPEVTCV | 675
(CH2ZCH3 VVDVSHEDPEVEFNWY VDGVEVHNAKTKPREEQGYNSTYRVVSVLTV
domain) LHODWLNGKEYKCKVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRD
ELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSKLTVDESEWOOQGNVESCSVMHEALENHYTOKSLSLSPGEKK

JgG3 Hinge ELKTPLGDTTHTCPROP 676

IgG3 Hinge ELKTPLGDTHTCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPEPKS | 677
CDTPPPCPRCP

(34 (CHZ and ESKYGPPCPPCPAPEFLGGPSVFLFPPEPKDTLMISRTPEVICVVVDIVED | 678

CH3) EDPEVOENWYVIIGVEVHNAKTEPREEQGFNSTYRVYSVLTVLHOQDWL

NCGKEYKCKVINKGLPSSIEKTISK AKGQPREPOVYTLPPSQEEMTENQ
VALTCLVEGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SRLT
VDK SEWOEGNVESCSVMHEALHNHYTOKSLALSLGKM
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IgG4 (CH2 and ESKYGPPCPPCPAPEFEGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSEQ | 6
CH3) EDPEVOFNWYVDGVEVHNAKTKPREEOQFQSTYRVVSVLTVLHODWL
NGKEYECKVSNKGLPSSIEKTISKAKGQPREPOQVYTLFPSQEEMTKNG
VSLTCLVKGPYPRIHAVEWESNGOPENNYKTTPPYLDSDGSFFLY SRLT
VDKSRWOEGNVESCSVMHEALHNHYTOKSLSLSLGKM

~X
o

Ig(G4 Hinge SPNMVPHAHHAQ 680

IgG4 Hinge GOPFREPQVY TLPPSQEEMTENQVSLTCLVKGFYPSDIAVEWESNGQPE | 681
NNYKTTPPVLDSDGSFFLYSRELTVDKSEWQEGNVFSCSVMHEALHNH
YTOKSLSLSLGK

Ig(G4 Hinge ESKYGPPCPPCPGGGSSGGGSGGOPREPQVYTLPPSQEEMTENQVSLT | 682
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDK
SRWQEGNVFSCSVMHEALHNHYTOKSLSLSLGK

[g(34 Hinge ESKYGPPCPSCPAPEFEGGPSVFLFPPEPKDTLMISRTPEVTICVVVDIVE(D | 683
EDPEVOFNWY VDGVEVHQAKTKPREEQFNSTYRVVSVLTVLHODWL
NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPOQVYTLPPSQEEMTKNQG
VSLTCLVKGEVPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SRLT
VDESRWOEGNVESCSVMHEALHNHYTOKSLSLSLGK

IgG4 Hinge ESKYGPPCPPCPAPEFEGGPSVELFPPKPKDTLMISRTPEVTCVYVVDVSE(Q | 684
EDPEVOFNWYVDGVEVHOAKTKPREEQFNSTYRVVEVLTVLHQDWL
NGKEYRKCKVSNKGLPSSIEK TISKAKGOPREPOQVYTLPPSQEEMTKNG
VSLTCLVKGPVPRIHAVEWESNGOPENNYKTTPPYLDSDGSFFLY SRLT
VDKSRWOEGNVESCSVMHEALHNHY TOKSLSLSLGK

Ig(G4 Hinge GAATCTAAGTACGGACCGCCCTGCCCCCOTTGCCCT 683
IgG4 Hinge ESKYGPPCPPCE 686
Ig(34 Hinge YGPPCPPCP 687
IgG4 Hinge KYGPPCPPCP 688
IgG4 Hinge EVVKYGPPCPPCP 689
(34 Hinge ESKYGPPCPSCPAPEFLGGPSVYFLFPPEPKDTLMISRTPEVTICVVVIIVS(Q | 690

EDPEVOINWYVDGVEVHNAKTE PRECQFNSTYRVYSVLTVLHOQDWL
NGKEYKCKVSNEGLPSSIEKTISK AK GQPREPOVYTLPPSQEEMTENQ
VILTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SRLT
VDLSRWOEGNYFSCSVMHEALHENHYTOKSLSLSLGK

Tg(G4 Hinge and ESKYGPPCPPCPGGGSSGGGSG 691
Linker
Gl Hinge EPKSPDKTHTUPPCPAPPVAGPSVFLFPPKPRDTLMIARTPEVTCVVYVD | 692

VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHQ
DWLNGKEYKCKVINKALPAPIEK TISK AKGOPREPOVYTLPPSRDELT
KNGQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTIPPVLDSDGSFFLYS
KETVDKSRWOOGNVESCSVMHEALHNHYTOKSLSLSPGK

1g(31 Hinge EPKSPDEKTHTCPPCPAPPVAGPSVFLIPPKPKDTLMIARTPEVTICVVVD | 693
VSHEDPEVKPNWYVDGVEVHNAKTE PREEQYNSTYRVVSVLTVLHOQ
DWELNGKEYKIKVSNKALPAPIEKTISK AKGQPREPOVY TLPPSRIELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK TIPPVLISDGSFFLY S
KLTVDKSRWOOQOGNVFSCIVMHEALHNEHYTOKSLSLSPGK

CH2ZCHS3 spacer EPKSCDKTHTCPPCPAPELLGGPSVILFPPEPKDTLMISRTPEVTICVVY | 694
domain DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGEKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TRKNOQVSLTCLVEKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSELTYDESRWOOQGNVESCSVMHEALHNHYTOKSLSLSPGKKDFPE

[00235] In some embodiments, the CAR of the present invention may comprise ong or more
linkers between any of the domains of the CAR. The huker may be between 1-30 amino acids

long. In this regard, the inkermay be 1,2,3.4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18,
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19,20, 21,22, 23,24, 25,26, 27 28,29 or 30 amino acids in length. In other embodiments, the
finker may be flexible.

[60236] In some embodiments, the CH2CH3 may be preferentially excluded from the chimeric
antigen structure to elicit a higher TNFa response as disclosed in W02016149575 (the contents
ot which are herein mcorporated by reference). In some constructs a CH2ZCHS3 structural domain
is meluded. This domain extends the scFV away from the plasma membrane extracellular
surface, and allows for the efficient detection of transduced T cells with anti-lgls Fe-specific
antibody. CAR constructs which include CH2CH3 domain are disclosed in WO2Z015069922A3
(the contents of which are incorporated herein by reference in s entirety).

[00237] In some embodiments, the components including the targeting motety, transmembrane
domatn and intracellular signaling domains of the present invention may be constrocted in a
single fusion polypeptide. The fusion polypeptide may be the payload of an effector module of
the mvention. In some embodiments, more than one CAR fusion polypeptides may be included
n an effector module, for example, two, three or more CARs may be included in the effector
modhile under the control of a single SRE (2.2, a DD}, Representative effector modules
comprising the CAR pavioad arc illustrated 1o Figures 2~6.

[00238] In some embodiments, the CAR sequences may be selected from Table 12,

Table 12: CAR sequences

Description Source Target | SEQ
B
NQ.
ALK CAR SEQ ID NO. 37 in WO2015069922 ALK 695
ALK CAR SEQ I3 NO. 39 in WO2015069922 ALK 696
ALK CAR SEGQID NO. 41 in WQ2015065922 ALK 697
ALK CAR SEQ ID NQO. 43 in WO2013069922 ALK 598
ALK CAR SEQ ID NO. 44 in W02015069922 ALK 699
ALK CAR SEQ ID NO. 45 in WO2015069922 ALK 700
ALK CAR SEQ I3 NO. 46 in WO2015069922 ALK 701
ALK CAR SEGQID NO. 47 in WQ2015065922 ALK 702
ALK CAR SEQ ID NO. 48 in WOZ015069922 ALK 703
ALK CAR SEQ ID NO. 49 in WO2015069922 ALK 704
ALK CAR SEQ ID NO. 50 in W0O2015065922 ALK 705
ALK CAR SEQ ID NQO. 51 in WO2Z013069922 ALK 706
ALK CAR SEQ ID NO. 52 in W02015069922 ALK 707
ALK CAR SEQ ID NO. 53 in WO2015069922 ALK 708
ALK CAR SEQ I3 NO. 34 in WO2015069922 ALK 709
ALK CAR SEQ ID NO. 53 in W02015069922 ALK 710
ALK CAR SEQ ID NO. 36 in WOZ015069922 ALK 711
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ALK CAR SEQ ID NO. 57 in W(2015069922 ALK 712
ALK CAR SEQ D NG. 38 in WO2015069922 ALK 713
ALK CAR SEGQ ID NO. 59 in WO2015069922 ALK 714
ALK CAR SEQ ID NO. 60 in W(2015069922 ALK 715
ALK CAR SEG D NG, 61 in WO2015069922 ALK 716
ALK CAR SEQ ID NO. 62 in WO2015069927 ALK 717
ALK CAR SEQ ID NQG. 63 in WO2Z013069922 ALK 718
ALK CAR SEG ID NO. 64 in W(Q2015069922 ALK 719
ALK CAR SEQ ID NO. 65 in W(2015069922 ALK 720
ALK CAR SEQ D NG. 66 in WO2(15069922 ALK 723
ALK CAR SEGQ ID NO. 67 in WO2015069922 ALK 722
ALK CAR SEQ ID NQG. 68 in WO2Z013069922 ALK 723
ALK CAR SEG ID NO. 69 in W(02015069922 ALK 724
ALK CAR SEQ ID NO. 70 in W(2015069922 ALK 725
ALK CAR SEQ D NG. 71 in WO2015069922 ALK 726
ALK CAR SEGQ ID NO. 72 in WO2015069922 ALK 727
ALK CAR SEQ ID NO. 73 in W(2015069922 ALK 728
ALK CAR SEG D NO. 74 in WO2015069922 ALK 729
ALK CAR SEQ ID NO. 73 in WO2015069927 ALK 730
ALK CAR SEQ ID NQG. 76 in WO2013069922 ALK 731
ALK CAR SEG ID NO. 77 in W(Q2015069922 ALK 732
ALK CAR SEQ ID NO. 78 in W(32015069922 ALK 733
ALK CAR SEQ D NG. 79 in WO2015069922 ALK 734
ALK CAR SEQ ID NO. 80 in WO2015069927 ALK 735
ALK CAR SEQ ID NO. 81 in W(2015069922 ALK 736
ALK CAR SEG ID NO. 82 in W(Q2015069922 ALK 737
ALK CAR SEQ ID NO. 83 in W(2015069922 ALK 738
ALK CAR SEQ 1D NG. 84 in WO2015069922 ALK 739
ALK CAR SEGQ ID NO. 85 in WO2015069922 ALK 740
ALK CAR SEQ ID NO. 86 in W(2015069922 ALK 741
ALK CAR SEG D NG, 87 in W(O2015069922 ALK 742
ALK CAR SEQ ID NO. 88 in W0O2015069927 ALK 743
ALK CAR SEQ ID NQG. 89 in WO2Z013069922 ALK 744
ALK CAR SEG ID NO. 90 in W(Q2015069922 ALK 745
322 (m971) third generation CAR | SEQ ID NO. 22 in W(320140639%61 D22 746
CD22 (m971) third generatton CAR | SEQ D NO. 23 in W(O2014065961 D22 747
CD22 (m971) third generation CAR | SEQ ID NG, 24 in WO2014065%61 D22 748
CD22 (CARSHAZ2 282y CAR SEQ ID NQG. 15 in WO2013059593 D22 749
CD22 (HA2Z2 28BBz) CAR SEG ID NO. 16 in WQ2013039593 D22 750
322 (HASH22 282) CAR SEQ ID NO. 17 in W(2013059593 D22 751
CD22 (HASH22 288BBz) CAR SEQ D NO. 18 in WO2013059593 D22 752
CD22 (BL22 282) CAR SEG ID NG, 1910 W(O2013059393 D22 753
CD22 (BL22 28BBz) CAR SEQ ID NQO. 20 in W(2013059593 Ch22 754
D22 (HA228H-CAR-second SEG D NG, 32 in WO2013039593 D22 755

generation, version 2) CAR
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3276 CAR (CD276.6 second SEQ ID NG, 39 in WO2014 160627 Cp27e | 736
generation)

CD276 CAR (CD276.1 second SEQ ID NO. 42 in W(2014160627 Cp276 | 757
generation, version 1)

CD276 CAR (CI3276.17 second SEQ ID NO. 45 in WO2014160627 D276 | 758

generation, version 1)
D276 CAR {CD276.6 CAR second | SEQ ID NO. 122 in WO2014 160627 CD276 | 739
generation, versien 1)
CD276 CAR(CD276.6 CAR sccond | SEQ ID NO. 123 in WO2014 160627 CD276 | 760
gencration, version 2)
CD276 CAR (CD276.6 CAR third SEQID NO. 124 in WOZ014 160627 D276 | 761
generation)
D276 CAR(CD276.1 CAR second | SEQGTD NO. 125 in WO2014166627 D276 | 762
generation, version 1)
D276 CAR{CD276.1 CAR second | SEQ D NO. 126 in WO2014160627 CD276 | 763
generation, version 2)
(D276 CAR{CD276.1 CAR thid SEQ I3 NO. 127 (0 W(O2014160627 CD276 | 764

generation)

D276 CAR ({CD276.17 CAR SEGQID NGO, 128 in WO2014 160627 CD276 | 763
second generation, version 1)

CI3276 CAR (CD276.17 CAR SEQID NG, 129 in WOZ014 160627 D276 | 766

second generation, version 2)
D276 CAR (CD276.17 CAR third | SEQ ID NO. 130 in W02014160627 D276 | 767

generation)
CD 276 CAR SEQ ID NQG. 20 in WO2Z017044699 CD276 | 768
CD276 MG BB.Z CAR SEG ID NO. 12 in WQ2017044699 CD276 | 769

062391 In one embodiment of the present invention, the paviocad of the invention is a CD33
specific CAR. The CD33 heavy and hight cham may be combined with any of the signal
peptides, transmembrane domains, costimulatory domains, intracellular domains and
destabilizing domains described herein.

602461 In onc cmbodiment of the present mnvention, the pavload of the invention s a GD2
specific CAR. The GD2 heavy and light chamn may be combined with any of the signal peptides,
transmembrane domains, costimulatory domains, intracellular domains and destabilizing
domains described herein.

[00241] In one embodiment of the present invention, the pavioad of the invention is a Her2
specific CAR. The Her2 heavy and light chain may be combined with any of the signal peptides,
transmembrane domains, costimulatory domains, intracellular domains and destabilizing
domatns described berein. Exemplary BCMA CAKR sequences and its components are described
in Table 13A. The amino acid sequences in Table 13A mav comprise a stop codon which is

denoted in the table with a **7 at the end of the amino acid sequence

Table 13A; DB-Her? construct sequences

Bescription Amino Acid Seguence Amias Nucleic
Acid SEQ | Acid SEQ
i NG i NG/
Sequence
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GMOSE Leader LLLVTSLLLCELPHPAFLLIP 778 922
Linker ASFE 920 921
Linker GS - GOGTTCC,

GGATCC

Linker TS - ACTAGT

Linker HM - ATGCAC

4-1BB KRGRKKLLYIFKOPFMRPVOTTOEEDGCSCRFPEEEEGG | 773 919

Tutraceliular CEL

Domain

4D35 scFV DIQOMTQSPSSLSASVGDRVTITCRASQDVYVNTAVAWYQQ | 923 924
KPGKAPKLLIYSASFLYSGVPSREFSGSRSGTDFTLTISSLO
PEDFATYYCQQHYTTPPTFGOQGTKVEIK GSTSGSGKPGS
GEGSGEVQLVESGGGLVQPGGSLRLSCAASGFNIKDTY!
HWVROAPGKGLEWVARIVPTINGYTRYADSVKGRFTISA
DTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGEFYAMD
VWGOGTLVIVSS

(CD8a Hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL | 925 926
DFACD

Transmembrane IVIWAPLAGTCGVLLLSLVITLYC 927 928

Domain

D3 Zeta RVKFSRSADAPAYKQGONOQLYNELNLGRREEYDVLDK | 772 918

signaling Domain | RRGRDPEMGGKPRRENPQEGLYNELQKDKMAEBAYSE]
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
R

hIEFR (Amdno VGSINCIVAVSONMGIGKNGDLPWPPLRNEFRYFQRMT | 861 903907

acid 2-187 of WT; | TTSSVEGKONLVIMGKKTWEFSIPEKNRPLKGRINLVLSR

Y1221 ELKEPPOGAHFLARSLDDALKLTEQPELANKVDMVWIV
GGSSVIKEAMNHPGHLKLFVTRIMQDFESDTFFPEIDLEK
YKLLPEYPGVLSDVQEEKGIKYKFEVYEKND

OT-Her2-004 MLLLVTSLLLCELPHPAFLLIPDIOMTOSPSSLSASVGIR | 966 907

{Met - GMCSF VTITCRASQDVNTAVAWYOQOKPGKAPKLLIYSASFLYS

Leader - 403 GYPSRESGERSGTDFTLTISSLOPEDFATYYCQQHYTTPP

scFv - Linker TPGQGTE VEIKGSTSGRGRPGSGEGRGEVOLVESGGGLY

(ASFE) - (CD38a QPGGSLRLSCAASGENIKDTYIHWVROAPGRKGLEWVAR

hinge - Linker IYPTNGYTRYADSVKGRFTISADTSENTAYLOMNSLRAE

(GGS) ~ DTAVYYCSRWGGDGFY AMDBVWGOQGTLVTVSSASFETT

Transmembrane TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF

Domain — Linker | ACDGSIVIWAPLAGTCGVLLLSLVITLYCTSKRGRKKILL

{TS)—-4-1BB YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELHMR VK

intracellular FSRSADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG

signaling domain | RDPEMGGKPRREKNPQEGLYNELQKDKMAEAYSEIGMK

— Linker (HM} ~ GERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGS

D33 zeta ~ Linker | VGSLNCIVAVSONMGIGKNGDLPWPPLENEFRYFOQRMT

{GS) ~ hDHFR TTSSVEGKONLVIMGKKTWFSIPEKNRPLKGRINLVLSR

{Amino acid 2- ELKEPPOGAHFLSRSLDDALKLTEQPELANKVDMYWIY

187 of WT, GGSSVIKEAMNHPGHLKLFVTIRIMQDFESDTFFPEIDLEK

Y1221 - stop) YKLLPEYPGVLSDVQEEKGIK YK FEVYEKND*

00242 In onc embodiment, the CAR of the present invention 15 a BCMA (B-cell maturation
antigen) CAR, also referred 1o as the CD26%. The BCMA bheavy and light chains mav be
combined with any of the signal peptides, transmembrane domains, costimulatory domains,
itracelivlar domains and destabilizing domains described herein. Exemplary BCMA CAR

sequences and its components are described in Table 13B. The anino acid sequences in Table
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13B may comprise a stop codon which is denoted in the table with a *

acid sequence.

Coge s

Table 138: BCMA CAR

PCT/US2018/020704

at the end of the amino

Pescription

Aming Acid Sequence

BCMA scFv (C1ED3.3)

DIVLTGSPASLAMSLGKRATISCRASESVSVIGAHL
HWYQQOKPGQPPKLLIYLASNLETGVPARFSGSGS
GTDFTLTIDPVEEDDVAIYSCLOSRIFPRTFGGGTE
LEIKGSTSGSGKPGSGEGS TKGQIQLVOSGPELKK
PGETVKISCKASGYTFTDYSINWVKRAPGEGLEW
MGWINTETREPAYAYDFRGRFAFSLETSASTAYL
QINNLKYEDTATYFCALDYSYAMDYWGQGTSVT
VER

CD8a hinge-~TM

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVH
TRGLDFACDIYIWAPLAGTCGVLLLSLVITLYC

I3 zeta signaling
domain

RVKFSRSADAPAYEQGONQLYNELNLGRREEYD
VLDKRRGREPEMGGK PREKNPOEGLYNELQKDK
MAEAYSEIGCMKGERRRGKGHDGL YQGLSTATKD
TYDALHMOALPPR

4-1BB intraceliular
signaling domain

KRGREKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEE
EEGGCEL

CD8a icader

MALPVTALLLPLALLLBAARP

2cDHFR (Amino acid 2-
159 of WT) (R12Y,
Y1001)

ISLIAALAVDYVIGMENAMPWNLPADLAWFKRN

TLNKPVIMGRHTWESIGRPLPGRKNILSSQPGTDD
RVIWVESYDEAIAACGDVPEIMVIGGGRVIEQFLP
KAQKLYLTHIDAEVEGDTHFPDYEPDDWESVEFSRE
FHDADAONSHSY {LERR

FKBP (E31G, F36V,
R71G, K105E)

GVOVETISPGDGRTFPEKRGOTCVVHYTGMLGDG
KKVDSSRDENKPFKFMLGKOQEVIRGWEEGVAQM
SVGOQGAKLTISPDYAYGATGHPGIIPPHATLVEDY
ELLELE

QT-BCMA-G01 (CD8a
lcader- BCMA scFv -
CD8a hinge—Tm — 4-
1BB intraccliular domain
—{D3 zeta - stop)

MALPVTALLLPLALLLHAARPDIVLTOSPASLAMS
LGKRATISCRASESVIVIGAHLIHWYQOQKPGOPPK
LLIYLASNLETGVPARFSGSGSGTDFTLTIDPVEED
DVAIYSCLGSRIFPRTFGGGTKLEIKGITSGSGKPG
SGEGSTKGOIQLVOSGPELKKPGETVKISCKASGY
TFTDYSINWVKRAPGKGLKWMGWINTETREPAY

AYDFRGRFAFSLETSASTAYLOINNLKYEDTATYF
CALDYSYAMDYWGQGTSVTVSSTTTPAPRPPTPA
PTIASQPLSLRPEACFPAAGGAVHTRGLDFACDIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVICTSRS
ADAPAYKOQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRREKNPOEGLYNELOK DK MAEAYSE
IGMKGERRRGKGHDGLY QGLSTATKDTYDALHM
QALPPE*

OT-BCMA-002 (CD8a
lcader - BCMA scFy -
CD8a hinge—Tm - 4-
I1BB intraceliular domain
- 33 zeta ~ Linker (SG)
-FKBP (E31G, F36V,
R71G, K105E) - stop)

MALPVTALLLPLALLLHAARPDIVLTQSPASLAMS
LGKRATISCRASESVSVIGAHLIHWYQOKPGQPPK
LLIYLASNLETGVPARFSGSGSGTDFILTIDPVEED
DVATYSCLOSRIFPRIFGGGTELEIGSTSGSGKPG
SGEGSTKGQIQLVOQSGPELEKPGETVKISCKASGY
TFTDYSINWVKRAPGKGLKWMGWINTETREPAY

AYDFRGRFAFSLETSASTAYLOQINNLKYEDTATYF
CALDYSYAMDYWGOQGTSVIVSSTTTPAPRFPTRA
PTIASQPLSLEPEACRPAAGGAVHTRGLDFACDIY]

Araino Nucleic

Acid SEQ | Acid SEO

D NG, i NG,

it 916

771 917

772 918

773 819

131 {32-136,
915

9 61, 869
874

12 88, 883~
8§89

775 833

776 8§34
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WAPLAGTCGVLLLSLVITLYCKROGRKKLLYIFKQP
FMRPVOQTTOEEDGCSCRIPEEEEGGCELRVEKEFSRS
ADAPAYKQGONGLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRENPQEGLYNELOQKDEKMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPRSGOGVOVETISPGDGRTIPPKRGOITCYVHY

TEGMLGDGKKVIRSRDENKPFKFMLGKOEVIRGW
FEGYAQMSVGOGAKLTISPINY AYGATGHPGHPPH

ATLVFDVELLELE*

OT-BCMA-003 (CD8a MALPVTALLLPLALLLHAARPDIVLTQSPASLAMS | 777 835
leader - BCMA scFv - LOKRATISCRASESVSVIGAHLIHWYQQKPGQFPK

CD8a hinge—Tm — 4- LLIYLASNLETGVPARFSGSGSGTDFTLTIDPVEED

1BB jntracelular domain | DVAIYSCLOSRIFPRTFGGGTKLEIKGSTSGIGKPG

- D3 zeta - Lanker (3G) | SGEGSTKGQIQLVQSGPELKEPGETVEISCKASGY

- ecDHFR (Amine acid 2- | TRFTDYSINWVKRAPGKGLKWMGWINTETREPAY

139 of WT) (RI2Y, AYDPRGRFAFSLETSASTAYLOINNLEYEDTATYF

Y1001} - stop) CALDYSYAMDYWGOGTSVIVSSTTTPAPRPPTPA

PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY]
WAPLAGTCGVLLLSLVITLYCKRGREKKLLYIFKQP
FMRPVOTTOEEDGCSCRFPEEEEGGCELRVKESRS
ADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRENPOQEGLYNELOQKDKMAEAYSE
IGMEGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPRSGISLIAALAVDYVIGMENAMPWNLPAD

LAWFKRNTLNKPVIMGRHTWESIGFRPLPGRKNIIL
SSQPGTIDDRVIWVKSVDEATAACGDVPEIMVIGG

GRVIEQFLPKAQKLYLTHIDAEVEGDTHFPDYEPD
DWESVESEFHDADAQNSHSYCFEILERR*

Tandem CAR (TanCAR)

[00243] 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 is a bispecific TanCAR including 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 {e.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 m the TanCAR may be between about 5 and about 30
amino acids in length, forexample, 6,7, 8,9, 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

[00244] 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 intact

functional receptor. In one embodiment, the spiit synthetic CAR system can be construcied in
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which the assembly of an activated CAR receptor is dependent on the binding of a higand to the
SRE {(c.g. a small molecule} and a specific antigen to the targeting moicty. As a non-hmiting
example, the split CAR consists of two parts that assemble n a small molecule-dependent
manner; one patt of the receptor features an extracellular antigen binding domain {e.g. scFv) and
the other part has the intracelular signaling domains, such as the CD3( intracchular domain.
[00245] In other aspects, the split parts of the CAR system can be further modified to inerease
signal. In one example, the second part of cytoplasmic fragment may be anchored to the plasma
membrane by mcorporating a transmembrane domain {(e.g.. CD8a transmembrane domain) to the
construct. An additional extracellular domain may also be added io the second part of the CAR
system, for instance an extracelular domain that mediates homo-~-dimerization. These
modifications may ncrease receptor outpud activity, t.e., T cell acthivation,

100246] In some aspects, the two parts of the split CAR system contain heterodimerization
domarns that conditionallv interact upon binding of a heterodimerizing small molecule. As such,
the receptor components are assembled in the presence of the small molecule, to form an mtact
svstem which can then be activated by antigen engagement. Anv known heterodimerizing
components can be incorporated into a split CAR svstem. Other small molecule dependent
heterodimerization domains may also be used, including, but not limited to, gibberelhim-induced
dimerization system (GID1-GAT), trimethoprim-SLF induced ecPHFR and FKBP dimerization
(Capinski et al., J Am Chem Soc., 2008, 130(40): 13186-13187} and ABA (abscisic acid)
mnduced dimernization of PP2C and PYL domains (Cutler et al., Annu Rev Planr Biol. 2010, 61:
651-679). The dual regulation using inducible assembly {(¢.g., ligand dependent dimerization)
and degradation (e.g., destabilizing domain induced CAR degradation) of the split CAR system
may provide more flexibifity to control the activity of the CAR modified T cells.

Switchuble CAR

[06247] In some embodiments, the CAR of the invention may be a switchable CAR. hullerat et
al (huilerat et al | Sci. Rep., 2016, 6. 18930; the contents of which are incorporated herein by
reference o their entiretv) recently reported controliable CARs that can be transiently switched
on n response to a stimulus (e.g. a small molecule). In this CAR design, a system is directly
mtegrated in the hinge domain that scparate the scFv domain from the cell membrane domaim in
the CAR. Such system is possible to split or combine different key functions of a CAR suach as
activation and costimulation within differcut 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 controled by the absence/presence of the stimulus.

Reversibie CAR
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[30248] In other embodiments, the CAR of the mvention may be a reversible CAR system. In
this CAR architecture, a LI domain {ligand-induced degradation) is incorporated into the CAR
svstem. The CAR can be temporarily down-regulated by adding a ligand of the LID domain.
The combination of LID and DD mediated regulation provides tunable control of continaingly
activated CAR T cells, thereby reducing CAR mediated tissue toxicity,

Activation-conditional CAR

[00249] In some embodiments, pavloads of the invention 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
nucleic acid sequences that induce the transcription and/or expression of a sequence e.g. a CAR
under its control. Such activation conditional control regions may be promoters of genes that are
upregulated during the activation of the immune effector cell e.g. HL.2 promoter or NFAT binding
sttes. In some embodiments, activation of the immunc ccll may be achieved by a constitutively
expressed CAR (Intemational Publication NO. W0O2016126608; the contents of which are
imcorporated herein by reference in their entirety).

4. Additional effector module features

[00258] The effector module of the present invention 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
penctrating signal which can regulate the cellular localization of the effector module, a tag,
and/or one or more hinker sequences which link different components of the effector module.
Signal sequences

100251 In addition to the SRE {(e.g., DD} and payload region, effector modules of the invention
may further 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 {¢.g., the effector module of the present invention)
to their designated celiular and/or extracellular locations. Protein signal sequences play a contral
role m the targeting and translocation of nearly all secreted proteins and many integral membrane
proteins.

100252] A signal sequence is a short {5-30 amino acids long) peptide present at the N-terminug
of 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
tvpe fand type I signal peptide peptidases. Signal sequences derved from human proteins can

be mcorporated as a regulatory module of the effector module to direct the effoctor module to a
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particular cellular and/or extracellular location. These signal sequences are experimentally
vernified and can be cleaved (Zhang et al., Protein Sci. 2004, 13:2819-2824).

[00253] In some embodiments, a signal sequence may be, although not necessarily, located at
the N-terminus or C-terminus of the effector module, and may be, although not necessarily,
cleaved off the destred effector module to vield a “mature” pavioad, i ¢, an immunotherapeutic
agent as discussed herein,

[00254] In some examples, a signal sequence may be a secreted signal sequence derived from a
naturally secreted protein, and its variant thereof. In some instances, the secreted signal
sequences may be cviokine signal sequences such as, but not inited to, H.2 signal sequence (
amino acid of SEQ ID NO. 49, encoded by the nucleic acid sequence of SEQ 1D NG, 55-56
and/or 117-118}, p4d signal sequence (ammo acid sequence of SEQ ID NG, 119, encoded by the
nucleic acid sequence of SEQ 1D NG, 120-128), or a GMUSF leader sequence (SEQ ID NGO, 778
{encoded by SEQ 1D NG, 9223, 779, 780).

[00255] In some instances, signal sequences directing the pavioad of interest to the surface
membrane of the target cell may be used. Expression of the payload on the surface of the target
cell may be usetd to limit the diffusion of the payload 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 payvload for a longer half-life. 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 (amino acid SEQ 1D NGO, 129 and nucleotide
sequence of SEQ ID NG, 1303, CD8a signal sequence (also referred to as CD8a leader) {amimo
acid SEQ ID NG, 131 and nucleotide sequence of SEQ 1D NO. 132-136, and/or 915) or an
IL.15Ra signal sequence {amino acid SEQ 1D NO. 781, encoded by SEQ 1D NO. 782).

[00256] Other examples of signal sequences include, a variant may be a modified signal
sequence discussed m U.S. Pat. NOs. 8, 148, 494; 8.258,102; 9,133,265, 9.279.007; and U 5.
patent application publication NOS, 20070141666, and International patent application
publication NOS. W(1993018181; the contents of cach of which are incorporated herein by
reference in their enfirety.

160257 In other examples, a signal sequence may be a heterogeneous signal sequence from

other organisms such as virus, veast and bacteria, which can direct an cffector module to a
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particular cellular site, such as a nucleus {e.g., EP 1209450}, Other examples may include
Aspartic Protecase (NSP24) signal sequences from Trichoderma that can increase secretion of
fused protein such as enzvmes {¢.g., U. 8. Pat. NOS. 8,093,016 to Cervin and Kim), bacterial
Lipoprotein signal sequences (c.g., PCT application publication NOS. W(Q199109952 to Lau and
Rioux}, £eofi coterotoxin H signal peptides (e.g., U.S. Pat. NOS. 6,605,697 10 Kwon et al.},
E.coli secretion signal sequence (e.g., U.S. patent publication NOS. US2016090404 to Malley et
al}, a lipase signal sequence from a methylotrophic veast (e.g., U.S. Pat. NOS. 8,975,041}, and
signal peptides for DNases derived from Coryneform bacreria (e.g., U.8. Pat. NOS. 4,965,197y,
the contents of each of which are incorporated herein by refercnce in their entirety.

[00258] Signal sequences may also include nuclear localization signals (NLSs), nuclear export
signals (NESs), polarized cell tubulo-vesicular structure localization signals (See, e.g., U.S. Pat.
NOS. 8,993,742 Cour et al., Nucleic Acids Res. 2003, 31(1): 393-396; the contents of each of
which are mcorporated herein by reference in their entirety).extracellular localization signals,
signals to subcellular locations (¢.g. lysosome, endoplasmic reticulum, golgt, mitochondra,
plasma membrane and peroxisomes, etc) {(See, e.g., U.S. Pat. NOS. 7,396 811; and Negi ¢t al |
Database, 2015, 1-7; the contents of cach of which are incorporated herein by reference in their
entirety).

[06259] In some embodiments, signal sequences of the present invention, include without
limitation, any of those taught in Table 7 of copending commonly owned U.S. Provisional Paient
Avpplication No. 62/320,864, filed on 4/11/2016, or m US Provisional Application No.
62/466,596 filed March 3, 2017 and the International Publication W32017/180587, the contents
of which are incorporated hercin by reference in their entirety.

Cleavage sites

[00268] In some embodiments, the effector module comprises a cleavage and/or processing
feature. The effector module of the present mvention may include at least one protein cleavage
signal/site. The protein cleavage signal/site may be located at the N-terminus, the C-terminus, at
any space between the N- and the C- torming such as, but not lumited to, balf-way between the N-
and C-termim, between the N-termunus and the half-way point, between the half-way point and
the C-terminus, and combinations thereof.

100261 The effector module may inchide one or more cleavage signal(s)/site{s) of any
proteinases. The proteinases may be a sering proteinase, a cysteine proteinase, an endopeptidase,
a dipeptidase, a metalloproteinase, a ghitamic protginase, a threonine proteinase and an aspartic
proteinase. In some aspects, the cleavage site may be a signal sequence of furin, actinudain,

calpamn-1, carboxvpeptidase A, carboxvpeptidase P, carboxypeptidase Y, caspase-1, caspase-2,
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-
)

caspase-3, caspase-4, caspase-3, caspase-0, caspase-7, caspase-8, caspase-9, caspase-10,
cathepsin B, cathepsin C, cathepsin G, cathepsin H, cathepsin K., cathepsin L., cathepsin S,
cathepsin V, clostnipain, chymase, chymotrypsin, ¢lastase, endoproteinase, enterokinase, factor
Xa, formic acid, granzyme B, Matrix metallopeptidase-2, Matrix metallopeptidase-3, pepsin,
proteinase K, SUMO protease, subtilisin, TEV protease, thermolysin, thrombin, trypsio and
TAGLZyme,

[00262] In one embodiment, the cleavage site 15 a furin cleavage site comprising the aming acid
sequence SARMNROKRS (SEQ ID NO. 137}, encoded by nucleotide sequence of SEQ 1D NO.
138; or a revised furin cleavage site comprising the amimno acid sequence ARNROQKRS (SEQ 1D
NO. 139), encoded by nucleotide sequence of SEQ ID NO. 140; modified furin site comprising
the amino acid sequence ESRRVRRNKRSK (SEQ D NO. 141}, encoded by nucleotide
sequence of SEQ ID NG, 142-144; or a SGESRRVRRNKRSK (SEQ 1D NG 785}, encoded by
the nucleotide sequence of SEQ 1D NO. 784, In some mstances, the cleavage sitc is a PZA
cleavage site (ATNFSLLKQAGDVEENPGP (SEQ ID NG. 783), encoded by SEQ D NO. 786,
or GATNFSLLKQAGDVEENPGP (SEQ 1D NO.. 864), encoded by SEQ ID NO. 863}, wherein
NPGP (SEQ 1D NO. 866) 1s the P2A site.

[60263] In some embodiments, cleavage sites of the present mvention, nclude without
Limitation, any of those taught m Table 7 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 International Publication W(O2017/1803587, the contents
of which are incorporated herein by reference in their entirety.

Protein taes

100264] In some embodiments, the effector module of the invention may comprise a protein tag.
The protein tag may be used for detecting and monitoning the process of the effector module.
The effector module may include one or more tags such as an epitope tag (e.g., a FLAG or
hemagglutinin (HA) tag). A large number of protein tags may be used for the present effector
modules. Thev include, but are not imited to, scif-labeling polypeptide tags {e.g., haloalkane
dehalogenase (halotag? or halotag7), ACP tag, chip tag, MCP tag, snap tag), epitope tags (e.g.,
FLAG, HA, His, and Myc), fluorescent tags (e.g., green fluorescent protein {GFP), red
flucrescent protein (RFP}, vellow tfluorescent protein (YFP), and its vanants), biclomingscent
tags {c.z. luciferase and tts variants), affinity tags {¢.g., maliose-binding protein (MBP) tag,
glutathione-S-transferase (G8T) tag), immunogenic affinity tags {e.g., proteim A/G, IRS, AU,

AUS, glu-gly, KT3, S-tag, HSV, VSV-(, Xpress and V3), and other tags {e.g., bictin (small
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molecule), StrepTag (Strepil), SBP, biotin carboxyl] carnier protein (BCCP), eXact, CBP, CYD,
HPC, 8D mtein~-chitin binding domain, Trx, NorpA, and NusA.

[00265] In other embodiments, a tag may also be selected from those disclosed m U.S. Pat.
NOs. 8,999,897; 8,357 511, 7,094, 568, 5,011,912: 4,851,341, and 4,703,004, U.S patent
apphcation publication NOs. US2013115635 and US2013012687; and Intemational application
publication NOS. W02013091661; the contents of each of which are incorporated herein by
reference in thetr entirety.

100266] In some aspects, a multiplicity of protein tags, cither the same or different tags, may be
used; each of the tags may be located at the same N- or C-terminus, whercas in other cases these
tags may be located at each terminus.

[06267] In one embodiment, the protein tag 1s an HA tag. A non-limiting example of an HA tag
s YPYDVPDYA (SEQ ID NO. 852, encoded by SEQ 1D NO. &33, 867, and/or 868}

[60268] In some cmbodiments, protein tags of the present invention, include without limitation,
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 in US Provisional Application No.
62/466,596 filed March 3, 2017 and the International Publication W(O2017/180587, the contents
of which arc incorporated herein by reference in their entirety.

Targeting peptides

100269] 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 modale to the destred organs, tissues or cells.
Short peptides (5-50 amino acid residues} synthesized i vifro and natorally occurring peptides,
or analogs, vanants, denvatives thereof, may be incorporated into the effector module for
homing the effector modude to the desired organs, tissues and cells, and/or subcelular focations
inside the cells.

[00278] In some embodiments, a targeting sequence and/or penetrating peptide may be mcluded
in the effector module to dnive the effector module to a target organ, oratissue, oracell {eg., a
cancer cell}. In other embodiments, a targeting and/or penetrating peptide may direct the effector
module to a specific subcelivlar location inside a cchl

[00271] 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,
27, 2%, 29 or 30 anmino acids. Generally, a targeting peptide may have 25 or fewer amino acids,

for example, 20 or fower, for example 15 or fower.
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[36272] Excmplary targeting peptides may include, but are not limited to, those disclosed m the
art, c.g., U.S. Pat. NOUs. 9,206,231, 9,110,059; 8,706,219; and 8,772,449 and U .S. application
publication NOs. 2016088447 2016060296; 20160603 14; 2016060312; 201606031 1;
2016009772, 2016002613; 2015314011 and 2015166621, and International apphcation
publication NOs. W02015179691 and WO2015183044; the contents of cach of which are
incorporated herein by reference in their entivety.

[36273] In some embodiments, targeting peptides of the present invention, include without
limitation, any of those taught in Table 9 of copending commonly owned U5, Provisional Patent
Application No. 62/320,864, filed on 4/11/2016, the contents of which are incorporated herein by
reterence n their enfirety.

Linkers

160274] In some embodiments, the effector module of the invention may further comprise a
linker sequence. The linker region serves primarily as a spacer between two or more
polypeptides within the effector module. The "linker” or "spacer”, as used herein, refers to a
molecule or group of molecules that connects two molecules, or two parts of a molecule such as
two domains of a recombinant protein.

[002753] In some embodiments, “Linker" (L) or "linker domain” or "linker region” or “linker
module” or “peptide hinker” as used herein refers to an olige- or polypeptide region of from
about 1 to 100 amino acids in 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 n length, or 20-80 amino acids in length, or 50-100 ammo acids in
length. Limker length may also be optimized depending on the tvpe of payload utilized and based
on the crystal structure of the paylcad. In some instances, a shorter linker kength may be
preferably selected. In some aspects, the peptide linker 1s made up of amino acids linked
together by peptide bonds, preferably from 1 to 20 amino acids linked by peptide bonds, whersin
the amino acids are selected from the 20 naturally occurring amino acids: Glyeine (G), Alanine
(A). Valine (V), Leucine (L), Isoleucine (I}, Serine (8), Cysteine (C), Threonme (T}, Methionine
(M), Prohine (P}, Phenvialanine (F}, Tyrosine (Y), Trvptophan (W), Histidine (H), Lysine (K),
Arginine (R}, Aspartate (B}, Glutamic acid (E), Asparagine (N), and Glatamine {3}, One or
more of these amino acids may be glycosyiated, as is understood by those in the art. In some
aspects, amino acids of a peptide linker may be sclected from Alanine (A}, Glycine {G), Proline
(P}, Asparagine (R}, Sering (5), Glotamine () and Lysine (K}

160276] In one example, an artificially designed peptide linker may preferably be composed of a

polymer of flexible residues like Glyeine {(G) and Serine (5) so that the adjacent protein domains
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are free to move relative to one ancther. Longer Hnkers may be used when it 1s desirable to
ensure that two adjacent domains do not mterfere with one another. The choice of a particular
hinker sequence may concern 1 1t affects biological activity, stability, folding, targeting and/or
pharmacokingtic features of the fusion construct. Examples of peptide linkers mnclude, but are
not limited to: MH, SG, GGSG (SEQ D NO. 145; encoded by the nucleotide sequence SEQ 1D
NG, 146}, GGSGG (SEQ ID NO. 147; encoded by any of the nucleotide sequences SEQ 1D NO.
148-152), GGSGGEG (SEQ 1D NO. 153; encoded by any of the nucleotide sequences SEQ ID
NG, 154-155) , 8GGGS (SEQ ID NO. 68, encoded by the nucleotide sequence SEQ 1D NG, 85,
69, 86}, GGSGGGSGE (SEQ D NG, 156; encoded by the nucleotide sequence SEQ 1D NO.
157}, GGGGG (SEQ ID NO. 158), GGGGS (SEQ 1D NO. 159) or (GGGGSn (n=1 (SEQ ID
NG. 159), 2 (SEQ 1D NO. 160}, 3 {(SEGQG ID NG. 161, encoded by 174, 175, 171, 219, 774, 837},
4{SEQ D NO. 162), 5 (SEQ ID NOG. 163 ), or 6 (SEQ 1D NO. 164}), 8858G (SEQ 1D NO. 165}
or (SSSSGIn (n=1 (SEQ ID NGO, 165), 2(SEQ ID NO. 166), 3(SEQIDNO. 167), 4 (SEQ ID
NG, 168), S(SEQ ID NOG. 169), or 6 (SEQ ID NG, 170},
SGGGSGGEESGEGESEEEGSGEEHLE (SEQ ID NGO, 171; encoded by the nucleotide
sequence SEQ 1D NO. 172, 838-843), EFSTEF (SEQ D NO. 50; encoded by any of the
nucleotide sequences SEQ ID NO. 57, 173), GESSGSGSESKS (SEQ ID NG. 176),
GGSTSGSGKSSEGKG (SEQ ID NO. 177), GSTSGSGKSSSEGSGSTKG (SEQ D NO. 178,
GSTSGSGKPGRGHEGRTKG (SEQ ID NO. 179), VDYPYDVPDYALD (REG 1D NO. 67,
encoded by nucleotide sequence SEQ D NO. 84), EGKSSGSGSESKEF (SEQ 1D NO. 180),
SG3-(SG4)3-SG3-SLG- YPYDVPDYA (SEQ ID NO. 787}, encoded by the nucleotide sequence
of SEQ 1D NGO, 788; DYKDDDDK (SEQ 1D NO .789), encoded by the nucleotide sequence of
SEGQ 1D NG, 790; 8G3-(8G4)5-8G3-5 (SEQ 1D NO. 791}, encoded by SEQ 1D NO. 792;
SGOGSGGGGSGOGGSGGOGSYPYDVPDYASGGGS (SEQ ID NG, 793), encoded bv SEQ
ID NGO, 794; GSGATNFSLLKQAGDVEENPGP (SEQ ID NO. 795), encoded by SEQ ID
N(3.796; SGGGSGGGHESGEEESGHEES (SEQ 1D NO. 844), encoded by the nuclectide
sequence of SEQ 1D NO. 845, QLIGMLOQGLMRDL (SEQ 1D NO. 908), encoded by SEQ 1D
NG, 909; ASFE (SEQ 1D NO. 9203, encoded by SEQ ID NG. 921, G5 {encoded by GGTTCO),
SG {encoded by AGCGGC), EF (encoded by GAGTTC), TS (encoded by ACTAGT), HM
{encoded by CACATG), MH {encoded by ATGLAC) or GSG {encoded by GGATCCGGA or
GGATCCGGT).

[00277] In other examples, a peptide linker may be made up of a majority of amino acids that
are sterically unhindered, such as Glycine {G) and Alanine (A). Exemplary linkers are

polvglycines (such as (G} (SEQ ID NO. 929}, (G)3 (SEQ 1D NG, 930), (G)8 (SEQ 1D NO.
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931}, polv(GA). and polyalanines. The linkers described herein are exemplary, and finkers that
are much longer and which mehide other residues are conternplated by the present invention.
[00278] A hinker sequence may be a natural inker denved from a multi-domain protein. A
natural inker s a short peptide sequence that separates two different domains or motifs within a
protein.

[80279] In some aspects, linkers may be flexibie orrigid. In other aspects, linkers may be
cleavable or non- cleavable. As used hercin, the terms “cleavable linker domain or region™ or
“cleavable peptide Hinker” are used wnterchangeably. In some embodiments, the hinker sequence
may be cleaved enzymatically and/or chenucally. Examples of enzvmes {¢.g.,
protemase/peptidase) useful for cleaving the peptide linker nclude, but are not limuted, to Arg-C
protemase, Asp-N endopeptidase, chymotrvpsin, clostripain, enterokinase, Factor Xa, glutamyl
endopeptidase, Granzyme B, Achromobacter proteinase |, pepsin, proline endopeptidase,
proteinase K., Staphylococcal peptidase I, thermolysin, thrombin, trypsin, and members of the
Caspase family of proteolytic enzymes (e.g. Caspases 1-10). Chemucal sensitive cleavage sites
may also be inchided in a nker sequence. Examples of chemical cleavage reagents include, but
are not limited to, evanogen bromide, which cleaves methionine residucs; N-chloro succinimide,
iodobenzoic acid or BNPS-skatole (2-{Z-nitrophenvisulfeny)-3-methviindole), which cleaves
tryptophan residucs; dilute acids, which cleave at aspartyl-prolyvl bonds; and e aspartic acid-
proline acid cleavable recognition sites (i.e., a cleavable peptide linker comprising one or more
D-P dipeptide moicties). The fusion module may include multiple regions encoding peptides of
interest separated bv one or more cleavable peptide hinkers.

[00280] In other embodiments, a cleavable linker may be a “self-cleaving™ linker peptide, such
as 2A hinkers (for example T2A), 2A-like linkers or functional equivalents thereof and
combinations thereof. In some embodiments, the linkers include the picomaviral 2A-like linker,
CHYSEL sequences of porcine teschovirus (P2ZA), Thosea asigna virus (T2A) or combinations,
variants and functional ¢quivalents thereof. Other linkers will be apparent to those skilled in the
art and may be used m connection with alternate embodiments of the invention.

[00281] In some embodiments, the biocircuits of the present invention may nclude 2A peptides.
The 2A peptide is a sequence of about 20 amino acid residues from a viras that ts recognized by
a protease {2A peptidases) endogenous to the cell. The 2A peptide was identified among
picornaviruses, a typical example of which is the Foot-and Mouth disease virus (Robertson BH,
ct. al., ] Virol 1985, 54:651-660}. 2A-like sequences have also been found in Picomaviridae Tike
equine rhiniiis A virus, as well as unrelated virises such as porcine teschovirnus-1 and the insect

Thasea asigna virus {TaV). In such viruses, multiple proteins are derived from a large
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polyprotein encoded by an open reading frame. The 2A peptide mediates the co-translational
cleavage of this polvprotein at a single site that forms the junction between the virus capsid and
replication polvprotem domains. The 2A sequences contain the consensus motif D-V/I-E-X-N-P-
G-P (SEQ 1D NO. 932). These sequences are thought to act co-translationally, preventing the
formation of 2 nommal peptide bond between the ghycine and last proline, resulting 1o the
ribosome skipping of the next codon (Donnelly ML et al. (2001}, J Gen Virol, 82:1013-1025).
After cleavage, the short peptide remains fused to the € -termunus of the protein upstream of the
cleavage site, while the proline is added to the N-terminus of the protein downstream of the
cleavage site. Ofthe 2ZA peptides identified to date, four have been widely used namely FMDYV
2A (abbreviated herein as F2A); equine rhinitis A virus (ERAV) 2A (E2A); porcine teschovirus-
1 2A (P2A) and Thoseaasigna virus 2A {(T2A). In some embodiments, the 2A peptide sequences
useful in the present invention are selected from SEQ 1D NG .8-11 of Intemational Patent
Publication W(2010042490, the contents of which are incorporated by reference in its entirety.
[00282] 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 alkvl (¢.g., C1~Cs)
fower acvl, halogen (e.g., Cl, Br), N, NHz, phenyl, etc.

[00283] 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 publication NQOs. WO2012/083424; the contents of
cach of which are incorporated herein by reference n their entirety.

[00284] 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 which are
meorporated herein by reference in their entirety.

160285] In some embodiments, compositions of the mvention may include optional proteasome
adaptors. As used herein, the term "proteasome adaptor” refers to any nucleotide/ amimo acid
sequence that targets the appended payvloead for degradation. In some aspects, the adaptors target
the pavicad for degradation directly thereby circumventing the need for ubiquitination 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, HPVY E7 which binds to both the target protein Rb and the S4 subunit of the

proteasome with high affinity, which allows direct proteasome targeting, bypassing the
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ubiquitination machinery; the protein gankvrin which binds to Rb and the proteasome subunit
S6.

[00286] In one embodiment, the linker may be a spacer region of one or more nuclectides. Non-
himiting examples of spacers are TCTAGATAATACGACTCACTAGAGATCC (SEQ ID NG,
846}, TATGGCCACAACCATG (SEQ 1D NO. 847),
AATCTAGATAATACGACTCACTAGAGATCC (SEQ ID NO. 848), TCGCGAATG,
TCGCGA, GCTTGCCACAACCCACAAGGAGACGACCTTCC (SEQ ID NO. 849), or
ATNFSLLKQAGDVEENPGP (SEQ 1D NO. 850, encoded by SEQ 1D NGO. 851).

[00287] In one embodiment, the linker may be a BamHI site. As a non-limiting example, the

BamHI site has the amino acid sequence GS and/or the DNA sequence GGATCC.

Embedded stumulus, signals and other regulatory features

160288] In some embodiments, the effector module of the present mvention may further
comprise one or more microRNAs, microRNA binding sites, promotors and tunable ¢lements. 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 biscircuit a differentially tuned
feature. For exaraple, a destabilizing domain may alter cleavage sites or dumerization propertics
or half-life of the payload, and the mclusion of one or more mucroRNA or microRNA binding
site may impart cellular detargeting or trafficking features. Consequently, the present mvention
embraces biocircuits which are multifacional in their tenability. Such biocircuits and effector
modules may be enginecred to contain one, two, three, four or more tuncd features. In some
embodiments, micro RNA sequences of the present invention, include without hinmitation, any of
those tanght tn Table 13 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 W(2017/180587, the contents of which are incorporated
herein by reference in their entirety.

Polvnucleotides

1602891 The term “polynuclentide” or “nucleic acid molecule™ in its broadest sense, includes
any compound and/or substance that comprise a polymer of nucleotides, ¢.g., inked nucleosides.
These polymers are often referred to as polvnucleotides. Exemplary nucleic acids or
polynuclectides of the invention include, but are not limited to, ribonucleic acids (RNAs),
deoxyribonucleic acids (DN As), threose nucleic acids (TNAs), glveol nucleic acids (GNAs),
peptide nucleic acids (PNAs}, locked nucleic acids (ENAs, meluding LNA having a - Dribo

configuration, a-LNA having an a-L-nbo configuration {a diastercomer of LNA}, 2"-amino-LNA
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having a 2'-aminc functionalization, and 2'-amino- g-LNA having a 2'-amino functionalization}
ot hybrids thereof.

[60290] In some embodiments, polynucleotides of the mvention may be a messenger RNA
(mRNA) or any nucleic acid molecule and may or may not be chemically modified. In ong
aspect, the nucleic acid molecule 15 a mRNA. As used herein, the term “messenger RNA
{mRNA)Y” refers to any polynucieotide which encodes a polvpeptide of mierest and which is
capable of being translated to produce the encoded polypeptide of interest in vitro, in vivo, in situ
or ex vivo.

66291 Traditionally, the basic components of an mRNA molecule include at least a coding
region, a 3'UTR, a 3'UTR, a 5 cap and a poly-A tail. Building on this wild type modular
structure, the present mvention expands the scope of functionality of traditional mRNA
molecules by providing payload constructs which maintain a modular organization, but which
comprise one or more structural and/or chemical modifications or alterations which mpart useful
properties to the polynucleotide, for example tenability of function. As used herem, a
“structural” feature or modification is one in which two or more linked nucleosides are inserted,
deleted, duplicated, jnverted or randomized in a polynucleotide without significant chemical
modification to the nucleosides themselves. Because chemical bonds will necessarily be broken
and reformed to effect a structural modification, structural modifications are of a chemical nabure
and hence are chemical modifications. However, structural modifications will result i a different
sequence of nucieotides. For example, the polvnucleotide “ATCG” may be chemically modified
to “AT-5meC-G”. The same polynucleotide may be structurally modified from “ATCG” to
“ATCCCG”. Here, the dinucleotide “CC” has been mserted, resulting in a structural
modification to the polynucleotide.

[60292] In some embodmments, polynucleotides of the present mmvention may harbor 3'UUTR
sequences which play a role 1n translation mitiation. 3'U'TR sequences may mclude features sach
as Kozak sequences which are commonly 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 s a purine {adenine or guanine) three bases upstream of the start codon
{AUG) and X 15 any nucleotide. In ong embodiment, the Kozak sequence is ACCGCC. By
engineering the features that are typically found in abundantly expressed genes of target cells or
tissues, the stabiiity and protein production of the polvnucleotides of the invention can be
enhanced.

160293] Further provided are polyoucleotides, which may contain an internal ribosome entry

stte (IRES) which play an important role in inttiating protein synthesis in the absence of 5' cap
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structare 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 contaiming more than one
functional ribosome binding sife mayv encode several peptides or polypeptides that are translated
mdependently by the ribosomes giving rise to bicistronic and/or muilticistronic nucleie acid
molecules.

[00284] In some embodiments, polvnucleotides encoding biocircuits, effector modules, SREs
and pavloads of mterest such as immungtherapeutic agents may include from about 30 to about
100,000 nucleotides {¢.g ., from 30 to 50, from 30 to 100, from 30 to 230, from 30 to 500, from
30 to 1,000, from 30 to 1,500, from 30 to 3,000, trom 30 to 5,000, from 30 to 7,000, from 30 to
16,000, from 30 1o 25,000, from 30 to 50,000, from 30 to 70,000, from 100 to 250, from 100 to
500, from 100 to 1,000, from 100 to 1,500, from 100 to 3,000, from 100 to 3,000, from 100 to
7.000, from 100 to 10,000, from 100 to 25,000, from 100 o 50,000, from 100 to 70,000, from
100 1o 100,000, from 500 to 1,000, from 300 to 1,500, from 500 to 2,000, from 500 to 3,000,
from S04 to 5,000, from 300 to 7,000, from 300 to 10,000, from 500 to 25,000, from 500 to
30,000, from 500 to 70,000, from 500 to 100,000, from 1,000 to 1,500, from 1,000 to 2,000,
from 1,000 to 3,000, from 1,000 1o 5,000, from 1,000 to 7,000, from 1,000 to 10,000, from 1,000
1o 25,000, from 1,000 to 30,000, from 1,000 to 70,000, from 1,000 to 100,000, from 1,500 10
3,600, from 1,360 to 3,000, from 1,500 1o 7,000, from 1,500 o 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 25,000, from 2,000 10
50,000, from 2,000 10 70,000, and from 2.000 to 100,000 nucleotides). In some aspects,
polynuclectides of the invention may include more than 10,000 nucleotides.

[36295] Regions of the polynucieotides which encode certain features such as cleavage sites,
linkers, trafficking signals, tags or other features may range independently trom 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, 45, 530, 55, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450,
300, 600, 700, 800, 900, and 1,000 nucleotides).

[00286] 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 cither by
reducing nucleic acid molecule stability or by inhibiting translation. Conversely, for the purposes
of the polynuclectides of the present invention, microRNA binding sites can be engineered out of

(i.e. removed from) sequences in which thev naturally occur m order to increase protein
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expression in specific tissues. For example, miR-142 and miR-146 binding sites may be removed
1o improve proiein expression in the immune cells. fn some embodiments, any of the encoded
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 effector module or biociraut system.

80297 In some embodiments, polvoucleotides of the present invention may encode fragments,
variants, denvatives of polypeptides of the mventions. In some aspects, the vanant sequence may
keep the same or a similar activity. Alternatively, the variant may have an altered activity (e.g.,
increased or decreased) relative to the start sequence. Generally, variants of a particular
polvnucleotide or polypeptide of the invention will have at least about 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% but
less than 100% sequence identity to that particelar reference polvnuclestide or polypeptide as
determined 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: a new generation of protein database search programs,
Nucleic Acids Res., 1997, 25:3389-3402 )

[00298] In some embodiments, polynucleotides of the present invention may be modified. As
used herein, the terms “modified”, or as appropriate, “modification” refers to chemical
modification with respect to A, G, U {T m DNA) or C nucleotides. Modifications may be on the
nucleoside base and/or sugar portion of the nucleosides which comprise the polynuclestide. In
some embodiments, multiple modifications are included in the modified nucleic acid or in ong or
more mdividual nucleoside or nucleotide. For example, modifications o a nucleoside may
include one or more modifications to the nucleobase and the sugar. Modifications to the
polynuclectides of the present tovention may include any of those taught in, for example,
International Publication NO. WO2013052523, the contents of which are incorporated herein by
reference in s entirety.

100299] As described herein “nucleoside” is defined as a compound containing a sugar
molecule {¢.g., a pentose or ribose) or a derivative thereof in combination with an organic base
{(e.g., a purine or pyrimidine) or a derivative thereof {also referred to herein as “nuclecbase™). As
described heremn, “nuclectide” is defined as a nuclesside including a phosphate group.

1003060] In some embodiments, the modification may be on the internucleoside linkage (e.g.,
phosphate backbone). Herein, in the context of the polvnucieotide backbone, the phrases
“phosphate” and “phosphodiester” are used interchangeably. Backbong phosphate groups can be
modified by replacing one or more of the oxygen atoms with a different substituent. Further, the

modified mucleosides and nucleotides can mclude the wholesale replacement of an unmodified
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phosphate moiety with another internucleoside linkage. Examples of modified phosphate groups
include, but arc not limited 1o, phosphorothioate, phosphoroselenates, boranophosphates,
boranophosphate esters, hydrogen phosphonates, phosphoramidates, phosphorodiamidates, alkyl
or aryl phosphonates, and phosphotriesters. Phosphorodithioates have both non-linking oxvgens
replaced by sulfur. The phosphate linker can also be modified by the replacement of a linking
oxvgen with nitrogen (bridged phosphoramidates}, sulfur {bridged phosphorothioates), and
carbon (bridged methvlene-phosphonates). Other modifications which may be used are taught
in, for example, International Application NO. W02013052523, the contents of which are
mcorporated herein by reference in their entirety.

{00361 Chemical modifications and/or substitution of the nucleotides or nucleobases of the
polynucleotides of the mvention which are useful in the present invention include any modified
substitutes known in the art, for example, (£} 1-(2-Hydroxypropypseudouridine TP, (2R)-1-(2Z-
Hydroxypropvlpscudouridine TP, 1-(4-Mcthoxy-phenyviipseudo-UTP, ,2'-O-dimethyiadenosine,
L2-O-dimethylguanosine, 1,2-O-dimethvimosine, 1-Hexyl-pseudo-UTP | 1-
Homoallylpseudouriding TP, 1-Hydroxymethylpseudounidine TP, 1-iso-propyi-pseudo-UTP | 1-
Me-2-thio-pseudo-UTP, 1-Me-4-thio-pseudo-UTP, I-Me-alpha-thio-pscudo-UTP | 1-Me-GTP,
2 -Amino-2"-deoxy-ATP, 27-Amino-2 -deoxy-CTP, 27-Amimo-2"~-deoxy-GTP, 2’-Amino-2-
deoxy-UTP, 27-Azido-2 " -deoxy-ATP, tubercidine, under modified hvdroxywybutosine, uridine
S-pxyacetic acud, uridine 5-oxvacetic acid methyl ester, wybutosine, wyosineg, xanthine,
Xanthosine-3"~TP, xylo-adenosine, zebulanne, a-thio-adenosine, g-thio-cytidine, g-thio-
guanosine, and/or a-thio-uridine.

[003062] Polvnucleotides of the present invention may comprise ong or more of the
modifications taught herein. Different sugar modifications, base modifications, nuclectide
modifications, and/or mternucleoside linkages {¢.g., backbone structures) may exist at various
positions in the polynucleotide of the invention. One of ordinary skill in the art will appreciate
that the nuclestide analogs or other modification(s) may be located at any position{s) of a
polynucieotide such that the function of the polvaucleotide is not substantially decreased. A
modification may also be a 8 or 3" termmal modification. The polvnucleotide may contain from
about 196 to about 100% modified nucleotides (either m relation to overall nucleotide content, or
in relation to one or more types of nucleotide, 1.¢. any one or more of A, G, U or ) or any
mtervening percentage {e.g., from 1% to 20%, from 1% to 25%, from 1% to 30%, from 1% to
60%, from 1% to 70%, from 1% to 80%, from 1% to 90%, from 1% to 95%, from 10% to 20%,
from 10% to 25%. from 10% to 50%, from 10% to 60%, from 10% to 70%. from 10% to 80%,

from 10% to 90%., from 109 to 85%, from 10% to 100%, from 20% to 2596, from 20% to 50%,
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from 20% to 60%, from 20% to 70%. from 20% to 80%, from 20% to 90%, from 20% to 95%.
from 20% to 100%, from 50% to 60%, from 50% to 70%, from 30% to 80%, from 50% to 90%,
from 50% to 93%, from 30% to 100%, from 70% to 80%, from 70% to 80%, from 70% to 95%,
from 70% to 100%, from 80% to 90%, from 80% to 93%, from 80% to 100%, from 90% to 95%,
from 90% 1o 100%, and from 95% to 100%:;).

[00363] In some embodiments, one or more codons of the polynucleotides of the present
mvention may be replaced with other codons encoding the native amino 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 organisis, cell types, sub cellular
locations and over time, the codon selection described herein 1s a spatiotemporal (ST) codon
selection.

[60334] In some embodiments of the invention, certain polvnucieotide features 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 least 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 mamtaining the native amino acid sequence. Codon usage may be measured using the
Codon Adaptation Index {CAI) which measures the deviation of a coding polynucleotide
sequence from a reference gene set. Codon usage tables are available at the Codon Usage
Database (http://www kazusa.or jp/codon/} and the CAl can be calculated by EMBOSS CAl
program (http://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 matc
codon frequencies in target and host organisms to ensure proper folding, bias nucleotide content
to alter stability or reduce secondary stractures, minimize tandem repeat codons or base runs that
may impatr gene construction or expression, customize transcriptional and translational control
regions, msert or remove protein signaling sequences, remove/add post translation modification
sites in encoded protein {e.g. glvcosvlation 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 mchide services from
GeneArt (Life Technologies), DNAZ.0 (Menlo Park CA), OptimumGene (GenScript,
Piscataway, NI}, algorithms such as but not limited to, DNAWorks v3.2.3, Mr. Gene (GmBH,
Regensburg, Germany) and/or proprietary methods. In one embodiment, a polynuclectide

sequence or portion thereot is codon optimized using optimization algorithms. Codon options for
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cach amino acid are well-known m the art as are various species table for optimizing for
expression in that particular species.

[00305] In some embodiments of the invention, certain polynucleotide featurcs may be codon
optimized. For example, a preferred region for codon optimization may be upstream (57} or
downstream (37} to a region which encodes a polypeptide. These regions may be mcorporated
nto the polvnucleotide before and/or afier codon optimization of the payvicad encoding region or
open reading frame (ORE).

100306] After optinnzation (if desired). the polynuclestide components are reconstituted and
transformed into a vector such as, but not limited to, plasmids, viruses, cosmds, and artificial
chromosomes.

[00307] Spatiotemporal codon selection may tmpact the expression of the polvnucleotides of
the invention, since codon composition determines the rafe of translation of the mRNA species
and its stability. For example, tRNA anticodons to optimized codons are abundant, and thus
translation may be enhanced. In contrast, tRNA anticodons to less common codons are fewer and
thus translation may proceed at a slower rate. Presnyak ¢t al. have shown that the stability of an
mRNA species is dependent on the codon content, and higher stability and thus higher protein
expression may be achieved by utilizing optimized codons (Presnyak et al. (2015) Celi 160,
1111-1124; the contents of which are mcorporated herein by reference in their entirety}. Thus, in
some embodiments, ST codon s¢lection may tnclade the selection of optimized codons to
enhance the expression of the SRES, effector modules and biocircuits of the invention. In other
embodiments, spatictemporal codon selection may involve the selection of codons that are less
commonly used m the genes of the host cell to decrease the expression of the compositions of the
invention. The ratic of optimized codons to codons less commonly used 1o the genes of the host
cell may also be varied to tune expression.

[00308] 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 (57} or
downstream (37} to a region which encodes a polypeptide. These regions may be mcorporated
nto the polvnucleotide before and/or afier codon selection of the payioad encoding region or
open reading frame (ORE).

100369] The stop codon of the polynuclestides of the present invention may be modified to
mclude sequences and motifs to alter the expression levels of the SREs, payloads and cffector
modules of the present invention. Such sequences may be incorporated to tnduce stop codon
readthrough, wherein the stop codon may specify amino acids ¢ .g. selenoeysteine or pyrrolysine.

In other instances, stop codons may be skipped altogether to resume transiation through an

113



WO 2018/160993 PCT/US2018/020704

alternate open reading frame. Stop codon read through may be wtilized to tune the expression of
components of the effector modules at a specific ratio (¢.g.as dictated by the stop codon context).
Examples of preterred stop codon motifs include UGAN, UAAN, and UAGN, where N 1s either
C or U. Polynucleotide modifications and manipulations can be accomplished by methods
known in the art such as, but not finited to, site directed nwtagenesis and recombinant
technology. The resulting modified molecules may then be tested for activity using in vifro or in
vivo assays such as those described herein or any other suitable screening assay known in the art.
100310] In some embodiments, polvnucleotides of the invention may comprise two of more
effector module sequences, or two or more payloads of interest sequences, which are in a patiem
such as ABABAB or AABBAABBAABB or ABCABCABC or vanants thercof repeated once,
twice, or more than three times. In these patterns, each letter, A, B, or C represent a different
effector module component.

[00311] In vet another embodiment, polynucieotides of the invention may comprise two or
more effector module component sequences with each component having one or more SRE
sequences {BD sequences), or two or more pavicad sequences. As a non-limiting example, the
sequences mayv be in a pattern such as ABABAB or AABBAABBAABB or ABCABCABC or
variants thereof repeated once, twice, or more than three times in cach of the regions. As another
non-limiting example, the sequences may be in a pattern such as ABABAB or
AABBAABBAARB or ABCABCABC or variangs thereof repeated once, twice, or more than
three times across the entire polynucleotide. In these patterns, each letter, A, B, or C represent a
different sequence or component,

00312] According to the present invention, polvnuciestides encoding distingt biocircuits,
effector modules, SREs and payload constructs may be linked together through the 3'-end using
nucleotides which are modified at the 3'-terminus. Chemical conjugation may be used to control
the stoichiometry of delivery nto cells. Polynucleotides can be designed to be conjugated to
other polynucleotides, dyes, intercalating agents {e.g. acridines), cross-Hinkers {¢.g. psoralene,

mitomycin C}, porphyrins (TPPC4, texaphyrn, sapphynn), polvevelic aromatic hydrocarbons

{¢.g.. phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), alkviating agents,
phosphate, amino, mercapto, PEG {¢.g., PEG-40K), MPEG, (MPEG}):, polyanuno, alkyl
substituted atkyl, radiolabeled markers, enzymes, haptens {e.g. biotin}, transport/absorption
facilitators {c.g., aspirin, vitamin E, folic acid), synthetic ribonucleases, proteins, ¢.g.,
glveoproteins, or peptides, ¢.g., molecoles having a specific affinity for a co-ligand, or antibodies
¢.g., an antibody, that binds to a specified cell type such as a cancer cell, endothehial cell, or bone

cell, bormones and hormone receptors, non-peptidic specics, such as lipids, lectins,
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carbohydrates, vitamins, cofactors, or a drug. As non-limiting examples, they may be conjugates
with other immune conjugates.

[00313] In some embodiments, the compositions of the polynucleotides of the invention may be
gencrated by combining the various components of the effector modules using the Gibson
assembly method. The Gibson asscmably reaction consists of three isothermal reactions, cach
relving on a different enzymatic activity mcluding a §' exonuclease which gencrates long
overhangs, a polymerase which fills in the gaps of the anncaled single strand regions and a DNA
ligase which seals the nicks of the annealed and filled-in gaps. Polymerase chain reactions
performed prior to Gibson assembly may be used to generate PCR products with overlapping
sequence. These methods can be repeated sequentially, to assemble larger and farger molecules.
For example, the method can comprise repeating the steps described as above to join a second set
of two or more DNA molecules of interest {o one another, and then repeating the method again
to join the first and second set DNA molecules of interest, and so on. At any stage during these
multiple rounds of assembly, the assembled DNA can be amplified by transforming it into a
suitable microorganism, or it can be amplified in vitro {e.g., with PCR).

[00314] In some embodiments, polynucleotides of the present invention may encode a fusion
polvpeptide comprising a destabilizing domam (DD) and at least one immunotherapeutic agent
taught herein. The DD domain may be a FKBP mutant encoded by nucleotide sequence of SEQ
ID NOS. 60, 87-88, and/or 878-889, an ccDHFR mutant encoded by nucleotide sequence of SEQ
ID NO. 61, 89, 90, and/or 869-877, hDHFR mutant encoded by nucleotide sequence of SEQ 1D
NG 91-93, 182-192, SEQ 1D NG, 797-832, and/or 890-905.

[00315] In some embodiments, the polynucleotides of the invention may encode effector
modules comprising 1.2 as the payload comprising the nucleotide sequence of SEQ 1D NG, 62-
64, or caspase ¥ as the payload comprnising the nucleotide sequence of SEQ 1D NO. 94-102, or
FOXP3 as the payload, comprising the nucleotide sequence of SEQ ID NO. 193-202 or
luciferase as the pavicad comprising the nucleotide sequence of SEQ 1D NGO, 203-208, or
BCMA CAR as the payload comprising the nucleotide sequence of SEQ 1D NGO, 833-835 or
Her? as the pavioad comprising the nucieotide sequence of 907,

100316] In accordance with the present invention, cells genetically modified to express at least
one biocircuit, SRE {c. g, BD), effector module and immunotherapeutic agent of the invention,
are provided. Cells of the invention may inclode, without himitation, immune cclls, stem cells
and tumor cells. In some embodiments, imunune cells are immune effector cells, including, but

not hinuting to, T cells such as CD8* T cells and CD4" T eells (e.g., Thi, Th2, Thi7 , Foxp3+
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cells), memory T cells such as T memory stem cells, central T memeory cells, and  effector
memory T cells, terminally differentiated effector T cells, natural killer (NK) cells, NK. T cells,
tumor mfiltrating lvmphocytes (TH.s), cytotoxic T lvmphocytes (CTLs), regulatory T celis
{(Tregs), and dendritic cells (BCs), other immune cells that can elicit an effector function, or the
puxture thercof. T celis may be Tafl cells and Tva cells. In some embodiments, stem cells may
be from human embrvonic stem cells, mesenchymal stem cells, and neural stem cells. In 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 hercin by
reference m their entirety).

[00317] In some embodiments, cells of the invention may be autologous, allogeneic, syngeneic,
or xenogeneis i relation to a particelar tndividual subject.

160318] In some embodiments, cells of the mvention may be maramalian cells, particularty
human celis. Cells of the invention may be primary cells or immortalized cell lines.

[00319] In some embodiments, cells of the invention may be expanded using expansion factors
to trigger proliferation and expansion of the cells. Exemplary expansion factors include RAS
such as KRAS, NRAS, RRAS, RRASZ, MRAS, ERAS, and HRAS, DIRAS such as DIRASH,
DIRASZ, and DIRAS3, NKIRAS such as NKIRAST, and NKIRASZ, RAL such as RALA, and
RALB, RAP such as RAPIA, RAPIB, RAPZA, RAPZB, and RAP2C, RASD such as RASD1,
and RASD2, RASL such as RASLI0A, RASLI10B, RASLI1A, RASL11B, and RASL12, REM
such as REM1, and REM2, GEM, RERG, RERGL, and RRAD.

[00320] Engmeered immune 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 (e,
immundctherapeutic agent), or a polynucleotide encoding said polypeptide, or a vector
comprising said polynucleotide. The vector may be a viral vector such as a lentiviral vector, a
gamma-retroviral vector, a recombinant AAY, an adenoviral vector and an oncolytic viral vector.
In other aspects, non-viral vectors for example, nanoparticles and liposomes may also be vsed. In
some embodiments, immune cells of the mvention are genetically modified to express at least
one immunotherapeutic agent of the mnvention which is tunable using a stimulus. In some
examples, two, three or more immunotherapeutic agents constructed in the same biocireuit and
effector module are introduced into a cell. In other examples, two, three, or more biocircuts,
effector modules, cach of which comprises an immunotherapeutic agent, may be introduced into
acell.

160321] In some embodiments, T cells expressing Chimernic antigen receptors or T cellg

receptors may be further modified to express another one, two, three or more immunotherapeutic
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agents of the present invention. The immunotherapeutic agents may be another a cytokine such
as 1L.2, 1L12, 1L15 and 1L.18; a regulatory switch; or a safety switch gene (c.g., a suicide gene)
that kills activated T cells when a severe event 1s observed afier adoptive cell transfer or when
the transferred immune cells are no-longer necded. These molecules may be included n the same
effector module or in scparate cffector modules.

[00322] In some embodiments, immune cells of the mvention may be NK cells modified to
express payloads of the invention.

160323] Natoral killer (NK) cells are members of the innate lymphoid cell family and
characterized in bumans by expression of the phenotypic marker 56 (neural cell adhesion
molecule) in the absence of CD3 (T-cell co-receptor). NEK cells are potent effector cells of the
mnate immune system which mediate cvtotoxie attack without the requirement of prior antigen
priming, forming the first line of defense against discases mcluding cancer malignancies and
viral infection.

[00324] Scveral pre-chinical and chnical trials have demonstrated that adoptive transter 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).
[00325] WK cell activation is characterized by an array of receptors with activating and
ihibitory functions. The important activation receptors on NK cells inchude CD94/NKG2C and
NEKG2D (the C-type lectin-hike receptors), and the natural cytotoxicity receptors {NCR) NKp30,
NEKp44 and NKp46, which recognize ligands on tumor cells or virally mfected celis. NK ccli
inhibition is essentially mediated by interactions of the polymorphic mhibitory killer cell
immunoglobulin-like receptors (KIRs) with their cognate human-leukocyte—antigen (HLA)
ligands via the alpha-1 hehix of the HLA molecule. The balance between signals that are
generated from activating receptors and inhibitory receptors mamly determines the immediate
cyiotoxic activation.

[60326] NK celis may be isolated from peripheral blood mononuclear cells (PBMCs), or
derived from human embryonic stem (ES) colis and mduced pluripotent stem cells (iPSCs). The
primary NK celis 1solated from PBMCs may be further expanded for adoptive immunotherapy.
Strategies and protocols useful for the expansion of NK cells may include interieukin 2 (IL2)
stimulation and the use of autologous feeder cells, or the use of genetically medified allogeneic
feeder cells. In some aspects, NK cells can be selectively expanded with a combination of
stimulating hgands including 1115, 1021, IL2, 418BBL, 1112, IL18§, MICA, 2B4, LFA-1, and
BCMI1/SLAMEF?2 {e.g., US patent publication NO. US20150190471).
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160327] In some embodiments, cells of the present mnvention may be dendritic cells that are
genetically modified to express the compositions of the invention.

[00328] In some embodiments, cells of the mvention may be Treg cells. Pavioads of the
mvention may be used to promote the proliferation, survival, activation and /or function of T
regulatory cells. Trogs are a distinct population of cells that are positively selected on high
affinity ligands m the thynws and play an important role 1n the tolerance to seif-antigens. In
addition, T regs have also been shown to play a role in peripheral tolerance to foreign antigens.
The ability of Tregs o induce tolerance may be utilized to tune immune responses to the
immunotherapeutic agents described herein. Methods for expanding Tregs for immunotherapy
have been described by Tang et al., 2004, J. Exp. Med. 199 1455-65; Battagla et al., 2003,
Blood 105: 4743-48; Earle et al. | 2003, Clin. Immunol. 115: 3-9; Godfrey ¢t al., 2004, Blood
104: 433-61; Hoftmann et al., 2004, Blood 104: 895-903.

HL PHARMACEUTICAL COMPOSITIONS AND FORMULATIONS

[00329] The present invention further provides pharmaceutical compositions comprising one or
more biocircuits, effector modules, SREs {¢.g., DDs), stimuk and pavicads of interest (i.e.,
immunotherapeutic agents), vectors, cells and other componentis of the invention, and optionally
at least one pharmaceutically acceptable excipient or inert ingredient.

[00330] As used herein the term “pharmaceutical composition” refers to a preparation of
biocircutts, SREs, stimuli and payloads of interest (i.e., immunoctherapeutic agents), other
components, vectors, cells and described hercin, or pharmaceutically acceptable salts thereof,
optionally with other chemical components such as physiologically suitable carriers and
excipients. The pharmaceutical compositions of the invention comprise an effective amount of
one or more active compositions of the invention. The preparation of a pharmaceutical
composition that containg at least one composition of the present invention and/or an additional
active ingredient will be known to those skilled in the art in light of the present disclosure, as
exemplified bv Remngton's Pharmaceutical Sciences, 18th Ed. Mack Ponting Company, 1990,
meorporated herein by reference.

[00331] The term “excipient” or “inert ingredient” refers to an inactive substance addedto a
pharmaceutical composition and formulation to further facilitate administration of an active
ingredient. For the purposes of the present disclosure, the phrase “active ingredient” generally
refers to anv one or more biocircuits, effector modules, SREs, stimuli and payloads of interest
(1., immunctherapeutic agents), other components, vectors, and ¢ells to be delivered as

described herein. The phrases “pharmaceutically acceptable” refers to molecular entitics and
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compositions that do not produce an adverse, allergic or other vutoward reaction when
admunistered to an animal, such as, for example, a human, as appropnate.

[00332] In some embodiments, pharmaceutical compositions and formulations are adminisiered
to humans, human patients or subjects. Although the descnptions of pharmaceutical
compositions provided herein are principally directed to pharmaceutical compositions which are
suttable for administration to humans, it will be understood by the skilled artisan that such
compositions are generally suitable for adnuinistration to any other amimal, e g, to non-human
animals, €.g. non-human mammals. Subjects to which administration of the pharmaceutical
compositions is contemplated include, but are not limited to, non-human mammals, including
agricultural animals such as cattle, horses, chickens and pigs, domestic amimals such as cats,
dogs, or research animals such as mice, rats, rabbits, dogs and non-human primates. It will be
understood that, for human administration, preparations should meet sterility, pyrogenicity,
general safety and purity standards as required by FDA Otfice of Biological Standards.

[#6333] A pharmaccutical composition and formulation m accordance with the mvention may
be prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single
unit doses. As used herein, a “unit dose” is discrete amount of the pharmaceutical composition
comprising a predetermined amount of the active ingredient. The amount of the active ingredient
13 generally equal to the dosage of the active mgredient 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.

[00334] The compositions of the present mvention may be formulated in any manner suitable
for delivery. The formulation may be, but is not limited to, nanoparticles, poly (lactic-co-
glycolic acid} (PLGA) microspheres, lipidoids, lipoplex, iposome, polymers, carbohydrates
(including simple sugars), cationic lipids and combinations thereof.

[00335] In one embodiment, the formulation 15 a nanoparticle which may comprise at least one
lipid. The lipid may be selected from, but is not limited to, DLin-BMA, DLin-K-DMA, 98N12-
5, C12-200, DLin-MC3-DMA, DLin-KC2-DMA, DODMA, PLGA, PEG, PEG-DMG and
PEGviated lipids. In another aspect, the hipid may be a cationic lipid such as, but not limited to,
DLin-DMA, DLin-D-DMA, DLin-MC3-DMA, DLin-KC2-DMA and DODMA.

100336] For polvnuclectides of the invention, the formulation may be selected from any of those
tanght, for example, in Intermational Application PCT/US2012/069610, the contents of which are
mcorporated herein by reference in s entirety.

160337 Relative amounts of the active ingredient, the pharmaceutically acceptable excipient or

mert ingredient, and/or any additional ingredients in a pharmaceutical composition in accordance
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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 composttion may comprise between (.1 and 100, e.g., between 0.5 and 50,
between 1-30, between 5-80, at least 80 {w/w) active ingredient.

[00338] Efficacy of treatment or amelioration of disease can be assessed, for example by
measuring disease progression, disease remission, symptom severity, reduction n pain, quality
of life, dose of a medication required to sustain a treatment effect, level of a disease marker or
any other measurable parameter appropriate for a given disease being treated or targeted for
prevention. It is well within the ability of one skilled in the art to monitor efficacy of treatment or
prevention by measuring anv one of such parameters, or any combination of parameters. In
connection with the administration of compositions of the present invention, "effective against”
for example a cancer, indicates that administration in a clinically appropriate manmer resolis in a
beneficial effect for at least a statisticallv significant fraction of patients, such as an improvement
of symptoms, a cure, a reduction in disease load, reduction in tumor mass or celi numbers,
extension of hife, improvement in quality of life, or other effect generally recognized as positive
by medical doctors familiar with treating the particular tvpe of cancer.

[00338] A treatment or preventive effect is evident when there is a statistically sigmificant
fmprovement in one or more parameters of disease statas, or by a failure to worsen or to develop
symptoms where they would otherwise be anticipated. As an example, a favorable change of at
lcast 10 in a measurable parameter of discase, and preferably at least 20, 30, 40, 50 or more can
be mdicative of effective treatment. Efficacy for a given composition or formulation of the
present invention can also be judged using an expenimental animal model for the given disease as
koown in the art. When using an experimental animal model, efficacy of treatment is evidenced
when a statistically significant change is observed.

[00340] Preferably, the compositions of the nvention are administered by injection, e.g.,
intravencusly. When the inventive CAR material is a host cell {or a population therect)
expressing the mventive CAR, the pharmaceutically acceptable carrier for the cells for injection
may mclude any 1sotonic carrier such as, for example, normal saline (about 0.90% w/v of Na(l
in water, aboot 300 mOsm/L Na(l in water, or about 9.0 g Na{’l per hiter of water),
NORMOSOL R clectrolyie solution (Abbott, Chicago, 1L}, PLASMA- LY'TE A (Baxter,
Deerficld, IL), about 5% dextrose in water, or Ringer's lactate. In an embodiment, the
pharmaceutically acceptable carrier may be supplemented with human serom albumen. Any of

the carricrs tanght i WO2016149578A1 may be usehul in the present invention.
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V. APPLICATIONS

[00341] In one aspect of the present invention, methods for reducing a tumor volume or burden
are provided. The methods comprise adnunistering a pharmaceutically effective amount of a
pharmaceutical composition comprising at feast one biocircutt system, effector module, DD,
and/or pavioad of interest (i.e., an mumunotherapeutic agent), at least one vector, or celis 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 expreoss the biocircuit, effector module, DD, and pavioad of interest {ic..
immunotherapeutic agent).

[00342] In anocther 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 interest (i.¢., an immunotherapeutic agent), at least one
vecior, or cells to a subject having a tumor. The biocircuit and effecior module having any
imumunotherapeutic agent as described herein may be in forms of a polypeptide, ora
polvnucleotide such as mRNA, or a viral vector comprising the polynucleotide, or a celi
modified to express the biocireut, effector module, DD, and payload of interest (e,
tmmunotherapeutic agent).

j00343] 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, DDs, payicads of interest (1.¢.,
immundctherapeutic agents) of the invention, or compositions that manipulate the tumor
mmunosuppressive microenvironment, or the combination thercof. These treatments may be
further emploved with other cancer treatment such as chemotherapy and radiotherapy.

168344] In some embodiments, the safety switches described herein may be useful inthe
treatment of diseases of protein proliferation and/or protein aggregation ¢.g. renal diseases and/or
neurological diseases such as Alzheimer's diseases, prior diseases ete. In one embodiment, safety
switches of the present tnvention may be expressed i phagocvtic cells that are engineerad to
target aggregated proteins such as amyloid proteins, wherein the safety switches deseribed
herein may be used to eliminate the phagocviic cells after the clearance of the aggregated

proteins.
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1. Adoptive cell transfer (adoptive immunotherapy)

[00345] In some embodiments, cells which are genctically modified 1o express at least one
biocircut system, eftector module, DD, and/or pavicad of interest immunotherapeutic agent)
may be used for adoptive cell therapy (ACT). As used herein, Adoptive cell transfer refers to the
administration of immune celis (from autologous, allogenic or genetically modified hosts) with
direct anticancer activity. ACT has shown promise in clinical application against malignant and
infectious disease. For example, T cells genetically engimeered to recogmize CD1Y have been
used to treat follicular B cell lymphoma (Kochenderfer ¢t al | Blood, 2010, 116:4099-4102; and
Kochenderfer and Rosenberg, Nar Rev Clin Oncol, 2013, 10(5): 267-276) and ACT using
autologous lymphocvies genetically-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).

[00346] 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. Certan effector
modules usefud in cell therapy are given in Figures 7-12. The biocircuits, their components,
effector modules and their SREs and payloads may be used in cell therapics to regulate epitope
tagged receptors, in APC platforms for stimulating T cells, as a tool to enhance ex vive APC
stinmulation, to improve methods of T cell expansion, in ex vivo stimulation with antigen, in
TCR/CAR combinations, in the manipulation or regulation of TiLs, in allogeneic cell therapy, in
combination T cell therapy with other treatment lines {¢.g. radiation, cytokines).

{00347 Provided herein are methods for use in adoptive cell therapy. The methods mmvolve
preconditioning a subject in need thereof, modulating immuume cclls with SRE, biocircuits and
compositions of the present invention, administering 0 a subjoct, engineered immune cells
expressing compositions of the invention and the successful engraftment of engineered cells
within the subject.

160348] In some embodiments, SREs, biocircuits and compositions of the present invention
may be used to minimize preconditioning regimens associated with adoptive cell therapy. As
used herein “preconditioning” refers to anv therapeutic regimen administered to a subject to
improve the outcome of adoptive cell therapy. Preconditioning strategies include, but are not
timited to total body irradiation and/or lymphodepleting chemotherapy. Adoptive therapy clinical
irials without preconditioning have failed to demounstrate any clinical benefit, indicating tis
mmportance in ACT. Yet, preconditioning is assoctated with significant toxicity and limits the

sabject cohort that s suitable for ACT. In some instances, immune cells for ACT may be
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engineered to express cytokines such as L2 as payload using SREs of the present invention to
reduce the need for preconditioning.

[00349] In some embodiments, immune cells for ACT may be dendritic cells, T cells such ags
CD8" T cells and CD4™ T celis, natural killer (NK) cells, NK T cells, Cytotoxic T lvmphocytes
(CTLs), wmor nfiltrating lymphocvies (T1hs), lvmphokine activated katler (LAK) cells, memory
T cells, regulatory T cells (Tregs), helper T cells, cvtokine-induced killer (CIK) cells, and any
combination thereof. In other embodiments, tmmune stimulatory cells for ACT mayv be
generated from embryonic stem cell (ESC) and induced phuripotent stem cell (PSC). In some
embodiments, antologous or allogeneic rumune cells are used for ACT.

[00358] In some embodiments, NK cells engineered to express the present compositions may be
used for ACT. NK cell activation induces perforin/granzyme-dependent apoptosis in target cells.
MK cell activation also induces cytokine secretion such as IFN-y, TNF-g and GM-CSF. These
cviokines 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. Immunol., 2008,
9(5). 503-510).

[00351] NK cells may also be genetically reprogrammed to circumvent NK cell mhibttory
signals apon interaction with tamor cells. For example, using CRISPR, ZFN, or TALEN to
genetically modify NK cells to silence their inhibiiory receptors may enhance the anti-tumor
capacity of NK cells.

[00352] Immune cells can be 1solated and expanded ex vivo using a vaniety of methods known
in the art. For example, methods of isolating and expanding cytotoxic T cells are described 1n
U.S. Pat. NOs. 6,805,861 and 6,531, 451; US Patent Publication NOs. US20160348072A1 and
International Patent Publication NO. WO2016168595A1; the contents of each of which are
meorporated herein by reference in their entirety. Isolation and expansion of NK cells is
described m US Patent Publication NOS. US20150152387A1, U.S. Patent NOS. 7,435, 596, and
Over, J.L. (2016}, Cvtotherapy. 18(5):653-63; the contents of cach of which are incorporated by
reference herein n its entirety. Specifically, human primary NK cells mayv be expanded n the
presence of feeder cells .. a myeloid cell hne that has been genetically modified to express
membrane bound IL15, 1L21, 1L12 and 4-1BBL.

[00353] In some instances, sub populations of immune cells may be enriched for ACT. Methods
for immune cell enrichment are taught in International Patent Publication NOS.
WO2015039100A 1. In another example, T cells posttive for B and T ymphoovie attenuator

marker BTLA) may be used to enrich for T cells that are anti-cancer reactive as described in US.
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Pat. NOS. 9.512.401 {the content of cach of which are incorporated herein by reference in their
entirety ).

[00354] 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-tumor immune response using methods taught in US Patent
Publication NOS. US 20160298081 A 1; the contents of which are incorporated by reference
herein in their entirety.

100355] In some embodiments, immune cells may be ennched for FOXP3+ cells to enrich for T
cells that are critical for immune tolerance to reduce graft versus host disease.

[003536] In some embodiments, activation and expansion of T cells for ACT 1s achieved
antigenic stimulation of a transiently expressed Chimeric Antigen Receptor (CAR) on the cell
sarface. Such activation methods are taught in International Patent NOS. W02017015427 . the
content of which arc incorporated herein by refercnec in their entirety.

[80357] In some embodiments, immune cells may be activated by antigens associated with
antigen presenting cells {APCs). In some embodiments, the APCs may be dendritic cells,
macrophages or B cells that antigen specific or nonspecific. The APCs may autologous or
homologous m their organ. In some embodiments, the APCs may be artificial antigen presenting
cells (aAPCs) such as cell based aAPCs or acellular aAPCs. Cell based aAPCs are may be
selected from either genetically modified allogeneic cells such as homan erythroleukemia cells or
xenogeneic cells such as murnne fibroblasts and Drosophila celis. Alternatively, the APCs mavhe
be acellular wherein the antigens or costimulatory domaing are presented on synthetic surfaces
such as latex beads, polystyrene beads, lipid vesicles or exosomes.

100358] In some embodiments, cells of the invention, specifically T cells may be expanded
using artiticial cell platforms. In one embodiment, the mature T cells may be generated nsing
artificial thymic organoids {ATOs} described by Seet C8 et al. 2017, Nar Methods. 14, 521-530
(the contents of which are incorporated herein by reference in their entirety}. ATOs are based on
a stromal cell hine expressing delta like canonical notch igand (DLL1). In this method, stromal
cells are aggresated with hematopoietic stem and progenitor cells by centrifugation and deploved
on a cell culture msert at the air—fluid interface to generate organod cultures. ATO-derived T
cells exhibit naive phenotypes, a diverse T cell receptor (TCR) repertoire and TCR-dependent
function.

[00359] In some cmbodiments, the T cells of the tnvention may be separated from penpheral
blood by a process known as apheresis, which separates lymphocytes from plasma, platelets and

RBCs, and granulocvtes. Lymphocvte 1 peripheral blood cells may further be separated from
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monocytes using a senu-automated clutriation device. T cells may also be eoriched by magnetic
selection with antt CD3/CD28 beads. In one embodiment, an additional step of using a plastic
adherent surface to deplete monocytes from the PBMCs may be utilized. Methods of T celi
enrichment are disclosed i Stroncek DF et al. (2017) Journal of Translational Medicing 15:59;
the contents of which are incorporated by reference in its entircty.

[00360] In some embodiments, adoptive cell therapy 1s carried out by autologous transfer,
wherein the cells are derived from a subject in need of a treatment and the cells, following
isolation and processing are administeraed to the same subject. In other instances, ACT may
involve allogenic transfer wherein the cells are solated and/or prepared from a donor subject
other than the recipient subject who ultimately receives cell therapy. The donor and recipient
subject may be genetically identical, or similar or may express the same HLA class or subtype.
160361] In some embodiments, the multiple immunctherapeutic agends introduced into the
vanune cells for ACT (e.g., T cells and NK cells) may be controlied by the same biocircuit
svstem. In one example, a cytokine such as [L.2 and a Caspase 9 are linked to the same hDHFR
destabilizing domain. The expression of L2 and Caspase 9 is taned using TMP simultancously.
In other embodiments, the multiple immunotherapeutic agents introduced into the tnmune cells
for ACT {e.g., T cells and NK cells) may be controlied by different biocircuit systems. In one
example, a cvtokine such as IL2 and Caspase @ constructs are linked to different DDs in two
separate effector modules, and can be tuned separately using different stimudi. In another
example, a suicide gene and a CAR construct may be linked to two separate cffector modules.
[00362] Following genetic modulation using SREs, biocircuits and compositions of the
invention, cells are administered to the subject in need thereof. Methods for administration of
cells for adoptive cell therapy are known and may be used in connection with the provided
methods and compositions. For example, adoptive T cell therapy methods are described, eg., in
US Patent Application Publication No. 2003/0170238 to Gruenberg et al; US Patent No.
4,690,915 10 Rosenberg; Rosenberg (20113 Nat Rev Chin Oncol. 3(10}:577-85). S¢e. 2.z,
Themeli et al. {2013) Nat Biotechnol. 31(10): 928-933; Tsukahara et al. (2013) Biochem
Biophys Res Commun 438(1}): 84-9; Davila ot al. (2013) PLoS ONE 8(4): ¢61338; the contents
of each of which are incorporated herein by reference in their entirety.

100363] In some embodiments, immune cells for ACT may be modified to express one or more
immunaotherapeutic agents which facilitate immune cells activation, infiltration, expansion,
suarvival and anti-tumor functions.

100364] In some embodiments, immune cells used for adoptive cell transfer can be genctically

manmipulated to improve their persistence, cviotoxicity, tumor targeting capacity, and ability to
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home to discase sttes i vivo, with the overall aim of further improving upon their capacity to kil
tumors in cancer paticnts. One example is to introduce effector modules of the invention
comprising cvtokines such as gamma-cytokines (112} into immune cells to promote immune cel
proliferation and survival. Transduction of cytoking genes {¢.g2., gamma-cyiokines L2} into cells
will be able to propagate immune cclis without addition of exogenous cytokines and cviokine
expressing N cells have enhanced tumor eytotoxicity.

[00365] In some embodiments, bigcircuits, their components, SREs or effector modules may be
utilized to provent T cell exhaustion. As used herein, "T cell exhaustion” refers to the stepwise
and progressive loss of T cell function caused by chronic T cell activation. T cell exbaustion is a
major factor limiting the efficacy of antiviral and antitimor immunotherapics. Exhausted T cells
have low proliferative and cytoking producing capabilities concurrent with high rates of
apoptosts and high surface expression of multiple inhibitory receptors. T cell activation leading
to exhaustion may occur either i the presence or absence of the antigen.

[308366] In some embodiments, cffector modules of the present invention, useful for
immunctherapy may be placed under the transcriptional control of the T cell receptor alpha locus
constant (TRAC) locus in the T cells. Evguem et 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 (Evguem I et al (20173 Nature 543(7643):113-117; the
contents of which are incorporated herein by reference m their entirety).

603671 In some embodiments, payloads of the mvention 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 mehude, but are not
fimited to, CTLA-1, PD-1, TGIT, LAG-3, 2B4, BTLA, TIM3, VISTA, and CD96.

[00368] T cells that are specific to certain fumor antigens, may be subject to chronic antigen
exposure. Persistent antigen expression can lead to immune check-point expression, which
turn, induces a state of exhaustion among cognate antigen specific T cells. Constant expression
ot the chuncric antigen receptors of the mvention may result in chronic interaction with the
antigen, which leads to exhanstion. The compositions disclosed herein may be used to prevent T
cell exhaustion by modidating surface CAR expression using the stimulus specific to the
nvention. In one embodiment, the SREs of the present invention may be used to achieve
pulsatile expression of the compositions of the invention. As used here, "pulsatile” refersto a
plurality of pavload expression at spaced apart time intervals. Generally, upon administration of
the stimulus, the expression of the payioad ts moreased causing the first pulse; following the

withdrawal of the stimulus, the expression of the payload decreases and this represents the
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interval time between the first exposure and the next exposure to the stimulus, after which the
second exposure to the stimulus is mitiated.

[00369] Also provided hereim, 1s a method of preventing or veversing T cell exhaustionina
sabject 1n need thereof, where the method comprising administering to the subject a
therapeutically effective amount of a composition comprising at least one effector module. In
some embodiments, the effector module mcludes a stimulus response element (SRE) operably
limked to at least one immunotherapeutic agent, such that the SRE responds to a stimulus and
tunes the expression and/or function of the immunotherapeutic agent, thereby preventing or
reversing T cell exhaustion. in some embodiments, the immunotherapeutic agent may be a
chimeric antigen receptor. Examples of chimeric antigen receptors inclade, but are not hnuted to
GD2 CAR, BCMA CAR, CD33 CAR, Her2 CAR, ALK CAR, CD22 CAR, ora CD276 CAR. In
some embodiments, the CAR may be a bispecific CAR comprising an extracelinlar domain
which recognizes at least one antigen such as GD2, BCMA, CD33, Her2, ALK, CD22 0ra
CD276. In some embodiments, the methods described herein may mclude pulsatile expression of
the compositions of the invention to prevent T cell exhaustion. fn some instances, T cell
exhaustion may be reversed by the addition of the stimulus. fn other instances, T cell exhaustion
may be reversed by the withdrawal of the stimulus.

[00370] In some embodiments, the compositions of the present invention may be utilized to
alter TIL (tumor infilirating lvmphocyie) populations in a subject. In one embodiment, any of the
pavioads described herein may be utilized to change the ratio of CI34 positive cells to CDS
positive populations. In some embodiments, TiLs may be sorted ex vivo and engimeered to
express any of the cytokines descnbed herein. Payloads of the invention may be used to expand
B4 and/or CDS8 populations of TiLs to enhance TiL mediated immune response.

2. Cancer vacgines

[00371] In some embodiments, biocircuits, effector modules, pavioads of mterest
(immunctherapeutic agenis), vectors, cells and compositions of the present invention may be
used i conjunction with cancer vaccines. In one aspect, dendntic cells are modified to express
the compositions of the invention and used as cancer vaccines.

(003721 In some embodiments, cancer vaceine may comprise peptides and/or proteins denved
from tumor associated antigen {TAA}. Such strategies may be utilized to evoke an immune
response in a subject, which in some instances may be a cytotoxic T lymphocyte (CTL)
response. Peptides used for cancer vaccines may also be modified to match the mutation profile
of a subject. For example. EGFR derived peptides with mutations matched to the mutations

found in the subject 1n need of therapy have been successfully used in patients with lung cancer
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{(Li Fetal {2016) Oncommmunology. Oct 7:5(12): ¢1238539; the contents of which are
mcorporated herein by reference in their entircty).

[00373] In one embodiment, cancer vaccines of the present invention may superagonist altered
peptide higands {(APL} derived from TAAs. These are mutant peptide hgands deviate from the
native peptide sequence by one or more aming acids, which activate specific CTL clones more
effectively than native epitopes. These alierations may allow the peptide to bind better 1o the
restricting Class I MHC molecule or interact more favorably with the TCR of a given tumor-
specific CTL subset. APLs may be selected using methods tanght in US Patent Pubhication NOS,
USZ20160317633A1, the contents of which are incorporated hercin by reference m their entirety.
[60374] Relapse of hematologic malignancies is the primary cause of treatment failure after
allogeneic hematopoictic stem cell transplantation (HCT). The Wilm's tumor (WT1) gene
product is a tumor associated antigen that is expressed in acute leukemia and other hematological
malignancics, with limited expression in normal tissucs. The compositions of the present
nvention may be co-admunistered with donor denved WT1 peptide Ioaded dendritic cell vaccine
to prevent relapse of disease following immunotherapy {(Shah NN et al. (2016) Biol Blood
Marrow Transplant. 22{(12):2149-215; the contents of which arc mcorporated herein by reference
in their entirety.

3. Combination treatments

160375] In some embodiments, it is desirable to combine compositions, vectors and cells of the
mvention for administration 1o a subject. Compositions of the invention comprising different
mmmunotherapeutic agents may be used in combination or in conjunction with known
immunotherapeutic agents for enhancement of impnunotherapy.

100376] In some embodiments, it is desirable to combine compositions of the invention with
adjuvants, that can enhance 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
nvention may be combined with biological adjuvants such as cytokines, Toll Like Receptors,
bactenial toxing, and/or sapomins. In other embodiments, the compositions of the present
invention may be combined with delivery carriers. Exemplary delivery carriers mclode, polvmer
microspheres, tmmune stimilating complexes, emulsions {oil-in-water or water-in-oil},
aluminum salts, liposomes and virosomes.

[00377] In some embodiments, immune effector celis modified to express biocircuits, effector
modules, BDs and pavlcads of the invention may be combined with the biclogical adjpuvants

described herein.
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100378 In some embodiments, immung effector cells modified to expressed biocircuits,
ctfector modules, DDs and payloads of the invention may be combined with cancer vaccines.
[00379] In some embodiments, an effector module comprising a cytokine may be used
combination with an effector modide encoding a safety switch or a regulatory switch.

j00388] 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 herein, the
ferm “anti-cancer agent” refers to any agent which is capable of negatively affecting cancer ina
subject, 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 tumor size,
mhibiting tumor growth, reducing the blood supply to a tamor or cancer cells, promoting an
tmmune response against cancer cells or a tumor, preventing or inhubiting the progression of
cancer, or increasing the lifespan of a subject with cancer.

[00381] 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 invention, improves the therapeutic efficacy of treatment.

[00382] In some embodiments, compositions of the present imvention 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

603831 Excmplary chemotherapics include, without limitation, Acivicin; Aclarubicin;
Acodazole hvdrochloride: Acronine; Adozelesin: Aldesieukin; Altretaming; Ambomycin;
Ametantrone acetate; Amsacring; Anastrozole; Anthramycein; Asparaginase; Asperrin, Sulindac,
Curcumin, alkylating agents including: Nitrogen mustards such as mechlor-ethamine,
cyclophosphanude, ifosfamide, melphalan and chlorambucil; nitrosoureas such as carmusting
(BC U}, lomusting (CCNU), and semustine (methyl-CC U); thvlenimines/methylmelamine such
as thriethvlenemelamine (TEM), nethylene, thiophosphoramide (thictepa),
hexamethylmelamine (HMM, altretanune); alkyl sulfonates such as busulfan; triazines such as
dacarbazme (DTIC); antimetabolites including folic acid analogs such as methotrexate and
trimetrexate, pyrroliding analogs such as 5- fluorcuracil, fluorodeoxyunidine, gemeitabine,
cytosing arabinoside {Aral’, cytarabine), S-azacytiding, 2,2~ diftuorodeoxyevtidine, purine
analogs such as 6-mercaptopuring, 6-thioguanine, azathioprine, 2'-deoxyeoformyvein
(pentostating, ervthrohydroxyronyladenme (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,
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estramusting, and estramustine phosphate; epipedophylotoxins such as etoposide and teniposide;
antibiotics, such as actimomycin D, daunomycin {rubidomycin), doxorubicin, mitoxantrone,
idarubicin, bleomyceins, plicanmycin {(mithramyein), mitomyeinC, and actinomycein; enzymes such
as L-asparaginase, cvtokines sach as mterferon (IFN}-gamma, tumor necrosis factor (FNF)-
alpha, TNF-beta and GM-CSF, anti-angiogenic factors, such as angiostatin and endostatin,
mhibitors of FGF or VEGF such as soluble forms of receptors for angiogenic factors, including
solable VGF/VEGF receptors, platinum coordination complexes such as cisplatin and
carboplatin, anthracenediones such as mitoxantrone, substituted urea such as hydroxyurea,
methylhvdrazine dervatives mnclhuding N- methyvibydrazine (MIFf) and procarbazine,
adrenocortical suppressants such as mitotane (0,p-DDD) and aminoglutethimide; hormones and
antagonists including adrenocorticosterod antagonists such as predmisone and equivalents,
dexamethasone and aminoglutethinide; progestin such as hydroxyprogesterone caproate,
medroxyprogesicrone acctate and megestrol acctate; estrogen such as dicthyistilbestrol and
ethinyl estradiol equivalents; antiestrogen such as tamoxifen; androgens including testosterone
propionate and fluoxymesterone/equivalents; antiandrogens such as flutanmide, gonadotropin-
releasing hormone analogs and leuprolide; non-steroidal antiandrogens such as flutamide; kinase
inhibitors, histone deacetylase inlubitors, methylation inhibitors, proteasome mhibitors,
monoclonal antibodies, oxidants, anti-oxidants, telomerase inhibitors, BH3 mimetics, ubiquitin
ligase mhibitors, stat inhibitors and receptor tvrosin kinase inhibitors such as imatinib mesylate
(marketed as Gleevac or Glivac) and erlotinib (an EGF receptor inhibitor) now marketed as
Tarveea; anti-virals such as oseltamivir phosphate, Amphotericin B, and palivizumab; Sdi 1
mimetics, Senustine; Senescence derived inhibitor 1; Sparfosic acid; Spicamycin Iy,
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; PI3K small-molecule inhibitor, GSK2636771; pan-PI3K inhibitor
(BKM120); BRAF mhibitors. Vemurafenib (Zelboraf) and dabrafenib (Tafinlar); or any analog
or derivative and variant of the foregoing.

[00384] Radictherapeutic agents and factors include radiation and waves that induce DNA
damage for example, y-ircadiation, X-ravs, UV-irradiation, microwaves, ¢lectronic ¢missions,
racdiotsotopes, and the like. Therapy may be achicved by trradiating 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-rays range from daily doses of
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50 to 200 roentgens for prolonged periods of time (3 to 4 weeks), to single doses of 2000 to 60600
roentgens. Dosage ranges for radioisotopes 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.

[003853] In some embodiments, the chemotherapeutic agent may be an immunomodalatory
agent such as lenalidomide (LEN). Recent studies have demonstrated that lenalidomide can
enhance antitumor functions of CAR modified T cells (Otahal et al, Oncoimmunclogy, 2015,
5¢4): 1115940}, Some examples of anti-tumor antibodies include tocilizumab, siltuximab.
100386] Other agents may be used in combination with compositions of the mvention may also
include, but not limited to, agents that affect the upregulation of cell surface receptors and their
higands such as Fas/Fas ligand, DR4 or DR3/TRAIL and GAP junctions, cytostatic and
differentiation agents, inhibitors of cell adhesion such as focal adhesion kinase (FAKs) mhibitors
and Lovastatin, or agents that increase the sensitivity of the hyper proliferative cells to apoptotic
inducers such as the antibody C225.

[00387] The combinations may include adnunistering the compositions of the mmvention and
other agents at the same time or separately . Ahtematively, the present immunoctherapy may
precede or follow the other agent/therapy by intervals ranging from nunutes, days, weeks to
months.

[00388] In some embodiments, CAR-T cells of the invention may be co-administered with
retinoids o eradicate myeloid denved suppressor cells. Myeloid-derived suppressor cellg
(MDSCs) are a heterogeneous population of carly myeloid progenitors, immature granulocyies,
macrophages, and dendritic cells at different stages of differentiation. MDSCs have the capacity
to suppress both the eytotoxic activitics of natural killer (NK) and NKT cells, and the adaptive
immune response mediated by CD4+ and CD8-+ T cells. Long AH et al. {2016} Cancer lmmunol
Res.;4(10):869-880 have described the co-treatment of CARs with all trans retinoic acid {ATRA)
for the successtul treatment of solid tumors (the contents of which are mmcorporated by reference
i 1ts gntirety).

603891 Adjuvant therapy as used hercin refers to the treatment that is given in addition to
primary therapy to kill any cancer cells, even if the cancer i1s undetectable by standard laboratory
tests. Experimental data have demonstrated that the lvmphocyte depletion induced by cytotoxic
regimens for the treatment of cancer could contabute to relapse. Relapse to cancer
immunaotherapy may be minimized by adjuvant immunotherapy. In some embodiments, adpuvant
therapy may include the co-admunistration of recombinant haman Interleukin? in conjunction
with dendritic cells pulsed with peptides derived from tumor cells. In some embodiments,

dendritic cells pulsed with autologous tumor cell lysate and kevhole limpet hemocvanin (KLH}.
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Immuone cells may be further depleted of CDB25 positive T cells. Interleukin 7 may also be co-
adnunistered as immunotherapy . In some emboduments, the risk of reinfusing donor- dertved
tumor cells may be purged with monoclonal antibody 8H9, which miteracts with tumor cell
sarface antigens. Any of the adjuvant therapy methods taught in Merchant et al. (2016}, Clin
Cancer Res. 1;22{13):3182-91 may be utilized (the contents of which are incorporated by
reference in their entirety).

[003%0] In some embodiments, compositions of the mvention can be combined with CXCR2
inhibitors or anti ~ CXCR2 antibodies. Highfill SL et al. (2014} found that CXCR2 positive
MDSC cells limit the efficacy of immunotherapy by mediating local immunosuppression
(Highfill SL, et al. Sci Transt Med. 2014 May 21,6{237).237ra67; the contents of which are
mcorporated herein by reference i its entirety).

4. Diseases

603911 Provided 1o the present mvention 18 a method of reducing a tumor volume or burden in
a subject in need, the method comprising introducing into the subject a composition of the
invention.

[00392] The present invention also provides methods for treating a cancer in a subject,
comprising administering to the subject an effective amount of an immune eftector cell
genctically modified to express at feast one effector module of the nvention,

Cancer

00393 Various cancers may be treated with pharmaceutical compositions, biocircuits,
biocircuit components, effector modules imcluding 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
include but are not hmited to, all types of lymphomas/leukemias, carcinomas and sarcomas, such
as those cancers or tumors found 1n the anus, bladder, bile duct, bone, brain, breast, cervix,
colon/rectum, endometrium, esophagus, eve, gallbladder, head and neck, liver, kidnev, larynx,
lung, mediastinum (chest}, mouth, ovarics, pancreas, penis, prostate, skin, small intestine,
stomach, spinal marrow, tailbone, testicles, thyroid and uterus.

[003%94] Types of carcinomas which may be treated with the compositions of the present
mvention include, but are not limited to, papilloma/carcinoma, chonocarcinoma, endodermal
sinus tumor, teratoma, adenoma/adenocarcinoma, melanoma, fibroma, lipoma, leiomyoma,

rhabdomyoma, mesothelioma, angioma, osteoma, chondroma, ghoma, Iyvmphoma/leukenua,
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squamous cell carcinoma, small cell carcimoma, large cell undifferentiated carcinomas, basal cell
carcinoma and sinonasal undifferentiated carcinoma.

[00393] 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, dermatofibrosarcoma, desmoid tumor, desmoplastic small round cell tumor,
extraskeletal chondrosarcoma, extraskeletal osteosarcoma, fibrosarcoma, hemangiopencytoma,
hemangiosarcoma, Kapost's sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma,
Iymphosarcoma, malignant fibrous histicovtoma, newrofibrosarcoma, rhabdomyosarcoma,
svnovial sarcoma, and Askin's tumor, Ewing's sarcoma (prinutive neurocctodermal tumor),
malignant hemangioendothelioma, malignant schwannoma, osteosarcoma, and chondrosarcoma.
[00396] As anon-limiting example, the carcinoma which may be treated may be Acute
granulocytic loukemia, Acute lymphoceytic leakemia, Acute myclogenous leukemia,
Adenocarcinoma, Adenosarcoma, Adrenal cancer, Adrenocortical carcinoma, Anal cancer,
Anaplastic astrocytoma, Angiosarcoma, Appendix cancer, Astrocyvioma, Basal cell carcinoma,
B-Cell lymphoma ), Bile duct cancer, Bladder cancer, Bone cancer, Bowel cancer, Brain cancer,
Brain stem ghioma, Brain tumor, Breast cancer, Carcinoid tumors, Cervical cancer,
Cholangiocarcimoma, Chondrosarcoma, Chronic lymphocyiic leukemia, Chronic myelogenous
leukemia, Colon cancer, Colorectal cancer, Craniopharyngioma, Cutancous lymphoma,
Cutancous melanoma, Diffise astrocytoma, Duatal carcinoma in situ, Endometrial cancer,
Ependyvmoma, Epithelioid sarcoma, Esophageal cancer, Ewing sarcoma, Extrahepatic bile duct
cancer, Eve cancer, Fallopian tube cancer, Fibrosarcoma, Galibladder 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 disease, Hodglan's
lymphoma, Hypopharyngeal cancer, Infiltrating ductal carcinoma, Infiltrating lobular carcinoma,
Inflammatory breast cancer, Intestinal Cancer, Intrabepatic bile duct cancer, Invasive /
nfiltrating breast cancer, Islet cell cancer, Jaw cancer, Kaposi sarcoma, Kidney cancer,
Laryngeal cancer, Leiomyosarcoma, Leptomeningeal metastases, Leukemia, Lip cancer,
Liposarcoma, Liver cancer, Lobular carcinoma 1n situ, Low-grade astrocytoma, Lung cancer,
Lymph node cancer, Lymphoma, Malc breast cancer, Medullary carcinoma, Medulloblastoma,
Melanoma, Meningioma, Merkel cell carcinoma, Mesenchvmal chondrosarcoma,
Mesenchvmous, Mesothelioma, Metastatic breast cancer, Metastatic melanoma, Metastatic
squamous neck cancer, Mixed gliomas, Mouth cancer, Mucinous carcinoma, Mucosal

melanoma, Multiple mveloma, Nasal cavity cancer, Nasopharyngeal cancer, Neck cancer,
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Neuroblastoma, Neuroendocrine tumors, Noo-Hodgkin lymphoma, Non-Hodgkin's lymphoma,
Non-small cell lung cancer, Oat cell cancer, Ocular cancer, Ocular melanoma,
Uhigodendroghioma, Oral cancer, Oral cavity cancer, Oropharyngeal cancer, Osteogenic sarcoma,
Osteosarcoma, Ovanan cancer, Ovarian epithelial cancer, Ovanan germ cell tumor, Ovarian
primary peritoneal carcinoma, Uvarian sex cord stromal tumor, Paget's disease, Pancreatic
cancer, Papillary carcimoma, Paranasal sinus cancer, Parathyroid cancer, Pelvic cancer, Penile
cancer, Peripheral nerve cancer, Perttoneal cancer, Pharyngeal cancer, Pheochromocytoma,
Pilocviic astrocytoma, Pineal region tumor, Pincoblastoma, Pituitary gland cancer, Primary
central nervous systerm lymphoma, Prostate cancer, Rectal cancer, Renal cell cancer, Renal
pelvis cancer, Rhabdomyosarcoma, Salivary gland cancer, Sarcoma, Sarcoma, bone, Sarcoma,
soft tissue, Sarcoma, utering, Sinus cancer, Skin cancer, Small cell lung cancer, Small intestine
cancer, Soff tissue sarcoma, Spinal cancer, Spinal column cancer, Spinal cord cancer, Spinal
tumor, Squamous cell carcinoma, Stomach cancer, Synovial sarcoma, T-cell lvmphoma },
Testicular cancer, Throat cancer, Thymoma / thymic carcinoma, Thyroid cancer, Tongue cancer,
Tonsil cancer, Transitional cell cancer, Transitional cell cancer, Transitional cell cancer, Triple-
negative breast cancer, Tubal cancer, Tubular carcinoma, Ureteral cancer, Ureteral cancer,
Urethral cancer, Uterine adenocarcinoma, Utering cancer, Uterine sarcoma, Vaginal cancer, and
Vulvar cancer.

168397] In some embodiments, the CARs of the present invention may be a CAR useful in the
treatment of multiple myeloma such as a C51 CAR, a CD38 CAR, a CDI38 CAR, and a BCMA
CAR. In some embodiments, the CARs of the present invention may be a CAR useful in the
treatment of acute myeloid leukemia such as a CD33 CAR, a CD123 CAR and a CLL1 CAR . In
some embodiments, the CARs of the present invention may be a CAR useful in the treatment of
T cell leukemia such as a CBS CAR, and a CB7 CAR. In some embodiments, the CARs of the
present invention may be a CAR useful in the treatment of solid tumors such a mesothelin CAR,
aGD2 CAR, a GPC3 CAR, aHer2 CAR, an EGFR CAR, a Mucl CAR, an EpCAM CAR_ a PD-
L1 CAR, aCEA CAR, aMucl6 CAR, a CDI33 CAR, a CDI71 CAR, a CD70 CAR, a CLDI8
CAR, a cMET CAR, a EphAZ CAR, a FAP CAR, a Folate Receptor CAR, an IL13Ra2 CAR, an
MGT7 CAR, a PSMA CAR, a ROR1 CAR, and a VEGFRZ CAR.

Infectious diseases

[00398] In some embodiment, biocircuits of the mvention may be used for the treatment of
mnfectious 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 cells. Infectious

discases treated by the biocircuits of the invention may be discases caused by viruses, bacteria,
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fungi, and/or parasites. IL15-1L.15Ra pavioads of the invention may be used to increase immuane
cell proliferation and/or persistence of the immune cells useful m treating infectious diseases.
[00399] “Infection diseases”™ herein refer to discases caused by any pathogen or agent that
mfects mammalian cells, preferably homan cells and causes a discase condition. Examples
thereof include bactena, veast, fungi, protozoans, mycoplasma, viruses, prions, and parasites.
Examples mclude those mvolved m (1) viral diseases such as, for example, diseases resulting
from infection by an adenovirus, a herpesvirus (e g, HSV-I, HSV-IT, CMV, or VZV), a poxvirus
{e-g~, an orthopoxvirus such as variola or vaceima, or molluscum contagiosum}, a picornavins
(c.g., thinovirus or enterovirus), an orthomyxovirus {e.g., influenzavirus), a paramyxovirus {2.g.,
paramfluenza virus, mumps virus, measles virus, and respiratory syncyiial virus (RSV)), a
coronavirus {e.g., SARS), a papovavirus (e.g., paptllomaviruses, such as those that cause gemital
warts, common warts, or plantar warts), a hepadoavirus (e.g., hepatitis B virus}, a flavivirus (g .,
hepatitis C virus or Dengue virus), or a retrovirus {¢.g., a lentivirus such as HIV); (b) bacterial
diseases such as, for example, discases resulting from mfection by bacteria of, for example, the
genus Lscherichia, Enterchacter, Salmonella, Siaphylococcus, Shigella, Listeria, Aerobacter,
Helicobacrer, Klehsiella, Proteus, Pseudomonas, Streptococcus, Chiamydia, Mycoplasma,
Preumococcus, Neisseria, Clostridium, Bacillus, Corynebacterium, Mvcobacterium,
Campylobacter, Vibrio, Serratia, Providencia, Chromobacterium, Brucella, Yersinia,
Haemophilus, or Bordetella; (<} other infectious diseases, such chlomydia, fungal diseases
including but not limited to candidiasis, aspergillosis, histoplasmosis, crypiococcal meningitis,
parasttic discases including but not hmited to malana, Preumocystis carnii pneumonia,
leishmaniasis, crvptosporidiosis, tosoplasmosis, and trypanosome infection and prions that cause
human disease such as Creutzfeldt-Jakob Discase (CID), vanant Creutzfeldt-Jakob Disease
(vCID), Gerstmann-Straiissier-Scheinker syondrome, Fatal Famulial Insomnia and kuru.

3. Microbiome

1004008] Alterations m the composition of the microbiome may impact the action of anti-cange
therapies. A diverse community of symbiotic, commensal and pathogenic microorganisms ¢xist
in all environmentally exposed sites in the body and is herein referred to as the “Microbiome.”
Environmentally exposed sites of the body that may be inhabited by a microbiome include the
skin, nasopharynx, the oral cavity, the respiratory tract, the gastrointestinal tract, and the
reproductive tract.

[00401] In some embodiments, microbiome native or engineered with immungtherapeutic
agents may be used to improve the efficacy of the anti-cancer immunotherapics. Methods of

using microbiome to improve responsive to immunotherapeutic agents have been described by
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Sivan et al. (Sivan A, et al 2015 Science; 350:1084--9; the contents of which arg incorporated
herein by reference in their entirety). In other embodiments, the microorganisms may be
delivered along with immunotherapeutic compositions of the present invention to improve the
ctficacy of mumunotherapy.

6. Tools and agents for making therapeutics

[00402] Provided 1o the present invention are tools and agents that may be used 1n generating
immunotherapeustics for reducing a tumor volume or burden in a subject i need. A considerable
number of varables are involved in producing a therapeutic agent, such as structure of the
payload, tvpes ot cell, methods of gene transfer, method and time of ex vivo expansion, pre-
conditioning and the amount and type of tumor burden n the subject. Such parameters may be
optimized using tools and agents described herein.

Cell lines

00403 The present disclosure provides a mammalian cell that has been genctically 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
embryvonic kidney cell ine 293, fibroblast cell line NIH 3713, human colorectal carcinoma cell
Tmne HOT1G, ovarian carcinoma cell line SKOV-3, immortalized T cell hines Jurkat cells and
SupTl cells, lvmphoma cell line Raji cells, NALM-6 cells, K562 cells, Hela cells, PC12 cells,
HL-60 ¢cclis, NK cell Hines {e.g., NKL, NK92, NK962, and YTS), REH, SEM, KOPNE, Dauds,
Raji, and the like. In some instances, the cell is not an immortalized cell line, but instead a cell
obtained from an individual and is herein referred to as a primary cell. For example, the celi s a
T lymphocyte obtained from an individual. Other examples include, but are not limited to
cytotoxic cells, stem cells, peripheral blood mononuclear cells or progenitor cells obtained from
an individual.

Tracking SRIs, biocircuits and cell lines

[60464] In some embodiments, 1t may be desirable to track the compositions of the invention or
the cells modified by the compaositions of the invention. Tracking may be achieved by using
pavioads such as reporter moieties, which, as used herem, refers to any protein capable of
creating a detectable signal, in response to an input. Examples melude alkaline phosphatase, B-
galactosidase, chloramphenicol acetylransferase, B-glucuronidase, peroxidase, B-lactamase,
catalytic antibodies, bioluminescent proteins e.g. luciferase, and fluorescent proteins such as

Green fluorescent protein (GFP),
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ligand corresponding to the DD, In other mstances, reporter moictics may be used to track cell

survival, peraistence, cell growth, and/or localization in vitro, in vivo, or ex vivo.

[00406] In some embodiments, the preferred reporter moiety may be luciferase proteins. In one

crabodiment, the reporter moiety is the Renilla luciferase, or a firefly luciferase. Table 14

provides the sequences ot the reporier moieties. The amino acid sequences in Table 14 may

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

sequence

Table 14: DD-luciferase constructs

Description

Amind acid sequence

Aming
Acid SEQ
D NO.

Nucleie
Acid SEQ
ID NO.

Linker

EF
I

GAGTTC

Linker

8G

AGCGGC

Renilla
huciferase

MTSKVYDPEQRKRMITGPOWWARCKOQMNVLDSFIN
YYDSEKHAENAVIFLHGMNAASSYLWRHVVPHIEPVA
RCHIPDLIGMGKSGKSGNGSYRLLDHYKYLTAWFELL
NLPKKIFVGHDWGACLAFHY SYEHODKIKATVHAES
VVDVIESWDEWPDIEEDIALIKSEEGEKMVLENNFFY
ETMLPSKIMRKLEPEEFAAYLEPFKEKGEVRRPTLSW
PREIPLVKGGKPDVVOIVRNYNAYLRASDDLPKMEIE
SDPGFFSNAIVEGAKKFPNTEFVKVKGLHFSQEDAPD
EMGKYICSFVERVLKNEQ

209

217

Firefly
Luciferase

MEDAKNIKKGPAPFYPLEDGTAGEQLHKAMKRYAL
VPGTIAFTDAHIEVIHTY AEYFEMSVRLAEAMKRYGL
NTNHRIVVCRENSLOFFMPVLGALFIGVAVAPANDIY
NERELLNSMGISQPTVVEVSKEKGLOKILNVOKKLPIQ
KHIMDSKTDYQGFOSMYTEFVISHLPPGEFNEYDEVPES
FDRDKTIALIMNSSGSTGLPKGVALPHRTACVRFSHA
RDPIFGNOQIPDTAILSVVPFHHGFGMFTTLGYLICGER
VVLMYRFEEELFLRSLODYKIQSALLVPTLFSFFAKST
LIDKYDLSNLHEIASGGAPLSKEVGEAVAKRFHLPGI
ROGYGLTETTSAILITPEGDDKPGAVGKVVPFFEAKY
VDLDTGKTLGVNQRGELCVRGPMIMSGY VNNPEAT
NALIDKDGWLHSGDIAYWDEDEHFFIVDRLKSLIKY
KGYQVAPABLESILLOQHPNIFDAGVAGLPDDDAGELP
AAVVVLEHGKTMTEKEIVDYVASQVTTAKKLRGGY
VEVDEVPKGLTGKLDARKIREILIKAKKGGKSKL

FKBP (F36V,
LI06P)

GVOVETISPGDGRTFPKRGOQTCVVHYTGMLEDGKK
VE3SRERNKPFKEFMLGKOQEVIRGWEEGVAQMSYGQ
RAKLTISPDYAYGATGHPGHPPHATLVFDVELLKPE

11

64, 878-
882

FKBP (314,
F36V, R714G,
K105E)

GVQVETISPGDOGRTFPERGOTCVVHY TGMLGDGKK
VDSERDRNEPFKFMLGRKOQEVIRGWEEGY AQMAVGH
GAKLTISPDYAYGATGHPGIPPHATLVFDVELLELE

12

88, 883~
889

ecDHFR
(R12Y,
Y1001)

MISLIAALAVDY VIGMENAMPWNLPADLAWFKRNT
LNKPVIMGRHTWESIGRPLPGRKNIILSSQPGTDDRVT
WVKSVDEATAACGDVPEIMVIGGGRVIEQFLPK AQK
LYLTHIDAEVEGDTHFFDYEPDDWESVESEFHDAD A
ONSHSYCFEILERR

89

OT-Riuc-001
(Renilla Luc ~
stop)

MTSKVYDPEQRKRMITGPOWWARCKOQMNVLDSFIN
YYDSEKHAENAVIFLHGMNAASSYLWRHVVPHIEPVA
RCHIPDLIGMGKSGKSGNGSYRLLDHYKYLTAWFELL
NEPKKIFVGHDWGACLAFHY SYEHODKIKATVHAES

211

203

137




WO 2018/160993

PCT/US2018/020704

VYDVIESWDEWPDIEEDIALIKSEEGEKMVLENNFFV
ETMLPSKIMRKLEPEEFAAYLEPFKEK GEVRRPTLSW
PREPLVKGGEPDVVIVENYNAYLRASDDLPEMFIE
SDPGFF SNAIVEGAKKFPNTEPVKVKGLHFSQEDAPD
EMGKYIKSFVERVLENEQ*

OT-Fluc-002
(Met - FKBP
{FieV,
L106P) -
Linker (EF} -
Firefly Luc -
stop)

MGVOQVETISPGDGRTFPKRGOTCVVHYTGMLEDGIC
KVDSSEDRNKPFKFMLGKOQEVIRGWEEGVAQMSVG
QRAKLTISPDYAY GATGHPGHPPHATLVFDVELLKPE
EFMEDARKNIKKGPAPFYPLEDGTAGEQLHKAMKRY
ALVPGTIAFTDAHIEVINTYAEYFEMSVRLAEAMKRY
GLNTNHRIVYCS LOFFMPVLOGALFIGVAVAPAN
DIYNERELLNSMGISOQPTVVFVSKK GLOKIINVQKKL
PHOKIIIMDSKTDYVOGFOSMYTFVTSHLPPGENEYDF
VPESFDRDKTIALIMNSSGSTGLPRGVALPHRTACVR
FSHARDPIFGNOQIPDTALSYVPFHHGEFGMETTLGYLE
COFRVVLMYRFEEELFLRSLODYKIQSALLVPTLERFF
AKSTLIDKYDLANLHEIASGGAPLSKEVGEAVAKRIH
LPGIRQGYGLTETTSAILITPEGDDEPGAVOK VVPEFE
AKVVDLDTGKTLGYVNQRGELCVRGPMIMSGYVNNP
EATNALIDKDGWLHSGDIAYWDEDEHFFIVDRLEKSLI
KYKGYQVAPARLESTLLOHPNIFDAGVAGLPDDDAG
ELPAAVVVLEHGKTMTEKEIVDYVASQVITAKKLR
GGVVEFVDEVPKGLTGKLDARKIREILIKAKK GGKSK

*

212

204

{T-Rinc-003
(Met -FKBP
(F36V,
L106P) -
Linker (3G) -
Amino acid 2
-311of
Renilla
Luciferase —
siop}

MGYQVETISPGDGRTFPKRGOQTCVVHYTOMLEDGK
KVDSSRDRNK PFKFMLGKQEVIRGWEEGVAQMAVG
ORAKLTISPDYAYGATOGHPGUPPHATLVEDVELLEPE
SGTIKVYDPEQRKERMITGPOQWWARCKQMNVLDSFL
NYYDSEKHAEBNAVIFLHGNAASSYLWRHVVPHIEPY
ARCHPDLIGMGKSGKSGNGSYRLLDHYKYLTAWEFE
LLNLPRKIIFVGHDWGACLAFHYSYEHODKIKAIVHA
ESVVDVIESWDEWPDIEEDIALIKSEEGEKMVLENNF
FVETMLPSKIMRKLEPEEFAAYLEPFKEKGEVRRPTL
SWPREIPLVKGGKPDVVOIVRNYNAYLRASDDLPKM
FIESDPGFFSNAIVEGAKKFPNTEFVK VK GLHFSOQED
APDEMGKYICSFVERVLKNEQ*

(o]
(98]

265

{T-Rinc-004
ecDHFR
(F12Y,
Y1001 -
Linker {(3G) -
Amino acid 2
-311of
Renilla
Luciferase -
siop}

MISLIAALAVDYVIGMENAMPWNLPADLAWEKRNT
INKPVIMGRHTWESIGRPLPGRKNILSSQPGTDDRVT
WVKSVDEAIAACGDVPEIMYIGGGRVIEQFLPKAQK
LYLTHIDAEVEGDTHFPDYEPDDWESVESEFHD AD A
ONSHSYCFEILERRSGTRKVYDPEQREKRMITGPOWW
ARCKOMNVLDSFINY YDSEKHAENAVIFLHGNAASS
YLWRHVVPHIEPVARCHPDLIGMGKSGICSGNGSYRL
LDHYKYLTAWFELLNLPKKIFVGHDWGACLAFHYS
YEHGDKIKAIVHAESVVDVIESWDEWPDIEEDIALIKS
EEGEKMVLENNFFVETMLPSKIMRKLEPEEFAAYLEP
FKEKGEVRERPTLSWFREIPLVKGGKPDVVOIVRNYN
AYLRASDDL PKMFIESDPGFFSNAIVEGAKKIPNTEF
VEKVEKGLHFSQEDAPDEMGK YK SFVER VLK NE(*

3
=

266

OT-Riuc-005
(PenillaLuc -
Linker (8G) -
FKBP (E31G,
F3i6V, R71G,
KI03E) -
siop}

MTSKVYDPEQRKRMITGPOWWARCKOMNVLDSFIN

YYDSEKHAENAVIFLHGNAASSYLWRHVVPHIEPVA

RCHPDLIGMGKSGKSGNGSYRLLDHYKYLTAWFELL
NLPKKIFVGHDWGACLAFHY SYEHODKIK ATVHAES
VVDVIESWDEWPDIEEDIALIKSEEGEKMVLENNFFY

ETMLPSKIMRKLEPEEFAAYLEPFKEKGEVRRPTLSW
PREIPLVKGGKPDVVOIVRNYNAYLRASDDLPKMEIE
SDPGFFSNAIVEGAKKFPNTEFVK VK GLHFSQEDAPD
EMGKYIKSFVERVLIKNEQSGGVOQVETISPGDGRTEPK
RGOTCVVHYTGMLGDGKEVDSSRDRNEPFKIMLGK
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QEVIRGWEEGVAQMSVGQGAKLTISPDYAYCGATGH
PGUPPHATLVEDVELLELE®*
OT-Rluc-006 | MTSKVYDPEQREKRMITGPOWWARCKOMNVLDSFIN 16 208

(Renilla Luc - | YYDSEKHAENAVIFLHGNAASSYLWRHVVPHIEPVA
Linker (SG) -~ | RCIIPDLIGMGKSGESGNGSYRLLDHYKYLTAWFELL
ecDHFR NLPEKIFVGHDWGACLAFHY SYEHQDKIK ATVHAES

{Amino acid
2-159 of W

VVDVIESWDEWPDIEEDIALIKSEEGEKMVLENNFFY
ETMLPSKIMRKLEPEEFAAYLEPFKEK GEVRRPTLSW

(R1ZY, PREIPLVKGGEPDVVIVENYNAYLRASDDLPEMEIE
Y1001y - SDPGFFSNAIVEGAKKFPNTEFVRKVEGLHFSQEDAPD
stop) EMGKYIKSFYERVLENEQSGISLIAALAVDY VIGMEN

AMPWNLPADLAWFKRNTLNKPVIMGRHTWESIGRP

LPGRKNIILSSQPGTDDRVIWVKSVDEATAACGDVPE
IMVIGGGRVIEQFLPK AQKLYLTHIDAEVEGDTHEPD

YEPDDWESVESEFHDADAQNSHSYCTEILERR*

Animal models

[00467] The utility and efficacy of the compositions of the present invention may be tested in
vivo amimal models, preferably mouse models. Mouse models used to may be syvngeneic mouse
models wherein mouse cells are modified with compositions of the invention and tested in mice
of the same genctic background. Examples include pMEL-1 and 471 mousc madels.
Alternatively, xenograft models where human cclis such as tumor cells and immune cells are
miroduced into immunodeficient mice may also be utilized in such studies. Inmunodeficient
mice used may be CByJ . Ce-Foxnl™i, B6,12987-Rag/miMom/} 86 12987-Rag j™Momiy 86,
CBI17-Pridc’¥/Sz], NOD 1298 7(B6)-Rag [ 1¥om [} NOD .Cg-Rag ] miMompyflmiSiy Qs
NOD.CB7-Prkdec/8z], NOD.Ca-Pridc @B 2m™ V], NOD-scid IL2Rg™, Nude (nu) mice,
SCID mice, NOD mice, RAGI/RAG? mice, NOB-Scid mice, IL.2Zrgnu/l mice, b2mnull mice,
NOD-scid I 2rymull mice, NOD-scid-B2mmu/! mice, and HLA transgenic mice.

Cellular assays

[00468] In some embodiments, the effectiveness of the compositions of the inventions as
immunotherapestic agents may be evaluated using cellular 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 guantitating proteins levels. In some
embodiments, such methods may include Western Blotting, flow cytometry, and immunoassays.
[00409] Provided hergin are methods for functionally characterizing cells expressing SRE,
biocircutts and compositions of the invention. In some ¢mbodiments, functional characterization
1s carried out in primary immune cells or mmortalized immune cell fines and may be deternuned
by expresasion of cell surface markers. Examples of cell surface markers for T cells melude, but
are not limited to, CD3, CD4, CD8, CD 14, CB20, CDHib, CD16, CD45 and HLA-DR, CD 69,
CD28, CD44, IFNgamma, PD1, TIM3, LAG3. Examples of cell surface markers for antigen
presenting cells mclude, but are not limited to, MHC class 1, MHC Class 11, CD40, CD45, B7-1,
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B7-2, IFN-y receptor and 1L2 receptor, ICAM-1 and/or Foy receptor. Examples of cell surface
markers for dendnitic cells include, but are not himited to, MHC class I, MHC Class I, B7-2,
CDI8, CD29, CD31, CD43, D44, Ch45, €S54, €58, CDR3, D86, CMRF-44, CMRF-56,
DCIR and/or Dectin-1 and the kike; while in some cases also having the absence of CD2, CD3,
CD4, CDR, CD 14, CDI15, CD16, CD 19, CD20, CD36, and/or CD57. Examples of cell surface
markers for NK cells include, but are not imited to, CCL3, CCL4, CCL5, CCR4, CXCRA4,
CXCR3, NKG2D, CD71, CD69, CCRS, Phospho JAK/STAT, phospho ERK, phospho p38/
MAPK, phospho AKT, phospho STAT3, Granulysin, Granzyvme B, Granzyme K, 1L10, 1122,
IFNg, LAP, Perforin, and TNFa.

V. BELIVERY MODALITIES ANDVOR VECTORS

Yectors

100418] The present invention also provides vectors that package polynucleotides of the
mnvention encoding biocircuits, effector modules, SREs (DDs) and pavicad constructs, and
combinations thercof, Vectors of the present invention may also be used to deliver the packaged
polynuclectides to a cell, a local tissae site or a subject. These vectors may be of any kind,
mcluding DNA vectors, RNA vectors, plasmids, viral vectors and particles. Viral vector
technology 1s well known and described in Sambrook ot al. (2001, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory, New York). Viruses, which are useful as
vectors wnclude, but are not limited to leativiral vectors, adenoviral vectors, adeno-associated
viral {AA V) vectors, herpes simplex viral vectors, retroviral vectors, oncolytic viruses, and the
like.

00413 In general, vectors contain an ongin of replication functional in at least one organism, a
promaoter sequence and convenient restriction endonuclease site, and one or more selectable
markers ¢.g. a drug resistance gene.

[00412] As used herein a promoter is defined as a DNA sequence recognized by transcription
machingry of the cell, required to initiate specific transcription of the polynucleotide sequence of
the present invention. Yectors can comprise native or non-native promoters operably linked to
the polvnucleotides of the invention. The promoters selected may be strong, weak, constitutive,
inducible, tissue specific, development stage-specific, and/or organism specific. One example of
a suitable promoter is the immediate early cytomegaloviras (CMV) promoter sequence. This
promaier sequence 1s a strong constitutive promoter sequence capable of driving high levels of
expression of polynucleotide sequence that 1s operatively linked to it. Another example of a
preferred promoter is the Elongation Growth Factor-1. Alpha (EF-1. alpha) promoter. Other

constitutive promoters may also be used, mncluding, but not linuted to simian virus 40 (SV40)
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promoter, the mouse mammary tumor virgs (MMTV) promoter, hueman immunodeficiency viras
(HIV) promoter, long terminal repeat (L'TR), promoter, an avian leukemia virus promoter, an
Epstem-Barr virus immediate early promoter, a Rous sarcoma virus promoter as well as human
gene promoters including, but not limited to the phosphoglyveerate kinase (PGK) promoter, the
actin promater, the myosin promoter, the hemoglobin promoter, the Ubiquitin C (Ubg) promoter,
the human U6 small nuclear protein promoter and the creatine kinase promoter. In some
mstances, mducible promoters such as but not hmited to the metallothionine promoter, the
glucocorticoid promoter, the progesterone promoter, and the tetracycline promoter may be used.
In some cmbodiments, the promoter may be selected from the SEQ 1D NG, 220-222, SEQ 1D
NO. 836.

[00413] In some embodiments, the optimal promoter may be selected based on its ability to
achieve 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.

[00414] Addional promoter elements ¢.g. enhancers may be used to regulate the frequency of
transeriptional tmtiation. Such regions may be located 10-100 base pairs upstream or
downstream of the start site. In some instances, two or more promoter elements may be used to
cooperatively or independently activate transcription.

[004153] Suitable vectors include those designed for propagation and expansion or for
expression or both, such as plasmids and viruses. The vector can be selected from the group
consisting of the pUC series (Fermentas Life Sciences, Glen Burnie, M), the pBluescript series
{Stratagene, La Jolla, CA), the pET series (Novagen, Madison, WI}, the pGEX senes (Pharmacia
Biotech, Uppsala, Sweden), and the pEX serigs {Clontech, Palg Alte, CA}. Bacteriophage
vectors, such as AMGT10, AGTL 1, AZapll {Stratagene), AEMBL4, and ANM1 149, also can be
used. Examples of plant expression vectors mchude pBIOL, pBI101.2, pBIIO1.3, pBI121 and
pBIN1Y (Clontech). Examples of animal expression vectors include pEUK-CI, pMAM, and
pMAManeo (Clontech). The recombinant expression vector may be aviral vector, e.g., a
retroviral vector or a lenti viral vector. In some embodiments, the vector can be a transposon.
Any of the vectors disclosed in the International Patent Publication W(O2014065961, may be
usefud in the present invention (the contents of which are incorporated herein by reference in
their entirety ).

[00416] In some embodiments, the recombinant expression vector may comprise regulatory
sequences, such as transeniption and translation initiation and termination codons, which are

specific to the type of the host cell into which the vector is 1o be introduced.
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1. Lentivirad vectors

[00417] In some embodiments, lentiviral vectors/particles may be used as vehicles and dehivery
modalitics. Lentivirases are subgroup of the Refrovividae family of viruses, named because
reverse transcription of viral RNA genomes to BNA is required before integration mto the host
genome. As such, the most important features of lentiviral vehicles/particles are the integration
of their genetic material mto the genome of a target/host cell. Some examples of lentivirus
mclade the Haman Immuanodeficiency Viruses: HIV-1 and HIV-2, the Simian
Immunodeficiency Virus {(SIV}, feline immuncdeficiency virus (FIV}, bovine immunodeficiency
virus (BIV), Jembrana Disease Virus (JDV), equine infectious anemia virus (EIAV), equing
mtectious anemia viras, visna~-macdi and caprine arthritis encephalitis virus (CAEVY).

[00418] Typically, lentiviral particles making up the gene delivery vehicle are replication
defective on their own (also referred to as “self-inactivating”). Lentiviruses are able to infoct
both dividing and non-dividing cells by virtue of the entry mechanism through the intact host
nuclear envelope (Naldini L ¢t al., Curr. Opin. Biotechnol, 1998, 9: 457-463). Recombinant
lentiviral vehicles/particles have been generated by multiply attenuating the HIV vinulence
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.

[00419] Lentiviral particies mayv be generated by co-expressing the virus packaging clements
and the vector genome itself in a producer cell such as human HEK293T cells. These elements
are usually provided in theee {in second generation lentiviral systems) or four separate plasmuds
(in third generation lentiviral systems). The producer cells are co-transfected with plasmids 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 forcign transgene, to be transferred to the target
cell, the vehicle itseif {also referred to as the transter vector). In general, the plasmids or vectors
are included m a producer cell line. The plasmuids/vectors are introduced via transfection,
transduction or imfection into the producer cell hine. Methods for transfection, transduction or
infection are well known by those of skall in the art. As non~limiting 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,
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DHFR, Gin synthetase or ADA, followed by selection in the presence of the appropriate drug
and 1solation of clones.

[00428] The producer cell produces recombinant viral particles that contain the foreign gene, for
example, the effector module of the present invention. The recombinant viral particles are
recovered from the culture media and titrated by standard methods used by those of skill in the
art. The recombmant lentiviral vehicles can be used 1o nfect target cells.

00423 Cells used to produce high-titer lentiviral particles may include, but are not hmited to,
HEK293T cells, 293G cells, STAR cells (Relander et al., Mol Ther., 2005, 11: 452-459),
FreeStyle™ 293 Expression System (ThermoFisher, Waltham, MA), and other HEK293T-based
producer cell lines (e.g., Stewart et al., Hum Gene Ther. 2011, 22(3}:357-369; Lee et al,
Biotechnol Biveng, 2012, 10996 1551-1560; Throm et al, Blood. 2009, 113(21): 5104-5110;
the contents of cach of which are incorporated herein by reference in their eotirety).

604221 In somce 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 1
the vesiculovirus genus: Carajos virus (CISV), Chandipura virus (CHBPVY), Cocal virus (COCV),
Isfafqian virus (ASFV)Y, Maraba virus (MARAY), Piry virus (PIRYY), Vesicular stomatitis
Alagoas virus {(VSAV), Vesicular stomatitis Indiana virus (N SIV) and Vesicular stomatitis New
Jersey virus (VENIV) and/or stains provisionally classified in the vesiculovirus genus as Grass
carp rhabdovirus, BeAn {57575 virus (BeAn 157575), Boteke virus (BTKY), Calchagui virus
(CQIV), Fel virus American (EVA), Gray Lodge virus (GLOV), Jurona virus JURY), Klamath
virus (KLAV)}, Kwatta virus (KWAVY), La Jova virus (LIV), Maipais 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 (SVCV), Tupaia virus
(TUPY), Ulcerative disease rhabdovirus (UBRV) and Yug Bogdanovac virus {(YBV}. The gpéd
or other baculoviral env protein can be derived from Aufographa californica
nucleopolvhedrovirus (AcMNPV), Anagrapha falcifera nuclear polvhedrosis virus, Bombyx
mori vuclear polvhedrosis virus, Choristoneura fimiferana nucleopolyhedrovirus, Orgyvia
psendotsugata simgle capsid nuclear polvhedrosis virus, Epiphvas pestvittana
nucleopolyhedrovirus, Hyphaniria cunea nucleopolvhedrovirus, Galleria melionelia nuciear
polvhedrosis virus, Dhort virus, Thogoto virus, dniheraea pemyi nucleopolvhedrovirus or
Batken virus.

160423] Additional elements provided in lentiviral particles may comprise retroviral ETR (long-

terounal repeat) at cither 57 or 37 terminus, a retroviral export element, optionally a lentiviral
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reverse response clement {RRE), a promoter or active portion thereof, and a locus control region
(LCR) or active portion thereof. Other elements inchide central polvpurine tract (cPPT) sequence
to mmprove transduction efficiency in non-dividing cells, Woodchuck Hepatitis Virus {WHP)
Posttranscriptional Regulatory Element (WPRE) which enhances the expression of the transgene,
and increases titer. The effector module is linked to the vector.

[00424] Methods for generating recombinant lentivival particles are discussed m the art, for
example, U.S. Pat. NOs. 8, 846, 385, 7,745, 179, 7,629,153, 7.575,924; 7,179, 903; and 6, &08,
9035, the contents of each of which are incorporated herein by reference in their entirety.

[00425] Lentivirus vectors used may be selected from, but are not limiuted to pL VX, plent,
plentio, pLIMI, FUGW, pWPXL, pWPL pLenti CMV pure DEST, pLIMI-EGFP, pULTRA,
plnducer20, pHIV-EGFP, pCWS57 1, pTRPE, pELPS, pRRL, and pLionlL

100426] Lentiviral vehicles 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 Pubhcation NOS. W(2012079000; the contents
of each of which are incorporated herein by reference in their entirety).

2. Retroviral vectors {v-retroviral vectors)

[00427] In some embodiments, retroviral vectors may be used to package and deliver the
biocircuts, biocircwt components, effector modales, SREs or payload constructs of the present
invention. Retroviral vectors (RVs) allow the permanent integration of a transgene n target cells.
In addition to lentiviral vectors based on complex HIV-1/2, retroviral vectors based on simple
gamma-retroviruses have been widely used to deliver therapeutic genes and demonstrated
clinically 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 (Fel V).

[00428] In some embodiments, gamma-retroviral vectors derived from a mammalian gamma-
retrovirus such as murine leukemia viruses (MLVs), are recombinant. The MLV families of
gamma retroviruses include the ccotropic, amphotropic, xenotropic and polvtropic subfamilies.
Ecotropic viruses can infect only murine 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 polvtropic viruses utilize the same (Xprl) receptor, but difter in their specics
tropism. Xenotropic viruses such as NZB-9-1 infect human and other species but not nurine
species, whereas polytropic viruses such as focus-forming vinses (MCF} mfect murine, human

and other species.
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100429 Gamma-retroviral vectors may be produced in packaging cells by co-transtecting the
cells with several plasmids including one encoding the retroviral structural and enzymatic {gag-
pol} polyprotein, 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 newlv formed viral particles.

[00430] In some aspects, the recombinant gamma-retroviral vectors are pscudotyped with
envelope proteins from other virases. Envelope glveoproteins are incorporated in the outer lipid
laver of the viral particles which can increase/alter the coll tropism. Exemplary envelop proteins
include the gibbon ape leukemia virus envelope protein (GALY}) or vesicular stomatitis virus G
protein (VSV-G), or Simian endogenous retrovitus envelop protein, or Measles Virus Hand F
proteins, or Human immanodeficiency virus gpl20 envelope protein, or cocal vesicalovirus
envelop protein {See, ¢.g., U.5. application publication NOS. 2012/16411¥; the contents of
which are mcorporated herein by reference m its entirety). In other aspects, envelope
glyvcoproteins may be genetically modified to incorporate targeting/binding ligands mto gamma-
retroviral vectors, binding ligands including, but not limited to, peptide ligands, single chain
antibodics and growth factors (Wachler et al, Nat. Rev. Gener. 2007, 8(8):373-587; the contents
of which are incorporated herein by reference n s entirety). These engineered glvcoproteins can
retarget vectors to cells expressing their corresponding target moieties. In other aspects, a
“molecular bridge” may be introduced to direct vectors to specific cells. The molecular bridge
has dual specificitics: one end can recognize viral glvcoproteins, and the other end can bind 1o
the molecular determinant on the target cell. Such molecuiar bridges, for exampie ligand-
receptor, avidin-biotin, and chemical conjugations, monocional antibodies and engincered
fusogenic proteins, can direct the attachment of viral vectors to target cells for transduction
(Yang et al., Biotechnol. Biceng., 2008, 101(2}: 357-368; and Maetzig ¢t al., Viruses, 2011, 3,
677-713; the contents of cach of which are meorporated herein by reference in their entirety).
160431] In some embodiments, the recombmant gamma-retroviral vectors are self-inactivating
(SIN) gammaretroviral vectors. The vectors are rephication incompetent. SIN vectors may harbor
a deletion within the 3° U3 region initially compnising enhancer/promoter activity. Furthermore,
the 57 U3 region may be replaced with strong promoters {nceded in the packaging cell line)
dertved from Cytomegalovinus or RSV, or an nternal promoter of choice, and/or an enhancer
clement. The choice of the intemal promoters may be made according to specific requirements
of gene expression needed for a particular purpose of the invention.

168432] In some embodiments, polyvnucleotides encoding the biocircuit, biociromt components,

effector module, and SRE are inserted within the recombinant viral genome. The other
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components of the viral mRNA of a recombinant gamma-retroviral vector may be modified by
msertion or removal of naturally occurring sequences {e.g ., insertion of an IRES, insertion of a
heterologous polynucleotide encoding a polypeptide or inhibitory nucleic acid of interest,
shuffling of a more effective promoter from a different retrovirus or virus in place of the wild-
tvpe promoter and the fike). In some examples, the recombinant ganuna-retroviral vectors may
comprise modified packaging signal, and/or prmer binding site (PBS), and/or 3'-
enhancer/promoter clements in the U3-region of the 5'- long terminal repeat {LTR), and/or 3'-
SIN elcments modified in the U3-region of the 3'-LTR. These modifications may increase the
titers and the ability of infection.

[00433] Gamma retroviral vectors suitable for delivenng biocircuit components, effector
modules, SREs or payload constructs of the present mvention may be selected from those
disclosed in US. Pat. NOs. 8 828,718, 7,585,676, 7,351,585, U .S application publication NOS.
2007/048285; PCT application publication NOs. W(02010/113037, W02014/121005;
WQO2015/056014; and EP Pat. NQOs. EP1757702; EP1757703 (the contents of each of which are
imcorporated herein by reference in their entirety).

3. Adeno-associated viral vectors {AAV)

[00434] In some embodiments, polynucleotides of present invention may be packaged into
recombinant adenc-associated viral (rAAV) vectors. Such vectors or viral particles may be
designed to utilize any of the known serotype capsids or combinations of serotype capsids. The
serotvpe capsids may include capsids from anv identificd AAY serotypes and variants thereof,
for example, AAV1, AAV2, AAV2GY, AAV3, AAVE AAV4A-4 AAVS, AAVS, AAVT, AAVS,
AAVY, AAVIO0, AAVIE, AAVIE2 and AAVRIG,

100435] In one embodiment, the AAY serotype may be or have a sequence as described in
United States Publication No. US20030138772, herein incorporated by reference 1n its entirety,
such as, but not himited to, AAV1 (SEQ ID NO. 6 and 64 of US20030138772), AAV2 (SEQ ID
NO. 7 and 70 of US20030138772), AAV3 (SEQ ID NO. 8 and 71 of US20030138772), AAV4
(SEQ ID NO. 63 of USZ0030138772), AAVS (SEQ ID NO. 114 of US20030138772), AAVS
(SEQ ID NG, 65 of US20030138772), AAVT7 (SEQ ID NO. {-3 of USZ0030138772), AAVE
(SEQ 1D NG. 4 and 95 of US20030138772), AAVY (SEQ 1D NO. 5 and 100 of
US20030138772), AAVIO(SEQ ID NO. 117 of US20030138772), AAVI1 (SEQ ID NO. 118 of
US20030138772), AAVI2 (SEQ ID NO. 119 of US20030138772), AAVh10 (amino acids | to
738 of SEQ ID NQ. 81 of US20030138772) or variants thercof. Non-limiting examples of
variants include SEQ ID NOs. 9, 27-45_ 47-62, 66-69, 73-81, 84-94, 96, 9799, 101-113 of

US206036138772, the contents of which are herein incorporated by reference in their entirety.
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100436] In onc embodiment, the AAY serotype may have a sequence as described 1o Pulicherla
et al. (Molecular Therapy, 2011, 19(6):1070-1078), LS. Pat. NOs. 6,156,303, 7,198,951, U S,
Patent Publication NQs. US2015/0159173 and US2014/0359799; and International Patent
Publication NOs. WG1998/011244, W(2003/033321 and W(2014/14422; the contents of cach
ot which arc incorporated herein by reference in their entirety.

[80437] AAV vectors mnclude not only single stranded vectors but self~complementary AAV
vectors (scAAVs). scAAY vectors contain DNA which anmeals together to form double stranded
vecior genome. By skipping second strand synthesis, scAAVs allow for rapid expression in the
cell.

[00438] The rAAV vectors may be manufactured by standard methods in the art such as by
triple transfection, in sf9 usect cells or in suspension cell cultures of human cells such as
HEK?293 cells.

00439 The biocircuits, biocircuit components, effector modules, SREs or pavioad constructs
may be encoded i one or more viral genomes to be packaged in the AAV capsids taught herein.
100440 Such vectors or viral genomes may also include, in addition to at least one or two FTRs
(inverted termimnal repeats), cortain regulatory elements necessary for expression from the vector
or viral genome. Such regulatorv clements are well known i the art and mclude for example
promoters, introns, spacers, stoffer sequences, and the ke,

168441] In some embodiments, more than one effector module or SRE (e.g. DB) may be
encoded in a viral genome.

4 Oncolviic viral vecior

[00442] In some embodiments, polvnucleotides of present invention may be packaged into
oncolytic viruses, such as vaccine viruses. Oncolytic vaccine viruses may include viral particles
of a thynudine kinase {TK)~deticient, granulocyte macrophage (GM)-colony stimulating factor
(CSF-expressing, replication-competent vaceinia virus vector sufficient to induce oncolysis of
cells in the tumor {e.g., US Pat. NOS. 9,226,977, the contents of which are mcorporated by
reference in their entirety),

5 Messenger RNA (mRNA)

[00443] In some embodiments, the effector modules of the imvention may be designed as a
messenger RNA (mRNA}. As used herein, the term “messenger RNA” (mBNA) refors to any
polvnucleotide which encodes a polypeptide of mnterest and which is capable of being translated
to produce the encoded polypeptide of mterest in virro, in vive, in sitn or ex vive. Such mRNA

molecules may have the structural components or features of any of those taught in International
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Application number PCT/US2013/030062, the contents of which are imcorporated herein by
reference in its entirety.

[00444] Polynucleotides 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 huly
9, 2003 now abandoned, PCT application number PCT/GB2004/002981 filed on July 9, 2004
published as WO2005005622, 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 nomber EP2004743322 filed on July 9,
2004 published as EP16467 14 now withdrawn; Novozymes, Inc. in PCT application number
PCT/US2007/88060 filed on December 19, 2007 published as WG2008140615, United States
patent application national phase entry serial number 12/520,072 filed on July 2, 2009 pablished
as US20100028943 and Huropean patent application national phase entry serial 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
WO2007064952 and United States patent application scrial number 11/606,995 filed on
December 1, 2006 published as US20070141030; BioNTech AG in European patent application
sertal mumber EP2007024312 filed December 14, 2007 now abandoned, PCT application number
PCT/EPZ008/01059 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 endry serial number 12/,735,060
filed November 24, 2010 published as US20110065103, German patent application serial
number DE 10 2003 046 490 filed September 28, 2003, PCT application PCT/EP2006/0448 filed
September 28, 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 Discase Institute Inc. in United States
patert application serial mimber 13/088,009 filed April 15, 2011 published ag US20120046346
and PCT application PCT/US2011/32679 filed Apnil 15, 2011 published as WO20110130624;
Shire Human Genetic Therapeutics in United States patent application serial number 12/957,340
filed on November 20, 2010 published as 1520110244026, Sequitur Inc. in PCT application
PCT/US1998/019492 filed on September 18, 1998 published as W(1999014346; The Scnpps
Rescarch Institute in PCT application number PCT/US2010/00567 filed on February 24, 2010
published as W02010098861, and United States patent application national phase entry serial
number 13/203,229 filed November 3, 2011 published as US26120033333; Ludwig-
Maximillians University in PCT application number PCT/EPZ2010/004681 filed on July 30, 2010
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published as W02011612316; Cellscript Inc. in United States patent number 8,039,214 filed
June 30, 2008 and granted October 18, 2011, United States patent application scrial numbers
12/962 498 filed on December 7, 2010 published as US20110143436, 12/962 468 filed on
December 7, 2010 pubbished as US20110143397, 13/237 451 filed on September 20, 2011
published as US20120009649, and PCT apphications PCT/USZ010/59305 filed December 7,
2010 published as WO2011071931 and PCT/US2010/59317 filed on December 7, 2010
published as W02011071936; The Trustees of the University of Pennsylvania in PCT
application number PCT/US2006/32372 filed on August 21, 2606 published as W(2007024708,
and United States patent application national phase entry senal number 11/990,646 filed on
March 27, 2009 published as US20090286852; Carevac GMBH in German patent application
sertal numbers DE10 2001 027 283 .9 filed June 5, 2001, DE10 2001 062 480 .8 filed December
19, 2001, and DE 20 2006 051 516 filed October 31, 2006 all abandoned, European patent
numbers EP1392341 granted March 30, 2005 and EP14584 10 granted January 2, 2008, PCT
application numbers PCT/EP2002/06180 filed June 5, 2002 published as W(O2002098443,
PCT/EP2002/14577 filed on December 19, 2002 published as W02003051401,
PCT/EP2007/09469 filed on December 31, 2067 published as W02008052770,
PCT/EP2008/03033 filed on April 16, 2008 published as WO2009127230, PCT/EP2006/004784
filed on May 19, 2005 published as WO2006122828, PCT/EP2008/00081 filed on January 9,
2007 published as WO2008083949_ and United States patent application serial numbers
10/729.830 filed on December 5, 2003 published as US20050032730, 16/870,110 filed on June
I8, 2004 published as US20050059624, 11/914,945 filed on July 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 USZ0100189729, 12/787,566 filed
on May 26, 2010 pubhished as US20110077287, 12/787,755 filed on May 26, 2010 published as
US20100239608, 13/185,119 filed on July 18, 2011 published as US20110269950, and
13/106,548 filed on May 12, 2011 published as US20110311472 all of which are heroin
meorporated by reference in their entirety.

[00445] In some embodiments, the effector modules may be designed as self-amplifying RNA.
“Self-amplifying RNA” as used hercin refers to RNA moleceles that can replicate in the host
resulting in the increase in the amount of the RNA and the protein encoded by the RNA. Such
self~amplifving RNA may have stractural features or components of any of those taught in
Imternational Patent Apphication Publication No. W(02011005799 (the contents of which are

incorporated herein by reference in their entirety).
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YL DOSING, DELIVERY AND ADMINISTRATIONS

[00446] The compositions of the invention may be delivered to a cell or a subject through one
or more routes and modalities. The viral vectors contaming one or more effector modules, SREs,
mmunotherapeutic 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

100447 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 comprnising said polynucieotides may be miroduced nto cells such
as immune effector cells.

[60448] In one aspect of the invention, polynucleotides encoding biocircuits, effector modules,
SREs (e.g., DDs), pavioads of micrest (immunotherapeutic agents) and compositions of the
invention, may be packaged into viral vectors or integrated into viral genomes allowing transient
or stable expregsion of the polynucleotides. Preferable viral vectors are retroviral vectors
including lentiviral vectors. In order to construct a retroviral vector, a polynucleotide molecule
encoding a biocircuit, an effector module, a DD or a pavicad of mterest (1.¢. an
immunotherapeutic agent) is inserted mto the viral genome in the place of certain viral sequences
to produce & virus that s rephication-defective. The recombinant viral vector is then mtroduced
uto a packaging cell ine containing the gag, pol, and env genes, but without the L'TR and
packaging components. The recombinant retroviral particles are secreted 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.
[00449] Vectors may also be transterred to cells by non-viral methods by physical methods such
as needles, electroporation, sonoporation, hyrdoporation; chemical carmers such as inorganic
particles {e.g. calcium phosphate, silica, gold} and/or chemical methods. In some embodiments,
syathetic or natural biodegradable agents may be used for delivery such as cationic lipids, lipid
nano emulsions, nanoparticlies, peptide based vectors, or polymer based vectors.

[38458] In some embodiments, the polypeptides of the invention may be delivered to the cell
directly. In one embodiment, the polyvpeptides of the invention may be delivered using synthetic
peptides comprising an endosomal leakage domam (ELD) fused to a cell penetration domain
{(CLD). The polypeptides of the invention are co introduced into the cell with the ELD-CLD-
syathetic peptide. ELDs facilitate the escape of proteins that are trapped in the endosome, mto

the cytosol. Such domains are derived proteins of microbial and viral origin and have been
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described in the art. CPDg allow the transport of proteins across the plasma membrane and have
also been described 1o the art. The ELD-CLD fusion proteins synergistically increase the
transduction efficiency when compared to the co-transduction with either domain alone. In some
embodiments, 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 1o the cvtosol. The
shuttle may also mmclude a cystemne residue at the N or € ternunus to generate multimers of the
fusion peptide. Multimers of the ELD-CLD fusion peptides generated by the addition of
cysteme 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-cetlular
location ¢.g. nucleus. In some embodiments any of the ELDs, CLDs or the fusion ELD-CLD
syathetic peptides taught in the International Patent Publication, W(32016161516 and
WO2017175072 may be useful in the present invention {the contents of cach of which arc herein
incorporated by reference in thew entirety).

2. Dosing

[00451] The present invention provides methods comprising administering any one or more
compositions for immunotherapy to a subject m need thereof. These may be admimstered to a
sabject using any amount and any route of admimstration effective for preventing or treating a
clinical condition such as cancer, infection diseases and other immunodeficient diseases.
00452 Compositions in accordance with the invention are typically formulated in dosage unit
form for ease of administration 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
cttective, or prophylactically effective 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,
zencral health, sex and dict of the patient; the time of administration, route of adnunistration,
previous or concurrent therapeutic interventions and rate of excretion of the specific compound
emploved; the duration of the treatment; drugs used i combination or comcidental with the
specific compound emploved; and like factors well known in the medical arts.

[00453] Compositions of the mvention may be used in varying doses to avoid T cell energy,
prevent eyiokine release syndrome and minimize toxicity associated with immaunotherapy. For
example, low doses of the compositions of the present mvention may be used to mitially treat

paticats with high tumor burden, while patients with low tumor burden may be treated with high
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and repeated doses of the compositions of the mvention o ensure recognition of a minimal tumor
antigen load. In another mstance, the compositions of the present invention may be delivered in a
pulsatile fashion to reduce tonic T cell signaling and enhance persistence i vivo. In some
aspects, toxicity may be minimized by imtially using low doses of the compositions of the
mvention, prior to administering high doscs. Dosing may be modified if serum markers such as
fernitim, serum C-reactive protein, IL-6, IFN~y, and TNF-q are elevated.

3. Admunistration

100454] In some embodiments, the compositions for immunotherapy may be admimistered to
cells ex vivo and subsequently administered to the subject. fnunune cells can be isolated and
expanded ex vivo using a variety of methods known 1n the art. For example, methods of isolating
cvictoxic T cells are described m U5, Pat. NQOs. 6,805,861 and 6,531,451, the contents of cach
of which are incorporated herein by reference in their entirety. Isolation of NK cells are
described m U.S. Pat. NOs. 7,435,596; the contents of which are incorporated by reference
herein i its entirety.

100455] In some embodiments, compositions of the present invention, may be administered by
any of the methods of administration taught in 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 W(O2017/180587, the contents
of which are incorporated herein by reference in their entirety.

004561 In some embodiments, depending upon the nature of the cclis, the cells may be
ntroduced into a host organism ¢.g. a mammal, in a wide vanety of ways including by injection,
transfusion, infusion, local mstilation or implantation. In some aspects, the cells of the invention
may be introduced at the site of the tumor. The sumber of cells that are employed will depend
upon a number of circumstances, the purpose for the introduction, the lifetime of the cells, the
protocol to be used, for example, the naumber of admmnistrations, the ability of the ecells to
multiply, or the like. The cells may be in a physiologically-acceptable medium.

00457 In some embodiments, the cells of the invention may be administrated in multiple doses
to subjects having a diseasc or condition. The administrations generally effect an improvement m
one or more symptoms of cancer or a chimical condition and/or treat or prevent cancer or clinical
condition or symptom thereof.

[00458] In some embodiments, the compositions for immunotherapy may be administered in
vive. In some embodiments, polypeptides of the present invention comprising biocircuits,
effector molecules, SREs, payloads of interest immunotherapeoutic agents) and compositions of

the mvention may be delivered in vivo to the subject. In vivo delivery of immunotherapeutic
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agents is well described 1o the art. For example, methods of delivery of evtokines are described
i the E.P. Pat. NOs. EP0930892 Al, the contents of which are incorporated herein by reference.
[60459] In one embodiment, the payvloads of the present invention may be administered in
conjunction with imhibttors of SHP-1 and/or SHP-2. The tyrosine-protein phosphatase SHP1
(also known as PTPNG) and SHP2 (also known as PTPN11) are involved in the Programmed
Cell Death (PD1) mhubitory signaling pathway. The intracellular domain of PD1 contains an
immunoreceptor tyrosine-based inhibitory motif (ITIM) and an immumoreceptor tyrosine-based
switch motif ({T5M). I'TSM has been shown to recruit SHP-1 and 2. This generates negative
costimulatory micro clusters that induce the dephosphoryiation of the proximal TCR signaling
molecules, thereby resulting in suppression of T cell activation, which can lead to T celi
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 types to relieve exhaustion. Such
mutants can bind to the endogenous, catalyticallv active proteins, and inhibit their function. In
one embodiment, the dominant negative mutant of SHP-1 and/ or SHP-2 lack the phosphatase
domain required for catalytic activity. In some embodiments, any of the dominant negative SHP-
I mutants taught Bergeron S et al. (201 1). Endocrinology. 2011 Dec; 152(12):4581-8.; Dustin J1B
ctal. (1999) J fmmunol. Mar 1:162(5):2717-24.; Berchtold § (1998) Mol Endocrinol.
Apr;12{43:556-67 and Schram et al. {2012} Am J Physiol Heart Cire Physiol. 1;302(1):H231-43 ;
may be useful in the invention (the contents of each of which are corporated by reference in

their entirety).

Routes of delivery

[00460] The pharmaceutical compositions, biocircuits, biocircuit components, effector modules
including their SREs (e.g., DDs), pavioads (1.e. immunotherapeutic agents), vectors and cells of
the present invention may be administered by any route to achieve a therapeutically effective
outcome.

[00d461] These include, but are not imited to enteral (into the intestine), gastroenteral, epidural
(irto the dura mattery, oral (by way of the mowth), transdermal, peridural, intracerebral (into the
cerebruny), intracercbroventricular (into the cerebral ventricles), epicutancous (application onto
the skin}, intradermal, (into the skin itselt), subcutaneous (under the skin}, nasal admnistration
(through the nose), mtravenous (into a vein), mtravenous bolus, intravenous drip, intra-arterial
(into an artery ), intramuscuolar (into a muscle), intracranial {intc the heart), intraosseous infusion
{(into the bone marrow), imtrathecal (into the spinal canal}, mirapentoneal, (infusion or injection

nto the peritoneumy}, intrasinal infusion, intravitreal, (through the eye), intravenous mjection
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{(into a pathologic cavity) intracavitary (inio the base of the penis), intravaginal administration,
intrautering, extra-amniotic adnumistration, transdemmal (diffusion through the intact skin for
svstemuc distribution), transmucosal {(ditfusion through a mucous membrane), transvaginal,
msufflation (snorting), sublingual, sublabial, enema, eve drops {onto the conjunctiva), in ear
drops, auricular {in or by way of the ear}, buccal {directed toward the cheek), conjunctival,
cutancous, dental (to a tooth or teeth), electro-osmosis, endocervical, endosinusial, endotracheal,
extracorporgal, hemodialveis, infiltration, interstitial, mtra-abdominal, intra-amniotic, intra-
articular, intrabiliary, intrabronchial, intrabursal, intracartilaginous (within a cartilage),
intracaudal (within the cauda equing), intracisternal (within the cisterna magna
cerebellomedulans), intracomeal (within the cornea), dental intracornal, intracoronary (withan
the coronary arteries}, mtracorporus cavernosum (within the dilatable spaces of the corporus
cavernosa of the penis), intradiscal (within a disc), intradoctal (within a duct of a gland},
mtraduodenal (within the duodenum), mtradural (within or bencath the dura), intracpidermal {to
the epidermis), mtracsophageal (o the esophagus), intragastric (within the stomach),
mtragingival {within the gingivae), intraileal (within the distal portion of the small intestine},
intralesional (within or introduced directly to a localized lesion), intraluminal (within a lumen of
a tube), intralvmphatic (within the vmph), intrameduliary (within the marrow cavity of a bone),
mirameningeal (within the meninges), intramyvocardial (within the myocardiom), intraccular
{within the eye), intraovanan {within the ovary), imtrapericardial (within the pericardium},
udrapieural (within the pleura), mtraprostatic (within the prostate gland), intrapulmonary (within
the lungs or its bronchi), intrasinal (within the nasal or periorbital sinuses), intraspinal (within
the vertebral column), intrasynovial (within the svnovial cavity of a joint}, intratendinous (within
a tendon}, intratesticular (within the testicle), intrathecal (within the cercbrospinal fhuid at any
fevel of the cerebrospinal axis), mtrathoracic (within the thorax), mtratubular (within the tubules
of an organ}, intratumor (within a tumor), intratvmpanic (within the aurus media}, intravascular
(within a vessel or vessels), intraventricular {within a vendricle}, iontophoresis {(by means of
electric current where 1ons of soluble salts migrate into the tissues of the body), irigation (io
bathe or tlush open wounds or body cavities), larvngeal {directly upon the larynx), nasogastric
(through the nose and into the stomach), occlusive dressing technique (topical route
administration which is then covered by a dressing which occludes the area), ophthalmic (to the
external cve), oropharyngeal (directly to the mouth and pharynx), parenteral, percutancous,
periarticular, peridural, perineural, periodontal, rectal, respiratory {within the respiratory tract by
inhaling orally or nasally for local or svstemic effect), retrobulbar (behind the pons or behind the

eyeball), miramyocardial {entering the mvocardium), soft tissue, subarachnoid, subconjunctival,
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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), urethral (fo the urethra), vagmal, caudal block, diagnostic, nerve block, biliary perfusion,
cardiac perfusion, photopheresis or spinal.

VIL DEFINITIONS

[00462] 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 is specifically 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-lmiting st of torm definitions.

[00463] Acrivity: As used herein, the term “activity” refers to the condition i which things are
happening or being done. Compositions of the invention may have activity and this activity may
involve one or more biological events. In some embodiments, biological events may include cell
signaling events. In some embodiments, biological cvents may include cell signaling cvents
associated protein interactions with one or more corresponding protems, receptors, smail
molecules or any of the biocircuit components described herein.

100464 Adoprive cell therapy (ACT): The terms “Adoptive cell therapy™ or “Adoptive cell
transfer”, as used herein, refer to a cell therapy involving in the transfer of cells into a patient,
wherein cells may have originated from the patient, or from another individual, and are
engimecred (altered) before being transferred back into the patient. The therapeotic colis may be
dertved from the inunune system, such as Immune effector cells: CD4+ T cell; CDE+ T cell,
Watural Kilier cell (NK cell); and B cells and tumor infiltrating lvimphocytes (TILs) derived from
the resected tumors. Most commonly transferred cells are autologous anti-tumor T cells after ex
vive expansion or manipulation. For example, avtologous peripheral blood tymphocytes can be
genetically engineerced to recognize specific tumor antigens by expressing T-cell receptors (TCR)
or chimeric antigen receptor {CAR).

100465 4gent: As used herein, the term “agent” refers to a biological, pharmaceutical, or
chemical compound. Non-limiting examples include straple or complex organic or inorganic
molecule, a peptide, a protein, an oligonucieotide, an antibody, an antibody denvative, antibody
fragment, a receptor, and soluble factor,

100466] Agonist: the term “agonist” as used herein, refers to a compound that, in combination
with a receptor, can produce a ccllular response. An agonist may be a ligand that directly binds
to the receptor. Alternatively, an agonist mav combing with a receptor indirectly by, for example,
(a} forming a complex with another molecule that divectly binds to the receptor, or (b} otherwise

resulting in the modification of another compound so that the other compound directly binds to
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the receptor. An agonist may be referred 1o as an agonist of 3 particular receptor or family of
receptors, €.g., agonist of a co~-stimmlatory receptor.

[00467] Antagonist: the term “antagonist” as used herein refers to any agent that inhibits or
reduces the biclogical activity of the target(s) it binds.

[00468] dnrigen: the term “antigen” as used herein 1s defined as a molecule that provokes an
immune response when it is introduced into a subject or produced by a subject such as tumor
antigens which arise by the cancer development itself. This immine response may involve cither
antibody production, or the activation of specific immunoclogically-competent cells such ag
cytotoxic T lvmphocvies and T helper cells, or both. An antigen can be derived from organisms,
subunits of proteins/antigens, killed or inactivated whole cells or lysates. In the context of the
mvention, the terms “antigens of mterest” or “desired antigens” refers to those proteins and/or
other biomolecules provided herein that are immunospecifically bound or inderact with
antibodics of the present invention and/or fragments, mutants, variants, and/or alterations thercof
described heremn. In some embodiments, antigens of interest may comprise any of the
polypeptides or payloads or proteins described herein, or fragments or portions thereof.

100469] Approximately. As used herein, the torm “approximately™ or “about,” as applied to one
or more values of interest, refers to a value that is smular to a stated reference value. In certamn
embodiments, the term “approxamately” or “about” refers to a range of values that fall within 23,
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).

[00470] Asseciated with. As used herein, the terms “associated with,” “conjugated,” “linked,”
“attached,” and “tethered,” when used with respect {0 two or more moietics, mean that the
moicties are physically associated or connected with one another, erther directly or via one or
more additional moieties that serve as linking agents, to form a structure that 1s sufficiently
stable so that the moieties remain physically agsociated under the conditions 1n which the
structure 1s used, ¢.g., physiological conditions. An “association” need not be stuctly through
direct covalent chemical bonding. It may also suggest ionic or hydrogen bonding or a
hybridization based connectivity sufficiently stable such that the “associated” entitics remain
physically associated.

[00471] Awrologous: the term “autologous™ as used hercin is meant to refer to any material
dertved from the same ndividual to which it is later to be re~-introduced into the individual.
108472] Boarcode: the term “barcode” as used herein refers to polyoucleotide or amine acid

sequence that distinguishes one polynucieotide or amino acid from another.
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100473] Cancer: the term “cancer” as used herein refers a broad group of various discases
characterized by the uncontroiled growth of abnormal cells mn the body. Unregulated cell division
and growth resuits m the formation of malignant tumors that invade neighborning tissues
ultimately metastasize to distant parts of the body through the lymphatic system or bloodstream.
100474] Co-stimulatory molecuie: As used herein, in accordance with its meaning in immung T
cell activation, refers 1o a group of immune cell surface receptor/ligands which engage between
T cells and APCs and generate a stimulatory signal in T cells which combines with the
stimolatory signal in T cells that resuits from T cell receptor {TCR) recognition of antigen/MHC
complex (pMHC) on APCs

[00473] Cyiokines: the term “cyviokines”, as used herein, refers to a family of small soluble
factors with pleiotropic functions that are produced by many cell types that can influence and
regulate the function of the immune system.

{00476 Delivery: the torm “delivery™ as used herein refers to the act or manner of delivering a
compound, substance, enfity, motety, cargo or payload. A “delivery agent” refers to any agent
which facilitates, at least in part, the in vivo delivery of one or more substances {inchuding, but
not limited to a compound and/or compositions of the present invention) to a ccll, subjoct or
other biological svstem cells,

[00477) 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,
reference, wild-tvpe or native form of the same region or molecule.

[00478] Fnginecred. As used heremn, embodiments of the invention are “enginecred” 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.

{00479 Fxpression: As used herein, “expression” of a nucleic acid sequence refers to one or
more of the following events: {1} production of an RNA template from a DNA sequence {e.g., by
transcription); {2} processing of an RNA transcript {¢.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 polypeptide or protein; and (5) post-translational modification of a polvpeptide or protein.
[00480] Feafure: As used herein, a “feature” refers to a characteristic, a property, or a
distinctive element.

{00481 Formulation: As used herein, a “formulation” includes at least a compound and/or
composition of the present imvention and a delivery agent.

100482 [Frogment. A “fragment.” as used herein, refers to a portion. For example, fragments of

proteins may comprse polypeptides obtained by digesting full-length protein. In some
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embodiments, a fragment of a protein includes at least 3,4, 5,6, 7, 8,6, 16, 11, 12 13, 14, 15,
16, 17,18, 19, 20, 25, 30, 35, 40, 45, 30, 535, 60, 63, 70, 75, 80, 85, 90, 95, 100, 130, 200, 250 or
more amino acids. In some embodiments, fragments of an antibody include portions of an
antibody.

100483] Functrional: As used herein, a “functional” biological molecule 15 a biological entity
with a structure and i a form in which 1t exiubits a property and/or activity by which it is
characterized.

100484 Immune cells: the term “an tmmune cell”, as used herein, refers to any cell of the
immune system that onginates from a hematopoictic ster cell in the bone marrow, which gives
rise to two major lineages, a mveloid progenitor cell (which give rise to myeloid cells such as
monocyies, macrophages, dendrnitic cells, megakaryvocvies and granulocytes) and a lymphod
progenitor cell (which give rise to lymphoid cells such as T cells, B cells and natural killer (NK)
cells). Exemplary immune svstem cells include a CD4+ T eell, a CD8+ T cell, a CD4— CD8-
double negative T cell, a T vd cell, a Tl cell, a regulatory T cell, a natural killer cell, and a
dendritic cell. Macrophages and dendnitic cells may be referred o as “antigen presenting cells”
or “AP(s,” which are specialized cells that can activate T cells when a major histocompatibility
complex (MHC}) receptor on the surface ot the APC complexed with a peptide interacts with a
TCR on the surface of a T cell.

{08485] Immunotherapy: the term “immunotherapy” as vsed herein, refers to a type of treatment
of a discase by the induction or restoration of the reactivity of the imvmune system towards the
discase.

[00486] Immunotherapeutic agent: the term “immunotherapentic agent” as used herein, refers to
the treatment of disease by induction or restoration of the reactivity of the tmmune system
towards the discase with a biclogical, pharmaceutical, or chemical compound.

[00487] 7nvifro: As used herem, the term “in vitro” refers {o events that occur in an artificial
environment, .2, in a test tube or reaction vessel, 1 cell culture, n a Petri dish, ete., rather than
within an organism {¢.g., animal, plant, or microbe).

[00488] /n vivo: As used herein, the term “in vivo” refers to events that occur within an
organism {e.g., animal, plant, or microbe or cell or tissue thereof).

[00489] Linker: As used herein, a hinker refers to a moicty that connects two or more domains,
moicties or entities. o one embodiment, a linker may compiise 10 or more atoms. n a further
crabodiment, a linker may comprise a group of atoms, ¢.g., 10-1,000 atoms, and can be
comprised of the atoms or groups such as, but not imited to, carbon, amine, alkylamine, oxyvgen,

sulfur, suifoxide, suifonyl, carbonyl, and imine. In some embodiments, a linker may comprise
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one or more nucleic acids comprising one or morg nucleotides. In some embodiments, the linker
may comprisc an amino acid, peptide, polyvpeptide or protein. In some embodiments, a moiety
bound by a linker mayv include, but is not limuted to an atom, a chemical group, a nucleoside, a
nucleotide, a nucleobase, a sugar, a nucleic acid, an amine acid, a peptide, a polypeptide, a
protein, a protein complex, a pavioad {c.g., a therapeutic agent). or a marker (including, but not
Iimited to a chemical, fluorescent, radioactive or bicluninescent marker). The linker can be used
for any useful purpose, such as to form multimers or conjugates, as well as to administer a
pavioad, as described herein. Examples of chemical groups that can be incorporated into the
tinker include, but are not linuted to, atkvl, alkenyl, alkynyl, amido, amino, cther, thioether,
ester, alkviene, heteroalkylene, arvi, or heterocyelyl, each of which can be optionally substituted,
as described herein. Examples of linkers include, but are not limited to, unsaturated alkanes,
polvethylene glveols {e.g., ethyleng or propylene glyool monomeric uoits, e.g., dicthylene glveol,
dipropyiene glycol, tricthyiene glyeol, tripropyviene glveol, tetracthylene glycol, or tetracthvienc
glyeol), and dextran polymers, Other examples include, but are not imited to, cleavable moicties
within the linker, such as, for example, a disulfide bond (-5-8-) or an azo bond (-N=N-}, which
can be cleaved using a reducing agent or photolysis. Non-linwting examples 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 photolvsis, as well as an ester
bond which may be cleaved for example by acidic or basic hvdrolysis,

{00490 Checkpoiny/jocior: As used herein, a checkpoint factor is any moiety or molecule
whose function acts at the junction of a process. For example, a checkpomt protein, ligand or
receptor may function to stall or aceelerate the cell cycle.

100491 Meiabolite: Metabolites are the intermediate products of metabolic reactions catalyzed
by enzymes that naturally occur within cells. This term 1s usually used to describe small
molecules, fragments of larger biomolecules or processed products.

100492 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 mayv be
modified in many ways mcluding chemically, structurally, and functionally. In some
embodiments, compounds and/or compositions of the present invention are modified by the
itroduction of non-natural amino acids.

[00493] Mutarion: As used herein, the term “mutation” refers to a change and/or alteration. In
some embodiments, mutations may be changes and/or alterations to proteins {including peptides
and polypeptides} and/or nucleic acids (including polvnucleic acids). In some embodiments,

mutations comprise changes and/or alterations to a protein and/or nucleic acid scquence. Such
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changes and/or alicrations may comprise the addition, substitution and or deletion of one or more
amino acids (in the case of proteins and/or peptides) and/or nuclectides (in the case of nucleic
acids and or polynucleic acids e.g., polynucleotides). In some embodiments, wherein mutations
comprise the addition and/or substitition of aminge acids and/or nucleotides, such additions
and/or substitutions may comprise | or more amino acid and/or nucleotide residues and may
include moditied ammo acids and/or nucleotides. The resulting construct, molecule or sequence
of a mutation, change or alteration may be referred to herein as a mutant.

[08494] Neoaniigen: the term “necantigen”, as used herein, refers to a tumor antigen that is
present in tumor cells but not normal cells and do not induce deletion of their cognate antigen
specific T cells in thymus (1.¢., central tolerance). These tumor neoantigens may provide a
“foreign’ signal, like pathogens, to induce an effective immume response needed for cancer
immunotherapy. A neoantigen may be restricted to a specific tumor. A ncoantigen be a
peptide/protein with a missense mutation (missense neoantigen), or a new peptide with long,
completely novel stretches of amino acids from novel open reading frames (neoORFs). The
ncoORFs can be generated in some tumors by out-of-frame insertions or deletions (due to
defects in DNA mismatch repair causing nucrosatellite instability), gene-fusion, read-through
mutations in stop codons, or translation of improperly spliced RNA (e.g., Saeterdal et al., Proc
Natl Acad Sci USA, 2001, 98: 13255-13260).

[60495] Off~targer. As used herein, “off target” refers to any unintended effect on anv one or
nore target, gene, celinlar transeript, cell, and/or tissue.

[00496] Operably linked: As used herein, the phrase “operably linked” refers to a functional
connection between two or more molecules, constructs, transcripts, entities, moteties or the like.
{08497] Pavioad or payload of interest (POI). the terms “payload” and “pavicad of interest
(PO1)”, as used herein, are used interchangeable. A payload of mterest (POT) refers to any
protein or compound whose fanction is to be altered. In the context of the present invention, the
PO is a component 1o the immune system, including both innate and adaptive immune systems.
Pavlioads of interest may be a protein, a fusion construct encoding a fusion protein, or non-
coding gene, or vanant and fragment thereof, Pavioad of interest may, when amino acid based,
may be referred to as a protein of interest.

{08498] Pharmaceutically acceptable excipients: the term “pharmaceutically acceptable
cxcipient,” as used herein, refers to any ingredicnt other than active agents {¢.g., as described
herein} present in pharmaccutical composttions and having the properties of being substantially
nontoxic and non-inflammatory in subjects. In some embodiments, pharmaceutically acceptable

excipients are vehicles capable of suspending and/or dissolving active agents. Excipients may
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include, for example: antiadherents, antioxidants, binders, coatings, compression aids,
disintegrants, dyes (colors), emollients, emulsifiers, fillers {diluents), film formers or coatings,
flavors, fragrances, ghdants (flow enhancers), lubricants, preservatives, printing inks, sorbents,
suspending or dispersing agents, sweeteners, and waters of hvdration. Exemplary excipients
include, but are not limited to: butylated hyvdroxytoluene (BHT), calcium carbonate, calcium
phosphate {dibasic), calcium stearate, croscarmellose, crosshinked polyvinyl pyvrrohidone, citric
acid, crospovidone, cysteme, cthyleelhidose, gelatin, hydroxypropyl celhidose, hydroxypropyl
methyicellulose, lactose, magnesium stearate, maltitol, mannitol, methionine, methylcelulose,
methyl paraben, microcrystaliine cetlulose, polvethviene glycol, polyvinyl pyrrolidone,
povidone, pregelatinized starch, propyl paraben, retinyl palmztate, sheilac, silicon dioxade,
sodium carboxymethyl cellulose, sodium citrate, sodium starch glveolate, sorbitol, starch {corn},
stearic acid, sucrose, tale, titanium dioxide, vitamin A, vitamin E, vitamin £, and xylitol.

[00499] Pharmaceutically acceptable salts: Pharmaceuticallv acceptable salts of the compounds
described herem are forms of the disclosed compounds wherein the acid or base moiety 1s in its
salt form {e.g., as generated by reacting a free base group with a suitable organic acid). Examples
of pharmaceutically acceptable salts include, but are not limited to, mincral or organic acid salts
of basic residues such as amines; alkali or organic salts of acidic residues such as carboxylic
actds; and the Iike. Representative acid addition salts include acetate, adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate,
citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptonate, glveerophosphate, hemisulfate, heptonate, hexancate, hydrobromide,
hydrochloride, hydroiodide, 2-hvdroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate,
oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenyipropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocvanate, toluenesulfonate,
undecanoate, valerate salts, and the like. Representative alkali or alkaline carth metal salts
include sodium, lithium, potassium, calcium, magnesium, and the like, as well as nontoxic
ammonium, quaternary ammonium, and amine cations, including, but not imited to ammonium,
tetramethylammontam, tetracthylammonium, methylamine, dimethylamive, trimethylamine,
tricthvlamine, ethvlamine, and the like. Pharmaceutically acceptable salts include the
conventional non-toxic salts, for example, from non-toxic inorganic or organic acids. In some
embodiments, a pharmaceutically acceptable salt is prepared from a parent compound which
contains a basie or acidic moiety by conventional chemical methods. Generally, such salts can be

prepared by reacting the frec acid or base forms of these compounds with a stoichiometric

161



WO 2018/160993 PCT/US2018/020704

amount of the appropriate base or acid 1n waier or in an organic solvent, or in a mixture of the
two; generally, nonagueous media like ether, ethyl acetate, ethanol, isopropanal, or acctonitrile
are preferred. Lists of suitable salts are found in Remington’s Pharmaceutical Sciences, 17th ed,
Mack Publishing Company, Easton, Pa., 1985, p. 1418, Pharmaceutical Salts: Properties,
Selection, and Use, P H. Stahl and C.G. Wermuth {eds ), Wilev-VCH, 2008, and Berge et al.,
Joumal of Pharmaceutical Science, 66, 1-19 (1977}, each of which is incorporated herein by
reference mn its entirety. Pharmaceutically acceptable solvate: The term “pharmaceuatically
acceptable solvate,” as used herein, refers to a crystalline form of a compound wherein
molecules of a suitable solvent are incorporated in 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-hvdrates), N-methylpyvrrolidinone (NMP), dimethyi sulfoxide
(BMSO), N, N -dimethyliformamide (DMF), N, N -dimethyvlacetamide (DMAC), 1,3~dimethyl-
2-imidazolidinone (DMEL), 1,3-dimethyl-3,4.5,6-tetrahvdro-2-{ 1 H)-pyrnmidinone (DMPU),
acetonitrile (ACN), propylene glycol, ¢thyl acetate, benzyl alcohol, Z-pyrrolidone, benzyl
benzoate, and the like. When water is the solvent, the solvate is referred to as a “hvdrate.” In
some embodiments, the solvent incorporated mto a solvate 1s of a type or at a level that is
phvsiologically tolerable to an organism to which the solvate 1s administered {¢.g., in a wnit
dosage form of a pharmaceutical composition).

{00500 Stable: As used herein “stable” refers 1o a compound or entity that is sufficiently robust
to survive isolation to a useful degree of purty from a reaction mixture, and preferably capable
of formudation into an efficacious therapeutic agent.

100561 Stabilized. As used herein, the term “stabilize”, “stabilized,” “stabilized region” means
to make or become stable. In some embodiments, stability is measured relative to an absolute
value. In some embodiments, stability is measured relative 1o a secondary status or state orto a
reference compound or entity.

{00562 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 protemn including the
extracellular scFv fragment, transmembrane domain and one or more mtracelular domains are
linearly constructed as a single fusion protein.

100503] Stimulus response element {SRE) the term “stimulus response element (SRE), as used
herein, 13 a component of an effector module which is joined, attached, linked to or associated
with one or more payvloads of the effector module and in some instances, 1 responsible for the

responsive nature of the effector module to one or more stimui. As used herein, the “responsive”
]
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nature of an SRE {0 a stimulus may be charactenized by a covalent or non-covalent imteraction, a
direct or indirect association or a structural or chemical reaction to the stimulus. Further, the
response of any SRE to a stimulus may be a matter of degree or kind. The response may be a
partial response. The response may be a reversible response. The response may ultimately lead to
a regulated signal or output. 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. One non-limiting example of an SRE is a
destabilizing domain (DD}

[00304] Subjecr: As used herein, the term “subject” or “patient” refers to any organism to which
a composttion m accordance with the invention may be administered, e.g., for expenimental,
diagnostic, prophylactic, and/or therapeutic purposes. Typical subjects include animals {e.g.,
mammals such as mice, rats, rabbits, non-human primates, and humans) and/or plants.

[00565] T cell: AT cell is an immune cell that produces T cell receptors (TCRs). T cells can be
naive (not exposed to antigen; mncreased expression of CD62L, CCR7, CD28, CB3, D127, and
CPD45RA, and decreased expression of CD45RO as compared to Tow), memory T cells (T}
{(antigen-experienced and long-lived), and effector cclls (antigen-experienced, cyvtotoxic). Tvcan
be further divided into subsets of central memory T cells {Tou, increased expression of CD6ZL,
CCR7, CD28, CD127, CB45RO, and D93, and decreased expression of CD54RA as compared
to naive T cell and effector memory T cells (Try, decreased expression of CP621L, CCR7, CB28,
CD45RA, and mcreased expression of CD127 as compared to naive T cells or Tom). Effector T
cells (Tr) refers to antigen-experienced CD8+ cviotoxic T tvmphocyies that have decreased
expression of CD62L, CCR7, CD28, and are posttive for granzyme and perforin as compared to
Tom. Other exemplary T celis include regulatory T cells, such as CD4+ CD25+ (Foxp3+)
regulatory T cells and Treg17 cells, as well as Tri, Th3, CD8+CD28—, and Qa-1 restricted T
cells.

100506) 7' cell receptor: T cell receptor (TCR) refors to an immunogliobulin superfamily
member having a variable antigen binding domain, a constant domain, a transmembrane region,
and a short cvioplasmic tail, which is capable of specificaliv binding to an antigen peptide bound
to a MHC receptor. A TCR can be found on the sarface of a cell or in soluble form and generally
is comprised of a heterodimer having o and J3 chains (also known as TCRe and TCRP,
respectively), or y and & chains (also known as TCRy and TCRS, respectively). The extraceliular

portion of TCR chains {e.g.

Pl

a~chain, B-chain} contains two immuonoglobulin domains, a variable
domain {¢.g., a~chain vanable domain or Vo, B-chaio vanable domain or V) at the N-terminus,

and one constant domain {¢.g., a~chain constant domain or Cq and B-chain constant domain or
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g, ) adjacent to the cell membrane. Sinular to immunoglobulin, the variable domains contain
complementary deternuning regions (CDRs) separated by framework regions (FRs). A TCR is
usnally 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
TCR complex can be composed of a CD3y chain, a CD3d chain, two CD3s chains, a homodimer
of CD3{ chains, a TCRa chain, and a TCRP cham. Alternatively, a TCR complex can be
composed of a CD3y chain, a (B35 chain, two CD3e 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.e., TCRa, TCRP, TCRy or TCRE), a CD3 cham (e, CD3y, CD38, Ch3cor
CD30), or a complex formed by two or more TCR chains or CD3 chains (e.g., a complex of
TCRou and TCRP, a complex of TCRy and TCRS, a complex of CD3g and CD33§, a complex of
CD3y and CD3¢, or a sub-TCR complex of TCRa, TCRP, £D3y, D33, and two CD3e chains.
100507) Therapeutically effective amount. As used herein, the term “therapeutically effective
amount” means an amount of an agent to be delivered {¢.g., nucleic acid, drug, therapeutic agent,
diagnostic agent, prophylactic agent, etc.) that is sufficient, when administered to a subject
suffering from or susceptible to an infection, discase, disorder, and/or condition, to treat,
mmprove symptoms 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 amouunt s administered in a
dosage regimen comprising a plurality of doses. Those skilled in 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 if it comprises an amount that is effective when
adnunistered as part of such a dosage regimen.

[O0808] Treatment or {reating: As used herein, the terms “treatment” or “treating” denote an
approach for obtaiming a beneficial or desired result incloding and preferably a beneficial or
desired clinical result. Such beneficial or desired chinical results include, 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, shrinking the size of the
tumor, decreasing symptoms resulting from the disease, increasing the quality of life of those
suffering from the discase, decreasing the dose of other medications required to treat the disease,
delaying the progression of the discase, and/or prolonging survival of individuals,

(00809 Tune: As used herein, the term “tune” means to adjust, balance or adapt one thing in
response to a stimulus or toward a particular cutcome. In one non-limiting example, the SREs

and/or DDs of the present invention adjust, balance or adapt the function or structure of
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compositions to which they are appended, attached or associated with i response to particular
stimuli and/or environments.

EQUIVALENTS AND SCOPE

[00310] Those skilled in the art will recognize, or be able to ascertain using no more than
routing ¢xperimentation, many equivalents to the specific embodiments in accordance with the
mvention described herem. The scope of the present invention 1s not mtended to be imited to
the above Description, but rather 15 as set forth in the appended claims.

100511 Inthe claims, articles such as “a,” “an.” and “the” may mean one or more than one
unless mdicated to the contrarv or otherwise cvident from the context. Claims or descriptions
that imclude “or” between one or more members of a group are considered satisfied if one, more
than one, or all of the group members are present in, emploved i, or otherwise relevant to a
given product or process unless mdicated to the contrary or otherwise evident from the context.
The mvention includes embodiments in which exactly one member of the group is present in,
emploved in, or otherwise relevant to a given product or process. The invention mnclhides
embodiments in which more than one, or the entire group members are present m, employed in
or otherwise relevant to a given product or process.

[00512] 1t is also noted that the term “comprising” 1s intended to be open and permits but does
not require the inclusion of additional elements or steps. When the term “compnsing” is used
herein, the term “congisting of” is thus alsc encompassed and disclosed.

605131 Where ranges are given, endpoints are included. Furthermore, 1f is to be understood
that unless otherwise mdicated 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 invention, to the tenth of the
umit of the lower limit of the range, unless the context clearly dictates otherwise.

[00814] In addition, it is to be understood that any particular embodiment of the present
invention that falls within the prior art may be explicitly excluded from any one or more of the
claims. Smce such embodiments are deemed to be known 1o one of ordinary skill in the art, they
may be excluded even if the exclusion is not set forth exphicitly herein. Any particular

embodiment of the compositions of the invention {e.g.

ot

any antibiotic, therapeutic or active
mgredient: 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.

[00815] It is to be understood that the words which have been used are words of description
rather than hmitation, and that changes may be made within the purview of the appended claims

without departing from the truc scope and spirit of the invention i its broader aspects.
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EXAMPLES

Example 1. Generation of novel licand respensive SREs or DDs by mutagenesis screening

Study design

[06816] To engincer constructs that display Hgand 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 kinctics of degradation (Bavaszvoski eral., (2006} Cell;
126(5); 995-1004). The candidate LBD binds o a desired higand but not endogenous signaling
molecules.

168517 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.

[00518] 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 DBs. 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

[00519] 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. Cells 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 higand, tfora
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.

100520] 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 (fwamoto ef al., Chem Biof. 2010 Sep 24; 17(9): 981-988),
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Screening Strategy 1

[60521] 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.

[00522] The cells are recovered after sorting. The identified candidate cells are harvested and
the genomic DNA is extracted. The candidate DDs are amplified by PCR and isolated. The
candidate DDs are sequenced and compared to the LBD template to identify the mutations in
candidate DDs.

Example 2. DD regulated recombinant 112 expression

[00523] FKBP (L106P) and ecDHFR (R12Y, Y 1001) are well-characterized destabilizing

domains which can confer instability to fusion partmers (¢.g., a POI). The mstability is reversed
by a synthetic igand named Shield-1 that binds to FKBP DDs and TMP or MTX that binds to
DHFR DD. An IL2 polypeptide was linked to either FKBP (F36V; L106P) or ccDHFR (R12Y,
Y 1001). 1L2 constructs were packaged into pLV X-IRES-Purs lentiviral vectors. An 112 signal
scquence was inseried at the N terminmus of the construet and linkers were placed between the
signal sequence, the DD and [L2.

[00524] OT-IL2-001 (FKBP) was transduced into human colorectal carcinoma bne, HCT-116.
To measure the dependence of 1L2 levels on Shield-1 dose, cells were plated onto a 96 well plate
and treated with varving concentrations of Shield-1. Media was then collected from cells and 112
levels were quantified using 112 ELISA (Figure 13}, 1L2 increased with merease in Shield-1
concentration and plateaned at higher Shield-1 dose levels. The half maximal effective
concentration or ECse of Shield-1 was deternuned to be 30 nM.

Example 3, In vitro T cell assav development

[#0525] The goal of the study was to determine the T cell stimulation regimen and dose of 1112
required to maximize T cell persistence and T cell differentiation in vifro. The study recapitulates
the design of the adoptive ccll therapy regimen wherein the T cells were tnitially exposed to the
antigen in vifre which results m activation followed by a resting phase and finally in vive transfer
where the T cells encounter the antigen agam. T cells were stimmlated CD3/CD28 beads or

soluble CD3/CD2E on day 0 and the CD3/CD28 stimulus was washed off at the end of 48 hours.
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Cells were treated with a dose of 1112 ranging from 0.01- 1000 ag/mL. On day 9, the Thi
phenotvpe of the cells was evaluated by exanuning the frequency of IFNganma postiive CD4+
cells and CD8+ cells. On day 14, cells were divided into two groups- one group received a
second CD3/CD2E stimulation and a second group that was not stimulated. On day 16, the Thi
phenotype was cvaluated i both groups using FACS. The results for day 16 are presented in
Figure 14, IFN ganmma expression was higher in cells that received a CD3/CD28 restimulation
on day 14 compared to cells that did not receive second stimulation. This indicates that both
antigen restimulation and [L12 exposure were required for the Thi phenotype. Further, as little
as 0.1 ng/mL of 1112 was able to canse Thl- skewing and IFN gamma production from T cells
in vitro, and higher doses of IL12 further improved this effect.

Example 4. Measuging human T cell responses in vitro and in vive

168526] .12 promotes the differentiation of naive T cells intc Thi cells which results in the
secretion of IFN gamma from T cells. Human T celis were treated with 1L12 or left untreated and
analyzed by tlow cytometry for the expression of IFN gamma and T cell marker CD3.
Treatment with IL12 resulted in the differentiation of T cells as measured by an increase in the
percentage of IFN gamma positive T cells from 0.21 10 22.3 (see inset of Figure 15A).

[00527] To test if membrane bound 1L15/1L15Ra fusion proten {(OT-1L15-008) 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 {low
cytometry. Transduction with membrane bound IL15/1L15Ra fusion construct resulted in the
expansion of human T cells (58.9) compared to control untranstected cells (37.8) (Figure 15B).
[30528] Tracking T cells following their adoptive transfer is eritical to determune their
distribution at different sites in the host, their identity and persistence over time. Human T cells
were stimulated with CD3/CD2E beads and incubated with 50U/ml of 1L.2. Cells were expanded
invitre for 7 days with IL2 supplementation on day 3 and day 5. On day 5, the CD3/CD28 beads
were removed and the cells were cultured for two days. On day 7, cells were washed to remove
IL2 and S million human T cells were injected intravenously into inumune compromised,

NG Ce-Pricio ™ 71 2rg™ 7117873 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 1solated from all samples and analyzed for the
presence of buman T cells using CD3 and CH45 cell surface markers. As shown in Figure 15C,
the percentage of CD3 positive, CDM4S positive human T cclls in the blood was higher in animals
injected with human T cells, especially at 120 and 168 hours. CD3 positive, CD45 positive

human T cells were also detected in the spleen and bone marrow of antmals injected with human
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T cells. As expected no CD3 positive, {2435 positive bhuman T cells were detected in control
animals that were not tjected with buman T cells.

[00529] To determine the identity of the T cells following adoptive transfer, blood samples were
collected from mice 48 hours after injection. £D4 and CD8 T cells were analyzed for surface
expression of CD43RA and CD62L. Both markers are highly expressed 1o naive T cells but are
lost as the T cells become antigen exposure. As shown in Figure 15D, human CD4 and CBE T
cells showed high surface expression of both markers prior to injecting into mice, but was lost 48
hours after 17 vivo cell transfer indicating that the heman T cells are exposed to the antigen i
Viva.

Example 5. DD regulated luciferase

[003308] A luciferase polypeptide was linked to either FKBP (F36V, L106P or F36V, E31(,
R71G, K103E) or ecDHFR (R12Y, Y 100D and cloned into pLY X IRES. Puro vector.

[00531] DD regulated luciferase can be used to track cells invivo ¢.g. T cells. Firefly luciferase
or Renilla luciferase may be utilized as the payioad. HCT-116 cells were stably transduced with
the constitutive {OT-RLuc-001) or BD regulated constructs {OT-Rbuc-002, OT-RLuc-003, O7-
Rluc-004, OT-Riuc-005 and OT-RLuc-006). Cells were treated with 1uM Shield-1, 10uM
Trimethoprim or vehicle control for 24 hours and huciferase expression was measured via
western blotting using anti~-Renilla huciferase and anti-Firefly luciferase antibodies (Abcam,
Cambrdge, UK}. Blots were also probed with anti-GAPDH antibody to ensure uniform protein
loading in all samples. As shown in Figure 16A, OT-RLuc-003 showed strong Shield-1
dependent stabilization of Remilia luciferase. OT-RLuc-004, 003 and 006 showed modest
stabilization of Renilla luciferase 1 the presence of their corresponding higand, while OT-FLue-
002 showed modest stabilization of firefly luciferase with the addition of Shield-1. As expected,
the constitutive luciferase construct (OT-Riuc-001) showed expression of Renilla fuciferase
both 1n the presence and absence of ligand. (Figure 16A).

[38532] Ligand dependent activity of Renilla and firefly luciferase constructs was measured
using coclentrazine and luciferin subsirates respectively. Cells were treated with1uM Shield-1,
10uM Trimethoprim, or vehicle control for 24 hours, lvsed with assav lysis buffer and incubated
with the uciferase substrate. Luciferase activity was measured as luminescence reading using a
funminometer and the values were compared to control samples consisting of lysis buffer and
substrate. All DD regulated showed higand dependent mncrease m luciferase activity compared to
control. As expected, the constitutive construct OT-RLuc-001 showed ligh luciferase activity

both in the presence and absence of igand (Figure 16B).
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Example 6. DD reoulated 112 and L2 mediated functions

[00533] DD-ILZ function is characterized in vivo by evaluating the ability of tumor cells
expressing these constructs to establish tumors and proliferate under the treatment of
corresponding synthetic hgands ¢.g. Shield-1, Trimethoprim or Methotrexate. 2-10 million HCT-
116 cells stably transduced with the constructs are subcutancously xenografted with matrigel into
mice that capable of producing functional B and NK cells. Approximately, two weeks after
mjection, when the tamors reach a size of approximately 300 cubic mm, mice are dosed with
corresponding stabilizing ligands ¢.g. Shield-1, Trimethoprim or Methotrexate at varving
concentrations every two days. Shield-1 1s injected with a carrier consisting of
10%Dimethylacetamide, 10% Solutol HS15, and 80% saline. Tumor volume and body weight
are monitored twice a week and the experiment is terminated once the tumors reach 1000 cubic
mim in size. Plasma and tumor samples are collected 8 hours after the last dose of the ligand and
IL2 as well as the ligand levels are measured.

[00534] To evaluate the ability of 112 expressing cells to form tumors, HCT-116 cells stably
transduced with DD-1L.2 constructs are pretreated with corresponding stabilizing ligands, Shield-
1, Tnmethoprim or Methotrexate and subsequently xenografted into mice. Reduction in tumor
growth and a concomitant increase in IL.2 levels in ligand treated mice compared to unireated
controls 1s mdicative conditional regulation of IL2 i vive.

Example 7. BD repulated Caspase 9

[B0535] A caspase 9 polypeptide was linked to the N or Cterminus of FKBP, ccDHFR and
hPDHFR DDs and cloned into pLVX IRES. Puro vectors.

[38536] To test Ligand dependent Caspase 9 production, 1 nullion HEK-293T cells are plated in
a 6-well plate in growth media contaiming DPMEM and 10 FBS and incubated overnight at 37°C.
5% CO2. Cells are transiently transfected with [00ng of DD-Caspase 9 constructs using
Lipofectamineg 2000 and incubated for 48 hrs. Following the incubation, growth media is
exchanged for media containing ligands (Trimethopnm. Methotrexate, or Shicld-1, depending on
the construct used). Following 24-hour incubation with higand, cells are lyvsed and
immunoblotied for caspase Y. Increase in Caspase 9 levels with increase in higand concentrations
is mdicative of DD mediated regulation of Caspase 9.

Example 8. Evaluation of antitumor respouse of DD reoulated pavleads in syngeneic mouse

models
[00337] The efficacy of cancer immunoctherapy in organisms with intact immone cells is
evaluated using syngenecic mouse models ¢.g. pMEL-1 and 4T1 mouse models. Immune cells

such as T cclis and NK cells are isolated from syngeneic mice and transduced with DD regulated
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pavioads such as DD-1L2 and BD caspase9. Cells are then injected into mice bearing
subcutancous syngeneic tumors and treated with varyving concentrations of ligand, Shield-1,
Trimethoprim or Methotrexate, depending on the DD used. Mice treated with romune cells
transduced with DD regulated pavlcad are expected to have a redaced tumor burden when
compared to control animals.

Example 9. Co-expression of DD regujated pavloads

[38538] Cells are co-transfected with DD-Interleukin e.g. DB-IL2 and DD Caspase? or DD

FOXP3 constructs. Transfected cells are treated with stabilizing ligands depending on the DD
utilized. DD-IL2, expression in the media 1s measured by ELISA. FOXP3 and caspase 9
expression are evaluated by mmunoblotting for FOXP3 and caspase 9 respectively.

Example 18, In vive tracking of DB luciferase cells

160539] DD hiciforase constructs can be utilized as an optical reporter to asses if the ligand
and/or the cells expressing the DI constructs reach the targeted tissue. 1t may also be utilized to
study pharmacokinetic and pharmacodynamic (PK/PD) relationships in the context of DD,
PK/PD depends on (i) the PK of the stabilizing Higand {ii} behavior of the DD in a specific cell
tvpe (i1} cargo protein behavior; some of which may be studied by utilizing the DD regulated
fuciferase constructs. DD fuciferase constructs are expressed or co-expressed in cells of interest
sach as primary T cells or cell ines e.g. HCT-116, SKOV-3 cells and ijected into immumne
compromised mice ¢.g. via tail vein, intra peritoneal, or subcutancous injections. Mice are treated
with the corresponding ligand or vehicle control. 8-24 hours following ligand injection, mice are
njected with D-Luciferin when the pavioad is firefly huciferase and Coclentrazin when the
payload 1s Renilla luciferase. Animals are anesthetized and imaged using the Bicluminescence
imager {(PerkinFlmer, Massachusetts). The laciferase output of ligand mjected mice is compared
1o control mice and the signal is quantitated using image analysis software (PerkinEimer,
Massachusctts}. Luciferase signal is expected to be much higher than background in mice treated

with ligand compared to mice treated with vehicle control.

Example 11, Effect of cyvtokines on immune cell proliferation and activation

100540] hnmune cells such as Natural Killer cells depend on cvtokines such as L2 for their
proliferation and survival. This dependence on cytokines can be used to test the functionality of
DD reguiated or constitutively expressed cvtokines and cvtokine fusion proteins.

168541 The dependency of the NK-92 cells on eytokines for activation was tosted. Cells were
wmitially cultured for 3 davs with 1L.2, followmg which cells were washed twice and cultured in

media without {L.2 for 7 hours. The cells were cultured for 18 hours m the presence of IL2 (100
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ug/mi). NK-9Z cell activation in response to cyvtokine treatment was evaluated by FACS analysis
of a panel of markers whose increased expression 1s associated with NK activation. These
include NKGZD, CD71, CD69, chemokine receptors such as CCRS, CXCR4, and CXCR3,
Perform, Granzyme B and Interferon gamma (IFNg). Prior to FACS for IFNg, cells were
cultared for 4 hours with Brefeldin A IFNg levels were also measured in the media. NK cells
respond to external stimuli such as cyvtokines in their environment through the phosphorviation
of proteins JAK/STAT, ERK, and p38/MAPK pathways which are important for cell activation,
signalling and differentiation pathways. The phosphorylation of AKT, 8STAT3 and STATS m
response to cyvtokine addition was measured by FACS. Since phosphorylation events are
transient NK-92 cells were treated with the cytokines for 15 or 60 minutes, prior to the analvsis.
The fold change in mean fluorescence intensities compared to untreated for .2 treatment for

select markers are presented in Table 15,

Table 15: 1. 2-induced markers

Marker Fold change
CD6Y 1.60
CXCR4 3.56
Perforin 1.72
Granzy me 1.62
fFNg (cellutan) 1.15
IFNg (Supernatarnt) 743
pAKT (15 mins) 1.23
pAKT (60 mins) 1.34
pSTATS (15 mins) 1.19
pSTAT3S (60 wins) 1.38
pSTATS (15 mins) 1.50

[00842] Treatment with IL2 resulted in an increase i an increase in the expression of CD6S,
CXCR4, Perforin, Granzyme B, and IFNg. Further, IFNg levels secreted by NK-92 cells into the
media higher than untreated controls upon treatment with 11.2. Phosphoryiation of STATS was
increased both at 15 and 60 minutes after the addition of IL2. A modest increase in phospho
AKT and STAT3 was observed. Taken together, these results show that cviokines can activate
NK cells.

[00343] The dependency of immune cells on cyiokines tor proliferation was tested in NK-92
cells (natural kaller cell ine) and T cell lines Jurkat cells and SupT1 ceils. Cells were sceded at
40,000 per well and cultured 1n the presence of IL2 or IL1S for 3 days. The number of NK-92

cells decreased with time in the untreated cells. However, treatment with IL2 mcreased cell

172



WO 2018/160993 PCT/US2018/020704

numbers. In contrast, the cell nambers obtained with cvickine treatment in SupT1 and Jurkat
cells was comparable to the untreated control. Thus, NK-92 cells depend on eyiokines for

survival.

Example 12. DD reculated FOXP3 expression

[60344] A fusion molecule 13 generated by fusing full length or truncated (FOXP3A2) and DDs
such as ecDHFR (DD) or FKBP (DD). These fusion molecules were cloned into pLV X-IRES-
Puro vectors.

[00345] To test ligand dependent FOXP3 production, 1 million HEK-293T cells were plated in
a 6-well plate in growth media containing DMEM and 10% FBS and incubated overnight at
37°C, 3% CO2. Cells were transfocted with the constructs usig Lipotectanune 2000 and
incubated for 24 hrs. Following the incubation, media was exchanged for growth mednum with
or without 10uM Trimethoprim or 1uM Shield-1 and further incubated for 24 hrs. Cells were
harvested and FOXP3 levels were analyzed via western blotting using anti FOXP3 antibody
{Abcam, Cambnidge, UK). OT-FOXP3-003, and OT-FOXP3-007 showed the strongest Shield-1
dependent stabilization of FOXP3, while OT-FOXP3-008 showed the strongest Trimethoprim
dependent stabihization of FOXP3 (Figure 17A and Figure 17B}. Constructs OT-FOXP3-004 and
OF-FOXP3-009 showed modest TMP and shield-1 dependent stabilization.

Example 13. Effect of ligand on T cell proliferation

108546] The offect of ligands specific to the SREs of the invention on immune 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 CDB3/CD28 and treated
with higand TMP at doses ranging from 0.04 uM 1o 160 uM or with control vehicle (DMSQO).
The percentage of divided cells within the CD4 and the CDS populations of T cells was
measured using FACS. Concentrations of TMP ranging from 0.04 pM 1o 40 uM showed no
effect on the percentage of divided cells within the CID8 and CD4 populations, while 160 pM
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 experiments was deternuned to be less than

160 uM.

Example 14. Promoter selection for expression of SREs in T cells

005471 The expression of SREs expressed in a vector can be driven either by the retroviral long

terminal repeat (LTR} or by cellular or viral promoters located upstream of the SRE. The activity
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of the promoter may vary with the cell type and thus promoter selection must be optimized for
cach cell tvpe. To identify optimal promoters, AcGFP (SEQ 13 No. 223) was cloned into pLV X,
IRES Puro construct with a CMV or an EFia promoter. Patient-denived T cells and Sup T cells
were transduced with the construets and GFP expression was measured at day 3 and day 5 after
transduction using FACS. As shown 1 Figure 18, both the CMV promoter and the EF la
promoter can drive the expression of GFP in SupT1 cells and T cells. The percentage of GFP
positive T cells was higher when the GFP expression was driven by CMV promoter compared to
an EFla promoter, both at 3 days and 6 days afier transduction. In contrast, the percentage of
GFP positive cells was much higher when GFP expression was driven by the EF1a promoter
compared to the CMV promoter. Thus, the optimum promoter suitable for expression differs

based on the cell type.

Example 15, EBVY tumor antiven mediated TCR re-stimulation invive

[00548] Human T cells engingered to express DD regulated cytokines are not antigen specific.
Howgever, functionality of T celis im vivo requires their restimulation which occurs upon
engagement with the antigen. This requirement for antigen mediated restimulation can be
mimicked in vive in mice, the Epstein Barr Vires (EBV) antigen may be uttlized. Approximately
90% adults have a current or a provious EBVY infection. Additionally, the major
histocompatibility group HLA-AOZ has been associated with the decreased risk of developing
EBY positive Hodgkin's lvmphoma, suggesting that the CTL peptide epitopes that promote viral
clearance are presented by HLA-AQ2. Several tumor cell lines that are HLA-A0Z positive, e.g.
Raji cells, are used for in vive stadies. Primary human T cells obtained from various donors are
expanded with CD3/CD28 dynabeads. To test reactivity of T cells the EBV antigen, EBV
positive Ryl cells and EBV negative Ramos cells are used. The involvement of HLA-AOZ in
antigen recognition is tested using anti-HLA antibodies to test assay specificity. Cell killing
assays are performed by ncubating T cells with tfluorescently labelled Raji cells or Ramos cells
and the ability of the donor T cells to preferentially kill Rayi cells 1s evaluated. The activation of
T cells in response to interaction with EBV antigen 1s measured by culturing mitomycin treated
Raji or Ramos cells with fluorescently labelied T cells. The activation and proliferation status of
T cells 1s examined by measuring expression of IFNg, CD107a, Granzyme, and Perforin. Since
most hamans have been exposed to EBV, the donor T cells in most instances are expected to be
immunorgactive to Raji cells, but not Ramos cells. It is bikely that T cells reactive to Raji cells

will be positive for markers of T cell activation such as Granzyme and Perforn.
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Example 16, Ligand dependent IL.2 stabilization in vive

[00349] An IL2 polypeptide was linked to either FKBP (F36V; L106P) or ecDHFR (R12Y,
Y1000}, IL2 constructs were packaged into pLVX-IRES-Puro lentiviral vectors. An IL2 signal
sequence was inserted at the N terminus of the construct and linkers were placed between the
signal sequence, the DD and [L2.

[00550] OT-IL2-001 (FKBP) was transduced into human colorectal carcinoma bine, HCT-116.
IL.2 expression in vitfro was confirmed by ELISA. To test in vivo ligand mediated regulation, 5
million HCT 116 cells transduced with 1L.2 constructs were injected subcutancously into the
flanks of immunocompromised mice. Approximately, two weeks after injection, when the
tumors reach a size of approxamately 300 cubic mm, mice are dosed with corresponding
stabilizing ligands or corresponding vehicle control. Shield-1 is injected with a carrier consisting
of 10%Dimethviacetamide, 10% Solutol H515, and 80% saline at a concentration of 10mg/kg
body weight. Mice were euthanized at tumor and plasma samples were collected and analyzed
for HL.2 levels. Tumor 112 levels were measured by ELISA as picograms per mg of protein. As
shown in Figure 19, tumor 1L.2 levels detected with Shield~1 treatment was higher than levels

detected with vehicle control. These data demonstrate a dose dependent 1L.2 secretion from

HCT1H16 cells stably expressing FKP-IL2 in vivo.

[00553] The T cell expansion and transduction protocol consists of stimulating donor derived
human T cells on day zero with aCD3/aCD28 bead stimulation to promote T cell proliferation.
On day one, T celis were transduced with the construct of choice and expanded for up to day 11
with occasional media changes. On dav 11, the beads were washed out and the cells were frozen
in aliquots for use in various functional assays. The process of T cell expansion and transduction
requires optinization to ensure the exponential proliferation of T cells, following the initial 4-
day lag in growth of the T cells which is caused by the viral transduction. Unoptimized
expansion protocol may result in static growth for up to 10 days requining instead 21 days to
achieve similar expected T cell number and a concomitant reduction in viability and abnormal
CD4 10 CHR T cell ratio. The source of aCD3/aCD28 used for T cell stimulation and the ratio
of the beads were tested to identify optimal conditions. aCD3/cCD28 beads from different
sources were utilized. These included dynabeads (ThermoFisher, Waltham, MA}, CD3/CD28 +/-
CD2 with anti-Biotin MACSiBead (Miltenyi Biotee, Germany), Macrobeads - 3pum magnetic

polymer beads with aCD3/cCD28 antibody coating, soluble tetrameric antibody complexes of
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alD3/alB28 (StemCell, Canada). Bead and T cells were mixed at 3.1, 1:1, 1.3 and 1:9 ratios to
identify optimal ratios for co-culture. Assays were also performed using two separate donors 1o
account for donor related vanabilitics. Percentage cell viability was measured at 0, 4 and 7 days.
As shown n Figure 20, both donors showed mproved cell viability counts at 1:3 bead to celi
ratic compared to all other conditions, especially at day 4. One of the donors also showed
improved cell viability at with 1.9 bead to cell ratio. Cell number counts were performed using
both the cellometer and flow cyvtometry analysis. For this analysis, cells were infected with
viruses at MO of 10 and compared to mock {Lentiboost (L.B) transduced cells to examine the
effects of viral transduction on T cell counts. The fold change 1o cell growth at day 4 and day 7
compared to growth at day 0 was analyzed and the results from the cellometer counts are

represented in Table 16.

Table 16, T cell proliferation

Experimental Donori Donor 2
condition

Day4 | Day7 | Bayd | Day7

MOI 3:1 176 5.00 1.94 3.90
MOI L1 2.15 3.95 2.55 4.30
MOI 13 £.69 4.25 2.75 8.80
MOL L9 1.65 370 3.91 6.35

MOI Immuno Calt .98 2.30 0.95 3.08

LBl 2.10 4.25 1.45 5.00
LB 11 2.20 6.35 2.35 6.65
LB1I3 2.05 9.45 257 16.30
LB LS 1.55 5.60 277 375
LB Tmanuns Cult 1.05 3.10 0.86 2.30

100552] As shown in Table 16, the overall proliferation in both donors was greater at day 7 than
at day 4. For donor 1, the proliferation at dav 4 among the virally transduced cells was highest
when an MOT of 10 was used n comjunction with a bead to cell ratio of 3.1, while donor 2 T
cells proliferated the most at a ratio of 1:9. At day 7, 1.1 ratio for donor 1 and 1.3 ratio for donor
2 showed highest cell proliferation. Based on these results a bead to cell ratio of 1.3 was

wentificd as optimal for promoting T celi proliferation.
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100553 T cells transduced at various meltiplicity of mfection (MOI) were also tested using

flow cytometry. The resulis for donor 1 are shown in Table 17.

Table 17, Effect of viral titer and bead to cell ratio

MO Bead to cell ratic Immunocult

3:1 i1 13 1:9

I0MOI {081 1093 1085 1.28 | 142

2MOI 037 1050 1 051 1.00 | 0.65

04MOI 03310461050 ]072]086

108554 As shown in Table 17, bead ratic of 11 9 showed the highest cell viability among all
conditions tested for donorl. Similar results were obtained for donor 2.

[B0555] Ratio of CD4 to D8 within the proliferating T cell populations. At the start of the
experiment, the CD4 to CDE ratio was determined to be 3 and the skewing of populations. The

resalts are shown in Table 18.

Table 18. U4 to CD8 cell ratio

MOY Donor 1 Donor 2
3:3 i:1 1:3 119 | Immesscult | 311 ) X ) 1:3 | 129 | Bumunocnlt
16 863 | 873 (584137 {744 45313251256 165)275
2 9.6 991 | 718 1411645 5251316204 | 156|323
04 1085 1 1133751142315 622 14711259 143|355
LB 695 1724 1524132114596 3861327 12181123]1278

[00556] Donor | showed CD4 to CDR ratio close to 3 when a bead to cell ratio of 1:9 was used.
Similar results were obtained for donor 2 when a bead to cell ratio of 1.3 was used.

[00357] Taken together, these experiments show that activation induced cell death may occur
when T cells are overstimulated by beads, and therefore optimal bead to T cell ratio 1s required.

The experiments suggest that the optimal bead to cell ratic was 1:3 across various MOIs.
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Example 18, Analysis of BCMA CAR expression

[60358] A BCMA CAR fusion polypeptide was linked to either to the N terminus of the FKBP-
DD, ¢cDHFR-DD or human DHFR-DD and the constructs were cloned into pLYVX-IRES-Puro
vector under the transcriptional control of EFla promoter.

[B0559] To test higand dependent expression of DD-BCMA CAR constructs, | mullion HEK
HCT116 cells were cultured in growth medium containing DMEM and 10% FBS and transfected
with CAR constructs using Lipofectamine 2000 or LentiBoost. 48 hours after transfection, cells
were treated with 1M or10uM Shicld-1, 10uM Trimethoprim, 1uM Methotrexate, or vehicle
control and incubated for 24 hours. Surface expression of DD-BCMA CAR constructs in
HCT116 cells was measured using Fluorescence activated cell sorting (FACS) with Protein L-
Biotin-Strepavidin-Allophycocyanin which binds to the kappa light cham of the CAR
{ThermoFisher Scientific, Waltham, MA}. As shown in Figure 21, surface expression of OT-
BCMA-(02 with FKBP-DD was clevated in the presence of Shield-1, while OT-BCMA-003
with ecDHFR-DD showed elevated surface expression in the presence of Trimethoprim. As
expected, constitutively expressed construct OT-BUMA-001 showed high expression even in the

absence of ligand.

Example 19, Analvsis of CAR expression and function

[00360] The expression of chimeric antigen receptors described herein such as, but not limited
1o CD22 CAR, ALK CAR, CD33 CAR, HER2 CAR and D2 CAR constructs are fused to
destabilizing domains such as ecDHFR DD, FKBP DD and hBHER DDs. To test ligand
dependent expression of the constructs, immune cells are cultured in growth medium containing
DMEM and 10% and transduced are transduced with the CAR constructs. 48 hours after
transduction, cells are treated with the ligand corresponding to the DD such as 1pM ortGuM
Shield-1, 10uM Trimethoprim, 1uM Methotrexate, or vehicle control and incubated for 24
hours. Cells are then analvzed by western blot using the CB3 Zeta, a component of the CAR.
Surface expression of the CAR is analyzed by FACS using Protein L. Intracellular and surface
expression of CARs is expected to be undetectable in the absence of ligand, but strongly induced
by the presence of the ligand.

[00361] The efficacy of T cells expressing DD regulated CAR constructs in functionally
interacting with target cells is evaluated. To interact with the CAR T cells, the chosen target cells
express the antigen related to the CAR either naturally or ectopically. For example, target cells
which have high endogenous expression of BCMA mclude KMS1HL, MM-15, RPMI-8226 cells;
target cells expressing CD33 include HL-60, MOLMI3, MOLM14 cells. Aliernatively, target
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cell lines may be engincered to ectopically express the antigen in cell lines that have low
endogenous cxpression of the antigen.

[00562] Multple assays are used to measure functionalitv. Prior to co culiure, the target cells
are optionally cultured n the presence of mitomycin C to prevent target cell proliferation. This
ensures that target cell growth does not out compete T cell growth. Cvtotoxicity assays are used
to measure the ability of T cells induce target cell death. Target cells are engineered to express
Renilla or Firefly laciferase and co cultured with T cells expressing DD regulated CAR
constructs for 18 to 24 hours in the presence of the ligand related to the BD 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 increase when DD regulated CAR expressing T cells
are co cultured with antigen expressing target cells in the presence of ligand. Cytotoxacity 1s not
expected in vehicle control cells or when the target cells do not express the antigen are utilized.
[00563] Cytolvtic potential of DD CAR cxpressing cells is evaluated in primary human T cells
or human cell Iines {e.g. NALMS6, K562 and Raji) using Chromium-51 Release Assay. Target
cells are loaded with of Naz *1CrQO4. washed twice and resuspended in phenol red-free growth
medium. Untreated or ligand treated DD CAR and mock transduced cells are co-incubated with
cognate antigen expressing target cells at vanious effector; target cell ratios, and chromium
release into the supernatant is measured using a hiquid scintillation counter. Cells with DD CAR
are expected to demonstrate specific eytolysis only in the presence of ligand. Cells with DBCAR
in the absence of ligand or mock transfected cells are expected to show minimal cytolvtic
activity.

[00564] Activation of T cells results in degranulation, an exocvtic process by which cyvtotoxic T
cells release molecules like perforin and granzymes which enable target cell killing.
Degranulation 18 measured by analvsis of media for indications of exocytosis e.g. CD107 by
FACS and by markers of degranulation such as perforin and granzyme using immunoassays.
[60565] Engagement of the CAR with its cognaie antigen results in the activation of T cells is
measured 24 hours after co culture of CAR expressing T cells and target cells. Activation of T
cells 1s evaluated by measuning levels of IFNg, 112, and CD69. T ccll proliferation in response to
antigen mediated T cell activation is measured by labelling T cells with Carboxyfluorcscein
succinimidy! ester, which is used to trace cells across multiple generations. Labelled T cells are
cultured with Mitomvcin treated target cells and cell proliferation is tracked over a period of 3 to
3 days. T cell proliferation and activation is expected to increase when DD regulated CAR

expressing T cells are co cultured with cognate antigen expressing target cells 1n the presence of
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ligand. Both parameters are not expected in to change in vehicle control cells or when the target
cells do not express antigen are withized.

[00866] To measure the ability of DD regulated CARSs to promote tumor-free survival, mice are
mjected intravenously with antigen positive target cells. Following imjections, mice are treated
with untransduced mock T cells or T cells that are transduced with antigen specific chimeric
antigen receptors. Mice are then split into two cohorts; one cohort 1s treated with the ligand
spectfic to the SRE and the second cohort which is treated with the vehicle control. Survival of
the mice is monitored for up to 80 days after the administration of target cells. Tumor bearing
mice treated with CAR transduced T cells and the ligand, are expected to survive longer than
mice treated with untransduced cells; vector control transduced T cells or vehicle control.
[00867] To measure ligand induced redoction in tumor growth, mice are injected orthotopically
with antigen positive target cells on day 0. The mice are then treated with cyclophosphamide
udrapentoncally on day 3. Cells are treated with antigen specific CAR construct. The mice are
treated with recombinant interleukin 7 or interleukin 7 complexed with IL7 antibody, two-three
times a week for three weeks to promote T cell persistence. Mice are then split into two cohorts;
one cohort is treated with the ligand specitic to the SRE and the second cohort which is treated
with the vehicle control. The size of the tumors is measured at various fime points afier
moculation. Mice treated with antigen specific CAR and the hgand are expected to be tumor free
while mice treated with mock transduced cells, or vehicle controlied cells are predicted to
succumb to the tumors

[00568] To test if DD regulated CARs can cause regression of established tumors i a ligand
dependent fashion, mice are orthotopically inoculated with antigen positive T cells expressing
taciferase. Tumors are allowed to grow for 8 days, and the growth is monitored using
bicluminescent imaging. On day 8, after tumor moculation, CAR transduced cells are injected
mtravencusly with or without cytokine and cytotoxic therapy augmentation. Concurrent ligand
or vehicle control treatment is also initiated. Mice treated with CAR T celis are expected to show
tumor regression and long term disease control 1n the prescnce of ligand, whereas all mice

treated with mock transduced cells are expected to succumb to progressive tumor growth.

Example 20 Measuring T cell exhaustion phenotype and its reversal

[00369] Primary T cells are activated using soluble CD3/CD28 or CD3/CD28 dynabeads. 24
hours later, cells are transduced with BD regulated CB19 CAR construcis and allowed to rest for
24 hours. Cells arc then treated with the ligand specific o the SRE or vehicle control. At day 4,

the CD3/CD28 beads are removed and the cells are cultured for another 3 davs. At day 7, cells
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are washed extensively to remove the ligand and replated in the absence of the ligand and
cultured for 3 days. Atday 10, cells were washed and replated in the absence of ligand. A sample
of the cells are analvzed at day 10 for phenotypic and functional markers associated with
exhaustion. The rest of the cells are eultured for 3 days in the absence of ligand and analyzed for
phenotypic and functional exhaustion markers at dav 14. T cells cultured for the duration ot the
experiment either in the presence or absence of ligand are included as controls. Phenotypic
markers for exhauostion such as PD1, TIM3, LAG3, BTLA, CB160, 2B4, and CD39a are
measured both in CD4 and CD8 T cell populations. Since chronic T cell activation has been
shown to result 1n T cell exhaustion, T cells cultured under the continuous presence of ligand
throughout the experiment are expected to be positive tor multiple markers of exhaustion. T cells
cultured in the absence of ligand throsghout the expenment are espected to negative for multiple
markers of exhaustion, since the expression of the CAR will be undetectable/low in the absence
of higand. At day 10, cells where the ligand 1s removed at day 7 are expected to have a lower
percentage of cells that are positive for multiple exhaustion markers when compared to cells that
have been treated with ligand throughout the duration of the experiment. This result is expected

0 both CD8 and C}4 population of T cells.

Example 21. Dual specific chimeric antigen receptor

[00578] Human T cells are transduced with a lentiviral vector encoding dual specific chimeric
antigen receptors. Dual specific CARs targets include, but not limited to GD2, CD33, BCMA,
Her2, ALK, CD22 and CD276. Cells are cultured 1n the presence of ligand or vehicle control for
24-48 hours. Additional controls such as human T cells that are mock transduced or transduced
with a vector encoding septicity to one antigen only are included. CAR cxpression is evaluated
by flow cvtometry using anti-idiotype CAR antibody. Expression of dual specific CAR is
expected only in cells transduced with dual specific CAR construct in the presence of ligand,
while the controls transduced with the CAR constructs showing single specificity are expected to
show expression of the single CAR construet, and in the presence of ligand.

(00573 T cells are also analyzed for proliferation, markers of apoptosis and memory
phenotype. Cells are cultured per methods described above. Ligand is removed either at day 7 or
day 10 and cells arc analvzed at day 14 for apoptosis using Annexin V staining and for the
memory phenotype using CP62L as the marker. When compared to untreated cells, cells
continpously treated with ligand are expected to show an increase in apoptotic cells, a decrease

m prodiferation and a decrease 1 CI362L, expression, which are indicative of T cell exhaustion.
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~

Ligand withdrawal at day 7 or day 10 is expected to show low Annexin V and high CD62L

cxpression, and an increase in proliferation similar to untreated cells.

Example 22. Measurine T cell exhaustion phenotvpe and its reversal

[00572] Primary T cells are activated using soluble CD3/CD28 or CD3/CD28 dynabeads. 24
hours later, cells are transduced with BD regulated CD19 CAR constructs and allowed to rest for
24 hours. Cells are then treated with the higand specific to the SRE or vehicle control. At day 4,
the CD3/CD28 beads are removed and the cells are cultured for another 3 days. Atday 7, cells
are washed extensively to remove the ligand and replated in the absence of the ligand and
cultured for 3 days. Atday 10, cells were washed and replated 1n the absence of ligand. A sample
of the cells are analyzed at day 10 for phenotypic and functional markers associated with
exhaustion. The rest of the cells are cultured for 3 days in the absence of ligand and analvzed for
phenotypic and functional exhaustion markers at day 14. T cells cultured for the duration of the
experiment either in the presence or absence of ligand are included as controls. Phenotypic
markers for exhaustion such as PD1, TIM3, LAG3, BTLA, CD160, 2B4, and CD3% arc
measured both m CD4 and CDE T cell populations. Since chronic T cell activation has been
shown to result in T cell exhaustion, T cells cultured under the contimuous presence of ligand
throughout the experiment are expected to be positive for muliiple markers of exhaustion. T cells
cultured in the absence of ligand throughout the experiment are expected to be negative for
multiple markers of exhaustion, since the expression of the CAR will be undetectable/low m the
absence of ligand. At day 10, cells where the ligand s removed at day 7 are expected to have a
lower percentage of cells that are positive for multiple exhaustion markers when compared to
cells that have been treated with ligand throughout the duration of the experiment. This result is
expected m both CD8 and CD4 population of T cells.

168573 T cells are also analyzed for proliferation, markers of apoptosis and memory
phenotype. Cells are cultured per methods described above. Ligand is removed cither at day 7 or
day 10 and cells are analyzed at day 14 for apoptosis using Annexin V staiming and for the
memory phenotype osing CD62L as the marker. When compared to antreated cells, cells
contimuously treated with ligand are expected to show an increase in apoptotic cells, a decrease
in proliferation and a decrease in CD62L expression, which are mdicative of T cell exhaustion.
Ligand withdrawal at day 7 or day 10 is expected to show low Annexin V and high CD62L

expression, and an increase in proliferation similar to untreated cells.
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Example 23, Functional analvsis of reversal of T cell exhaustion

[00574] The functionality of T cells expressing DD regulated CAR constructs is evaluated by
measuring cytokine release. T cells expressing BD CAR constructs are co cultured with target
cells expressing the antigen (endogenously or ectopically). T cells are activated at day 0 using
CD3/CD28 beads. 24 hours later, cells are transduced with DD regulated CAR constructs and
allowed to rest for 24 hours. Cells are then treated with the higand specific to the SRE or vehicle
control. Atday 4, the CD3/CD28 beads are removed and the cells are cultured for another 3
days. Atday 7, cells arc washed extensively to remove the ligand and replated in the absence of
the ligand and cultured for 3 days. In an additional expernimental condition, cells are treated with
Ligand 61l day 10 mstead of day 7. T cells cultured for the duration of the expenment cither in the
presence or absence of ligand are included as controls. Supernatant was collected from cells after
24 hours and IL.2 and {FNg levels were measured as a read out of T cell function. When
compared to untreated cells, cells continuously treated with ligand are expected to show an
mcrease 1 1L2 and IFNg expression at day 14, which are indicative of functional T cells. Ligand
withdrawal at day 7 or day 10 is expected to minumally affect the levels of IFNg and L2 levels.
[008753] The ability of biocircuits of the invention to functionally rescue the exhausted T cells s
also evaluated. T cells treated with ligand 111l day 10 are sorted and selected for cells that are
positive for chimeric antigen receptor as well as mudtiple exhaustion makers {e.g. PD1, TIM3,
LAG3). The cells are divided to two groups, one group 1s treated with ligand, while the second
group 1s treated with vehicle control. Functionality of T cells 1s measured using L2 levels as a
surrogate. Ligand withdrawal is predicted to reverse T cell exhaustion, and hence cells subject to
ligand withdrawal at day 10 arc expected to have higher 112 levels compared to higand treated

cells.

Example 24. Optimizine biocircuit behavior

[00576] The biocircuits of the invention comprise multipte modules which can be optimized.
Libraries of each of the components is generated to allow for the rapid generation of new
constructs with desired behaviors. Ligand pharmacokinetics is a powerful tool for payload
specific tuning in vive, which can be used to shift the higand response curve of the cffector
module to the left or nght depending on the modulating factors. Several modulating factors are
tested, mchuding, but not himited to the ligand dose, concentrations, maguitude, duration, and
route of administration. Destabilizing domains can also be modified to improve biocircuit
behavior. The destabilizing domain 1s the core determinant of the dynamic range of the

biocircunit. Bepending on the BD sclected, the ligand response curve of the effector module can
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be shifted up or down. The nature, position of the DD within the effector module as well as the
number of DDs within an effector module are modified. DD selection is also altered depending
on its degradation kinetics desived. Promoters that transcriptionally control the expression of the
SREs are optimized. Choice of promoter impacts the basal-off state and affects the dynamic
range of stabilization. Further, promoter choice contributcs to the extent of stabilized payload
produced. Other optimizable elements of the biocircuits include vector, translational elements,
leader sequence, placement of the components within the SRE, codon selection, protease sites,
linkers, and mRNA stability.

[00577] While the present invention has been described at some length and with some
particulanty with respect to the several described embodiments, i is not imtended that it should
be limited o any such particulars or embodiments or any particular ecmbodiment, but it is to be
construed with references to the appended claims so as to provide the broadest possible
uderpretation of such claims in view of the prior art and, therefore, to etfectively encompass the
intended scope of the mvention.

[06578] All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entitety. In case of conflict, the present specification,
including detinitions, will control. In addition, section headings, the materials, methods, and

examples are llustrative only and not mtended to be hmiting.
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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 immunotherapeutic agent, wherein said at least one
immunctherapeutic agent is selected from a cytokine, a safety swiich, a regulatory switch, a

chimeric antigen receptor and combinations thereof.,

2. The composition of claim 1, wherein said first SRE is responsive to or interacts with at least

one stimulus.

3. The composition of claim 2, wherein said first SRE is a destabilizing domain (D).

4. The composition of claim 3, wherein the DD is denived from a parent protein or a mutant
protein having one, two, three or more amino acid mutations compared to said parent protein,
wherein the parent protein is selected from:

{(a} human protein FKBP comprising the amino acid sequence of SEQ 1D NO. 3,

{b) human DHFR (hDHFR) comprising the amino acid sequence of SEQ D NG, 1,

{c} E. coli DHFR (ecDHFR) compnising the amino acid sequence of SEQ [D NQO. 2,

(d) PDES comprising the amino acid sequence of SEQ D NG, 4,

(¢) PPAR gamma comprising the amino acid sequence of SEQ 1D NO. 5,

(£ CA2 comprising the amino acid sequence of SEQ ID NO. 6,

(g} NQO2 comprising the amino acid sequence of SEQ ID NQ. 7, and

(h} human DPPIV comprising the amino acid sequence of SEQ ID NO. 224,

5. The composition of claim 4, wherein the parent protein 1s hDHFR and the DD comprises a
mutant protein having at least one mutation selected from Midel, V2A, CTR, I8V, VOA, A10T,
ALOV, QI3R, Ni45, G168, TN, 117V, KI9E, N20D, G21T, G21E, D228, L2388, P24S, L28P,
N30D, N30H, N30S, E31G, E31D, F32M, R33G, R338, F351., Q36R, 368, Q36K. Q36F,
R37G, M38V, M38T, T40A, V44A, K4TR, N498, N49D, M53T, GS4R, K36E, K56R, T37A,
F395, 61T, K64R, N63A, N63S, N65D, N6SFE, Le8S, K69E, K69R, R71G, 1727, 1724, 172V,
N73G, L74N, V75F, R78G, L8OP, K81R, E82G, HRBY, F89L, R92G, S93G, S93R, L94A,
D966, ADTT, LO8S, KOoG, KO9R, L100P, E102G, QIO03R, P104S, E1053G, A107T, ALO7V,
NI08D, KI09E, K109R, V110A, DILIN, MII2T, MEIZV, VII3A, WII4R, T3V, ViG]
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G117D, VI21A, Y122C, Y1220, Y1221, K123R. K123E, A125F, M1261, N127R, N127S,
N127Y, HI128R, H128Y, HI31R, L132P, KI33E, L134P, F135P, FI35L, F1338, F135V,
V136M, TI37R. R138G, RI3RL 1139T, 1139V, M 1401, M140V, Q141R, D 142G, F143S, F143L,
B144G, D146G, T147A, F1488, F148L, F149L, P15OL, B151G, 1152V. D153A, D153G,
B135G, K156R, Y157R. Y157C, K158E, K158R, L139P, L160P, E162G. Y163C, V166A,
S168C, D169G. VI70A. QI7IR, E172G, E173G, E173A, K174R, 1176A, 1176F, 1176T, K177E,
K177R, Y178C, Y178H, F180L, Ei81G, V182A, Y183C, Y183, E184R, E184G, K185R,
K185del, K185E, N186S, N186D, D187G, and DISTN.

6. The composition of claim 5, wherein the stimulus 1s selected from Trimethoprim (TMP) and

Methotrexate (MTX).

7. The composition of claim 1, wherein the immunotherapeutic agent is a cytokine.

&. The composition of claim 7, wherein the cytokine is an interleukin, an interferon, a tumor
necrosis factor, a transforming growth factor B, a CC chemokine, a CXC chemokine, a CX3C

chemokine or a growth factor.

9. The composition of claim 8, wherein the cyiokine is an mtericukin and the interleukin is
sclected from a group consisting of IL1, IL1-alpha, IL1-beta, IL1-delta, HL.1-cpsilon, 1L1-cta,

T t-zeta, 1L-RA, TL2, TL3, IL4, L5, L6, IL7, HL8, 1RO, TL10, IL10C, IL10D, ILi1a, IL11b,
TRI3, B R4, HLe, BT, IL-17A, IL17B, IL17C, ILL7E, IL17F, ILES, IR, 1L.20, IL20L, .21,
122, 8123, HL23A 1024, 1125 1126, HL.27 HL28 1129, 130, 1131, 132, 133, 1134, [L36q,
TL36R, IL36y, HL36RN, 1137, 11374, 1L37b, 1L37¢, 11374, HL.37¢, and 1138,

10. The composition of claim 9, wherein the inderlevkin is 112, comprising the amino acid

sequence of SEQ ID NG. 51

11. The composition of claim 1, wherein the immumotherapeotic agent is a safety switch.

12. The composttion of claim 11, wherein the safety switch is sclected from a Caspase 9, an

mducible FAS (GFAS), an inducible caspase 9 (icasp9), a CD20/anti-CD20 antibody pair, a

protein tag/anti-tag antibody, and a compact suicide gene {RQRS8Y.
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13. The composition of claim 12, wherein the safety switch is a Caspase 9 comprising the amine

acid sequence of SEQ 1D NO. 65.

14. The composition of claim 1, wherein the immunotherapeutic agent encodes a regulatory

switch.

15. The composition of claim 14, wherein the regulatory switch is selected from a FOXP3, a

Nrda, a FOXQ, and a NF-xB.

16. The compasttion of claim 15, wherein the regulatory switch 1s a FOXP3, comprising the

amino acid sequence of SEQ [D NO. 103-106.

17. The composition of claim 1, wherein the immunotherapeotic agent is a chimeric antigen
receptor ({CAR) and 1s selected from a GD2 CAR, aHerZ CAR, a BCMA CAR, a CD33 CAR,
an ALK CAR, a CD22 CAR, and a CDB276 CAR, each of which comprises an extracellular
moicty, a transmembrane domain, an imtraceliular signaling domain, and optionally, onc or more

co-stimulatory domains.

18. The composition of claim 17, wherein the CAR 15 designed as a standard CAR, a split CAR,
an off-switch CAR, an on-switch CAR a first-generation CAR, a second-generation CAR, a

third-generation CAR, or a fourth-generation CAR.

19. The composition of claim 18, wherein the extracellular target moiety 1s sclected from any of
. an g NAR,
it.  aFab fragment,
iit.  a Fab' fragment,
tv.  aF{ab)? fragment,
v. aF(aby3 fragment,
vi. anFv,
vit.  asingle chamn variable fragment (scFv),
vitt.  abis-scFv, a (scFv)2,
iX. aminibody,
x.  adiabody,

xi. atnabody,
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Xl atetrabody,
xiii.  an mitrabody,
xiv.  adisulfide stabilized Fv protem (dsFv),
xv.  aunibody,
xvi.  ananobody, and
xvit.  an antigen binding region derved from an antibody that specifically binds to any of a

protein of inferest, a ligand, a receptor, a receptor fragment or a peptide aptamer.

20. The composition of claim 17, wherein the extraceHular target moicty is selected from an
ALK target molety, comprising the amino acid sequence of SEQ ID NO. 242- 257 and 422-429,
a CD22 target moiety, comprising the amino acid sequence of SEQ ID NQ.258-262 and 430-
432, a CD276 target moiety, comprising the amino acid sequence of SEQ 1D NG, 263-270 and
433-436, a GD2 target moicty, comprising the amino acid sequence of SEQ 1D N(G.271-349 and
437-465, a CD33 target moiety, comprising the amino acid sequence of SEQ 1D NO. 350-357, a
BCMA target moiety, comprising the amine acid sequence of SEQ ID NGO 358-365, and a Her2

target motety, comprising the aming acid sequence of SEQ 1D NO. 366-421 and 466-473.

21. The composition of claim 17, wherein
{(a) the mtracellular signaling domain of the CAR is the signaling domain derived from T
cell receptor CD3zeta or a cell surface molecule selected from the group consisting of
FcR gamma, FeR beta, CD3 gamma, CD3 delta, CB3 epsilon, CD3, CD22, CD79a,
CB79, and CD66d; and
{b) the co-stimulatory domain is present and is selected from the group consisting of 2B4,
HVEM, ICOS, LAG3, DAPIO, DAPI2, CD27, CD2E, 4-1BB (CD137), OX40 (CD134),
CD30, CD40, ICOS (CD278), glucocorticoid-induced tumor necrosis factor receptor
{(GITR), lvmphooyte function-associated antigen- 1 (LFA-1), €2, CD7, LIGHT,
NKGZC, and B7-H3.

22. The composition of claim 17, wherein the transmembrane domain comprises the amino acid

sequence of SEQ ID NO. 527-624.

23, The composition of claim 17, whergin the transmembrane domain further comprises a hinge

region comprising the amine acid sequence of SEQ D NG .628-694.
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24. The composition of any of claims 1-23 wherein said first effector module comprises one or
more of:
(a) an {L.2-DD, comprising the amino acid sequence of any of SEQ [D N(s, 52-34,
{by a Caspase 9-DD, compnsing the amino acid sequence of any of SEQ ID NQGs. 72-80,
{c} a FOXP3-DD, comprising the amino acid sequence of any of SEQ 13 NOGs. 107-116,
{d) a BCMA CAR-DD, comprising the amino acid sequence of any of SEQ 1D NOs. 775-
777, and
{2} a HERZ-DD, comprising the aming acid sequence of SEQ 1D NGO 906,

25. A polvnucleotide encoding any of the compositions of claims 1-24, wherein said at least one
immunotherapeutic agent is selected from a cytokine, a safety switch, a regulatory switch, a

chimeric antigen receptor and the combination thercof.

26. The polynucleotide of claim 25, wherein the polvnucleotide 1s a DNA molecule, or a RNA

molecule.

27. The polynucleotide of claim 26, wherein the polynucleotide 1s RNA and said RNA is a

messenger RNA.

28. The polvaucleotide of claim 27, which is chemically modificd.

29. The polynucleotide of claim 26, which comprises spatiotemporally selected codons.

30. The polvnucieotide of claim 27, wherein the polynucleotide encodes at least one additional
feature selected from a promoter, a linker, a signal peptide, a tag, a cleavage site and a targeting
peptide.

31. The polynucieotide of claim 25, wherein the chimernic antigen receptor is selected from a
GD2 CAR, a Her2 CAR, a BCMA CAR, a CD33 CAR, an ALK CAR, CD22 CAR, and a
D276 CAR.

32. A vector comprising a polvoucleotide of any of claims 25-31 wherein said at least one

tmmunotherapeutic agent is sclecied from a cytokine, a safety switch, a regulatory switch, a

chimeric antigen receptor and the combination thereof.
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33. The vector of claim 32, wherein the vector is a viral vector, or a plasmid.

34, The vector of ¢laim 33, wherein the vector is a viral vector and said viral vecior 18 a retroviral
vector, a lentiviral vector, a gamma retroviral vector, a recombinant AAY vector, an adeno viral

vector, or an oncolvtic viral vector,

35. The vector of claim 34, wherein the polvnuclectide encodes any of the composttions of claim

1-24.

36. An immune cell for adoptive cell transfer (ACT), which expresses any of the compositions of
any of claims 1-24, the polynucleotides of any of ¢laims 25-31, and/or is mfected or transtected

with the vector of any of claims 32-35.

37. The immune cell of claim 36, wherein the imumune cell 1s a CD&+ T eell, a CD4+Teell, a
helper T cell, a natural killer (NK) cell, a NKT cell, a cvtotoxic T lvmphocyie (CTL), a tumor
intiitrating lymphocyte (T1L), a memory T cell, a regulatory T (Treg) cell, a cytokine-mduced
killer (CIK) ccll, a dendnitic cell, a human embryonic stem cell, a mesenchymal stem cell, a

hematopoietic stem cell, or a mixture thercof.

38 The immune ccll of claim 36, wherem the SRE 15 a destabilizing domain DD, wherem the
DD 1s dertved from haman protein FKBP comprising the amino acid sequence of SEQ 1D NO. 3,
DHFR comprising the amino acid sequence of SEQ ID NG. 1-2, PDES comprising the amino
acid sequence of SEQ 1D NO. 4, PPAR gamma compnising the amino acid sequence of SEQ [D
NO. 5, CAZ2 comprising the amino acid sequence of SEQ ID NQ. 6 and NQQ2 comprising the
amino acid sequence of SEQ 1B NG, 7.

39, The immune cell of claim 38, wherein the DD is denived from a parent protein and the parent
protein 1s hDHFR and the DD comprises a mutant protein having at least one nustation selected
from Midel, V2A, CTR, I8V, VOA, ATOT, A10V, QI3R N14S, Gi6S, [17N, 117V, KI9E,
NZOD, GZ1T, G21E, D228, L238, P24S, L28P, N30D, N30H, N30S, E31G, E31D, F32M,

33G, R33§, F35L, Q36R, Q368, Q36K Q36F, R37G, M38V, M38T, T40A, V44A, K47R,
N495, N4SD, M3S3T, GS4R, K36E, K56R, T57A, F39S, I61T, Ko4R, N63A, N65S, N63D,
N63F, Lo8S, KO6VE, K69R, R7T1IG, 1721, 172A 172V, N73G, L7T4N, V75F, R78G, L30OP, K81R,
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E82G. H88Y, F8YL, RU2G, 893G, SO3R. Lo4A, D96G, AOTT, LIS, K99G, K9OR, L100P,
B102G, Q103R. P104S, E105G. A107T, A107V, N108D, K109E, K109R, V110A, D11IN,
MI12T, MI12V, VII3A, WI14R, [115V. V1I6L G117D, VI2IA, Y122C. Y122D, Y1221,
K123R, K123E. A125F, M1261, N127R, N127S, N127Y, H128R, H128Y. Hi31R, L132P,
K133E, L134P, F135P, FI35L, 1358, FI35V, V136M, TI37R. RI38G, R1381 11397, 1130V,
M 1401, M140V, Q141R, D142G, F1438, F143L, E144G, D146G, T147A, F148S, F148L,
F149L, P150L, E151G, 1152V, D153A, D153G, E155G, K156R, Y157R, Y157C, KIS3E,
K158R. L159P, L160P, E162G, Y163C, V166A, S168C. DI69G, V170A, Q171R, E172G,
B173G, E173A, K174R, 1176A, 1176F, T176T. KI77E. K177R, Y178C, Y178H, F180L, EI181G,
V1824, Y183C, Y183H, B184R. F184G, K185R, K185del. K1R5E, N186S. N186D, D187G,
and D187N.

40. The imnwne cell of claim 39, which is autologous, allogencic, syngeneic, or Xenogeneic n

relation to a particular individual subject.

41. A mcthod of reducing a tumor volume or burden in a subject comprising contacting the
subject with compositions of anv of claims [-24, the polynucieotides of any of claims 25-31, the

vector of any of claims 32-350r the immune cells of any of claims 36-40.

42. A method of providing an anti-tumor tnmune response in a subject comprising administering
to the subject an effective amount of the compositions of any of claims 1-24, the polvnucleotides
of any of claims 25-31, the vector of any of claims 32-35 or the immune cells of any of claims

36-40.

43, A method of inducing an immune response in a subject comprising admimisiering to the
sabject an effective amount of any of the compositions of claims 1-24, the polynuclestides of
any of claims 25-31, the vector of any of claims 32-35 or the invmune celis of anv of claims 36-

40.

44. A method of preventing or reversing T cell exhaustion in a subject in need thereof, the
method comprising administering to the subject, a therapeutically effective amount of
compositions of any of claims 1-24, the polynucleotides of any of claims 25-31, the vector of

any of claims 32-35 or the immune cells of any of claims 36-40, wherein the SRE responds to a
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stimulus and tunes the expression and/or function of the tmmunctherapeutic agent, thereby

preventing or reversing T cell exhaustion.

45. The method of claim 44, wherein the immunoctherapeutic agent is a chimeric antigen

receptor.

46. The method of claim 45, wherein the chimerie antigen receptor is a GD2 CAR, BCMA CAR,
D33 CAR, Her2 CAR, ALK CAR, (D22 CAR, ora CD276 CAR.

47. A method of detecting the presence of cancer it a mammal, comprising the steps of
{a) contacting a sample comprising one or more cells from the mammal with the
compositions of any of claims 1-24, the polynuclectides of any of claims 25-31, the
vector of any of claims 32-35 or the immune cells of any of claims 36-40 and
(b) detecting the complex, wherein the detection of the complex is mdicative of the

presence of cancer in the mammal.
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shared technical features are previously disclosed by the Stanford reference, unity of invention is lacking.

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - description
	Page 165 - description
	Page 166 - description
	Page 167 - description
	Page 168 - description
	Page 169 - description
	Page 170 - description
	Page 171 - description
	Page 172 - description
	Page 173 - description
	Page 174 - description
	Page 175 - description
	Page 176 - description
	Page 177 - description
	Page 178 - description
	Page 179 - description
	Page 180 - description
	Page 181 - description
	Page 182 - description
	Page 183 - description
	Page 184 - description
	Page 185 - description
	Page 186 - claims
	Page 187 - claims
	Page 188 - claims
	Page 189 - claims
	Page 190 - claims
	Page 191 - claims
	Page 192 - claims
	Page 193 - claims
	Page 194 - drawings
	Page 195 - drawings
	Page 196 - drawings
	Page 197 - drawings
	Page 198 - drawings
	Page 199 - drawings
	Page 200 - drawings
	Page 201 - drawings
	Page 202 - drawings
	Page 203 - drawings
	Page 204 - drawings
	Page 205 - drawings
	Page 206 - drawings
	Page 207 - drawings
	Page 208 - drawings
	Page 209 - drawings
	Page 210 - drawings
	Page 211 - wo-search-report
	Page 212 - wo-search-report
	Page 213 - wo-search-report

