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HUMANIZED ANTEHLA-G CHIMERIC ANTIGEN RECEPTORS AND USES
THEREQF

CROSS-REFERENCE 1O RELATED APPLICATIONS

{6001} This application claims priority to U.S. Provisional Pateut Application No. 63/385,142,
filed November 28, 2022, which is incorporated by reference herein 1 its entivety for all

purposes
REFERENCE T0O AN ELECTRONIC SEQUENCE LISTING

{0002} The contents of the electronic sequence listing (INVE 015 01WO Seglist 8T26 xml;
Size: 84,578 byies; and Date of Creation: November 27, 2023) are hercin incorporated by
reference in its entirety.

FiELn

{0003} The present disclosure relates to the fields of immunology, cell biclogy., and molecolar
biology. More specifically, the disclosure relates to humanized chimeric antigen receptors
{CARs) that bind human leukocyie antigen (HLA-G), cells expressing such CARs and

therapeutic uses of these compositions.

BACKGROUND
{6004} For vears, the foundations of cancer freatment were surgery, chemotherapy, and
radiation therapy. More recently, inununotherapy has emerged as an effective tool in cancer

treatment.

13605} Chimeric antigen receptors {CARs) are synthetic tumor targeting recepiors that can be
troduced nto human inuoune cells such as T cells to redirect antigen specificity and enhance
functions of effector runune cells. While many attempts to achieve the success of CAR T cells
for solid tumors have been undertaken results have been sometimes disappornting. The three
main hurdles encountered for the application of CAR T cell therapies to solid tumors are (1)
the identitication of proper Tumor Associated Antigens (TAA), (2) the limited trafficking of
adoptively transferred cells to tumor sites (3) the mmmunosuppressive effect of tumor

microenvironment and {4) the potential safety issue of unwanted or untransformed cells.

6006} Human leukocyte antigen G (HLA-G) is a molecule that plays an important role in the

generation of fetal-induced maternal mmmunological tolerance. HLA-G has also been proposed
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as an mmmune checkpont (ICP) molecule that mhibits the effector functions of mfiltrating
immune cell subsets through the interaction with 1ts specific receptors. HLA-G 1s expressed in
numerous turnor effusions of diverse onging with a highly restricted tissue expression. In
several malignant transformations, the expression of HLA-G by tumor cells rises dramatically,
rendering them strongly immuonoseppressive. Preclinical models have shown that the
expression of HLA-G on cancer cells renders them more metastatic and significantly decreases
patient survival (Lan A etal.. it J Cancer. 2012 Jul [ 131(1): 150-7; Lin A et al. Hum fovnunol.
2013 Apr;74(4)439-46). Additional immunotherapeutic approaches targeting HLA-G are

needed to treat cancer

SUMMARY
{3607} Provided herein is a humanized chimeric antigen receptor {CAR) comprising: {a) an
extracellular domain comprising a bumanized antigen-binding domain that specifically binds
1o human leukocvie antigen G (HLA-G); (b) a transmembrane region; and {¢} an intracellular
domain. Humanized anti-HLA-G CARs as disclosed herein exhibit reduced immunogenicity

i human patients.

[G808] In some embodiments, the humanized antigen-binding domain of an anti-HLA-G CAR
is a homanized antigen-binding fragment of an anti- HLA-G CAR antibody. In some
cmbodiments, the humanized antigen-binding fragment comprises a humanized heavy chain
variable (VH) region comprising the HCDR1, HCDR2 and HCDR3 and a humanized light
chain vanable (VL) region comprising the LCDRY, LCDRZ and LUDR3 of an ant-HLA-G
antibody. In some cmbodiments, the humanized antigen-binding fragment comprises: the
HCDRI of SEQ ID NO: 11, the HCDRZ of SEQ 1D NO: 13, and the HCDR3 of SEQ 1D NO:
i5; and the LCDRI of SEQ 1D NG: 37, the LCDR2 of SEQ ID NQO: 39, the LCDR3 of 8EQ
1D NG: 41

[6005] Further provided herem is an anti-HLA-G CAR comprising a humanized antigen-
binding fragment that comprises:
{a} {1} a heavy chain variable region (VH) comprising the sequence of SEQ 1D
NO: 25; and (1) a hight chan variable region (VL) comprising the sequence of SEQ
Dy ND: 35,
(b} (1} a VH comprising the sequence of SEQG I NG 9. and (n}a VL

comprising the sequence of SEQ ID NO: 50; or
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{c) (i) a VH comprsing the sequence of SEQ IDNG: Y and 1) a VL
comprising the sequence of SEQ 1D NO: 60.

3016} Also provided herein s an anti-HLA-G CAR comprising a humanized antigen-binding
fragment that comprises:
{a) (i) a VH comprising a sequence that is at least 75%. at least 80%, at least
85%, at fcast 90%, at least 95%, at least 98%, or at least 999 wdentical to SEQ 1D NO:
25; and (1) a VL compnsing a sequence that 1s at least 75%, at least 80%, at least
&5%, at least 90%, at least 95%, at least 98%, or at least 99% dentical to SEQ 1D NO:
35;
{b} (1) a VH comprising a sequence that 1s at least 759, at least 80%, at least
859, at teast 90%, at least 95%, at least 98%, or at least 99% wdentical to SEQ 1D NG:
9; and {11} a VL comprising a sequence that is at least 75%, at least 80%, at least 83%,
at least 90%, at least 93%, at least 98%, or at least 99% identical to SEQ 1D NO: 50;
or
{c} {1} a VH comprising a sequence that 1s at least 75%, at least 80%, at least
83%., at least 90%, at least 95%, at least 98%, or at least 99% identical to SEQ ID NO:
9; and (11} a VL comprising a sequence that is at least 73%. at least 80%, at least 5%,

at least 90%, at least 95%, at least 98%, or at least 99% 1dentical to SEQ D NO: 60

{6811} In some embodiments, the bumanized antigen-binding fragroent of an anti-HLA-G
CAR s asingle chain Fyv (scFv). In some embodiments, the scFv comprises a sequence selected

from SEQ D NO: 63, SEQ ID NQO: 65, or SEQ ID NQG: 67.

[G812] In some embodiments, the CAR specifically binds B2M-associated HLA-G 1soforms,
preferably HLA-G1 and HLA-GS, preferably such CAR allows the diserimination of HLA-G

isoforms, 1.e. the CAR does not recognize or bind all of the seven HLA-G isoforms.

[6013] The disclosure particularly provides a humanized anti HLA-G CAR sequentially
comprising from N to € terminus: (8} a peptide signal sequence, b) a humanized ant-HLA-G
antibody or a humanized antigen binding fragment thereof, optionally ¢} a spacer domain,
optionally d) a hinge domain, ¢} a transmemsbrane domain, f) an mmtraccliular domain, and
optionally g} a cleavable linker and optionally g) a truncated human CD19 domain. In some

embodiments, anti HLA-G CAR comprises the sequence of SEQ 1D NO: 68,

53
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6014} In one aspect, the spacer domain comprises (1) a homan 1gG4 hinge domain, (1) a human
18G4 hinge domain and a CH3 humao 1gG4 domain or (111} a mutated CH2 human lgG4 domain,

a human lgG4 hinge domain and a CH3 human 1gG4 hinge domain.

{3015} In another aspect, the signal peptide is selected from the group consisting of a CD8a
signal peptide. a mouse lg Kappa signal peptide, a human 1gG4 signal peptide. an IL2 signal

peptide, a human IgG2 signal peptide and a Gaussia luc sigoal peptide.

(6016} In some embodiments, the transmembrane domain is selected from CD23, CD3 and
D8 transmembrane domains, preferably the transmembrane domain s a CD28

transmembrane domain,

16817} In some embodiments, the humanized antt HLA-G CAR of the disclosure comprises an
mtracellular domain that comprises a U3 zeta signaling domain and at least one costinwlatory
domain(s) selected from CD28§, 41BB, CD28§, CD134, ICCS, 0X40, CD149, DAPIO, CD30,
[L2-R, IL716, IL21-R, NKp30, NKpdd, €27, (D137 and DNAM-1 costinudatory domains,

preferably the two costimulatory domains are 41BB and CD28 costimulatory domains.

{0818} In one aspect, the cleavable linker s selected from the group consisting of P2A, T24A,
E2A, BZA and F2A.

{6019} In another aspect, the truncated human CD19 domain consists of the sequence set forth

in SEQ ID No: 76.

{0020} Particularly, the CAR, the anti-HLA-G antibody or antigen binding fragment thereof,
preferably a scFv, selectively binds to B2M-associated HLA-G 1soforms but does not bind all
HLA-G 1soforms.

{6021} In another aspect, the CAR, the anti-HLA-G antibody or antigen binding fragment
thereof, preferably a seFv, or the cell expressing CAR specifically bind the o1 domain of HLA-

{3022} Further provided herein is an anti-HLA-G antibody or an antigen binding fragment
thereot, wherein the antibody or antigen-binding fragment comprises:
{a) (1) a VH comprising the sequence of SEQ ID NO: 25 and (i} a VL
comprising the sequence of SEQ ID NO: 35;
{b} (i} a VH comprising the sequence of SEG ID NG: 9 and (it} a VL
comprising the sequence of SEQ 1D NO: 50; or
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{c) (i) a VH comprsing the sequence of SEQ IDNG: Y and 1) a VL
comprising the sequence of SEQ 1D NO: 60.
{0023} Also provided herein is an anti- HLA-G antibody or an antigen-binding fragment
thereof, wherein the antibody or antigen-binding fragment comprises:
{a} (1} a VH compnsing a sequence that is at least 75%, at least 80%, at least
85%, at fcast 90%, at least 93%. at least 98%. or at least 99% identical to SEQ 1D NG:
25; and (1) a VL comprising a sequence that s at least 75%, at lcast 80%, at least
&5%, at least 80%, at least 95%, at least 98%, or at least 999 wdentical to SEQ ID NO:
35;
{b} (1) a VH comprising a sequence that is at least 759, at least 80%, at least
85%, at least 90%, at least 93%, at least 98%, or at least 99% identical to SEQ 1D NO:
9; and {11} a VL comprising a sequence that is at least 75%, at least 809, at least 85%,
at least 90%, at least 95%, at least 98%, or at least 99% identical to SEQ 1D NO: 50;
or
{c) (i) a VH comprising a sequence that is at least 75%, at least 809%, at least
&5%, at lcast 90%, at least 95%, at least 98%, or at least 99% dentical to SEQ 1D NO:
9; and (11} a VL comprising a sequence that is at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at least 98%, or at least 999% wdentical to SEQ 1D NO: 60.
{3024} The disclosure also envisions a pucleic acid molecule encoding the CAR of the
disclosure, to an expression vector, comprising the nucleic acid molecule and to a cell
comprising the CAR of the disclosure or the nucleic acid molecule of the disclosure, or the
expression vector of the disclosure, preferably wherein the cell 1s selected from a group
consisting of a Teell, a CD4+ Teell, a CDE+ Teell, a B cell, aNK ¢ell, a NKT cell, amonocyte

and a dendrsitic coll, preferably the cell being a Teell, a B cell or a NK cell.

3025} The disclosure also concerns a pharmaceutical composition comprising a nucleic acid
molecude, an expression vecior or a cell according to the discloswre and optionally a

pharmaceutically acceptable carder.

{00261 In some aspects, the cell of the disclosure or the pharmaceutical composition of the
disclosure s for use in the treatment of cancer or for use in the treatment of a viral infection.
The cell or pharmaceutical composition for such uses can be adnunistered m combination with

a CAR therapy that does not target HLA-G.

6627} fn one aspect, the pharmaceutical composition comprises a cell comprsing a CAR
specifically binding B2M-associated HLA-G, preferably to both HLA-G1 and HLA-GS.

|94
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[6028] Further provided hercin 1s a method for treating cancer in a subject, comprising
administering to the subject an effective amount of a pharmaceutical composition comprising
a cell comprising a CAR as disclosed herein. In some embodiments, the cell :sa Teell, a B
cell, a NK cell, a NET cell, a monocyte cell or a dendntic cell. In some ermbodiments, the
cancer is HEA-G-expressing cancer. In some embodiments, the cancer is clear cell renal eell
carcinoma, cpithelial ovarian carcinoma, melanoma, kidoey cancer, bladder cancer, breast
cancer, ovanan cancer, ulerine cancer, endometnial cancer, cervical cancer, renal cell cancer,
colorectal cancer, gastric cancer, esophageal cancer, lung cancer, hepatoceliular cancer,
cholangiocarcinoma, neurcblastoma, cancer of the tongue, mouth and pharyex, bronchogenic
cancer, cancet of the larynx, osteosarcoma, prostaie cancer, testicular cancer, gastromtestinal
stromal tumor, pancreatic cancer, kidney cancer, colon cancer, glioma, ghoblastoma
multiforme, medulloblastoma, thyroid cancer, adrenal carcinoma, acute myeloid leukemia,
chronic lymphocytic feukemia, non-small cell hing cancer, multiple mycloma, Hodgkin's
Iymphoma, non-Hodgkin lymphoma, B-cell lymphoma, monocytic lymphoma, marginal zone
lyvmphoma, Butkitt's Iymphoma, T cell lymphoma, B cell lvmphoma, plasmacyvioma,
prohemocytic leakemia, acute non-lvmphoblastic feukemia, acute lymphoblastic leukemia,
cryihroleukemia, myeloid feukemia or lymphoid leukemia.

3029} Also provided herein is a cell comprising an anti-HLA-G CAR as disclosed herein ora

composition as disclosed herein, for use as a medicament.

Brapr DESCRIPTION OF THE DRAWINGS
G036} FIG. | is a schomatic representation of the HLA-G CAR protein.
{3031} FIG. 2 shows humanness of LFTT-1 bumanized variants, by homology (to parent and
human germiine} and by counting backmmutations.
6032} FIG. 3 shows humanness plotted against relative 7U58 score for all LFTT-1 humanized
variants.
[B033] FIG. 4 shows specific eytotoxicity of anti-HLA-G CAR-T cells agamnst multiple chemo
resistant SKOV-3-HLA-G+ cell line.
6634} FIG. SA - FIG. 5C show ex vivo infiltration and activation of antti-HLA-G CAR-T cells

in renal cell carcinoma tissues.

{0035} FIG. 6A - FIG. 6B show the effect of anti-HLA-G CAR-T celis on primary tomor

control and elinunation in an in vive PDX model.

(w2}
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6836} FIG. 7TA-FIG. 7C show specific eytotoxacity of anti-HLA-G CAR-T celis denved from
three donors against LCL-GFP-HLA-G cells.

{30837} FIG. 8A-FIG. 8C show the levels of IFN-y secreted by anti-HLA-G CAR-T cells

derived from three donors.

6638} FIG. 9A-FIG. 9C. show specific eytotoxicity of anti-HELA-G CAR-T cells derived from
three donors agamst LOCL-HLA-G cells with the presence of increasing concentrations of

soluble HLA-G.
DErAiLgp DESCRIPTION

(verview

{0039} The present disclosure relates to a clumeric antigen receptor (CAR) comprising an
extracellular domain, mostly constituted by a humanized antigen binding domain of an anti-
HLA-G specific antibody, optionally a hinge domain comprising or consisting of (i} a human
Ig(34 hinge domain, (1) a human IgG4 hinge domain and a CH3 human IgG4 domain or (i) a
mutated CH2 homan IgG4 domain, a human 1G4 hinge domain and a CH3 human IgG4 hinge
domain, a transmembrane domain, an mitracellular domain that comprises one, two or three co-
stimulatory structures, depending on the generation of the CAR design, optionally a cleavable

hinker and optionally a reporter.

0040} Humanized anti-HLA-G CARs as disclosed herein exhibit reduced immunogenicity m
human patients. In gencrating the humanized anti-HLA-G antibodies whose antigen binding
domains arc used in the CARs disclosed herein, it was necessary to consider both the
humanuess and relative /50 scores for each antibody as there is often a trade-oft between
binding cfficiency and similarity to the human germline. Generally, more human-like designs
lead to poorer binding efficiency as fewer murine residues are preserved in the designs,
increasing the hkelihood that the antibody will lose affinity for s target. More conservative
designs generally lead to better binding efficiency. Provided herein are humanized anti-HLA-
G CARs comprising antigen binding domains with lower relative 750 scores and a greater
degree of humanness for retention of antibody affinity for the target and tolerance by the hwman

iumune systent.

{6041} In some embodiments, the CAR according to the disclosure specifically binds to HLA-

( isoforms associated B2M, preferably selected from HLA-GT and HLA-GS.
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0042} Provided herein i1s a monoclonal antibody or a single chain variable fragment (scFv)
molecule that specifically binds to both HLA-G1 and HLA-GS3. It further relates to a
manoclonal antibody or a single chain variable fragment {scFv} molecule that specifically

binds to HLA-G isoforms associated B2M, preferably HLA-G1 and HLA-GS isoforms.

10043} The disclosure also concers nucleic acid constructs or veciors containing the nucleic
acid construct that can be transduced into a cell, preferably an immune cell such as a T cel,
thereby creating a recombinant immune cell cngineered to express the encoded CAR. Also
provided are cells that are transduced to express the CAR of the disclosure, cell populations,

and pharmaccutical compositions containing the cells expressing CAR

{3044} In some embodiments, an imune effector cell is genetically modified to express an
anti-HLA-G CAR. In some embodiments, genctically modified immune effector cells are
adnunistered to a subject with cancer cells expressing HLA-G mncluding, but not limited to,

solid tumors and hematological malignancies.

{0045} Provided herein are phamaceutical compositions and formulations for administration,
such as for adoptive cell therapy. Also provided are methods for preparing CAR expressing

celis and administering the cells and compositions to subjects, ¢.g., patients,

0046} Techniques for recombinant {(i.¢c, engincered) DNA, peptide and oligonucleotide
synthesis, immunocassays, tissue culture, transformation {(e.g., electroporation, hpofection),
enzymatic reactions, purification and related techniques and procedures may be gencrally
performed as described in vanous general and more specific references in microbiology,
malecular biology, biochemistry, molecular genetics, cell biology., virology and tanunology
as cited and discussed throughout the present specification. See, e.g., Sambrook et al,
Muolecular Cloning: A Laboratory Manual, 3d ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y .; Current Protocols in Molecular Biology (John Wiley and Sons, updated
July 2008); Short Protocols in Molecular Biology: A Compendium of Methods from Cuorrent
Protocols in Molecular Biology, Greene Pub. Associates and Wiley-Interscience; Glover, DNA
Cloning: A Practical Approach, vol. I & IE(IRL Press, Oxford Univ. Press USA, 1985); Current
Protocols in Immunology (Edited by: John E. Coligan, Ada M. Kruisbeek, David H. Margulies,
Ethan M. Shevach, Warren Strober 2001 John Wiley & Sons, NY, NY}; Real-Time PCR:
Current Technology and Applications, Edited by hulie Logan, Kirstin Edwards and Nick
Saunders, 2009, Caister Academic Press, Norfolk, UK. Anand, Techniques for the Analysis of

Complex Genomes, {Academic Press, New York, 1992); Guthrie and Fink, Guide to Yeast
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Genetics and Molecular Biology (Academic Press, New York, 1991); Oligonucleotide
Synthesis (N. Gait, Ed_, 1984); Nucleic Acid The Hybridization (B. Hames & §. Higgins, Eds.,
1985); Transcription and Translation (B. Hames & 8. Higgins, Eds,, 1984); Anumal Cell
Culture (R, Freshney, Ed., 1986); Perbal, A Practical Guide to Molecular Cloning (1984);
Next-Generation Genome Sequencing {Jamtz, 2008 Wiley-VCH); PCR Protocols (Methods in
Molecular Biology) (Park, Ed., 3rd Edition, 2010 Humana Press); Immobilized Cells And
Enzymes (IRL Press, 1986); the treatise, Methods Tn Enzymology (Academic Press, Inc.,
N.Y ), Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987,
Cold Spring Harbor Laboratory), Harlow and Lane, Antibodies, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y ., 1998}, Immunochemical Methods fn Cell And
Molecular Biology (Maver and Walker, eds., Academic Press, London, 1987); Handbook Of
Experimental Immunoclogy, Volumes IV (D, M. Weir andCC Blackwell, eds., 1986); Roatt,
Esseatial Immunology, 6th Edition, (Blackwell Scientific Publications, Oxford, 1988): Cuarrent
Protocols in Immaunology (. E. Coligan, A. M. Kruisbeek, B H. Margulies, E. M. Shevach
and W. Strober, eds., 1991); Annual Review of Immunology; as well as monographs in joumnals

such as Advances in Immumology.

Definitions

13647} Unless defined otherwise, all technical and scientific torms used herein have the same
roeaning as commonly understond by those of ordinary skill in the art to which the disclosure
belongs. Although any methods and materials similar or equivalent to those described herem
can be used in the practice or testing of particular embodiments, preferred embodiments of
compositions, methods and materials are described herein. For the purposes of the present
disclosure, the following temms are defined below. Additional defimtions are sct forth

throughout this disclosure.

[3048] The articles “a,” “an,” and “the” are used herein to refor to one or to more than one (e,
1o at least one, or to one or more} of the grammatical object of the article. By way of example,
“an element” means one element or one or more clements.

[B049] The use of the altcmative {e.g., “or”) should be understood to mean cither one, both, or
any combination thercof of the alternatives.

0038} The term “and/or” should be understood to maean either one, or both of the alternatives.
6051} Throughout this application, the term “abowt”™ is used to indicate that a valoe mechudes

the inherent variation of error for the device or the method being employed to determine the
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value, or the variation that exists among the samples being measured. Unless otherwise stated
or otherwise evident from the context, the term “about” means within 10% above or below the
reported numerical value {except where such number would exceed 100% of a possible value
or go below 0%;). When used in conjunction with a range or series of values, the term “about”
applies to the endpoints of the range or each of the values enumerated in the senies, unless
otherwise indicated. As used in this application, the terms “about” and “approximately”™ are

used as equivalents.

{0052} A numerical range, eg., 1 to 3, about 1 to 3, or about 1 to about 5, refers t¢ each
numerical value encompassed by the range. For cxample, in one non-himiting and mercly
iustrative embodiment, the range 1 to 57 1s equivalent to the expression 1,2, 3,4, 5, 0r 1.0,
15,20,25,30,35 40,45, 0or50;0r1.0, 11,12, 13, 14,13, 1.6 1.7, 18,19, 2.0, 21,
22.23,24,25 26,277,282, 30,31,32,.33,34,35 36,37,38.39, 40,4142,
43,44,45,46,47.48.49,0r50,

B

[B053] As used hercin, the term “substantially” refers to a quantity, level, value, number,
frequency, percentage, dimension, size, amount, weight or length that is 80%, 85%, 90%, 91%,
92%, 939, 94%, 95%, 96%, 97%, 98%, 99% or higher compared to a reference quantity, level,
value, number, frequency, percentage, dimension, size, amount, weight or length. In one
embodiment, “substantially the same™ refers to a quantity, level, value, number, frequency,
percentage, dimension, size, amount, weight or length that produces an effect, g, a
physiological effect, that is approximately the same as a reference quantity, level, value,

number, frequency, percentage, dimension, size, amount, weight or length.

{0034} Reference throughout this specification to “one embodiment,” “an embodiment,” “a
particular embodiment,” “a related embodiment,” “a cerfain embodiment,” “an additional
embodiment,” or “a further embodiment” or combinations thereof means that a particular
feature, structure or characteristic described i connection with the embodiment 15 mcluded n
at least one embodiment. Thus, the appearances of the foregomng phrases in various places
throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suttable manner in one or more emboduments. ¥t is also understood that the positive recitation
of a feature in one embodiment, serves as a basis for excluding the featwre in a particular

embodiment.

16
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HELA-G Antigen

[G055] “HLA-G” refers to human leukocyte antigen G. HLA-G 1s a non-classical HLA class §
malecule that was first identified m chonocarcinoma cells. Unlike classic HLA class 1
molecules, HLA-G 15 characterized by a hmited polymorphism and differs as well by its
expression, structure and functions. Hs expression is mainly restricted to the feto-matemal
terface on the extravilious cytotrophoblast; to placenta, amnion; to a few healthy adult tissues
such as thvows, comea, bronchial epithehal cells, and pancreas; and to different types of cells
such as mesenchymal stem cells, a few activated monocvies, and erythroid and endothehal
precursors. The soluble HLA-G is also found in body flaids such as plasma, cerchrospinal fluid,
malignant ascites, pleural effusions, and sperm. Although the HLA-G gene 1s not active i
some fissues, its expression can be induced by certain molecules such as progesterone or
anticancer drogs. Farthermore, this molecule can also be nec-expressed as well in pathological
conditions such as cancer, multiple sclerosis, inflammatory diseases, and viral infections or
after allograft. Soluble HLA-G (sHLA-G) can be detected in the senm/plasma of individuals.
6036} HLA-G differs from classical HLA class T molecules by s low genetic diversity, a
tissue-restricted expression, the existence of seven isoforms, and immauno-inhibitory functions.
This molecule exerts an imumuno-inhibitory function through direct binding to three inhibitory
receptors: leukoeyie immunoglobulin-like receptor BI (LILRBU/ILT2/CDRS;), LILRB2
(LT4/CD85d) and KIR2DLA4 {or CD1584). For LILRB receptors, the recognition site takes
place through the a3 domain of HLA-G and it is unlikely affected by the peptide. LILRB1 18
expressed by B cells, some T cells, some NK cells, and all monocvtes/dendritic cells, whercas
LILRB2 is myeloid specific and its expression s restricted to monocvies/dendrtic cells.
KIR2DL4 13 a specific receptor for HLA-G, only expressed by the CD56bright subset of NK
cells, LILRB1 and LILRB2 have been shown to bind a wide range of classic HLA molecules
by the o3 domain and the 2M, for which HLA-(G 1s the ligand of highest affinity, whereas for
KIR2DL4, HLA-G is the sole known ligand. In addition, it has been demonstrated that LILRBI
and LILRBZ present higher affinity for HLA-G multimers than monomeric structures. It is
important to bring up the difference between the way LILRBL and LILRBZ bind to their
hgands: LILRBI shows higher affinity for HLA-G heavy chain associated to the f2M, whereas
LILRB2Z shows remarkably distinet MHCE-binding recognition by binding more the o3 domam
than B2ZM, involving the arcmatic amine acids Phe-195 and Tye-197. This explains the f2M
mndependent HLA-G binding of the latier receptor and its higher affinity for f2ZM fiee 1soforms.
{30857} By linking these receptors, HLA-G acts as a down-regulator of the tonume systern for

which some of the fimctions had been described: inhibition of the cytolytic function of utenine

i1
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and peripheral blood NK cells, the anfigen-specific cviolytic function of cviotoxic T
tymphoeytes, the alloproliferative response of CB4+ T cells, the proliferation of T cells and
peripheral blood NK cells, and the maturation and fimction of dendutic cells. Furthermore,
HLA-G can mduce the generation of suppressive cells. But, unhike classic HLA class |
molecules, no stimolatory functions had been reported to date for HLA-G, neither responses
directed against allogeneic HLA-G.

{0038} HLA-G can inhibit all the immune cell subsets; thus, it can block all the stages of the
anti-tumor response. This molecule 18 expressed in many types of primary tumors, metastases
and malignant ¢ffusions, and it can also be found on tumor cells and tumor-infiltrating cells. It
was shown that HLA-G expression by tumor cell lines protects them from destmction by
eviotoxic T lvmphoceytes and NK cells. Thus, the expression of HLA-G by malignant cells may
prevent tumor imimune ehmination by inhibiting the activity of tumor infiltrating NK cytotoxic
T tymphocyvies ({CTL) and antigen presenting cells (APCs).

0039} HLA-G expression is mainly controlled at the transcriptional level bv a wnigque gene
promoter and at the post-transcriptional level by alternative splicing, mRNA stability,
translation and protein transport to the cell surface.

{0068 The primary transcript of HLA-G is altematively spliced resulting in the expression of
seven 1soforms, where four are membrane-bound (HLA-G1, HLA-G2, HLA-G3 and HLA-G4)
and three are soluble (HLA-GS, HLA-G6 and HLA-G7). HLA-GT and HLA-GS present the
typical stracture of a classical HLA class I molecule: a heavy chain constituted of three globular
domains non-covalently bound to B2-microglobulin (f2ZM) and a peptide, while the other
isoforms are shorter, lacking one or two domains of the heavy chain, and should not bind B2M.
{0061} HLA-G1 and HLA-GS5 are considered the most abundant isoforms, probably because
of the fack of antibodies diversity against other isoforms, particularly the lack of antibodies
against B2M free 1soforms.

60621 HLA-GT soform is the complete isoform with af, 02 and 43 domains associated with
f2-microglobulin. The HLA-G2 isoform has no ¢2 domain, while HLA-G3 has no o and o3
domains, and HLA-G4 has no o3 domain. None of the 1soforms HLA-GZ, HLA-G3 and HLA-
(G4 binds P2M. The soluble HLA-GS and HLA-GS6 isoforms contamn the same extra globular
domains than HLA-G1 and HLA-G2, respectively. The HLA-G7 isoform has only the ol
domain linked to two amino acids encoded by intron 2. HLA-GS tscform binds B2M while the
wsoforms HLA-GS and HLA-G7 do not bind B2M.

03863} In addition, HLA-G molecules can form dimers through the creation of disulfide bonds

between two unique cysteine residues at positions 42 {Cysd2-Cys42 bonds) and 147 (Cysd2-
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Cys147 bonds) of the HLA-G heavy chain. The dimerization has an obligue onentation that
exposes the HEA-G receptor binding sites of the o3 domain apwards, making them more
accessible to the receptors. Consequently, HLA-G dimers bind receptors with higher aftinity
and slower dissociation rates than monomers, and signal more efficiently than monomers as
well.

6664} Alternative names are HLA-G histocompatibility antigen class I or & or MHC-G. HLA-
G is descabed m databases under the following accession numbers: Gene [0 3135, UniGene
Hs 512132, This protein 1s disclosed m UniProt under accession number: P17693. The
GenBank entry of the sequence of the protein and mRNA are respectively NP 0021181, and
NM 0021275,

When comparing HLA-G 1soforms sequences, HLA-G1 is gencrally chosen as the canonical
sequence, 1.¢. the sequence of DNA, RNA, or ammo acids that reflects the most frequent
nucleic acid or base or amino acid at each position, which is why database generally refer to
this tsoform sequence under the name “HLA-G”. HLA-G2Z to G7 differ from HLA-GI by
amino acid deletion{s) and/or substitution(s}. HL.A-G buman isoforms are described under the
Uniprot accession number P17693-1 for HLA-GT, P17693-2 for HLA-GZ, P17693-3 for HLA-
(G3, P17693-4 for HLA-G4, P17693-3 for HLA-GS, P17693-6 for HLA-GS, P17693-7 for
HLA-G7.

Antibodies against HLA-G isoferms

[0065] The present disclosure provides an antibody that specifically binds one to six, preferably
two to five HLA-G isoform(s) among the seven HLA-G isoforms, but does not specifically
bind or recognize all the HLA-G isoforms. For instance, the antibody can specifically bind

HLA-G1, and HLA-GS 1soforms.

{3066} For example, the antibody or the antigen binding domain of the CAR according to the
disclosure can recognize HLA-G1 and HLA-GS, if the epitope recognized by the antibody or
antigen binding domain is on the f2M domain of HLA-G or on a domain which 1s specific of
the HLA-G associated with the P2M domain.

{0067} In one aspect, the antibody can specifically bind HLA-G1 and HLA-GS isoforms. Then,
the antibody docs not substantially bind the other HLA-G 1soforms, especially HLA-G2, HLA-
G3, HLA-G4, HLA-G6 and HLA-G7. More specifically, the antibody is specific of the HLA-
(G isoforms associated with $2M. In this context, the antibody does not substantially bind HLA-

G1 and HLA-GS isoforms devoid of f2M.
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[6068] It 1s provided herein a humanized antibody LFTT-1. In particular, humamzed LFTT-1
is a humanized scFv antibody. LFTT-1 is described in W2020043899, which is incorporated
herein by reference in s cntirety. The CDRs of the humanized antibody LETT-1 have the
following sequences, according to Kabat:
{2) Heavy cham CDRI of SEQ 1D NG: 11;
{b) Heavy chamm CDR2 of SEQ ID NG: 13,
{c} Heavy chain CDR3 of SEQ ID NG 15,
{d} Light cham CDRI of SEQ ID NG: 37,
{e) Light chain CDR2 of SEQ 1D NO: 39, and
{H Light chain CDR3 of SEQ 1D NG: 41,
wherein each CDR may optionally comprise 1, 2, 3 or 4 anuno acid substitutions, deletions or
msertions.
6669} Accordingly, the present disclosure relates to anti-HELA-G antibody or antigen binding
fragment thereof that 1s an anti-HLA-G scFv comprising:
{(a) (1) a VH comprising the sequence of SEQ 1D NG: 25; and (i) a VL
comprising the sequence of SEQ ID NO: 35,
(b} (1) a VH comprising the sequence of SEQ ID NO: 9; and (31} a VL
comprising the sequence of SEQ ID NO: 56; or
() () a VH comprising the sequence of SEQ ID NO: 9; and (1) a VL
comprising the sequence of SEQ ID NO: 60,
{6078} Said antibody can be a chimeric, human or humanized. Said antibody can be an antibody
fragment selected from Fab, Fab', Fab'-SH, F(ab" 2, Fv, a diabody, or a single-chain antibody
fragment, compnising muitiple different antibody fragments. Said antibody can be comjugated
or covalently bound to a toxic agent or to a detectable label.
(6071} In some embodiments, the antibody or fragment thereof binds one or several but not all
HLA-G isoform(s) with high affinities of at least about 107 M and preferably at least about
105 M7, 107 ML 100 ML
G072} In some embodiments, the antibody or fragment thereof does not bind or recognize the
al domain of HLA-G isoforms. This means that such antibody or fragment thereof can bind or

recognize HLA-G isoforms lacking of al domain, for example HLA-G isoforms such as
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described in Tronik-Le Roux et al., Molecular Oncology 11 (20173 1561-1578, that contain the
o2 and a3 domains or only the o3 domain. For example, such antibody or fragment thereof can

bind the ¢2, o3 or B2M domain.

{3073} The sequence of the antibody or antibody fragment according to the disclosure may be
used in a method to prepare a CAR or to prepare a phammaceutical composition. Altematively,
the antibody or antibody fragment according to the disclosure may be used to detect HLA-G

isoform{s} in diagnosis tests such as immunoassays.

{6074} Antibodics or antthbody fragments can be wdentified, for exarople, by inununcassays
such as radiormmunoassavs (RIAs), enzyme-linked immunosorbent assavs (ELISAs) and
Surface Plasmon Resonance {SPR) assays or other techniques known to those of skill in the

arf.

6075} Preferably, antibodies (including antibody fragments thereof) that specifically bind to
one or several HLA-G isoform(s} do not sigmficantly cross-react with other antigens (i.¢., is
not detectable in routine umunological assays). An antibody binds specifically to an antigen
when it binds to the antigen with bigher affuuty than to anv cross-reactive autigen as
determined using experimental techniques, such as Western blot (WB), radicimmunoassays

{RIAs) and enzyvme-linked immunosorbent assays (ELISAs), particularly competitive ELISA.

Chimeric Antigen Receptors

8076} In vanous embodiments, genetically engineered receptors that redirect cytotoxicity of
wamune cffector celis toward cancer colls expressing human leukocyie antigen G (HLA-G) are
provided herein. These genetically engineered receptors are referred to herein as chimeric
antigen receptors {({CARs). CARs are artificially constructed hybrid proteins or polypeptides
that combine binding specificity for a desired antigen {e.g., BLA-G) with a T cell receptor-
activating miracellular domain fo generate a chimerie protein that exhibits a specific anti-HLA-
G celhular immuone activity and activate the T cell upon interaction with the target antigen {e.g.,

HLA-G).

[3877] Prototypic single chain CARs were first described n a study by Hshhar and colleagues
i 1993 10 which specific activation and targeting of T cells was mediated through molecules
consisting of a target-antigen-specific antibody domain and the y- or {-signaling subunits of
the Fe epsilon receptor or T-cell receptor CD3 complex, respectively (Eshharet al | 1993, Proc
Natl Acad Sci USA, 90, 720-4). In more recent versions, the binding domain of a CAR typically

consists of an antigen-binding domain of a single-chain antibody {(scFv) or antibody-binding
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fragment {Fab} selected from a library and comprising the light and heavy chain variable
fragments of a monoclonal antibody (Mabs) joined by a flexible linker. The scFv retains the
same specificity and a similar affinity as the full antibody from which it was derived and is
able to specifically bind to the target of interest. CARs thus combine antigen-specificity and T
cell activating properties i a single fusion molecule. Indeed, the scFv is lmked to an
tracellvlar signaling module that includes CD3E o induce T cell activation upon antigen
bindmg. The modular structure bas been extended from first-gencration CARs with only a
CD3¢ signaling domain to second and third generation CARs that link the signaling
endodomains such as CD28, 4-1BB, or (0X40 to CD3L, n an attempt to mimic co-stimulation.
Generally, a spacer or hinge domain serves as a hinker between the endodomains and the scFv.
The corporation of such hinge domain wmproves flexibility, spatial orgamization and/or
proximity but also the expansion of CAR cells (QGin et al, Joumal of Hematology & Oncology.
2017, 10:68) or tumor localization (Watanabe et al. Oncoimmunology. 2016, 5(12):
1253656},

(6078} In some embodiments, CARs disclosed herein comprise an extracellular domain
{comprising a binding domain or antigen-specific binding domain) that binds to HLA-G, a
transmembrane domain, and an intraccliular domain. In some embodiments, a CAR compriscs,
n amino-terminal to carboxyi-termunal order (a) an extracellular domain that binds to HLA-G,
{b) a transmembrane domain, and {¢} an intraceHular domain. Engagement of the anti-HLA-G
antigen binding domain of the CAR with HLA-G on the surface of a target cell delivers an
activation stimulus to the CAR-expressing cell. In some embodiments, engagement of the anti-
HLA-G antigen binding domain of the CAR with HLA-G on the surface of a target cell results

in clustering of the CAR and the subsequent activation of the CAR-expressing cell.

[3879] The main charactenstic of CARs is their ability to exploit the cell specific targeting
abilities of monoclonal antibodies, soluble ligands or cell specific co-receptors by redirecting
immune effector cell specificity, thereby triggering proliferation, cytokine production,
phagocviosis, and/or production of molecules that can mediate cell death of the target antigen
expressing cell in a major histocompatibility (MHC) independent manper. The non-MHC-
restricted antigen recognition gives T cells expressing CARSs the ability to recognize antigen
independent of antigen processing, thus bypassing a major mechanism of tumor escape.
Moreover, when expressed in T-cells, CARs advantageously do not dimerize with endogenous

T cell receptor {TCR) alpha and beta chains.
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Binding Domain

{6080} In some embodiments, CARs comprise an extracellular domain that comprises an
antigen-binding domain that specifically binds to HLA-G (e g., human HLA-G). For example,
the HLA-G may be a human HLA-G polypeptide expressed on a target cell, e.g., a cancer cell.
In some embodiments, a CAR antigen-binding domain 1s an anti-HLA-Q antibody or antigen-
binding fragment thereof As used herein, the ferms, “binding domain,” “antigen-binding
domain,” “extracetlular domain,” “extracellular binding domain,” “astigen-specific binding
domain,” and “extraccliular antigen specific binding domain,” are used interchangeably and
provide a CAR with the ability to specifically bind to the target antigen of interest, e.g., HLA-
. The binding domain may be derived erther from a natural, synthetic, semi-synthetic, or

recombinant source.

6881} The terms “specific binding affinity” or “specifically binds” or “specifically bound™ or
“specitic binding” or “specifically targets” as used herein, describe binding of an anti-HLA-G
antibody or antigen binding fragment thereof {or a CAR comprising the same) to HLA-G at
greater binding affinity than background binding. A binding domain (or a CAR comprising a
binding domam or a fusion protein containing a binding domain} “specifically binds” to an
HLA-G polypeptide if it binds to or associates with HLA-G with an affinity or Ks (e, an
equilibrium association constant of a particular binding interaction with units of 1/M) of, for
example, greater than or equal to about 10° M. In certain embodiments, a binding domain {or
a fusion protein thereof) binds to a target with a Ka greater than or equal to about 10° M, 107
ML, 108 M, 10° MYL 100 ML 108 ML 10%2 ML or 10% ML “High affinity” binding
domains {or single chain fusion proteins thereof) refers to those binding domains with a Ka of
at least 107 ML, at least 10° MY, at least 10° M, at least 101 MU at least 10" M, at feast

101 M7, at least 101° ML, or greater.

3082} Alternatively, affinity may be defined as an equilibrium dissociation constant (Ka) of a
particular binding interaction with units of M (e.g, 107 M to 10" M, or less). Affinities of
binding domain polvpeptides and CAR proteins according to the present disclosure can be
readily determined using conventional techniques, e.g., by competitive ELISA (enzyme-linked
immunosorbent assay), or by binding association, or displacement assays using labeled ligands,
ot using a surface-plasmon resonance device such as the BIACORE® T100, which is available
from Biacore, Inc., Piscataway, NI, or optical biosensor technology such as the EPIC system

or EnSpire that are available from Coming and Perkin Elmer respectively {see also, e.g.,
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Scatchard er o/ {1949} Ann. NY. Acad. S 51:660; and US. Patent Nos. 5,283,173,

5,468,614, or the equivalent).

[3083] In some embodiments, the extracellular binding domain of a CAR comprises an
antibody or antigen binding fragment thereof. An “antibody” refers to a binding agent that isa
polypeptide comprising at least a light chain or heavy chain mmunoglobulin variable region
which specifically recognizes and binds an cpitope of an antigen, such as a peptide, lipid,
polysaccharide, or nucleic acid containing an antigenic determunant, such as those recogmzed
by an mmmaone cell. The term also includes genetically engineered forms such as chimeric
antibodies (for example, humanized murine antibodies), heteroconjugate antibodies {such as,
bispecific antibodies) and antigen binding fragments thereof. See also, Pierce Catalog and
Handbook, 1994-1995 (Pierce Chemical Co., Rockford, IL); Kuby, I, Immunclogy, 3« Ed,,
W. H. Freeman & Co., New York, 1997

[0084] An “antigen (Ag)” refers to a compound, composition, or substance that can stimulate
the production of antibodies or a T cell response in an animal, including composttions (such as
one that includes a cancer-specitfic protein) that are injected or absorbed mto an amimal. An
antigen reacts with the products of specific humoral or ccllular mmumity, includiog those
mduced by heterologous antigens, such as the disclosed antigens. In some embodiments, the

target antigen is an epitope of an HLA-G palypeptide.

6083} An “epitope” or “antigenic deternunant” refers to the region of an antigen to which a
binding agent binds. Epitopes can be formed both from contiguous amino acids or
noncontiguous aming acids juxtaposed by tertiary folding of a protein. Epitopes formed from
contiguous anmino acids are typically retained on exposure to denaturing solvents whereas
epitopes formed by tertiary folding are typically lost on treatment with denatunng solvents, An
epitope typically mchides at least 3, and more usually, at feast 5, about 9, or about 8-10 amino

acids in a umique spatial conformation

6086} A “monoclonal antibody™ is an antibody produced by a single clone of B lymphocytes
or by a cell inte which the light and heavy chain genes of a single antibody have been
transfocted. Monoclonal antibodies are produced by methods known to those of skill in the art,
for instance by making hybnid antibody-forming cells from a fusion of myveloma cells with

wnmune spleen cells. Monoclonal antibodies melude humanized monoclonal antibodies.

{60871 A “chumeric antibody” has framework residues from one species, such as haman, and

CDRs (which generally confer antigen binding} from another species, such as a mouse. In some
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embodiments, a CAR comprises antigen-specific binding domain that is a chumeric antibody

or antigen binding fragment thereof.

[3088] In some emboduments, the antibody 15 a buman antibody {such as a human monoclonal
antibody} or fragment thereof that specifically binds to a haman HEA-G polyvpeptide. Human
antibodies can be constructed by combining Fv clone variable domain sequence{s) selected
from buman-derived phage display or yeast display hbrarics with known human counstant
domain sequences(s) as described above. Alternatively, human monoclonal antibodies may be
made by the hybridoma method. Human myeloma and mouse-haman heteromyeloma cell lines
for the production of human monoclonal antibodies have been described, for example, by
Kozbor J Immunci., 133: 3001 (1984} Brodeur er al., Monoclonal Antibodyv Production
Technigues and Applications, pp. 51-63 (Marcel Dekder, Inc., New York, 1987); and Boerner
et al., J Immunol | 147 86 (1991} In addition, transgenic animals {e.g., mice) can be used to
produce 3 full repertoire of human antitbodies in the absence of endogenous immunoglobulm
production. See, e.g., Jakobowits ef al, PNAS USA, 90: 2551 (1993}, Jakobovits ef al., Nature,
362: 255 {1993}, Bruggermann ef of., Year in Immunol., 7. 33 (1993). Gene shuffling can also
be used to derive human anttbodies from non-human, e.g., rodent antibodies, where the human
anttbody has similar affuutics and specificities to the starting non-human anttbody. {(See WO
93/06213). Unlike traditional humanization of non-human antibodies by CDR grafting, this
technigue provides completely human antibodies, which have no FR or CDR residues of non-

human ongin

{0083} In one embodiment, a CAR comprises a “humanized” antibody. A humanized antibody
is an mmunoglobulin mcluding a human framework region and one or more CDRs from a
non-human {for example a mouse, rat, or synthetic) vwnunoglobulin, The non-human
mmunoglobulin providing the CDRs is termed a “donor,” and the human immunoglobulin
providing the framework is termed an “acceptor.” In one embodiment, all the CBRs are from
the donor mumunoglobulin 1o a bumanized mununoglobulin. Constant regions need not be
present, but if they are, they must be substantially identical to human immunoglobulin constant
regions, /.e., at least about 83-90%, such as about 95% or more identical. Hence, all parts of a
bumanized immunoglobulin, except possibly the CDRs, are substantially identical to
corresponding parts of natural human ioununoglobulin sequences. Humanized or other
monoclonal antibodies can have additional conservative amino acid substitutions, which have

substantially no effect on antigen binding or other immuonoglobulin fanctions. Humanized
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antibodies can be constructed by means of genetic engineering (see for example, U.S. Patent

No. 5,585,089},

[30896] In some embodiments, a CAR comprises one or more humanized framework regions
{(FRs}. In some embodiments, an anti-HLA-G CAR comprises a heavy chamn variable region
comprising one, two, three, or four heavy chain FRs that have been humanized. In some
embodiments, an anti-HLA-G CAR comprises a heavy chain vanable region comprising, m
order from N-terminus to C-terminus: a humanized heavy cham FR1 as set forth in SEQ ID
NG: 10 or at least 80, 853, 90 or 95% of identity with SEQ 1D NO: 10; 3 CDR1 as set forth
SEQ 1D NO: 11; a humanized heavy chain FRZ as sot forth in one of SEQ 1D NOs: 12 and 26
or at least 80, 85, 90 or 93% of identity with SEQ ID NG 12 or 26; a UDR2 as set forth in SEQ
1D NO: 13, a humanized heavy chain FR3 as set forth in SEQ ID NO: 14 or at least 80, 83, 90
or 93% of identity with SEQ 1D NO: 14; a CDR3 as set forth in SEQ ID NO: 15; and a
humanized heavy chain FR4 as set forth in SEQ ID NO: 16 or at least 80, 85, 90 or 95% of
identity with SEQ ID NO: 16, In some embodiments, an anti-HLA-G CAR comprises a light
chain variable region comprising one, two, three, or four light chain FRs that have been
humanized. In some embodiments, an anti-HLA-G CAR comprises a light chain variable
region comprising, in order from N-ternunus to C-ternunus: a humanized light chain FRI ag
set forth in SEQ ID NG: 36 or at least 80, 85, 90 or 953% of identity with SEQ 1D NG: 36 a
CDR1 as set forth in SEQ 13 NO: 37, a2 humanized light chain FRZ as set forth 1n SEQ 1D NO:
3% or at least 80, 85, 90 or 95% of wdentity with SEQ 1D NO: 38; a CDRZ as set forth in SEQ
ID NO: 39; a humanized light cham FR3 as set forth in one of SEQ 1D NOs: 40 and 51 or at
least 80, 85, 90 or 95% of identity with SEQ ID NO: 40 or 51; 3 UDR3 ag sct forth in SEQ ID
NG: 41; and a humanized light cham FR4 as set forth in SEQ 1D NO: 42 or at least 80, 85, 90
or 95% of identity with SEQ 1D NG: 42,

3091} Antigen binding fragments include Camel Ig, Ig NAR, Fab fragments, Fab' fragments,
Ftab'y fragments, bispecific Fab dimers (Fab2), trispecific Fab trimners (Fab3), Fv, single chain
Fv proteins ("seFv™), bis-scFv, (scFv)h, mintbodies, diabodies, triabodies, tetrabodies, disulfide
stabilized Fv proteins ("dsFv7”}, and single-domain antibody (sdAb, Nanobody} and portions
of full length antibodies responsible for antigen binding. An “isolated antibody or antigen
bindmg fragment thercof” ts one which has been identified and separated and/or recovered

from a component of its natural environment.

16892} As would be understood by the skilled person and as described elsewhere herein, a

complete antibody comprises two heavy chains and two hight chams. Fach beavy chain consists
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of a variable region and a first, second, and third constant region, while each hight chain consists
of a variable region and a constant region. Mammalian heavy chains are classified as o, &, &, v,
and p. Mammalian light chains are classified as A or «. Immumoglobulins comprsing the
o, 8. &, v, and p heavy chains are classified as immunoglobulin (Ig)A, leD, IgE, InG, and IgM.
The complete antibody forms a “Y” shape. The stem of the Y consists of the second and third
constant regions (and for IgF and IgM, the fourth constant region) of two heavy chains bound
together and disulfide bonds (inter-chain} are formed m the hinge. Heavy chams v, o and 8
have a constant region composed of three tandem (in a line} Ig domains, and a hinge region for
added flexibility, heavy chains p and £ have a constant region composed of four
mmmunoglobulin domains. The second and third constant regions are referred to as “CH2
domain” and “CH3 domain”, respectively. Each arm of the Y includes the variable region and
first constant region of a single heavy chain bound to the vanable and constant regions of g
single light chain. The variable regions of the Tight and heavy chams are responsible for antigen
binding.

6093} Light and heavy chain variable regions contain a “framework” region uderrupted by
three hypervariable regions, also called “complementarity-determining regions” or “CDRs.”
The CDRs can be defined or identified by conventional methods, such as by sequence
accordimg to Kabatef ol (Wu, TT and Kabat, E. A, J Fxp Med 132(23:211-50, (1970); Borden,
P.and Kabat E. A, PNAS, 84: 2440-2443 (1987); (sce, Kabat ef al., Sequerices of Proteins of
Immunological Interest, U8, Department of Health and Human Services, 1991, which is
hereby incorporated by reference}, or by structure according to Chothia ef af (Chothia, C. and
Lesk, A M., .J Mol Biol, 196(4): 901-917 (1987), Chothia, C. ef af, Nature, 342: 877 - 883
{1959)).

0094} The sequences of the framework regions of different light or heavy chains are relatively
conserved within a species, such as humans. The framework region of an antibody, that is the
combined framework regions of the constituent light and heavy chaing, serves to position and
align the CDRs in three-dirmensional space. The CDRs are primarily responsible for binding to
an cpitope of an antigen. The CDRs of cach chain are typically referred to as CDR1Y, CDRZ,
and CDR3, numbered sequentially starting from the N-termunus, and are also typically
identified by the chain in which the particular CDR is located. Thus, the CDRs located in the
variable domain of the heavy chain of the antibody are referred to as HCDRI, HCDR2, and
HCDR3, whereas the CDRs located in the varniable domain of the light chain of the antibody
are referred to as LCDR1Y, LCBRZ, and LCDR3. Antibodies with different specificities (J.e.,
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different combining sites for different antigens) have different CDRs. Although it is the CDRs
that vary from antibody to antibody, only a limited number of aming acid positions within the
CDRs are duectly involved in antigen binding. These positions within the CDRs are called
specificity determining residues (SDRs). THustrative examples of light chain CDRs that are
suttable for constructing anti-HLA-G CARs contemplated in some embodiments include, but
are not fimited to, the CDR sequences set forth n SEQ 1D NOs: 37, 39, and 41, HHustrative
cxamopies of heavy chain CDRs that are suttable for constructing anti-HLA-G CARs
contemplated in some embodiments include, but are not limited to the UDR sequences set forth

in SEQID NOs: 11, 13, and 15,

3095} References to “Vr™ or “VH” refer to the varnable region of an immunoglobulin heavy
chatn, including that of an antibody, Fv, scFv, dsFv, Fab, or other antibody fragment as
contemplated herein. tlustrative examples of heavy chain variable regions that are suitable for
constructing anti-HELA-G CARs contemplated in some cmbodiments nclude, but are not

himited to, the heavy chain vanable region sequences set forth m SEQ ID NGs: 8 and 25.

6896} References to “Vi” or “VL” refer to the variable region of an immunoglobulin fight
chain, including that of an antibody, Fv, scFv, dsFv, Fab, or other antibody fragment as
contemplated herein. Hustrative examples of light chain vanable regions that are suitable for
constructing anti-HLA-G CARs contemplated in some cmbodiments include, but are not

fimited to, the light chain variable region sequences set forth 1o SEQ 1D NOs:35, 50, and 60.

{6097} In some embodiments, an anti-HLA-G antibody or antigen binding fragment thereof,
includes but is not limited to a Camel Ig (a camelid antibody (VHH)), Fab fragments, Fab'
fragments, Flab)y?2 fragments, F(ab)'3 fragments, Fv, single chain Fv antibody (MscFv”), bis-
scFv, (scFv)2, minibody, diabody, triabody, tetrabody, disulfide stabilized Fv protein ("dsFv™),
single-domain antibody {sdAb, Nanobody} and a shark antibody domain.

{0098} “Camel Ig” or “camehd VHH” as used herein refers to the smallest known antigen-
binding unit of a heavy chain antibody (Koch-Nolte, ef af, FASEB J., 21: 3490-3498 (2007}).
A “heavy chamn anttbody™ or a “camelid antibody” refers to an antibody that contains two VH
domains and no light chains (Riechmann L. er o/, J. Immunol. Methods 231:25-38 (1999},
W084/04678, W94/25591; 1.8, Patent No. 6,005,079}, In some embodiments, an antigen-
binding domain i3 a camelid nanobody.

(6099} Papain digestion of antibodies produces two identical antigen-binding fragments, called

“Fab” fragments, each with a single antigen-binding site, and a residual “Fo” fragment, whose
2 . £ s £
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name reflects its ability to crystallize readily. Pepsin treatment vields an F(ab")2 fragment that

has two antigen-combining sites and is stifl capable of cross-linking antigen.

[B0166] “Fv” is the minimum antibody fragment which contains a complete antigen-binding
site. In one embodiment, a two-chain Fv species consists of a dimer of one heavy- and one
light-chain variable domam in tight, non-covalent association. fn a single-chain Fv {scFv)
species, one heavy- and one light-chain variable domain can be covalently linked by a flexible
peptide linker such that the light and heavy chaing can associate in a “dimeric” structure
amalogous to that i a two-chain Fv species. It is in this configuration that the three
hypervariable regions {HVRs) of each variable domain interact to define an antigen-binding
stie on the surface of the VH-VL dimer. Collectively, the six HVRs confer antigen-binding
specificity to the amtibody. However, even a single variable domain {or half of an Fv
comprising only three HVRs specific for an antigen) has the ability to recognize and bind

antigen, although at a lower affinity than the entire bindmg site,

[60101] The Fab fragment contans the heavy- and hght-chain variable domains and also
contains the constant domain of the light chain and the first constant domamm (CH1) of the
beavy chain. Fab’ fragments differ from Fab fragments by the addition of a few residues at the
carboxy terminus of the heavy chain CHI domam including one or more cvsteines from the
antibody hinge region. Fab'-SH is the designation herein for Fab' in which the cysteine
residue(s) of the constant domamns bear a free thiol group. F(ab')2 antibody fragments onginally
were produced as pairs of Fab' fragments which have hinge cysteines between them. Other
chemical couplings of antibody fragments are also known. Bispecific Fab dimers (Fab2} have
two Fab' fragments. each binding a different antigen. Trispecific Fab trimers (Fab3) have three

Fab' fragments, each binding a different antigen.

{00102} The term “diabodies” refers to antibody fragments with two antigen-binding sites,
which fragments comprise a heavy-chain varnable domain (VH) connected to a lighi-cham
variable dorain (VL) i the same polypeptide chain (VH-VL}. By using a linker that is too
short to allow pairing 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 may be bivalent or bispecific. Diabodies are described more fully in, for example,
EP 404,007, WO 1993/01161; Hudson ef al., Nar. Med. 9:129-134 (2003); and Hollingerer /.,
PNAS USA 90: 6444-6448 (1993). Triabodies and tetrabodies are also described in Hadson ef
al., Nar. Med. 9:129-134 (2003).
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(00183} “Single domain antibody” or “sdAb” or “nanobody” refers fo an antibody fragment
that consists of the variable region of an antibody heavy chain (VH domain} or the variable
region of an antibody light chain (VL domain) (Holt, L., er af, Trends in Biotechnology, 211 1)

484-490).

00104} “Single-chain Fv'” or “scFv” antibody fragments comprise the VH and VL domains of
antibody, wherein these domains are present in a single polypeptide chain and in cither
orientation {e.g., VL-VH or VH-VL). Generally, the scFv polypeptide further comprises a
polypeptide linker between the VH and VL domains which enables the scFv to form the desired
structure for antigen binding. For a review of scFv, see, e.g., Pluckthiin, 1o The Pharmacology
of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-Verlag, New York,

1994), pp. 269-315.

[68105] fn some emboduuents, the anti-HLA-G antigen binding fragment is a scFv. [o some
embodiments, the scFv is a murine, human or humanized scFv. Single chamn antibodies may
be cloned form the V region genes of 3 hybridoma specific for a desired target. The production
of such hybridomas has become routine. A technique which can be used for cloning the vartable
region heavy chamn (Vi) and vanable region hight chain (V) has been described, for example,
n Orlandi ef gl PNAS, 1989; 86: 3833-3837,

{38106} In some embodiments, a CAR antigen-binding domain comprises a heavy chain
variable (VH) region comprising the HCDRI, HCDR2 and HCDR3 and a light chain variable
(VL) region comprising the LCDRY, LCDR2 and LCDR3 of an anti-HLA-G antibody. In some
embodiments, an anti-HLA-G antibody or antigen binding fragment thereof comprises a
variable heavy chain sequence comprising a HCDR1I sequence set forth in SEQ IDNG: 11, a
HCDR2 sequence set forth in SEQ 1D NOG: 13, and a HCDR3 sequence set forth in SEQ ID
NG: 15, In some embodiments, an anti-HLA-G antibody or antigen binding fragment thereof
comprises a variable light chain sequence comprising a LUDR1 sequence set forth in SEQ ID
NQO: 37, a LCDR2 sequence set forth in SEQ 1D NO: 39, and a LCDR3 sequence set forth in
SEQ 1D NO: 41, In some embodiments, the anti-HLA-G antibody or antigen binding fragment
thereof comprises a variable heavy chain sequence as set forth w any one of SEQ 1D NQGs: 9
and 25 and/or a variable light chain sequence as set forth in any one of SE(Q} ID NOs: 35, 50
and 60.

{38167 In some embodiments, HLA-G-binding domains may comprise an antibody mimetic.

The term “antibody mimetic” can describe an organic compound that specifically binds a target
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sequence and has a structore distinet from a naturally-occurring antibody. Antibody mimetics
may comprise a protein, a nucleic acid, or 3 small molecule. The target sequence to which an
anttbody mimetic specifically binds may be HLA-G. Antibody mimetics may provide superior
properties over antibodies inclading, but not himted to, superior solubility, tissue penctration,
stability towards heat and enzymes {c.g., resistance to enzymatic degradation), and lower
production costs. Exemplary antibody mumetics include. but are not limited to, an affibody, an
afflilin, an affuver, an affitin, an alpbabaody. an asticalin, and an avimer {(also known as avidity
multimer), a DARpin® (Designed Ankyrin Repeat Protein), a Fynomer, a Kunitz domain

peptide, and a monobody.

Linkers

{00108} In certain embodiments, anti-HLA-G CARs comprise linker residues between the
vartous domains, e.g., added for appropriate spacing and conformation of the molecule. In
some embodiments, CARs comprise one, two, three, four, or five or more linkers. In
particular some, the length of a linker 15 about 1 to about 25 amino acids, about § to about 20
amino acids, or about 10 to about 20 amine acids, or any intervening length of amino acids.
In some embodiments, the linkeris 1,2, 3,4, 5.6, 7, 8,9, 10, 11, 12, 13, i4, 13, 16, 17, 18,

19, 20, 21, 22, 23, 24, 25, or more aming acids long.

[60169] Hlustrative oxamples of linkers include glycine polymers (Gl glycine-serine
polymers {(Gis815he, where n is an integer of at least one, two, three, four, or five; glycine-
alamine polymers: alanine-serine polymers; and other flexible linkers known in the art.
Glyeine and glycine-serine polymers are relatively unstructured, and therefore may be able
1o serve as a neutral tether between domains of fusion proteins such as the CARs described
herein. Glycine accesses significantly more phi-psi space than even alanine, and is much less
restricted than residucs with longer side chains {see Scheraga, Rev. Computational Chem.
11173-142 (1992)). The ordinarily skilled artisan will recognize that design of a CAR 10 some
embodiments can mclude linkers that are all or partially flesible, such that the linker can
include a flexible linker as well as one or more portions that confer less flexible structure to
provide fora desired CAR structure. In some embodiments, a linker that Hinks the heavy chain

variable region and light chain variable region comprises the scquence of SEQ ID NO: 70
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[66119] In some embodiments, the CAR according to the disclosure comprises a cleavable
hinker. The cleavable linker may be a peptide, a polypeptide or a part of a polypeptide, which
ts cleaved after the generation of the protein or polypeptide, particularly, afier the translation

of the CAR according to the disclosure,

[66111] Particularly, the cleavable linker is a scif~cleavable, self-cleaving, self-cleavage

peptide or linker, these terus being used mierchangeably herein.

[86112] In onc embodiment, the cleavable linker comprises a 2A peptide. “2A7 or “2A-like”
sequences are part of a large famiy of peptides that can cause peptide bond-skipping.
Particularly, the mechanism of 2A-mediated “self-cleavage”™ was recently discovered to be
ribosome skipping the formation of a glycvi-prolyl peptide bond at the C-terminus of the ZA
peptide. The ZA-peptide-mediated cleavage commences afier the transiation. Successful
skipping and recommencement of translation results mn two “cleaved” proteins: the protemn
upstream of the 2A is attached to the complete 2A peptide except for the C-ternmunal prohine,
and the protein downstream of the 2 A is attached to one proline at the N-terminus. Saccessful
skipping but ribosome fall-off and discontinued transiation resolts in only the protein
upstream of 2A. Scveral 2A peptides have been identified in picomavituses, msect viruses

and type C rotaviruses.

{60113} Examples of cleavable linker according to the disclosure include, but are not limited
10, porcine teschovirus-1 2A (P2A), FMDV 24 (F2A); equine rhunitis A virus (ERAV) 2A
{E2A}; and Thosea asigna virus 2A {T2A), cytoplastnuc polyhedrosis viras 2ZA (BmCPV2A)
and flacherie Virus 2A {(BodFV2A), or a combination thereof, for example such as deseribed

n Kim et al (2011) PLo8S ONE 6(4): ¢l8556 and 10 Lau ot al {2017} Sci Rep. 2017, 7: 2193,

{83114 Preferably, the cleavable linker is P2ZA which comprises or consists of the sequence
set forth in SEQ 1D NG: 75 or a sequence having at least 80, 85, 90 or 93% of identity

therewith.

{861 15] In onc embodiment, the N-terminus of the cleavable finker is operably linked to the
C-terounus of the CAR endodomain and/or the C-terminus of the cleavable linker is operably

linked to the N-ternminus of a reporter.

Signal peptide

[60116] In some embodiments, the extracellular domain of an anti-HLA-G CAR comprises a

signal peptide. In some embodiments, the signal peptide comprises a sequence encoding a

human CD2, CD34, CD3g, CD3y, CD3L, CD4, CD8a, CDI9, CD2E, CD37, D45, 4-1BB,
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GM-CSFR, IL-2, CD33, Homan IgKVHL Human 1gG2 H, Chymotrvpsinogen, frypsinogen-2,
HSA, Insulin or tPA signal peptide. In some embodiments, a signal peptide of an anti-HLA-G

CAR comprses the sequence of SEQ D NO: 69,

Spacer domain

[66117] fn some cmbodiments, the extracellular domain of an anti-HLA-G CAR comprises
one or more “spacer domains,” which refers to the region that moves the antigen binding
domain away from the effector cell surface to enable proper cell/cell contact, antigen binding
and activation (Patel er al., Gene Therapy, 1999; 6: 412-419). In some embodiments, a CAR
comprises a spacer domain between an antigen-binding domain and a transmembrane (TM)
domain. The spacer domain may be derived either from a natural, synthetic, semi-synthetic, or
recombinant source. In cerfain embodiments, a spacer domain is a portion of an
immunoglobuling including, but not limited to, one or more heavy chain constant regiouns, e.g.,
CH2 and CH3. The spacer domain can include the amino acid sequence of a naturally occurring
immunoglobulin hinge region or an altered immunoglobulin hinge region. In one embodiment,

the spacer domain comprises the CH2 and CH3 of IgGl, I3G4, or IgD.

Hinge domain

{60118} In some crobodiments, the extraccllular domam of an anti-HLA-G CAR comprises
one or more “hinge domains,” which play a role in positioning the antigen binding domam
away from the effector cell surface o enable proper cell/cell contact, antigen binding and
activation. An anti-HLA-G CAR generally comprises one or more hinge domains between the
antigen-binding domain and the transmembrane (TM) domain. The hinge domain may be
derived euther from a natural, synthetic, semi-synthetic, or recombinant source. The hinge
domain can inchude the amino acid seguence of a naturally occurring immunoglobulin hinge

region or an altered jnununoglobulin binge region.

{00119} In some embodiments, the hinge domain may be derived from or include at least a
portion of an immunoglobulin Fe region, for example, an fgG1 Fe region, an IgG2Z Fc region,
an 1gG3 Feregion, an IgG4 Fo region, an IgE Fe region, an IgM Fo region, oran IgA Fe region.
In certain embodiments, the hinge domain mcludes at least a portion of an IgGl, an Ig(G2, an
io(G3, an 1G4, an IgE, an IgM, or an IgA immunoglobulin Fe region that falls within its CH2
and CH3 domains. In some embodiments, the spacer domain may also include at least a portion
of a corresponding tmmunoglobulin hinge region. In some embodiments, the hinge 1s derived

from or inclades at least a portion of a modified immanoglobulin Fo region, for example, a
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modified IgG1 Fe region, a modified 1gG2 Fe region, a modified IgG3 Fe region, a modified
[gG4 Fo region, a modified IgE Fe region, a modified IgM Fe region, or a modified IgA Fo
region. The modified mmoumoglobulin Fo region may have one or more nutations {e.g., pont
mutations, insertions, deletions, duplications) resulting m one or more amino acid substitutions,
modifications, or deletions that cause impaired binding of the spacer domain to an Fe receptor
{FeR). In some aspects, the modified immunoglobulin Fe region may be designed with one or
more muiations which result in one or more amino acid substitutions, modifications, or
deletions that cause impaired binding of the spacer domain to one or more FeR mcluding, but
not limited to, FovRI, FeyR2A, FeyR2ZBL, FeyR2B2, FoyR3A, FeyR3B, FesRi, FesR2, FeaRi,

Fea/uk, or FcRn.

{30128 Exemplary linges inchude, but are not limited to, a UD8¢ hinge, a D28 hinge,
IeG1/ 1G4 (hinge-Fe part} sequences {in single studies, CD4, CD7, and gD} 19G4 hinge alone,
g4 hinge hnked to CH2 and CH3 domains, or IgG4 hinge linked to the CH3 domam, those
described in Hudecck et al. (2013) Clin. Cancer Res., 19:3153, mternational patent application
publication nomber WO2014031687, U.S. Pat. No. 8,822,647 or published app. No.
US2014/0271635. As hinge domain, the disclosure relates to all or a part of residues 118 to
178 of CD¥8a (GenBank Accession No, NF_001759.3), residues 135 to 195 of (D8 (GenBank
Accession No. AAA3S664), residues 315 to 396 of D4 (GenBank Accession No.
NP_000607.1), or residues 137 to 152 of CD28 {GenBank Accession No. NP _006130.1) can
be used. Also, as the spacer domain, a part of a constant region of an antibody H chain or L
chain (CHI region or CL region} can be used. Further, the spacer domain may be an artificially
synthesized sequence. Pasticudarty, the CAR according to the disclosure comprises a hinge
seiected from CD8a, CD2E, and 1eG1/1gG4 (hinge-Fc part) sequences (in single studies, CD4,
D7, and Ighy). This choice is based on the fact that these sequences are relatively neutral,

flexible, and have been well-characterized structurally.

[66121] Preferably, the hinge domain comprises or consists of (1) CD28 hinge, (it} CDS alpha
hinge, (111} a human 1gG4 hinge domain, (iv) a human 1gG4 hinge domain and a CH3 human
1g(G4 domain or (v} a mutated CH2 human 1gG4 domain, a human IgG4 hinge domain and a
{CH3 human igG4 hinge domain. In one embodiment, the hinge domain compriscs the sequence

of SEQ ID NO: 71, or a sequence having at least 80, 85, 90 or 95% dentity therewith.

{30122} In one embodiment, the hinge domain comprises or consists of {1} a human 1gG4 hinge
domain, (1) a human 1g(G4 hinge domain and a CH3 human 1gG4 domain or (i) a mutated

CH?2 human IgG4 domain, a human IgG4 hinge domain and a CH3 human 1gG4 hinge domain.
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Particularly, the hinge domain sequentially comprises or consists from the N terminus to the C
terminus of (i) a human lgG4 hinge domain and a CH3 human 1G4 domain or (it) a mutated

CH2 buman lgG4 domain, a human 1gG4 hinge domain and a CH3 buman 1gG4 hinge domain.

Transmembrane Domain

[60123] The “wransmembrane {(TM) domain™ or “transmembrane (TM) region” is the portion
of an anti-HLA-G CAR that fuses the extracellular binding portion and intracchular signaling
domain and anchors the CAR to the plasiwa membrane of the vooune effector cell. The T™
domain may be derived either from a natural, svnthetic, semi-synthetic, or recombinant
source. The T™M domain may be derived from (e, comprise at least the transmembrane
regionds} of) the alpha or beta chain of the T-cell receptor, CD2, CD38, CD3e, CD3y, CD3E,
Ch4, CDS, CDRea, CDY, CDis, CDI9, CD22, CD27, CD28, D33, CD37, Ch45, D64,
CDRO, CD8s, CD134, CDI37, CD52, CDi54, 4-1BB, GM-CSFR, PD, or FeRIy and less
frequently CD7, 0X40, and MHC (H2-Kb), the choice depending on the neighboring spacer
and intracellular sequences. Persons of skill are aware of numerous transmembrane regions and
the structural clements (such as lipophilic anmino acid regions) that produce transmembrane
domains in mumerous membrane proteins and therefore can substituie any convenient

SCGUenNCe.

00124} In an embodiment of the disclosure, the transmembrane domain comprises a CD8u
transmembrane domain or a D28 transmembrane domain. In some embodimenis, the D8
and D28 are derived from the human CD8a or CD2Z8 sequences. The CD8a or CD28 may
comprise less than the whole CD8a or D28, respectively. In this regard, in some
embodiments, the CAR comprises a {D28 transmembrane domain comprising, consisting of,
or consisting essentially of SEQ D NO: 72, or a sequence having at least 80, 85, 90 or 95% of

identity therowith.

[60125] Alternatively, the transmembrane domain may be synthetic, in which case 1t will
comprse predominantly hyvdrophobic residues such as leucine and valine. Preferably a triplet
of phenylalaning, tryptophan and valine will be found at cach end of a synthetic transmembrane
domain. A transmembrane domain of the disclosure 1s thermodynamically stable i a
membrane. It may be a single alpha helix, a transmembrane beta barrel, a beta-helix of

gramicidin A, or any other structure.
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[66126] Optionally, a short oligo- or polypeptide linker, preferably between 2 and 10 anuno
acids in length may form the linkage between the transmembrane domain and the intracellolar

signaling domain{s} of the CAR. A glycine-serine doublet may provide a suitable linker.

Intracellular Domuain

[60127] In some embodiments, anti-HLA-G CARs comprise an ntracelivlar domain. An
“mtracclular domain,” refers to the part of a CAR that participates in transducing the message
of effective anti-HLA -G CAR binding to a human HLA-G polypeptide uto the interior of the
mmune effector cell to elicit effector cell function, e.g, activation, cytokine production,
proliferation and cytotoxic activity, inclading the release of cytotoxic factors to the CAR-bound
target cell, or other cellular responses clicited with antigen binding to the extracellolar CAR

domain. The mtracellular domain may comprise one or more signaling domains.,
v E=

[G0128] The torm “effector function™ refers to a specialized function of an immune effector
cell. Effector function of the T cell, for example, may be cytolvtic activity or help or activity
including the secretion of a cytokine. Thus, the term “signaling domaim” refers to the portion
of a protein which transduces the effector function signal and that directs the cell o perform a
specialized function. While usually the entire signaling domain can be emploved, in many cascs
it 1s not necessary to use the entire domain. To the extent that a truncated portion of a signaling
domain 1s used, such truncated portion may be used in place of the entire domaim as long as it
transduces the effector function signal. The term signaling domain is meant to include any
truncated portion of the signaling domain sutficient to transducing effector function signal. in
some embodiments, the signaling domain of a CAR comprises one or more of an intracethdar
signaling portion of haman CD3 zeta, CD28, CD137, TCR zeta, FeR gamma, FeR beta, CD3
gamma, CD3 delta or CD3 epsilon.

[60129] In some cases, signals generated through the TCR alone may be insufficient for full
activation of the effector cell (e.g., T cell} and that a secondary or co-stimualatory signal may
also be required. Thus, effector cell {e.g., T cell) activation can be said to be mediated by two
distinct classes of intracellular signaling domains: signaling domains that mitiate antigen-
dependent primary activation through the TCR (e.g2., a TCR/CD3 complex) and co-stimulatory
domains that act in an antigen-independent manuner to provide a secondary or co-stimulatory
signal. fn some embodiments, a CAR comprises an intracellular domain that comprises one or

more “co-stimlatory domains™ and a “signaling domain.”
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60130 Signaling domains regulate primary activation of the TCR complex etther in a
stimulatory way, or in an inhibitory way. Signaling domains that act in a stimelatory manner
may contamn signaling motifs which are known as imnunoreceptor tyrosine-based activation
motifs or ITAMs. Mustrative examples of ITAM contamning signaling domains that are useful
in particelar embodiments include those derived from FeRy, FeRB, CD3y, CDB38, CD3¢g, CD3L,
CH22, CD79a, CD79b, and CD66d. In some embodiments, an anti-HLA-G CAR comprises a
CD3( signaling domain and one or more co-stimulatory domains. The intracellular signaling
and co-stimulatory domains may be linked in any order in tandem to the carboxyl! terminus of
the transmembrane domain. In some embodiments, the intracelluiar domain comprises a CD3{
signaling domain anuno acid sequence comprising, consisting of, or consisting essenttally of,

the sequence of SEQ TD NG 74

{30131} In some ecmbodiments, CARs comprise one or more co-stinmlatory domatns 0
enhance the cfficacy and expansion of T cells expressing CAR receptors. As used herein, the
term “co-stinnilatory domain”, refers to an mtracellular domain of a co-stimulatory molecule.
Co-stimulatory molecules are cell surface molecoles other than antigen receptors or Fe
receptors that provide a second signal required for efficient activation and function of T
tvraphocytes upon binding to antigen. Hlustrative examples of such co-stimulatory molecules
include TLRI, TLR2, TLR3, TLR4, TLR3, TLR6, TLR7, TLRE, TLRY, TLRIO, CARDIL,
CD2, CO7, CD27, CD28, CD30, CD40, CD4OLG {CD40L), D34 (ICAM), CDB3, Ch134
{0X40), CD137 (4-1BB), CD278 (ACOS), DAPIO, DAP-12, ITGB2 (LFA-1), LAT, MyD2g,
NKD2C (KLRC23, SLP76, TNFRSIE (GITR), TNFRSFI14 (HVEM), TRIM, and ZAP70. In
one embodiment, 3 CAR comprises one or more co-stimalatory domains selected from CD28

and CD137, and a CD3{ signaling domain.

{38132 In some embodiments, the intracellolar domain comprises one or more co-stimulatory
domains selected from CD2E and 4-1BB. Signaling via CD28 s required for IL2 production
and proliferation, but docs not play a prumary role in sustaining T cell function and activity. 4-
iBB (a tumor necrosis factor-receptor family member expressed following CD28 activation)
and OX-40 are involved in driving long-term survival of T cells, and accomulation of T cells.
The ligands for these receptors typically are expressed on professional antigen presenting colls

such as dendritic cells and activated macrophages, but not on tumor cells.

{30133} In some embodiments, the intraceliular domain of a CAR comprises a CDB28 co-
stimulatory domain and a CD3( signaling domain. In some embodiments, the intracehular

domain of a CAR comprises a 4-1BB co-stunulatory domain and a CD3 signaling domain.
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In some embodiments, the CD28, 4-1BB, and CD3{ domains are human. In some
embodmments, expressing a CAR that incorporates D28 and/or 4-1BE signaling domains in
D47 T cells enhances the activity and anti-tumor potency of thase cells compared to those
expressing a CAR that contains only the CD3Z signaling domam. In some embodiments, the

anti-HLA-G CARs contain both CD28 and 4-1BB co-stimulatory domains.

{60134} In some embodiments, the intracellular domaim comprises a CD28 sequence
comprising, consisting of, or consisting essentially of, SEQ ID NG: 72. In some embodiments,
the intracelivlar domain comprises a 4-1BB sequence comprising, consisting of, or consisting
essentially of, SEQ 1D NO: 73 In some embodiments, the intracellular domain comprises a
D28 co-stimulatory domamn and a CD3{ signaling domain, wherein the CD28 sequence
comprises, consists of, or consists essentially of, SEQ ID NO: 72 and wherein the D3
sequence comprises, consists of, or congsists essentially of, SEQ 1D NGO 74 In some
embodiments, the mtracellular domain comprises a 4-1BB co-stunulatory domain and a CD3{
signaling domain, wherein the 4-1BB sequence comprises, consists of, or consists essentially
of, SEQ ID NG 73, and wherein the CD3( sequence comprises, consists of, or consists
essentially of, SEQ 1D NO: 74

{30135 The third generation of CARs is based on combining fwo or more costimulatory
sequences {such as 4-1BB-LCD28-CD30}. These receptors secrete a broader range of cytokines
(including TNFn, GM-CSF, and IFNy), are less susceptible to activation~-induced cell death,
and show higher efficacy n tumor chimination in mouse models. One or multiple endodomains
may be employed, as so-called third generation CARs have at least 2 or 3 signahing domains

fused together for additive or synergistic effect, for example.

[00136] The CAR of the disclosure may be a first generation, a second generation, or a third
generation CAR as described hercabove. Preferably, the CAR is a second or third generation
CAR. Even more preferably, the CAR is a third gencration CAR when expressed by a T cell

and a first generation CAR when expressed by a NK or a NKT cell.

Exemplary CAR Constructs

[68137] In some embodiments, the anti-HLA-G CAR constrocts provided herem comprise an
anti-HLA-G binding domain, a hinge domain, a transmembrane domain, and an intracelludar
domain. fn some embodiments, the intracellular domain comprises a signaling domain. In some
cmbodiments, the intracellular domain comprises a signaling domain and a costimulatory

domain. In some embodiments, the anti-HLA-G CAR constructs provided herein comprise, 1
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amino-terminal 1o carboxyl-terminal order, a scFv that specifically binds to human HLA-G, a

spacer, a transmembrane domain, a costimulatory domain and a signaling domain.

{00138} In some embodiments, the anti-HLA-G binding domain comprises an immunoglobulin
VH chain, comprising HCDRI, HCDR2, and HCDR3, and an mmmunoglobulin VL cham
comprising LCDRI, LCDR2, and LCDR3, wherein the HCDRI comprises an amino acid
sequence of SEQ 1D NO: 11; the HCDR2 comprises an amino acid sequence of SEQ 1D NO:
13; and the HCDR3 comprises an amino acid sequence of SEQ ID NO: 15, and wherein the
LCBRI comprises an amino acid sequence of SEQ ID NO: 37; the LCDR2 comprises an amino
acid sequence of SEQ 1D NG: 39; the LCDR3 comprises an amino acid sequence of SEQ ID
NG 41

{36139} In some embodiments, an anti-HLA-G CAR comprises a heavy chain variable region
YH comprising one, two, three, or four heavy chamm framework regions (FRs) that have been
humanized. In some embodiments, an anti-HLA-G CAR comprises a VH comprising, in order
from Neterminus to Cterminus: a humanized heavy chain FR1 as set forth in SEQ 1D NO: 10
or at least 80, 85, 90 or 95% of identity with SEQ 1D NO: 10; a CDRI as set forth in SEQ 1D
NG. 11 a humanized heavy chain FRZ ag set forth in one of SEQ ID NOs: 12 and 26 or atleast
80, 85, 90 or 95% of identity with SEQ ID NG: 12 or 26; a CDR2 as set forth in SEQ ID NG
13; a homanized heavy chain FR3 as set forth in SEQ 1D NG 14 or at least 80, 85, 90 or 95%
of wdentity with SEQ ID NO: 14; a CDR3 as set forth in SEQ 1D NO: 13; and a humanized
heavy chain FR4 as set forth in SEQ ID NO: 16 or at least 80, 85, 90 or 95% of identity with
SEQ ID NQ: 16

{00140 Excmplary humanized VH chains of the anti-HLA-G binding domains described

herein are provided below in Table 1.

Table 1: Nucleotide and amino acid sequences of humanized anti-HLA-G heavy chain
variable domaing

Domain or Region Sequence SEQ ID NG

VHS Heavy chain al b ol

variable domain

(mucleotide) Tt C

ygaatggatgggetgygat ggt

gtgccaacttatgecgacgacatgaceggacggt tgtte
agcottggacacgtcagtgtcaacage gatcagc
tcogetgaaggocgaggacact cgao q
gtcagagacgga [afs]s) t
cgoggaacccta .G

VH3 Heavy chain cagatccagotyg c 2

FRI {(nucleotide) ggagcaagogtyg a
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VHS Heavy chain
CDRI (mucleotide)

ggatacacttte cgggatgtce

VHS5 Heavy chain tgggtecgocaagegoectggtcagggectggaatyggatggge | 4
FR2Z (mucleotide)

VHS Heavy chain 5
CDR2 (nucleotide)

VH35 Heavy chain 6
FR3 (nucleotide)

VHS5 Heavy chain tacoggtacgogatggactac 7
CDPR3 (mucleotide)

VH3 Heavy chain tcgtcactgtetegteg 8
FR4 (mucleotide)

VHS Heavy chain WVRQAPG | §
variable dormain STAYLQILS
{amino acid) MDYWGRGTILVTVES

VHS5 Heavy chain QI QLVQS GEELKKPGASVEVS 10
FR1 (amino acid)

VH3 Heavy chain TETTYGEMS i1
CDRI {(amino acid)

VHS Heavy chain WVRQAPGQGLEWNMG 12
FR2 (amino acid)

VHS Heavy chain WIYTYSGVPTYADDLTG 13
CDR2 (amino acid)

YVH3 Heavy chain REVESLDTSVETAYLCI SSLEARDTATYYCAR 14
FR3 (amingo acid)

VHS5 Heavy chain VRDGYYRYAMDY 15
CDR3 {amino acid)

VHS Heavy chain WERGTLVTVSS 16
FR4 (amino acid)

/H4 Heavy chain 17
variable domain 999 ta cact
(ucleotide) igoc

acctactoggye
agq\joo acgotceg f*accm:fur gtcc

VH4 Heavy chain qu atccaactggtgoaatecys 18
FRI (mucleotide)

VH4 Heavy chain 19
CDR1 (nucleotide)

VH4 Heavy chain tgggtoaggeaggccccygggtecagggoctgaagbggatgggy | 20
FR2 (nuclcotide)

VH4 Heavy chain 21
CDR2Z (mcleotide)

VH4 Heavy chain 22
FR3 (nucleotide}

VH4 Heavy chain 23
CDR3 (nocleotide)

VH4 Heavy chain tggggaagaggaacgcetegtgacegtgtaeg 24

FR4 {(nucleotide)
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VH4 Heavy chain \‘igL VQSGSELKKPGASY K\'%LKAQC i'l
variable domain 5 SWIYTYSGVET ] g 2
{aming acid) ATYYCARVRDGY'Y PYAI\” DYWG RGL L\/TVS 3

ETT YCIVHWVRQAPG 28

VH4 Heavy chain QIQLVGSGSELEKPGASVEVICKAS 10
FR1 (amino acid)

VH4 Heavy chain
CDR1 {(aming acid)

ETTYGEMS 11

VH4 Heavy chain WVRQAPGQGLKWMG 26
FR2 {(amino acid)

VH4 Heavy chain WIYTYSGVPTYADDLTG 13
CDR2Z (amino acid)

VH4 Heavy chain REVEFSLDTSEVSTAYLQISSLKAEDTATYYCAR 14
FR3 (amino acid)

VH4 Heavy chain VRDGYYRYAMDY 15
CDR3 (amino acid)

VH4 Heavy chain WGRETLVIV3S 16

FR4 (amino acid)

In the variable domains, CDR1, CDR2 and CDR3 (from left to night) sequences are underlined.
{30141} In some embodiments, an anti-HEA-G CAR comprises a light chain variable region
comprising one, two, three, or four light chain FRs that have been humanized. In some
emboduments, an anti-HLA-G CAR comprises a light chain varable region comprising, m
order from N-termimus to C-terminns: a humanized light chain FR1 as set forth in SEQ ID NO:
36 or at least 80, 85, 90 or 95% of identity with SEQ 1D NO: 36; a {DR1 as set forth in SEQ
ID NG: 37, a humanized light chain FR2 as set forth im SEQ 1D NG: 38 or at least 80, 85, 90
ot 939 of identity with SEQ 1D NO: 38; a CDR2 as set forth in SEQ 1D NG: 39; a humanized
light chain FR3 as set forth in one of SEQ ID NUs: 40 and 51 or at least 80, 85, 90 or 95% of
identity with SEQ 1D NO: 40 or 51 3 CDR3 as sct forth in SEQ ID NO: 41; and a humanized
light chain FR4 as set forth in SEQ 1D NO: 42 or at least 80, 83, 90 or 95% of identity with
SEQID NO: 42.

{60142} Excmplary humanized VL chains of the anti-HLA-G binding domains described

herein are provided below 1n Table 2

Table 2. Nucleotide and amino acid sequences of humanized anti-HLA-G light chain
variable domaing

Domain or Region Sequmce SEQIB NG
VL3 Light chain 27

variable domain

(mucleotide)

ctaac \,tg(t .
coctagoeogottte

5
ggcac
cggagy av%tpg\aoc Td\
Lptﬁﬂuuaprfthqara,

2
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VLS Light chain FR1 28
{nucleotide) tcggtgggagatcecgggtgactatcacttge
VLS Light chain caaccgetacat 29
CDR1I (mucleotide)
VL3 Light chain FR2 gtatcagcagcagoctggaaaggotactaagetgotg |30
(mucleotide)
VL35 Light chain 31
CDR2 (mucleotide)
VL5 Light chaig FR3 tcaggttccggeacce | 32
(nucleotide) =
/L5 Light chain 33
CDR3 (nucleotide)
VL5 Light chain FR4 34
(ucleotide)
VLS Light chain DIOMTQSEPSELEVSVGDRVTITC 35
variable domain PGKAPKLLIE TLOSGVPSRESGSGSGTDETETISSL
(amino acid) Qop DLRTFGOGTKLEIR
VL5 Light chaig FR1 | DTOMTQSPFSSLSVSVGDRVTITC 36
(amine acid)
VLS Light chain KASQDINRYIA 37
CDRI {amino acid)
VL35 Light chain FR2 | WYQQQPGKAPKLLIHE 38
(amino acid}
VL3 Light chain FISTLOS 39
CDR2 {amino acid)
VLS Light chaig FR3 | GVPSREFSGSGSGTDFTEFTISSLEPEDIATYYC 40
{aming acid)
VLA Light chain LOYDIN 41
CDR3 (amino acid)
/L35 Light chain FR4 | FGQGTKLETR 42
{amino acid)
VL4 Light chain ga cagtcace 43
variable domain g cgtgaccattac
(nucleotide) a
ot gyaggacatagey
anc tacggactlticegygy
caago
VL4 Light chain FR1 acatccagatg ctegtecactgteggtateyg | 44
{ucleotide)
VL4 Light chain 45
CDRI (nucleotide)
VL4 Light chain FR2 | tggtatcaacagcagcotggtaaagogeegaagotgectcate | 46
(nucleotide) cac
VL4 Light chain ttecacctecactctacagtea 47
CDR2 (nucleotide)
VL4 Light chain FR3 | ggcg 48
{mucleotide) ttca
acctT
VL4 Light chain ctge 33

CDR3 (nucleotide)
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VL4 Light chain FR4
(nucleotide)

VL4 Light chain
variable domain
(amino acid)

DIOWTQQ?SST?VQVFDRVTTTCKAQQDINRYI%

~VD““TSG3G“

TYYCOL Q

GRDETETI

AYQQQPGK | 50
SLOPEDTA

VL4 Light chain FR1 | DIQMTCSP 36
{amine acid)
VL4 Light chain 37
CDRI (amino acid)
VL4 Light chain FR2 38
{amino acid)
VL4 Light chain 39
CDR2 {amino acid)
VL4 Light chain FR3 | GVPSRFSGSGSGRDFTFTISSLY 51
{amino acid)
VL4 Light chain DLRT 41
CDR3 (amino acid)
VL4 Light chain FR4 | FGQGTRLEIK 42
{amino acid)
VL3 Light chain gacatccagatgs 52
variable domain gtgggega
{(mucleotide) ]

ggcatccc
VL3 Light chain FR1 | g 53
{nucleotide} g
VL3 Light chain € 54

CDR1 (macleotide}

VL3 Light chain FR2
(nucleotide)

tggtatcagcaacay

ceag:

cC

Jaaaggotecaaagots

ctgatt | 55

VL3 Light chain 56
CPR2 (nucleotide)
VL3 Light chain FR3 57
(oucleotide)
VL3 Light chain S8
CDR3 (nucleotide)

/L3 Light chain FR4 | ttcggocagggaactaagetggagateaag 59
(cleotide)
VL3 Light chain 60
variable domain
{amino acid) OPEDIAT:
VL3 Light chain FR1 JIF‘“T“Q\ PSSLSY 36
{amino acid)
VL3 Light chain KASQDINRYTA 37
CDRI (amino acid)
VL3 Light chain FR2 | WYQOQQPGKAPKLLIE 33
{(amino acid)
VL3 Light chain FTSTLOS 39

CDR2 {amino acid)
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VL3 Light chain FR3 | GLIPSRESGIGSGRDFTETISSLOPEDIATYYC 61
{aming acid)

VL3 Light chain LOYDDLRT 41
CDR3 {amino acid)

VL3 Light chain FR4 | FGQGTRLEIK 42
{amine acid)

In the vartable domains, CDRI, CDR2 and CDR3 (from lefi to nght) sequences are underined.
[60143] In some embodiments, the anti-HLA-G binding domain comprises an immunoglobulin
VH chain comprising an amine acid sequence that is at least 75%, at least 80%, at least 5%,
at least 90%, at least 95%, at least 9896, or at least 9996 wdentical to SEQ 1D NO: 25 and an
mmmunoglobulin VL chain comprising an amino acid sequence that is at least 75%, at least
80%, at Icast 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical to SEQ iD
NG: 35, In some embodiments, the anti-HLA-G binding domain comprises an inununoglobulin
VH chain comprising an amino acid sequence that is 100% identical to SEQ ID NO: 25 and an
mmmunoglobulin VL chain comprising an amino acid sequence that 1 100% identical to SEQ
ID NO: 35 In some cmbodiments, the anti-HLA-G binding domain comprises an
mmunoglobulin VH chain consisting of, or consisting essentially of, the amino acid sequence
of SEQ 1D NG: 25 and an mmmunoglobulin VL chain consisting of, or consisting essentially

of, the amino acid sequence of SEQ 1D NG: 35,

60144} In some emboduments, the anti-HLA-G binding domain comprises an inununoglobulm
VH chain comprising an amino acid sequence that 1s at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at feast 98%, or at least 99% identical to SEQ ID NG: 9 and an
immunoglobulin VL chain comprising an amimo acid sequence that is at least 75%, at least
809%, at least 83%, at least 90%, at least 85%, at least 98%, or at least 99% identical to SEQ 1D
NG 530, In some embodiments, the anti-HLA-G binding domain comprises an immunoglobulin
VH chain comprising an amino acid sequence that is 100% identical to SEQ ID NO: 9 and an
immunoglobulin VL chain comprising an amino acid sequence that is 100% identical to SEQ
ID NO: 50 In some embodiments, the anti-HLA-G bmding domam comprises an
immunoglobulin VH chain consisting of, or consisting essentially of, the amino acid sequence
of SEQ 1D NO: 9 and an immunoglobulin VL chain consisting of, or consisting essentially of]
the avuno acid sequence of SEQ 1D NO: 50,

68145] In some cmbodunents, the anti-HLA-G binding domain comprises an inymunoglobulin
VH chain comprising an amino acid sequence that ts at least 75%, at least 80%, at lcast 85%,
at least 90%, at least 939, at feast 98%, or at least 99% identical to SEQ ID NG: 9 and an

mmmunoglobulin VL chain comprising an amino acid seguence that is at least 75%, at least
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80%, at least 85%, at least 90%, at least 93%, at least 98%, or at least 99% identical to SEQ ID
NO: 60. In some embodiments, the anti-HLA -G binding domain comprises an immunoglobulin
VH chain comprising an amino acid sequence that 1s 160% identical to SEQ ID NO: 9 and an
immunoglobulin VL chain comprising an amino acid sequence that is 100% identical to SEQ
I NGO 60 In some embodiments, the anti-HLA-G binding domam comprises an
mnmunoglobulin VH chain consisting of, or congisting essentially of, the amino acid sequence
of SEQ ID NO: 9 and an immunoglobulin VL chain consisting of, or consisting essentially of,

the amino acid sequence of SEQ 1D NO: 60

[0¢146] Exemplary VH and VL scquences of the anti-HEA-G binding domains described

herein are provided in Tables | and 2.

{30147} In some embodiments, the anti-HLA-G binding domain is an anti-HLA-G sckFv
comprising an anuno acid sequence that is at least 75%, at least 80%, at least 85%, at least
0%, at least 95%, at least 98%, or at least 999% identical to SEQ ID NG: 63. In some
cmbodiments, the anti-HELA-G binding domain is an anti-HLA-G scFv comprising an amino
acid sequence that is 100% dentical to SEQ 1D NO: 63, In some embodiments, the anti-HLA-
( binding domain is an anti-HLA-G scfv consisting of, or consisting esscutially of] the amino

acid sequence of SEQ ID NQ: 63,

{00148} In some embodiments, the anti-HLA-G binding domain 15 an anti-HLA-G scFv
comprising an amino acid sequence that is at least 75%, at least 80%, at least 859, at least
90%, at least 95%, at least 98%, or at least 99% identical to SEQ ID NG: 65, In some
cmbodiments, the anti-HLA-G binding domain is an anti-HLA-G scFv comprising an amino
acid sequence that 1s 100% dentical to SEQ 1D NG: 63, In some cmbodiments, the anti-HLA-
(s binding domain is an anti-HLA-G scFv consisting of, or consisting essentially of] the amino

acid sequence of SEQ 1D NO: 65,

{00149} In some embodiments, the anti-HLA-G binding domain is an anti-HLA-G scFv
comprising an amino acid sequence that is at least 75%, at least 80%, at least 85%, at least
90%, at least 93%, at least 98%. or at least 99% identical to SEQ ID NGO 67 In some
crobodiments, the anti-HLA -G binding domain 15 an anti-HLA-G scFv comprsing an amino
acid sequence that 15 100% identical to SEQ 1D NO: 67, In some embodiments, the anti-HLA-
( binding domain 1s an anti-HLA-G scFv consisting of, or consisting cssentially of, the amino

acid sequence of SEQ 1D NO: 67.
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60150 Exemplary scFv sequences of the anti-HLA-G binding domains described herein are

provided below i Table 3

Table 3: Exemplary anti-HLA-G seFv sequences

Domain or Region

Seguence

SEQ IB NO

scFv VHS/VLA4
{mucleotide)

gacatccagatyg

teggagategoegt

caacanfo

catcg C()'tg’(“f

cecgaaga g@uvdtkcac

tgooctegegaettcag

tcaggos

Jcgggagggacttcac

g a
gtttaccatctcatcoccoott ggacatcgcgacctac
gat actttcocgggeaaggaa

a
tactgcctgecagtat
aactitgagatc aaqggaggaggaggctcaggcggaggagg
ctetggeggeggeggeagecagateccagetggtocagtecegga
<ggjuc:oqagqaqccng']heagcqbvdlgutq &
oqauahdgt‘Lraugsccta.'uqatg_ga Cgogt
tgﬁ agggcctggaatggatgggetggatc
:otqccaactvatgvcgacca
: ggacacgtcagty

cotyacey

o~
C

aacegetta

actguaqatwaqctccu;qqhqcupgqqqa:aptqaheypthv

tchccgcc”qcot. gaqangubattqccqataby gatgyg

32

o

scHyv VHS/VL4
{amino acid)

actactgggggc

DICMTOSPSSLEVS C‘»-': _ LAWY OCOPGKA
PRI TSTI Py
YCLOYDDLRT FGOGTKLE 3G
SE : OGLEWMGWT
YTYSGYETYADDLTGREVE 5 ,KZA\E-DTAT;
YCARVRDGYYRYAMDYWGRGTLVTVSS

scFv VH4/VLS
(oucleotide)

gatatt,aoe+gacc09qaqcc08tcatccwtgagcctpkcqq

ggtgactatcacttgcaaggcgtcacaagacat
'a“ ““grﬁtggtatﬁ‘gcagf-'

racttcecacticaace

ttcag tabgataapb“qvurabgttcogacaWUJpa
,4;aagfqmrgatfa1nggaggaggaggctccggcggaggagg
ctotggeggeggoeggeagecagatccaactggtgecaatcegge
agegaactgaaasagectyggagegtoggtga :
.gLCCquLaCa@t+‘)aCF?LgLMQC}Ldtqu€+gQUT

<

gtggatc

tac tgtqca-ngtcaoqgac<"
attactggggaagaggaacgoteghgaccgt

64

scFv VH4/VLS
{amino acid)

DIOMTQSPSSLSVEVEDRVTITCKA

it TM\QGVPSRU 3G

SE3GIGET

_u{FkTTXGMbWV?QA? LbLRV%G@E

40




WO 2024/118469 PCT/US2023/081088

seFy VHS/VL3
(nucleatide)

66

< gag pq1qggaggaggaggctccggaggaggagg
ctctggaggcggcggcagc agatccagctggtccagtacgga
caagecgtgaaggtge

dﬁg+gtc caactiatgoecgacgacctga
gacgygttegtgttcag
cctgeagatcagetaeg
tactgcgccecgggtcagaga
actactqg

tggacacgtcagtgtcaaccgetta

tgaagyg

gaggacactgccacetac

schy VH5/VL3
{aming acid)

.?LE¢KGGGGSGGGGSGGGG)QTC
TETTYC MSWWR)RCCC

YCARVRDGYYRYAMDYWGRGTLVTVSS

In the variable domains, VLCDRI, VLCDR2, VLCDR3, VHCDRI, VHCDR2 and VHCDR3
{from left to right) sequences are underhined: the hinkers are bolded.

{00151} In some embodiments, the anti-HLA-G CAR constructs provided herein comprise an
anti-HLA-G binding domain, a CD8g hinge domain, a CD8¢ transmembrane domain, and an
intracellular domain comprising a CD3( signaling domain. Tn some embodiments, anti-HLA-
( binding domain is a scFv domain comprising an amino acid sequence that 1s at least 75%, at
feast 80%, at least 85%, at least 90%, at feast 95%, at least 98%, or at least 99% identical to
one of SEQ 13 NOs: 63, 65 and 67. In some embodiments, anti-HLA-G binding domain is a
scFv domain comprising an anuno acid sequence that is 100% identical to one of SEQ ID NOs:
63, 65 and 67. In some embodiments, the anti-HLA-G binding domain 1s an anti-HLA-G scFv
consisting of, or consisting essentially of, the amino acid sequence of one of SEQ ID NOs: 63,
65 and 67,

{30152} In some embodiments, the anti-HLA-G CAR constructs provided herein comprise an
anti-HLA-G binding domain, a CD8a hinge domain, a CD8a transmembrane domain, and an
intracchiular domam comprising a CD3( signaling domain and a 4-1BB costimulatory domain.
In some embodiments, anti-HLA-G binding domain 1s a scFv domain comprising an amino

acid sequence that is at least 75%, at least 80%, at least 83%, at least 90%, at least 95%, at least
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98%, or at least 99% identical to one of SEQ ID NOs: 63, 65 and 67. In some emboduments,
anti-HLA-G binding domain is 3 seFv domain comprising an amino acid sequence that is 100%
identical to one of SEQ 1D NQGs: 63, 65 and 67, In some embodiments, the anti-HLA-G binding
domain is an anti-HLA-G scFv consisting of, or consisting cssentially of, the amino acid

sequence of one of SEQ ID NQGs: 63, 65 and 67.

[66153] In some cmbodiments, the anti-HLA-G CAR constructs provided hercin comprise an
anti-HLA-G binding domain, a CD28 hinge domain, a CD28 transmembrane domain, and an
mtracethuilar domain comprsing a CD3{ signaling domain. In some embodiments, anti-HLA-
G binding domain s a scFv domain comprising an aming acid sequence that is at least 75%, at
east 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical to
one of SEQ 1D NOs: 63, 65 and 67. In some embodiments, anti-HLA-G binding domain is a
scFv domain comprising an amino acid sequence that is 100% identical to one of SEQ ID NOs:
63, 65 and 67 In some crubodiments, the anti-HLA-G binding domaim ts an anti-HLA-G scFv
consisting of, or consisting essentially of, the amino acid sequence of one of SEQ ID NGs: 63,

65 and 67.

[00154] In some embodiments, the anti-HLA-G CAR constructs provided herein comprise an
anti-HLA-G binding domain, a CD28 hinge domain, a CD28 transmembrane domain, and an
mtraceHular domain comprising a CB3( signaling domain and a CD28 costimulatory domain.
I some embodiments, anti-HLA-G binding domair is a humanized scFv domain comprising
an amino acid sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 98%, or at least 99% identical to one of SEQ ID NOs: 63, 65 and 67. In some
cmbodiments, anti-HLA-G binding domain is a scFv domain comprising an amino acid
sequence that is 100% identical to one of SEQ ID NOs: 63, 65 and 67. To some ermbodiments,
the anti-HLA-G binding domain 1s an anti-HLA-G scFv consisting of, or consisting essentially

of, the amino acid sequence of one of SEQ 1D NOs: 63, 65 and 67,

(60155} An exemplary nucleotide sequence for a CAR construct comprsing a CD28 and 4-
1BB costimalatory sequence and a CD3 signaling sequence is provided below i Table 4. The
gencral design of the constructs shown in Table 4 1s: g Kappa signal peptide — humanized anti-
HLA-G scFv — higG4 hinge domain — CD28 and 4-1BB costinwlatory domain — CD3{
signaling domain. In one embodiment, a CAR construct comprise a truncated CD19 sequence
linked via the P2A seqoence to the € terminal end of the CAR construct. In some embodiments,

the anti-HLA-G CAR construct comprises a nucleotide sequence that is at least 75%, at least
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Table 4: Exemplary CAR construct

%, at least 90%, at least 95%, at least 98%, or at least 99% identical to SEQ ID

Domain or Region

Seguence

SEQ 1B NO

hwmanized anti-
HEA-G CAR

GARACTGCCCGTGAGAC
AGCG

teggtgggagat gtgactatcact

M

TGCTGAT GTTT

—cagagac

A GGATTC
CCGCTTCCTC
goetyagey

geghcacaagacatcaacegotacatc

“Ceggacagyga

I

[q i tel

o]

atctcgtogctgaaggecgaay
ca

9]
Q
)
o]

gtact actgtyg _,avggc

9]
[l1e!

R BT R (S N T
\GCAAGTACGGCCCA

0
x>
1

TTTTGGGTG
CTCTGCTGGETGAC

TCATCATCTTTTGGGCTGCGT
AGCAAGC sCTGCTGCACTCCGACTACATGAACATGA
CCCCAAGACGGECCCGEACCAAL.

TGCACCACCCCGCGA

GGAGCC

AGCACTACCAGCCTTA
CCGGAGCAAGAGAGGC
AGGAAGAAGCTGCTGTATATCTTCAAGCAGCCOTTCATGECGGT
CCGTGCAGACCACACAGGAGGAGGACGGCTGCTCCTETAGETT
CCCTGAAGAGGAGGAGGGAGGAT GCCGAGCTGAGAGTGAAGTTT
TCTAGGAC [} TGCACCE CATACCAGCAGGGACAGAATC
AGGCGCGAGGAGTACGA
CETGCTGGATAAGAGGAGAGGACGGGACCCCGAGATGGGAGGT
AAGCCAAGGCGCAAGAACCCCCAGGAGGGCCTGTACAATGAGC
TGECAGAAGGACAAGAT GCGCCGAGGCUTATAGCGAGAT CGECAT
GAAGGGAGAGCGGAGAAGGGCCAAGGGACACGATGECCTGTALC
CAGGGCCTCTCCACCGCCACAAAGGACACCTATGATGCLCTC
ACATGCAGGCCCTGLOTCCAAGGGGCAGCGGAGCCACAAACTT
CTCCCTECTGAAGCAGGCCGECGAT GTCCAGGAGAATCCTGGA
PGCCACCTCCAAGGCTGCTGTTCTTICTGCTETTTL!
CCCAATGGAGETGCEGCCAGAGGAGCCACTGETGET

GOAGGAGEGCCGACAACGCCETGCTGCAGTGTOTGAAGG
AGCGATGGCCCTACCCAGCAGCT CATGGTC
CTCTGAAGCCATTCCTGAAGCTGTCCCTGGGCCTGCCAG!

AGGAATCCATATGAGGCCCCTGGCTATCTGGCTGTTTAT
AACGTGAGCCAGCAGATGGGAGGCTTCTA
e

GACCACCTAGCGAGAAGGCATGGCAG
CGTGGAGGGCAGCGEGAGAGCTGTTTCGCTGGAACGTGAG
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CTGG C TGGCCT GAAGAACCGEAGCTCUGAL

GACCCTCTAGC GCGGCAAGCTGATGTCCCCAAAGCTGTA
CGTETGGEE CCAGAGATCTGGGAGGGAGAGCCA
CCATGCCTGCCTCCARAGGGACAGCCTGAATCAGTCCCTGETCTC

AGGATCTGACCATGGECCCCCGECTCTACACT GTEGCTGAGCTG
CCACCTGACAGCGETY: CCGEGGGCLCTCTGAGCTGE
ACCCACGTGCACCCAAAGGGCCCCAAGTCCCTGCTGTCTCTGE
AGCTGAAGGACGATCGCCCTGCCCEGEGACATCTGGETCATGGA
GACAGGCCTGCTGCTECCACGCGECCACAGCACAGGATGLUGGEE
AAGTACTATTGCCACCGGEGCAACCTGACCAT
ATCACAGCCAGACCCGTGCTETGECACTG
[CTCCECCOTCGACCCTGECATACCTG
GGCATCCTGCACCTGETGA

TOCALTEE
TGGAGTG

“

CAGGATGGAAGG

TTCTGTCTRGTG

AU

CTGATGTTTTGGATTC

(=)
]

CAR Ig Kappa SAAACT
Signal peptide TCCT

CAR scFv Catattceagatg > c ™ o ol
(VH4/VLS) ixﬁygagai:.
caaccgctacategeca

cctaagetgotyga

agcagceag

cacttcaacceotae

.CJ
1

cct cgcacctt.

ggaggaggctea
"gqtv.aacvoxv

0 Q

&Q
GG

] G l.Q Q)
GJ

cFFCagye
<augC“quu;cq*co;tq~dv,Lcaq
1cc cugggbagact :ab,gcctabgqcatgtug"ql
caqq<a;qccc0ﬁg'tcc"*guutqaa;bgu
t acctdptvwogqgtﬁcccagt*argua

CAR scFv Hinker

N2
O

CAR VLCDRI1 aagchtca

acatogoa

(95
i

CAR VLCDRZ cactte

[5)

CAR VLCDR3

CAR VHCDR1

cggcatgtea

s}

AT B

10§

CAR VHCDR2 ggagtgcccacttacgoay

CAR VHCDR3 getatggattact 23
CAR higG4 Hinge TGCCOCTCCATGTCCA 7

~3
o g -

Dz T CGETGGEEAGGCETECTGECCTGTTATT
TCTG SGCCTTCATCATCTTTTGEET G
CAAGC (JCz\GC\,\:('ECr"‘ CTGCACTCCGACTACATGAACATGACC
CCAAGACGGCCCGGACCARCAAGGAAGCACTACCAGCCTTATG
CACCACCCCGCGATT ’TGCAbLA’l‘ACLbuAG"
4-1BB AGGCAGGAAGAAGCTGCTGTATATCTTCAAGCAGCCCT | 73

CGGCCCHTGCAGACCACACAGGAGGAGGACGGECTGCTC

CCCTGAAGAGGAGGAGGGAGCATGCCAGCTG

CAAGTTTTCTAGHGA

N7 arm

AGGGACAGAATCAGCTGTATAACGAGCT

CGOCs

CD3 zeta
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M

GAGTACGACGTGCT GGATAAGAGGAGAGGACGGGACZCCC
YP\.GA* GGGAGGCAAGCCAAGGCGCAAGARCCCCCAGGAGGGCC
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CAR cleavable GCCACARACTTC CGGCGATGTGGAGE | 75
hinker porcing AGAATCCTGGACCA

teschovirns-1 2A

(P2A)

CAR truncated 3CCACCTCCAAGGT 76
human CD19 CAATGOAGETGCOGT

In the vanable domains, V

{from left to night} sequences are andertined.

VLCBDRIE, VLCDR2, VLCDR3, VHCDRE, VHUDR2 and VHCDR3

[B0156] FIG. | ts an exemplary schematic design of the CAR structure based on LFTT-1 with

the cleavable linker P2A and the truncated hCDI19 as reporter. LFTT-1 1s described in

W02020043899, which is incorporated herein by reference in its entirety. Trancated CBIS

marker is used for identitication of CAR-T product. Co-stimulatory domains CD28 and 4-1BB

are used for enhanced anti-tumear activity. Internal EF la promoter is used for optimal CAR

EXPression.

Polypeptides

{30157} In some embodiments, the present disclosure provides anti-HLA-G CAR polypeptides

and fragments thereof. In some embodiments, the CAR is an anti-HLA-G CAR comprising a

nucleotide sequence as set forth in SEQ 1D NO: 638
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[60158] “Polypeptide,” “peptide” and “protem” are used interchangeably, unless speaified to
the contrary, and according {o conventional meaning, ie., as a sequence of amine acids.
Polypeptides are not limited to a specific length, e g, they may comprise a full-length
polypeptide or a polypeptide fragment, and may include one or more post-transiational
modifications of the polypeptide, for example, glycosylations, acetylations, phosphorviations
and the like, as well as other modifications known i the art, both naturally occurring and non-
naturally occurning. In some embodiments, the CAR polypeptides comprise a signal (or leader}
sequence at the N-terminal end of the protein, which co-translationally or post-translationally
directs transfer of the protein. HHustrative examples of suitable signal sequences useful in CARs
contemplated in some embodiments include, but are not fimited to the 1gG1 heavy chain signal
polypeptide, a CD8a signal polvpeptide, or a human GM-USFR-a signal polvpeptide.
Polypeptides can be prepared using any of a vanety of well-known recombinant and/or

synthetic techaigues.

Polppeptide variants

68159 Polypeptides contemplated herein, encompass the CARs of the present disclosure, as
well as functional vanants thereof. The tenn “functional vanant” as used herein refers to a
CAR, polypeptide, or protein having substantial or significant sequence identity or similanty
to a parent CAR, which functional variant retains the biological activity of the CAR of the
parent CAR. Functional vanants encompass, for example, CAR vanants that retain the ability
1o recognize target cells to a similar extent, the same extent, or to a higher extent, as the parent
CAR. Such variants may be naturally occurming or may be synthetically generated, for example,
by modifying onc or more of the above polypeptide sequences. For example, in some
cmbodiments, i may be desirable to improve the binding affuuty and/or other binlogical
properties of the CARs by introducing one or more substitutions, deletions, additions and/or
inscrtions into a binding domain, hinge, TM domain, co-stimulatory domain or signaling
domain of a CAR polypeptide. In some embodiments, CAR polypeptides include polvpeptides
having at least about 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 853%, 86%,
87%., 88%, 89%, 0%, 91%, 92%. 93%, 94%, 95%, 86%, 97%, 98%, or 99% identity to any
of the CAR polypeptides described herein (e.g., SEQ 1D NG: 68}, typically where the variant

mattains at feast one biological activity of the reference sequence.

{30166 As noted above, in some embodiments, polypeptides may be aliered in varions ways
including amino acid substitutions, deletions, truncations, and insertions. Methods for such

manipulations are generally known in the art. For example, amino acid sequence variants of a
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reference polypeptide can be prepared by mutations in the BNA . Methods for nmitagencais and
nucleotide sequence alterations are well known in the art. See, for example, Kunkel (1985,
Proc. Natl Acad. Sci. US4, 82: 488-492), Kunkel ef al., (1987, Methods in Enzymal, 154: 367-
382), UK, Pat. No. 4,873,192, Watson, 1. DB, e af, (Molecular Bivlogy of the Gene, Fourth
Edition, Bemjami/Cummings, Menlo Park, Calif, 1987) and the references cited thercin.
Guidance as to appropriate aming acid substitutions that do not affect biological activity of the
protein of interest may be found 1n the model of Davhoff er af, (1978} dvlas of Provein

Seguence and Structure (Natl. Biomed. Res. Found., Washington, D.C.}.

{00161 A functional variant can, for example, comprise the amino acid sequence of the parent
CAR with at least one conservative amino acid substitution. A “conservative substitution” 18
one 10 which an amino acid is substituted for another amino acid that has similar properties,
such that one skilled in the art of peptide chenustry would expect the secondary structure and
hydropathic nature of the polypeptide to be substantially unchanged. Modifications may be
made in the structure of the polvnucleotides and polvpeptides contemplated in some
embodiments and stll obtain a functional molecule that encodes a variant or derivative
polypeptide with desirable charactenistics. For instance, the conservative amino acid
substitution can be an acidic/negativelv charged polar anino acid substituted for another
acidic/megatively charged polar amino acid (e.2., Asp or Glu), an amino acid with a nonpolar
side chain substituted for ancther ammno acid with a nonpolar side chain {e.g.. Ala, Gly, Val,
He, Leu, Met, Phe, Pro, Trp, Cys, Val, cte.), a basic/positively charged polar anuno acid

3, an

s

substituted for another basic/positively charged polar amino acid {(e.g. Lys, His, Arg, etc.
ancharged amino acid with a polar side chain substitated for another uncharged amino acid
with a polar side chain {e.g.. Asn, Gln, Ser, Thr, Tyr, etc.}, an amino acid with a beta-branched
side-chain substiuted for another amuno acid with a beta-branched side~-chain {e.g., lle, Thr,
and Val}, an amino acid with an aromatic side~chain substituted for another amino acid with
an aromatic side chain {¢.g., His, Phe, Trp, and Tyr), etc. Guidance in determining which amino
acid residues can be substituted, inserted, or deleted without abolishing biological activity can
be found using computer programs well known in the art, such as DNASTAR, DNA Strider,
Geneious, Mac Vecior, or Vector NTT software.

[B0162] Aliermatively or additionally, the functional variants can compuse the amino acid
sequence of the parent CAR with at least one non-conservative amino acid substitution. In this
case, it is preferable for the non-conservative amino acid substitetion to not interfere with or

inhibit the biological activity of the functional variant. The non-conservative amino acid
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substitution may enhance the biological activity of the functional variant, such that the

biological activity of the functional variant is increased as compared to the parent CAR.

[38163] Polypeptide vanants further include glycosylated forms, aggregative conjugates with
other molecules, and covalent conjugates with unrelated chemical moieties {e. g, pegylated
molecules). Covalent varianis can be prepared by linking functionalities to groups which are
found m the amino acid chain or at the N- or C-temmunal residue, as is known inthe art. Varants
also mclude allelic vanants, species variants, and muteins. Truncations or deletions of regions

which do not affect functional activity of the proteins are also variants.

{30164 In one embodiment, where expression of two or more polvpeptides is desired, the
polynucleotide sequences encoding them can be separated by and IRES sequence as discussed
elsewhere herein. fo another embodiment, two or more polypeptides can be expressed as a
fusion protein that comprises one or more self-cleaving polypeptide sequences, e.g., a 2A

SCGUCCE.

Fusion Polypeptides

{08165} Polypeptides contemplated in some embodiments include fusion polypeptides {e.g., a
CAR fusion protein). In some embodiments, fusion polypeptides and polynucleotides encoding
fusion polypeptides are provided, e.g.. CARs. Fusion polypeptides and fusion proteins refer to
a polvpeptide having at least two, three, four, five, six, seven, eight, nine, or ten or more
polvpeptide segments. Fusion polypeptides are typically hnked Coterminus to N-terminus,
although they can also be linked C-terminus to Cterminus, N-terminus to N-ferminus, or N-
terpivus to C-terminus. The polypeptides of the fusion protein can be m any order or a
specified order. Fusion polypeptides or fusion proteins can also include conservatively
modified variants, polymorphic vanants, alleles, mutants, subsequences, and interspecies
homologs, so long as the desired transcriptional activity of the fusion polypeptide 15 preserved.
Fusion polvpeptides may be produced by chemical synthetic methods or by chemical linkage
between the two moictics or may generally be prepared using other standard techmgues.
Ligated DNA sequences comprising the fusion polypeptide are operably linked to suitable

transcriptional or translational control clements as discussed clsewhere herein,

{30166} In one embodiment, a fuston partner comprises a sequence that assists i expressing
the protein (an expression enthancer) at bigher yields than the native recombinant protein. Other

fusion partners may be selected 30 as to increase the solubility of the protein or to enable the
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protein to be targeted to desired intracellular compartments or fo facilitate transport of the

fusion protein through the cell membrane.

[B0167] In some embodiments, fusion polypeptides may funther comprise a polypeptide
cleavage signal between each of the pelypeptide domains described herein. In addition, a
polypeptide cleavage site can be put into any linker peptide sequence. Exemplary polvpeptide
cleavage signals include polypeptide cleavage recoguition sites such as protease cleavage sites,
nuclease cleavage sites {e.g., rare restriction enzyme recognition sites, self-cleaving vibozyme
recognition sites), and self-cleaving viral oligopeptides {sec deFelipe and Ryan, 2004, Traffic,
5(8); 616-26).

{30168} Suitable protease cleavages sites and self-cleaving peptides are known to the skilled
person {see, e.g.. in Ryan er al.| 1997. J. Gener. Virol 78, 699-722; Scymezak ef al. {2004}
Nature Biotech. 5, 589-594). Exemplary protease cleavage sites include, but are not himited to
the cleavage sites of potyvirus Nia proteases {e.g., tobacco etch virus protease), potyvirus HC
proteases, potyvirus P1 (P33} proteases, byovirus Nla proteases, byoviras RNA-2-encoded
proteases, aphthovirus L proteases, enterovirus 2A proteases, rhinovirus ZA proteases, picoma
3C proteases, comovitus 24K proteases, nepovirus 24K proteases, RTSV (rice tungro spherical
virus} 3C-like protease, PY VF (parsmip yvellow fleck vinus) 3C-like protease, heparin, thrombin,

factor Xa, and enterokinase.

[0¢169] In some embodiments, the self~cleaving polvpeptide site comprises a 2A or 2Aa-hike
site, sequence or doman (Donunelly er af., 2001, J. Gen. Virol. 82:1027-1041). Particulasly, the
mechanism of 2A-mediated “self~cleavage™ was recently discovered to be ribosome skipping
the formation of a glveyl-prolyl peptide bond at the C-terminus of the 2A peptide. The 2A-
peptide-mediated  cleavage commences after the {ranslation. Successful skipping and
recommencement of transiation results in two “cleaved” proteins: the protein upstream of the
2A 15 attached to the complete ZA peptide except for the C-terminal proline, and the protein
downstream of the 2A 1s attached to one proline at the N-terminus. Successful skipping but
ribosome fall-off and discontinned translation results i only the protein upstream of ZA.
Several 2A peptides have been identified i picomaviruses, insect viruses and type C

rotaviruses.

[36170] Examples of cleavable hinker according to the disclosure include, but are not limited
to, porcine teschovirus-1 ZA (PZA), FMDV 2A (FZA). equine thinitis A viras {(ERAV) ZA

(E2A}); and Thosea asigna virus 2A (T2A), cytoplasmic polvhedrosis virus 2A (BmCPV2A)
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and flacherie Virus 2A (BmIFV2A), or a combination thereof, for example such as described
in Kim et al. {2011) PLoS ONE 6{4): 218536 and in Liu et al (2017} Sci Rep. 2017, 7: 2193,

{301 71] Preferably, the cleavable linker 1s P2A which comprises or consists of the sequence
set forth i SEQ B NG: 75 or a sequence having at least 75%, at least 80%, at least 85%, at

A

least 90%, at least 95%. at least 98%, or at least 99% of identity therewith.

{60172} In one embodiment, the N-terminus of the cleavable linker is operably hinked to the
C-terminus of the CAR endodomain and/or the C-tenminus of the cleavable hnker is operably

linked to the N-terminus of a reporier.

Polynucleotides

[66173] In some embodiments, the present disclosure provides polynucleotides or nucleic acid
molecules encoding one or more CAR polypeptides. As used herein, the terms “nucleotide” or
“nucleic acid” refer to deoxvribonucleic acid (DNA}, ribonucleic actd (RNAY and DNA/RNA
hybrids. Polyaucleotides may be single-stranded or double-stranded and either recombinant,
synthetic, or isolated. Polyvoucleotides include, but are not linuited to; pre-messenger RNA (pre-
mRNA}, messenger RNA (mRNA), RNA, genomue DNA {gDNA), PCR amplified DNA,
complementary DNA (cDNA), synthetic BNA, or recombinant DNA. Polynucleotides refer to
a polvmeric form of nucleotides of at least 5, at least 10, at least 15, at lcast 20, at least 23, at
least 30, at least 40, at least 50, at least 100, at least 200, at least 300, at least 400, at least 500,
at least 1000, at least 5000, at least 10000, or at least 15000 or more nucleotides in length,
either ribomucleotides or deoxyribonucleotides or a modified form of either type of nucleotide,
as well as all intermediate lengths. It will be readily understood that “intenmediate lengths, 7 in
this context, means any length between the quoted values, such as 6,7, 8, 9, efc., 101, 102, 103,

etc.; 151, 152, 153, eic.; 201, 202, 203, eic.

(00174} In some embodiments, polvnucleotides may be codon-optimized. As used hereimn, the
term “codon-optimized” refers to substitoting codons in a polynucleotide encoding a
polypeptide i order to increase the cxpression, stability and/or activity of the polypeptide.
Factors that mtluence codon optimization mchude, but are not limited 1o one or more of: (i)
variation of codon biases befween fwo or more organisms or genes or synthetically constructed
bias tables, (i1) variation in the degree of codon bias within an organism, gene, or set of genes,
{(1u) systematic variation of codons ncluding context, (iv) variation of codons according to
their decoding tRNAg, (v} variation of codons according to GC %, either overall or in one

position of the triplet, (vi} variation in degree of similarity {0 a reference sequence for example
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a naturally occurring sequence, (vit) variation in the codon frequency cutoff, (vin) stractoral
propertics of mRNAs transcribed from the DNA scquence, (ix) prior knowledge about the
function of the DNA sequences upon which design of the codon substitution set is to be based,
() systematic variation of codon sets for cach ammno acid, (xi) solated removal of spurious
translation fritiation sites and/or {xit) ehmination of fortuitous polyadenylation sites otherwise
feading to truncated RNA transcripts.

60175} Terms used to describe sequence relationships between two or more polynucleotides
or polvpeptides include “reference sequence,” “comparison window,” “sequence identity,”
“percentage of sequence identity,” and “substantial identity”. A “reference sequence” is at lcast
12 but frequently 15 to 18 and oflen at least 25 monomer units, inclusive of nucleotides and
amino acid residues, i length. Because two polynucleotides may each comprise {1} a sequence
{(7.e., only a portion of the complete polynucieotide sequence} that is similar between the two
polynucleotides, and (2} a sequence that is divergent between the two polyoucieotides,
sequence compansons between two {or more) polynucleotides are typically performed by
comparing sequences of the two polynucleotides over a “comparison window™ to dentify and
compare local regions of sequence sinilarity. A “comparison window” refers to a conceptual
scgment of at least 6 contiguous positions, usually about 530 to about 106, more usually about
100 to about 150 in which a sequence is compared o a reference sequence of the same number
of contiguous positions after the two sequences are optimally aligned. The comparison window
may comprise additions or deletions (f.e., gaps) of about 20% or less as compared to the
reference sequence (which does not comprise additions or deletions) for optimal alignment of
the two sequences. Optimal alignment of sequences for aligning a comparison window may be
conducted by computerized implementations of algorithms (GAP, BESTFIT, FASTA, and
TFASTA inthe Wisconsim Genetics Software Package Release 7.0, Genetics Computer Group,
573 Science Drive Madison, WI, USA} or by inspection and the best ahignment {7.¢., resulting
mn the highest percentage homology over the comparison window) generated by any of the
various methods selected. Reference also may be made to the BLAST family of programs as
for example disclosed by Altschul efaf., 1997, Nucl. Acids Res. 23:3389. A detailed discussion
of sequence analysis can be found in Unit 19.3 of Ausabel ef o, ) Current Protocols in Molecular
Biology, John Wiley & Sons Inc, 1994-199%, Chapter 15.

{00176} The recitations “sequence identity” or, for example, comprising a “sequence 50%
identical to,” as used herein, refer o the extent that sequences are identical on a nuclestide-by-

nucleotide basis or an aming acid-by-amino acid basis over a window of comparison. Thus, a
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“percentage of sequence identity” may be calculated by comparing two optimally aligned
seguences over the window of comparnison, determining the number of positions at which the
wdentical nucleic acid base {e.g, A, T, C, G, I) or the wdentical amino acid wesidue {e.g, Ala,
Pro, Ser, Thr, Gly, Val, Leu, He, Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gln, Cys and
Met) occars in both sequences to yield the namber of matched positions, dividing the number
of matched positions by the total number of positions in the window of comparison {7.e.. the

window size), and multiplying the result by 100 to yield the percentage of sequence identity.

{60177} As used herein, the terms “polvnaclectide vartant” and “variant” and the like refer to
polynucleotides displaying substantial sequence identity with a reference polynuclestide
sequence or polvnucleotides that hybridize with a reference sequence under stringent
conditions that are defined hereinafter. These terms mclude polynucleotides in which one or
more nucleotides have been added or deleted, or replaced with different nucleotides compared
1o a reference polvnuclectide. In this regard, 1w 15 well understood 1 the ant that certain
alterations inclusive of mutations, additions, deletions and substitutions can be made to a
reference polymucleotide whereby the altered polynucleotide retains the biological function or

activity of the reference polynucleotide.

[G8178] In some cmbodiments? polynucleotides or varianis have at least or about 50%, 55%,
60%, 65%, T0%, T1%, 72%, 73%, 74%, 75%.,76%, T7%, 78%, 79%, 80%, 81%, 82%, 83%,
84%,85%, 2\6%, 87%, 88%, 89%, B0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% sequence identity to a reference sequence.
{04179} Moreover, it will be appreciated by those of ordinary skill in the art that, as a result of
the degeneracy of the genctic code, there are many nucleotide sequences that concode a
polypeptide, or fragment of variant thereof, as described herein. Some of these polynucleotides
bear mimmal homology to the nucleotide sequence of any native gene. Nonctheless,
polynucleotides that vary due to differences in codon usage are specifically contemplated m
some embodiments, for example polynucleotides that are optumized for human and/or primate
codon selection. Further, alleles of the genes comprising the polynucleotide sequences
provided herein may also be used. Alleles are endogenous genes that are altered as a result of

one or more mutations, such as deletions, additions and/or substitutions of nucleotides.
{68180 The polvnucleotides contemplated herein, regardless of the length of the coding
sequence itself, may be combined with other BNA sequences, such as promoters and/or

cvhancers, untransiated regions (UTRs), signal sequences, Kozak sequences, polvadenyiation
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signals, additional restriction enzyme sites, multiple cloning sites, internal ribosomal entry sites
{IRES), recombinase recognition sites {e.g., LoxP, FRT, and Att sites), termination codons,
transcriptional termination signals, and polynucleotides encoding self-cleaving polypeptides,
epitope tags, as disclosed elsewhere herein or as known in the art, such that their overall length
may vary considerably. It is therefore contemplated that a polynuaclestide fragment of almost
any length may be employed in some embodiments, with the total length preferably being

fimited by the ease of preparation and use in the intended recombinant DNA protocol.

{00181} Provided herein is a nucleic acid construct comprising sequences encoding an external
domain, an imtracellular domain, a transmembrane, opticnally a hinge domain, and optionally
a cleavable linker, a reporter and/or a signal peptide as described hercabove. In one
embodiment, a nacleic acid construct comprises a nucleotide sequence set forth in SEQ 1D NO:

68,

{00182} In one embodiment, the nucleie acid construct sequentiallv comprises or consists in,
from N to C terminus: optionally a peptide signal sequence, an anti-HLA-G antibody or
fragment thereof, preferably an anti-HELA-G scFv, a spacer domain, a transmembrane domain,
at least onc intracclular domain, and optionally a cleavable linker and a weporter. In a vet

further embodiment, the nucleie acid construct further comprises atag, preferably a Flag tag.

00183} In some emmbodiments, the nucleic acid construct comprises:

(2} a nucleic acid sequence encoding an anti-HLA-G scFv as deseribed above;

(b} optionally a mucleic acid sequence encoding a hinge, preferably selected from the
group consisting of (1} CD28 hinge, {11} CDR alpha hinge, (111} a buman lgG4 hinge domain,
{1v) a human [g(G4 hinge domain and a CH3 buman 1gG4 domain or {v) a mutated CH2
human 1g(:4 domam, a haman IgG4 hinge domain and a CH3 human 1G4 hinge doman

{¢} a nucleic acid sequence encoding a transmembrane domain, preferably a CD28
transmembrane domain;

{d} a nucleic acid sequence encoding an endodoman, preferably a 4-1BB domain
and/or a CD3 { domain;

{c} optionally a cleavable linker, preferably a P2A cleavable linker;

{f) optionally a reporter, preferably a hCD 19t reporter; and/or

{g) optionally a signal peptide, preferably selected from the group consisting of CDRa,

a mouse Ig Kappa signal peptide, a human IgG4 signal peptide and an IL2 signal peptide.

00184} In some crabodiments, the nucleic acid construct comprises:

L
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(1) a nucleic acid sequence encoding the VH of SEQ ID NG: 17 comprnising the
HCDRI of SEQ ID NG: 19, HCDRZ of SEQ 1D NO: 21, and HCDR 3 of SEQ ID NG 23,
and

(i1) a nucleic acid sequence encoding the VL of SEQ ID NO: 27 comprising the
LCDRI of SEQ 1D NO: 29, LUDR2 of SEQ 1D NO: 31 and LCDR3S of SEQ ID NQ: 33,

{60183} v another embodiment, the nucleic acid construct comaprises:
(1) a nucleic acid sequence encoding the VH of SEQ 1D NG: T comprising the
HCDRI of SEQ ID NG: 3, HCDRZ of SEGQ 1D NG: 5, and HUDR 3 of SEQ ID NG: 7; and
{1t} a nucleic acid sequence encoding the VL of SEQ ID NO: 43 comprising the
LCDRI of SEQ ID NG: 45, LUDR2 of SEQ 1D NO: 47 and LCDR3 of SEQ ID NO: 33.

30186} In ancther embodiment, the nucleic acid construct comprises:
(1) a nucleic acid sequence encoding the VH of SEQ 1D NO: 1 comprising the
HCDRI of SEQ IDNO: 3, HCDR2 of SEQID NG 3, and HCDR 3 of SEQ IB NG 7; and
{1t} a nucleic acid sequence encoding the VL of SEQ ID NO: 52 comprising the
LCDRI of SEQ ID NO: 54, LCDRZ of SEQ ID NO: 536 and LUDR3 of SEG 1D NO: 5%,
{30187 In some embodiments, the nucleie acid construct comprises a nucleic acid sequence
encoding a scFv of one of SEQ ID NOs: 62, 64 and 66.
{00188} In some embodiments, the nucleic acid construct comprises a nucleic acid sequence

concoding an anti-HLA-G CAR of SEQ ID NO: 68,

{60189 Also provided herein 1s a nucleic acid molecule comprising a nuclestide sequence
encoding an anti-HLA-G CAR described herein and a nucleotide sequence encoding one, two
or three costimulatory molecules. In some embodiments, the costimulatory molecule is one or

both of CD40-L or 4-1BB-L.

{00198} Further provided herein s a nucleic acid molecule comprising a nucleotide sequence
encoding an anti-HLA-G CAR described herein and a nucleotide sequence encoding one, two

or three degrading enzymes.

{68181 The scquence of the open reading frame encoding the chimernic receptor can be
obtained from a genomic DNA source, a cDBNA source, generated by PCR from a ¢DNA source
or else. Otherwise it can be chemically synthesized or combinations thereot. Depending upon
the size of the genonuc DNA and the number of introns, it may be desirable to use ¢DNA ora

combination thereof as it is found that introns stabilize the mRNA or provide immune cell,
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particularly T cell-specific expression (Barthel and Goldfeld, 2003}, Also, it may be further

advantageous to use endogenous or exogenous non-coding regions to stabilize the mRNA.

{30192} For expression of a chimeric antigen receptor of the present disclosure, the naturally
occurring or endogenous transeriptional initiation region of the nacleic acid sequence encoding
N-terminal components of the chumeric receptor can be used to generate the chimeric receptor
in the target bost cell. Aliernatively, an exogenous transcriptional nitiation region can be used
that allows for constitutive or inducible expression, wherein expression can be controlled
depending upon the target host, the level of expression desired, the natare of the target host,

and the like.

{30193} Likewise, a signal sequence divecting the chimeric receptor to the surface membrane
can be the endogenous signal sequence of N-terminal component of the chimeric receptor.
Optionally, in some nstances, it may be destrable to exchange tlus sequence for a different
signal sequence. However, the signal sequence selected should be compatible with the
secretory pathway of the immune cell that will express the CAR so that the chimeric receptor

is presented on the surface of the cell.

{30194} In accordance with the present disclosure, the nucleic acid construct 1s transformed or
wntroduced into a cell and is transeribed and translated to produce a product (i.c. a chimeric
receptor). Thus, the nucleic acid construct can further include at least one promoter for directing

transcription of the CAR.

{60195 In one embodiment, the promoter is operably linked to the nucleic acid sequence
encoding the chimeric receptor of the present disclosure, 1.e., they are positioned so as to
promote transcription of the messenger RNA from the DNA encoding the chimenc receptor.
The promoter can be of genomic origin or synthetically generated. A variety of promoters for
use i amune celis and particularly in T cells are well-known m the art {(e.g., the CD4 promoter
disclosed by Marodon et al. (2003)). The promoter can be constitutive or inducible, where
induction is associated with the specific cell type or a specific level of materation, or drug (e g,
tetracycline or doxorubicin} for example. Examples of inducible promoters inclade, but are not
limited to, a metallothionine promoter, a ghicocorticoid promoter, a progesterone promoter,
and a tetracvehine promoter. Alternatively, a namber of well-known viral promoters are also
suitable. Promoters of interest inclode the B-actin promoter, SV40 carly and late promoters,
immunoglobulin promoter, lhuman cytomegalovinus promoter, retrovirus promoter, and the

Friend spleen focus-forming virus promoter, mouse mammary tumor virus (MMTV), human
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mmmunodeficiency virus (HIV) long terminal repeat (LTR} promoter, MoMuLV promoter,
avian feukemia viras promoter, Cytomegalovirus wmmediate carly promoter, Rous sarcoma
virus promaoter, as well as human gene promaoters such as, but not imited to, the actin promoter,
the myosin promoter, the hemoglobin promoter, and the creatine kinase promoter. The
promoters may or may not be assoctated with enhancers, wherein the enhancers may be

naturally associated with the particular promoter or associated with a different promoter.

[60196] Sinularly, a termnation region may be provided by the naturally occurring or
endogenoas ranscriptional termination region of the nucleic acid sequence encoding the C-
terminal component of the chimeric receptor. Alternatively, the termination region may be
derived from a different source. For the most part, the source of the temmunation region is
generally not considered to be eritical to the expression of a recombinant protein and a wide
variety of termination regions can be employed without adversely affecting expression. As will
be appreciated by one skilled in the art that, v some instances, a few amino acids at the ends
of the antigen binding domain n the CAR can be deleted, usually not more than 10, more
asually not more than 5 residues, for example. Also, it may be desirable to introduce a small
number of aming acids at the borders, usually not more than 10, more usually not more than 3
residues. The deletion or msertion of amino acids mayv be as a result of the needs of the
construction, providing for convenient restriction sites, case of manipulation, improvement in
fevels of expression, or the like. In addition, the substitute of onc or more amino acids with a
different amine acid can occur for similar reasons, usually not substituting more than about

five amino acids in any one domain.

{00197} In ancther embodiment, the nucleic acid construct further comprises a promoter, the
correct translation mitiation sequence such as a ribosomal binding site and a start codon, a

termination codon, and a transcription termination sequence.,

{60198} The nucleic acid construct according to the disclosure may also comprse other
regulatory regions such as enhancers, silencers and boundary elements/insulators to direct the

level of transcription of a given gene.

[G0199] The nucleic acid construct that cncodes the chimeric receptor according to the
disclosure can be prepared in conventional ways. Because, for the most part, natural sequences
may be employed, the natural genes may be isolated and manipulated, as appropriate, so as to
alfow for the proper joining of the various componenis. Thus, the nucleic acid sequences

encoding for the N-terminal and C-ternunal proteims of the clumeric receptor can be isolated
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by employing the polymerase chain reaction (PCR), using appropriate primers that result
deletion of the undesired portions of the gene. Alternatively, restriction digests of cloned genes
can be used to generate the chimeric counstruct. In either case, the sequences can be selected to

provide for restriction sites that are blunt-ended, or have complementary overlaps.

302006} Polynucleotides can be prepared, manipulated and/or expressed using any of a variety

of well-cstablished techniques known and available in the art.

Veciors

[60201] In order to express a CAR described herein, an expression cassette encoding the CAR
can be mserted into appropriate vector. The term “vector” is used herein to refer to a nucleic
acid molecule capable transferring or transporting another nucleic acid molecule. The
transforred nucleic actd s generally linked to, ez, nserted into, the vector nucleic acid
molecule. A vector may include sequences that direct antonomous replication in a cell, or may

include sequences sufficient to allow integration mto host cell DNA.

302021 The tom “expression cassette” as used herein refers to genetic sequences within a
vector which can express a RNA, and subsequently a protein. The nucleie acid cassette contains
the gene of interest, e.g., a CAR. The nucleic acid cassette is positionally and sequentially
onented within the vector such that the nucleic acid 1o the cassctic can be transcribed into RNA,
and when necessary, transiated into a protein or a polvpeptide, undergo appropriate post-
translational modifications reqaired for activity in the transformed cell, and be translocated to
the appropriate compartment for biological activity by targeting to appropriate intraceHular
compartments or secretion into extraceilular compartments. Preferably, the cassette has s 3'
and 3" ends adapted for ready msertion into a vector, e.g2., it has restriction endonuclease sites
at cach end. In some embodiments, the nucleic acid cassette contains the sequence of a CAR
used to increase the cyiotoxicity of cancer cells that express HLA-G. The cassetic can be

removed and inserted mto a plasmid or viral vector as a single unit.

{00203 Excrplary vectors include, without limitation, plasmids, phagemids, cosmids,
transposons, artificial chromosomes such as vyeast artificial chromosome (Y AC), bacterial
artificial chromosome (BAC), or Pl-derived artificial chromosome (PAC), bacteriophages
such as lambda phage or M13 phage. and animal vireses. Examples of categories of animal
viruses useful as vectors include, without limitation, retrovirus (ncluding lentivirus),
adenovirus, adenc-associated virus, herpesvimus {e.g, herpes sumplex virus), poxvirus,

baculovirus, papiiiomavirus, and papovavirus {e.g., SV40). Examples of expression vectors are

W
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pClneo vectors (Promega) for expression in mammalian cells; pLentid/VS-DEST™,
pLenti6/V3-DEST™, and plenti6. 2/V3-GW/ac?Z (Invitrogen) for lentiviras-mediated gene
transfor and expression in manunalian cells. In some crabodiments, the coding sequences of
the CARs disclosed herein can be higated into such expression vectors for the expression of the
CARs i mammalian cells. In some embodiments, non-viral vectors are used to deliver one or

more polyaucleotides contemplated herein to a T celi

[60204] Tn some embodiments, the vector 1s a non~integrating vector, including but not limited
o, an episomal vector or a vector that 1s mamiained extrachromosomally. As used herein, the
term “episomal” rofers to a vector that is able to replicate without imtegration into host’s
chromosomal DNA and without gradual loss from a dividing host cell also meaning that said
vector replicates extrachromosomally or episomally. The vector is engineered to harbor the
sequence coding for the origin of DNA replication or “ort” from a lvmphotrophic herpes virus
o7 a garama herpesvirus, an adenovirus, SV40, a bovine papilioma virus, or a yeast, specifically
a replication ongin of a lymphotrophic herpes virus or a gamma herpesvirus corresponding to
oriP of EBV. In a particular aspect, the lvmphotrophic herpes vinis may be Epstein Barr viros
{EBV), Kaposi's sarcoma herpes viras (KSHV), Herpes viras saimin (HS), or Marek's discase
virus (MDV). Epstein Barr virus (EBV) and Kapost's sarcoma herpes virus (KSHVY) are also
examples of a garoma herpesvirus. Typically, the host cell comprises the viral replication

transactivator protein that activates the replication.

00285} In some embodiments, a polynucleotide is introduced into a target or host cell using a
transposon vector system. In certain embodiments, the transposon vector system comprises a
vector comprising transposable elements and a polynuclestide contemplated herein: and a

transposase. In one embodiment, the transposon vector system is a single transposase vector

yatern, see, e.g., WO 2008/027384. Exemplary transposases include, but are not hmited to:

7

piggyBac, Sleeping Beauty, Mosl, Tel/marner, Tol2, mini-Tol2, Tc3, MuA, Himar I, Frog
Prince, and derivatives thereof. The piggvBac transposon and transposase are described, for
example, m U.S. Patent 6,962,810, which 15 incorporated herein by reference m its entirety.
The Slecping Beauty transposon and transposase are described, for example, in Izsvak ef ol
S Mol Biol 302: 93-102 {2000}, which is incorporated herein by reference in its entirety. The
Tol2 transposon which was first isolated from the medaka fish Oryzias latipes and belongs to
the hAT fanuly of transposons is described in Kawakami ef of. (2000). Minmi-Tol? 15 a variant
of Tol2 and is descnbed in Balciunas ef af. (20063, The Tol2 and Mini-Tol2 transposons

facilitate mtegration of a transgene into the genome of an organism when co-acting with the
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Tol2 transposase. The Frog Prince transposon and transposase are described, for example,

Miskey ef al., Nucleic Acids Res. 31:6873-6881 (2003).

[30286] Preferably, the vector according to the disclosure is a lentiviral vector. Particularly,
the vector is derived from primate and non-primate lentiviras. Examples of primate lentivinuses
include the human immunodeficiency virug (HIV), the causative agent of human acquired
mmunodeficiency syndrome (AIDS), and the simdan invnunodeficiency virus (81V). The non-
primate lentiviral group ncludes the prototype "slow viras" visna/maedi virus {VMV), as well
as the related caprine arthritis-encephalitis virus {CAEV), equine infectious apemia virus
{EIAV}) and the more recently described foline immunodeficiency vires (FIV} and bovine
wmunodeficiency virus (BIV). Prior art recombinant lentiviral vectors are known in the art,
e.g. see US Patent Nos. 6,924.123; 7036699, 707993, 7419829 and 7,442,551,

incorporated herein by reference.

(002671 Commercial retroviral vectors for use in this disclosure include, but are not limited io,
pFB-neo vectors (STRATAGENE®), Invitrogen™s plenti scrics versions 4, 6, and 6.2
“ViraPower” systeny. Manufactured by Lentigen Corp ; pHIV-7-GFP, {ab gencrated and used
by the City of Hope Rescarch fustitute; “Leoti-X7 lentiviral vector, pLVX, manufactured by
Clontech; pLEGQ . 1-puro, manufactured by Sigma-Aldnich; plemiR, manufactured by Open
Biosystems; and pLV. lab gencrated and used by the Charit¢ Medical School, Institute of

Virology (CBF), Berlin, Gemmany.

(00288} It will be evident that a viral vector according to the disclosure need not be confined
1o the components of a particular virus. The viral vector may comprise components derived
from two or more different viruses, and mayv also comprise synthetic components. Vector

components can be manipulated to obtain desired charactenistics, such as target cell specificity.

[60209] US. 6,924,123 discloses that certain retroviral sequence facilitate integration into the
target cell genome. This patent teaches that each retroviral genome comprises genes called gag,
pol and env which code for virion proteins and enzymes. These genes are flanked at both ends
by regions called long terminal repeats (LTRs). The L'TRs are responsible for proviral
integration, and transcription. They also serve as enhancer-promoter scquences. Accordingly,
the vector according to the disclosure can comprise one or more of the integration features.

(002108} In some crobodiment, the componentis of the particles not encoded by the vector
genome are provided v trans by additional nucleie acid sequences {the "packaging systern”,

which usually includes cither or both of the gag/pol and env genes} expressed i the host cell,
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for example using a helper virus strategy. The set of sequences required for the production of
the viral vector particles may be introduced into the host cell by transient transfection, or they
may be integrated mto the bost cell genome, or they may be provided in a mixture of ways,
such as helper sequences. The technigues mvolved are known to those skilled n the ant. For
example, the retroviral constructs are packaging plasmids comprising at least one retroviral
helper DNA sequence derived from a replication-incompetent retroviral genome encoding i
trans all virion proteins required to package a replication incompetent retroviral vector, and for
producing virion proteins capable of packaging the replication-incompetent retroviral vector at

high titer, withowut the production of replication-competent helper viras.

{60211} In the packaging process, the packaging plasmids and retroviral vectors expressing the
CAR according to the disclosare are transiently co-transfected into a first population of
mammalian cells that are capable of producing virus, such as human embryonic kidnevy cells,
for example 293 cells (ATCC No. CRLIST3, ATCC, Rockvilie, Md.) to produce high tuer
recombinant retrovirus-containing supernatants. In another method of the disclosure this
transiently transfected first population of cells is then co-cultivated with mammalian target
celis, for example human lvmphocytes, to transduce the target celis with the foreign gene at
high cfficicncies. In yet another method of the disclosure the supematants from the above
described transiently transfected first population of cells are incubated with mammalbian target
cells, for exaraple human lymphocytes or hematopoietic stem cells, to transduce the target cells

with the foreign gene at bigh efficiencies.

{00212} The nucleic acid construct according to the disclosure be inserted into a vector and
packaged in retroviral or lentiviral particles using techniques known in the art. The recombinant
virus can then be 1solated and delivered to cells of the subject either in vivo orex vivo. fn a
particular aspect, the packaging plasmids are stably expressed in a first population of
marnmalian cells that are capable of producing virus, such as buman embryonic kidney cells,
for example 293 cells. Retroviral or lentiviral vectors are introduced muto cells by etther co-
transfoction with a selectable marker or infoction with pseudotyped virus. In both cases, the
vectors ntegrate. Alternatively, vectors can be introduced in an episomally maintained
plasmid.

[30213] The “control elements” or “regulatory sequences” present in an expression vector are
those non-translated regions of the vecior {e.g, ongin of replication, selection cassettes,
promoters, cuhancers, translation mitiation signals (Shine Dalgamo sequence or Kozak

sequence} mtrons, a polvadenylation sequence, 5" and 3" untranslated regions) which interact
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with host cellular proteins 1o carry out transcription and translation. Such elements may vary
in their strength and specificity. Depending on the vector system and host utilized, any number
of suttable transcription and translation clements, mcluding ubiguitous promoters and inducible

promoters may be used.

30214} In some embodiments, vectors include, but are not limited to expression vectors and
viral vectors, will include exogenous, endogenous, or heterologous control sequences such as
/ 133 p 27 ) . R -
promoters and/or enhancers. An “endogenous” control sequence is one which s naturally
Linked with a given gene n the genome. An “exogencus” conirol sequence is ong which is
placed in juxtaposition to a gene by means of genetic manipulation (7 e., molecular bislogical
techniques} such that transcription of that gene s directed by the linked enhancer/promoter. A
“heterologous” control sequence is an exogenous sequence that 1s from a different species than

the cell being geoctically manipulated.

{60215} The term “promoter” as used herein refers to a recognition site of a polynuclectide
{BNA or RNA) to which an RNA polvmerase binds. An RNA polymerase mitiates and
transcribes polynucleotides operably linked to the promoter. In some embodiments, promoters
operative 1o maounalian cells comprise an AT-rich region Jocated approximately 25 to 30 bases
upstream from the site where transcription is initiated and/or another sequence found 70 1o 80
bases upstream from the start of transcription, a UNCAAT region where N may be any

nucleotide.

{00216} The term “enthancer” refers to a segment of DNA which contains sequences capable
of providing enhanced transcription and in some instances can function independent of their
oticntation relative to another control sequence. An evhancer can function cooperatively or
additively with promoters and/or other enhancer clements. The term “promoter/enhancer”
refers to a segment of DNA which contains sequences capable of providing both promoter and

enhancer functions,

[606217] The term “operably linked”, refers to a juxtaposition wherein the components
described are in a relationship permitting them to function in their intended manner. In one
cmbodiment, the term refers to a functional linkage between a nucleic acid expression controf
sequence {such as a promoter, and/or enhancer} and a second polynucleotide sequence, e.g., a
polynucleotide-of-interest, whereim the expression control sequence directs transcription of the

nucleio acid corresponding to the second sequence.
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[60218] Hustrative ubiquitous promoters suitable for use in some embodiments mclude, but
are not limited to, a cytomegalovirus (CMV) immediate carly promoter, a viral simian viras 40
(§V40) (e.g., carly orlate) promoter, a spleen focus forming virus (SFFV) promoter, a Maoloney
muring leukemia virus (MoMLV} LTR promoter, a Rous sarcoma virus (RSV) LTR, a herpes
simplex viras (HSV} (thvmidine kinase) promoter, H5, P7.5, and P11 promoters from vaceinia
viras, an clongation factor 1-alpha (EFlq) promoter, carly growth response 1 {(EGRI)
promater, a ferritin H (FerH) promoter, a ferritin L (Ferl) promoter, a Glyceraldehyde 3~
phosphate dehydrogenase (GAPDH) promoter, a eukaryotic translation mnitiation factor 4A1
{EIF4A1) promoter, a heat shock 70kDa protein 5 (HSPAS) promoter, a heat shock protein
90kDa beta, member | (HSPOOB1) promoter, a heat shock protein 70kDa (HSP70) promoter,
a B-kinesin (§-KIN) promoter, the human ROSA 26 tocus (Irions er o, Nature Biotechnology
23, 1477-1482 (2007)), a Ubiquitin € (UBC) promoter, a phosphoglveerate kinase-1 (PGK)
promater, a ovtomegalovirus enhancer/chicken PBractin (CAG) promoter, a B-actin promoter
and a myeloproliferative sarcoma virus enbancer, negative control region deleted, di387rev

primer-binding site substituted (VMIND) promoter (Challita er o/, J Virol, 69(2}.748-55 (1995)).

60219} In accordance with the present disclosure, the nucleic acid construct is transformead or
mtroduced into a cell and is transcribed and translated to produce a product (ie. a chimeric
receptor). Thus, the nucleic acid construct can further include at least one promoter for directing

transcription of the CAR.

{00228 In one embodiment, the promoter 15 operably linked to the nucleie acid sequence
encoding the chimeric receptor of the present disclosure, ie., they are positioned so as to
promote transcription of the messenger RNA from the DNA encoding the chimeric receptor.
The promoter can be of genomic origin or synthetically generated. A variety of promoters for
use in tmmone cells and particularly in T cells are well-known in the art {e.g., the CDM promoter
disclosed by Marodon et al. (2003)}. The promoter can be constitutive or inducible, where
nduction is associated with the specific cell tvpe or a specific level of maturation, ordrug {c.3.,
tetracychine or doxorubicin) for example. Examples of inducible promoters include, but are not
hoted to, a metallothionine promoter, a ghicocorticoid promoter, a progesterone promoter,
and a tetracycling promoter. Alteratively, a mumber of well-known viral promoters are also
suttable. Promoters of mierest include the Practin promoter, SV40 cardy and late promoters,
mmunoglobulin promoter, human cytomegalovirus promoter, retrovirus promoter, and the
Friend spleen focus-forming viras promoter, mouse mammary tumor virus (MMTV}, human

mnmunodeficiency virus (HIV) long termunal repeat (LTR) promoter, MoMuLV promoter,
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avian leukemia viras promoter, Cytomegalovirus immediate early promoter, Rous sarcoma
virus promoter, as well as human gene promoters such as, but not imited to, the actin promoter,
the myosin promoter, the bemoglobin promoter, and the creatine kinase promoter. The
promoters may or may not be associated with enhancers, wherein the enhancers may be

naturally associated with the particalar promoter or associated with a different promoter.

{60221} In another embodiment, the nucleic acid construct further comprises a promaoter, the
correct translation imtiation sequence such as a nibosomal binding site and a start codon, a

ternunation codon, and a franscription termination sequence.

[302221 As used herein, “conditional expression” may refer to any type of conditional
expression incloding, but not bimited to, nducible expression; repressible expression;
expression in cells or issues having a particular physiological, biological, or disease state, efc,
This definttion 15 not miended to exclude cell type or tissue specific expression. Certamn
embodiments provide conditional expression of a polynucleotide-of-interest, e.g., expression
is controlled by subjecting a cell, tissue, organism, efc., to a treatment or condition that causes
the polynucleotide to be expressed or that causes an increase or decrease in expression of the
polynucleotide encoded by the polyoucicotide~-of-interest. Hlustrative examples of inducible
promoters/svstems mclude, but are not limited to, sterowd-inducible promoters sach as
promaters for genes encoding glucocorticoid or estrogen receptors {inducible by treatment with
the corresponding hormone), metallothionine promaoter (inducible by treatment with varnious
heavy metals), MX-1 promoter (inducible by interferon), the “GeneSwiich” nutepristone-
regulatable system (Sirin es @l , 2003, Gene, 323:67), the cumate inducible gene switch (WO

2002/088346), tetracychine-dependent regulatory systems, efc.

{30223 Conditional expression can also be achieved by using a site-specific DNA
recombinase. According to certain enmbodiments the vector comprises at least one (typically
two} siie(s) for recomabination mediaied by a site-specific recombinase. As used herein, the
terms “recombinase” or “site specific recombinase” include excisive or integrative proteins,
enzymes, co-factors or associated proteins that are mvolved in recombination reactions
involving one or more recombination sites (2.2, two, three, four, five, seven, ten, twelve,
fifteen, twenty, thurty, fifty, efe), which may be wild-type proteins {(see Landy, Currens
Opinion in Biotechnology 3:699-707 (1993)), or mutants, denvatives {e.g, fusion profeins
containing the recombination protein sequences or fragments thereof), fragments, and variants

thercof. Hlustrative examples of recorobinases suitable for use m particular embodiments
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mclude, but are not limited to: Cre, Int, THF, Xis, Flp, Fis, Hin, Gin, ®C3 1, Cin, Tn3 resolvase,
TndX, XerC, XerD, TnpX, Hjc, Gin, SpCCEL, and ParA.

{30224 As used herein, an “internal ribosome entry site” or “IRES” refers 1o an element that
promoetes direct internal nbosome entry {o the nitiation codon, such as ATG, of a cistron (a
protein encoding region), thereby leading to the cap-independent transiation of the gene. See,
e.g., Jacksoneral, 1990, Trends Biochem Sci 15(12):477-83) and Jackson and Kaminski. 1995,
RNA 1{103:985-1000. In some embodiments, vectors inclade one or more polvoucleotides-of-
interest that encode one or more polypeptides. In some embodiments, to achieve efficient
transtation of cach of the plurality of polypeptides, the polynucleotide sequences can be
separated by one or more IRES sequences or polynucleotide sequences encoding self-cleaving
polypeptides. In one embodiment, the IRES used in polynucleotides contemplated herein s an
EMCV IRES.

{00225} Elements directing the efficient termination and polyadenylation of the heterologous
nucleic acid transcripts increases heterclogous gene expression. Transcription termination
signals are gencrally found downstream of the polyadenylation signal. In some embodiments,
vectors comprise a polvadenylation sequence 37 of a polynuclootide encoding a polypeptide to
be expressed. The term “polyA site” or “polyvA sequence” as used herein denotes a DNA
sequence which directs both the termination and polyadenviation of the nascent RNA transcnpt
by RNA polyvmerase 11 Polvadenylation sequences can promote mRNA stability by addition
of a polvA tail to the 3" end of the coding sequence and thus, contribute to increased
translational efficiency. Cleavage and polvadenylation is directed by a poly{A) sequence in the
RNA. The core poly(A} sequence for mammalian pre-mRNAg has two recognition elements
flanking a cleavage-polvadenvlation site. Typically, an almost mvariant AAUAAA hexamer
lies 20-30 nucleotides upstream of a more variable element rich in U or GU residues. Cleavage
of the nascent transcript occurs between these two elements and is coupled to the addition of
up to 250 adenosines to the 5 cleavage product. In some embodiments, the core poly(A})
sequence s an ideal polvA sequence {c.g., AATAAA, ATTAAA, AGTAAA) In some
embodiments, the polviA) sequence is an SV40 polvA sequence, a bovine growth hormone
polvA sequence (BGHpA), a rabbit B-globmn polvA sequence {tPgpA), variants thereot, or

another suitable heterologous or endogenous polvA sequence known in the art.

{30226} Hlustrative methods of non-viral delivery of polynucleotides contemplated i some
cmboduvents include, but are not Hmited to: electroporation, sonoporation, lipofection,

microinjection, biclistics, virosomes, liposomes, immunoliposomes, nanoparticles, polycation
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or hpidinucieic acid conjugates, naked DNA, artificial virions, DEAE-dextran-mediated

transfer, gene gun, and heat-shock.

[60227] Mustrative examples of polvoucleotide delivery systems suitable for use n some
embodiments contemplated in some embodiments include, but are not Hmited to, those
provided by Amaxa Biosystems, Maxcyte, [nc., BTX Molecular Delivery Systems, and
Copemicus Therapeutics Inc.  Lipofection reagents are sold commercially {eg,
Transfectam™ and Lipofoctin™), Cationic and neutral lipids that are suitable for efficient
receptor-recognition lipofoction of polynuclestides have been described in the hiterature. See
e.g. Liuef al. (2003) Gene Therapy. 10:180-187; and Balazs ef ol (2011) Journal of Drug
Delivery. 2011:1-12. Antibody-targeted, bactenally derived, nown-living nanoceli-base

delivery is also contemplated in some embodiments.

160228} Viral vectors comprising polynucleotides contomplated in some embodiments can
be delivered in vive by administration to an individual patient, typically by systemue
adminmstration {e.g., intravencus, intraperitoneal, mtramuscuolar, subdermal, or intracranial
infusion} or topical application, as described below. Alternatively, vectors can be delivered
to cells ex vivo, such as cells explanted from an individual patient {e.z., mobilized peripheral
blood, lymphocyies, bone mamrow aspirates, tissue biopsy, efc} or umversal donor

hematopoictic stern oclls, followed by reimplantation of the cells into a patient.

(802291 In one embodiment, a viral vector comprising a polvaucleotide encoding an anti~
HLA-G CAR is admimstered directly to an organism for transduction of cells in vivo.
Alternatively, naked DNA can be administerod. Administration is by any of the routes
nommally used for introducing a molecule into ultimate contact with blood or tissue cells
meluding, but not limited fo, injection, infusion, topical apphcation and clectroporation.
Switable methods of administering such mucleic acids are available and well known to those
of skill in the art, and, although more than one route can be used to administer a particular
composition, a particular route can often provide a more immediate and more effective

reaction than another route.

[00230] TUustrative examples of viral vector systerns suttable for use in some embodiments
contemplated herein mclude, but are not imited to adenc-associated virus (AAV), retrovirus,

herpes simplex virus, adenovirus, and vaccinia virus vectors.

Genpetically Modified Cells
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[66231] In vanous embodiments, the present disclosure provides cells genetically modified to
express the anti-HLA-G CARs described hersin. As used herein, the term “genctically
enginecred” or “genctically modified” refors to the addition of extra genctic material in the
form of DNA or RNA into the total genetic material in a cell. As used herein, the term “gene
therapy™ refers to the introduction of extra genetic material in the form of DNA or RNA into
the total genctic material in a cell that restores, corrects, or modifies cxpression of a gene, or

for the purpose of expressing a therapeutic polypeptide, e.g., a CAR.

(00232} In some embodiments, the present disclosure provides genetically modified cells and
populations thercof comprising an anti-HLA-G CAR. In some cmbodiments, the genctically
modified cells comprise an anti-HLA-G CAR and one or more additional exogenous

transgenes.

66233} fn some cmbodiments, the specificity of a primary tomune effector cell is redirected
to cells expressimg HLA-G, e g, cancer cells, by genetically modifying the primary romune
effector cell with a CAR contemplated herein. In various cmbodiments, a viral vector is used
to genetically modify an mmmune effector cell with a particular polynucleotide encoding a CAR
comprising an anti-HLA-G antigen binding domain that binds an HLA-G polypeptide; a unge
domain; a transmembrane {TM) domain, a short oligo- or polypeptide linker, that links the TM
domain to the miraceliular signaling domain of the CAR; and one or more intracellular co-

stinmlatory domains; and a signaling domam.

{00234 The cell can comprise a CAR that specifically binds o B2M-associated HLA-G
isoforms, preferably to both HLA-G1 and HLA-GS soforms.

{30235 In one embodiment, the cell expresses at least two different CARs. For instance, the
coll may comprse a CAR that specifically binds to P2M-associated HLA-G isoforms
preferably to botbh HUA-G1 and HLA-GS, and avother CAR that specifically binds to a
different antigen.

[69236] Preferably, the cell comprises a CAR comprising an antigen binding fragment dertved
from the LFTT-1 antibody as described in WG2020043899, which 1s incorporated herein by
reference in its entirety..

136237} In some embodiments, a genctically modified cell comprises a CAR comprising the

sequence of SEQ 1D NO: 68 or a sequence having at feast 75%, at least 80%, at least 85%, at

> £l

least 80%, at least 95%, at least 98%, or at least 99% identity therewith.
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{00238} The cell according to the disclosure can be a prokaryotic or a eukarvotic cell.
Preferably, the cells are eukarvotic cells, such as mammalian cells, and typically are human,

feline or canine cells, more typically human cells, preferably priraary human cells.

Fmmune cffector cells

[66239] fn some embodiments, the present disclosure provides genetically modified cells {e.g,
mmune effector cells) and populations thereof comprising an anti-HLA-G CAR. In such
embodiments, the anti-HLA-G CARs contemplated herein are introduced and expressed m
mmmune effector cells so as to redirect the specificity of the immune cell to a target antigen of
mterest, e.g., a HLA-G polvpeptide. In some embodiments, the genetically modified cell
expresses an anti-HLA-G CAR on the cell surface. In some embodiments, the genetically
modified immune cffector cells comprise an anti-HLA-G CAR and one or more additional

CXOZCHouS Iransgencs.

(00248} An “momume effector cell,” is any cell of the immune system that has one or more
cffector functions {e.g., cytotoxic cell killing activity, secretion of cytokines, induction of
ADCC and/or CDC). Exemplary monune effector cells include T lvmphocyies, in particular
eviotoxic T cells (CTLs; CD8+ T cells), TiLs, and helper T cells (HTLs; T4+ T cells), natural
killer (NK) cells, and natural killer T (NKT} cells. Immune effector cells also inclade
progenitors of effector cells wherein such progenttor cells can be induced to differentiate nto
e effector cells i vive or in virro. Tn some embodiments, an immume effector cellis a
Nataral Killer (NK)-like cell, a hematopoietic progenitor cell, a peripheral blood (PB) derived
T cell or an umbilical cord blood (UCB) derived T cell.

302411 In some embodiments, anti-HLA-G CAR-modified immune effector cells comprise T
cells. The terms “T cell” or “T lymphocyte” are art-recognized and are intended to include
thvmocyics, tmmatwre T lymphocyies, mature T lymphocytes, resting T lvmphocyies, or
activated T lymphocyies. A T cell can be a T helper (Th) cell, for example a T helper 1 {Thi)
ora Thelper 2 (Th2) cell. The T cel can be ahelper T eell (HTL CD4" Teell} (D47 Tecll, a
cvtotoxic T cell (CTL; CDR™ T cell), CD4ATCDS™ T cell, CD4CDY T cell, or any other subset
of T cells. Other illustrative populations of T cells suitable for use in some embodunents

mnclude naive T cells and memory T cells.

00242} In some cmbodiments, the T cells are derived from a manunahian subject. In some
embodiments, the T cells are derived from a primate subject, such as a human subject. T cells

can be obtained from a number of sources including, but not limited to, peripheral blood
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mononuclear cells, bone marrow, lymph nodes fissue, cord blood, thymus 1ssue, tissue from a
site of infection, ascites, pleural effusion, spleen tissue, and tumors. In certain embodiments, T
cells can be obtained from a umit of blood collected from a subject usmg any number of
techniques known to the skilled person, such as sedimentation, £.g., FICOLL™ gseparation. In
one embodiment, cells from the circulating blood of an individual are obtained by apheresis.
The apheresis product typically contains lymphocytes, including T cells, monocyies,
granulocyies, B cells, other nucleated white blood cells, red blood cells, and platclets. In one
embodiment, the cclls collected by apheresis mayv be washed to remove the plasma fraction and
to place the cells in an appropriate buffer or media for subsequent processing. The cells can be
washed with PBS or with another suitable solution that lacks calcium, magpesium, and most,
if not all other, divalent cations. As would be appreciated by those of ordinary skill mn the art,
a washing step may be accomplished by methods known to those in the art, such as by using a
semiautomated Howthrough centrifuge. For example, the Cobe 2991 cell processor, the Baxter
CytoMate, or the like. After washing, the celis may be resuspended in a variety of
biocompatible buffers or other sahine solution with or without buffer. In certain embodiments,
the undesirable components of the aphercsis sample may be removed in the cell directly

resuspended culture media.

(302431 In certain embodiments, the immune cell s a T cell, cg., an animal T cell, a
mammalian T cell, a feline T cell, a canine T cell or a human T cell. Among the sub-tvpes and
subpopulations of T cells and/or of CD4+ and/or of CDE+ T cells are naive T (TN} cells,
effector T cells (TEFF), memory T cells and sub-tvpes thereof, such as stem cell memory T
{TSCM), central memory T {TCM), effector memory T (TEM), or terminally differentiated
effector memory T cells, tumor-infiltrating bymphocytes (TIL), mmmature T cells, mature T
celis, helper T cells, cyvtotoxic T cells, mucosa-associated invariant T (MAIT) cells, naturally
occurring and adaptive regulatory T (Treg) cells, helper T cells, such as THI cells, TH2 cells,
TH3 cells, TH17 celis, THO cells, TH22 cells, follicular helper T cells, o/B T cells, and &/ T
celis. Non~limiting examples of commercially available T-cell hines include lines BCL2 (AAA)
Jurkat (ATCC® CRL-29027 BCL2 (8704) Jurkat (ATCC® CRL-2900™), BCL2 (S87A)
Jarkat (ATCC® CRL-2901™) BCL2 lurkat (ATCC® CRL-2899™5 Neo Jurkat (ATCC®
CRL-2898™) TALL-104 cviotoxic human T cell Hne (ATCC # CRL-11386) Fusther
exampies include but are not limited to mature T-cell lines, ¢.g., such as Deglis, ERT-8, HPB-
MLp-W, HUT 78, HUT 102, Karpas 384, Ki 225, My-La, Se-Ax, SKW-3, SMZ-1 and T34,
and immatare T- cell lines, ¢.g., ALL-SIL, Bel3, CCRF-CEM, CML-T1, DND-41, DU.528,
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EU-S, HD-Mar, HPB-ALL, H-SB2, HT-1, JK-T1, Jurkat, Kampas 45, KE-37, KOPT-K1, K-
Ti, L-KAW, Loucy, MAT, MOLT-1, MOLT 3, MOLT-4, MOLT 13, MOLT-16, MT-1, MT-
ALL, P12%/ichikawa, Peer, PEROI17, PER-255, PF-382, PFI-285, RPMI-8402, ST-4, SUP-T1
to Ti4, TALL-1, TALL-101, TALL-103/2, TALL-104, TALL-105, TALL-106, TALL-107,
TALL-197, TK-6, TLBR-1, -2, -3, and -4, CCRF-HSB-2 {CCL-120.1), FRT3-T3.5 (ATCC
TIB-153), }45.01 (ATCC CRL-1990}, J CaMl.6 (ATCC CRL-2063), RS4;11 (ATCC CRL-
1873), CCRF-CEM (ATCC CRM-CCL-119); and cutancous T-cell lymphoma hines, eg.,
HuT78 (ATCC CRM-TIB-161), MIGI1] (ATCC CRL-8294), HuT102 (ATCC TIB-162).
Non-limiting exemplary sources for such commercially available cell hines inchude the
American Type Culture Collection (ATCC) (Manassas, VA), and the German Collection of

Microorganisms and Cell Cultures.

30244} In some embodiments, a population of cells comprising T cells, e.g., peripheral blood
mononuclear cells (PBMCs), is genetically modified according to the present disclosure. In
some embodiments, the population of PBMCs 15 not subjected to posttive or negative selection
prior to activation, expansion, and/or genetic modification. In other embodiments, T cells are
isolated or purified from PBMCs prior to activation, expansion, and/or genetic modification.
In such embodiments, the population of PBMCs can be treated to lyse the red blood cells and
deplete the monocytes, for example, by centrifugation through a PERCOLL™ gradient. In
some embodiments, cytotoxic and/or helper T lymphocytes are isolated from PBMCs. In some
embodiments, the isolated T cells can be sorted into naive, memory, and cffector T cell
subpopulations either before or after activation, expansion, and/or genetic modification. In
cerfain embodiments, specific subpopulation of T cells, expressing one or more of the
following markers: CD3, CD4, CD8, CD28, CB45RA, CD4SREO, CD62, CD127, and HLA-

DR can be further isolated by positive or negative selection techniques.

[68245] In somc cmbodiments, immune offector cells include progenitors of imoune
effectors cells such as hematopoietic stem cells (HSCs} contained within the CD34 population
of cells denved from cord blood, bone marrow, or mobilized peripheral blood, and which
differentiate into mature invnune effector cells upon administration in a subject, or which can
he induced i vitro to differentiate into mature vumune effector celis.

[86246] In some embodiments, the cells are natural killer (NK) celis, Nataral Killer T (NKT)
cells, eoyvtokine-induced killer (CIK} cells, tumor-mfiltrating lymphocytes (TILs),
tymphokine- activated killer (LAK) cells, or the like. NK cells may either be isolated or

obtained from a commercially available source. Non-limiting examples of commercial NK
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cell lines inchude lines NK-92 (ATCC® CRL-24070), NE-92MT (ATCC® CRL-2408™),
Fuorther examples include but are not Himited to NK hnes HANK 1, KHYG-1, NKL, NK-YS,
NOE-90, and YT, Non-lumtting exemplary sources for such commercially available cell hines
melude the American Tvpe Culture Collection (ATCC) (Manassas, YVA) and the German

Collection of Microorganisms and Cell Coltures.

60247} In some embodiments, the host ccll presenting the CAR according to the disclosure
iz selected from cytotoxic T cells {also known as TC, Cytotoxic T Lymphocvte, CTL, T Killer

cell, alytic T cell, CD8+ T cells or killer T cell} and NK cells.

[80248] In some embodiments, the cells are B cells, monocvies or granulocyies, e.g., myeloid

celis, macrophages, neutrophils, dendritic cells, mast cells, cosinophils, and/or basophiis.

[66249] In some embodiments, a cell expresses an anti-HLA-G CAR disclosed hercin and
additionally expresses one, two or three mhibitors of an immune checkpoint molecule. In
some cases, the immune checkpoint molecole s PDL, PD-L1, PD-L2, CTLA4, TIM3,
CEACAM-1, CEACAM-3, CEACAM-S, LAGS, VISTA, BTLA, TIGIT, LAIR], CD160,
2B4, CDRO, CDR6, B7-H3 (CD276), B7-H4 (VTCND), HVEM (TNFRSF14 or CD270), KIR,
AZaR, MHC class I, MHC class I, GALS, adenosineg or TGFR.

Genetic Modifications

{60253 In some embodiments, the genetically modified cells described hergin comprise an
anti-HLA -G CAR and further comprise one or more additional exogenous transgenes. In some
crabodiments, the one or more additional exogenous transgenes cncode a detectable tag, a

safety-switch system, or a chimeric switch receptor.

Detectable Tags

(00251} In some embodiments, the genetically modified cells described herein comprise an
anti-HLA-G CAR and further comprise an exogenous transgene encoding a detectable tag.
Examples of detectable tags include but are not hmited to, FLAG tags, poly-hustidine tags (e.g.
6oxHis), SNAP tags, Halo tags, cMyc tags, glutathione-S-transferase tags, avidin, enzymes,
fluorescent proteins, luminescent proteins, chemiluminescent proteimms, bioluminescent

proteins, and phosphorescent proteins.,

{00252} In some embodiments the fluorescent protein is selected from the group consisting of
blue/UV proteins {such as BFP, TagBFP, mTagBFP2, Azurite, EBFP2, mKalamal, Sirius,

Sapphure, and T-Sapphire); cvan proicins {such as CFP, ¢CFP, Cerulean, SCFP3A,
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mTurguoise, mTurquoise?, monomeric Midonishi-Cyvan, TagCFP, and mTFPI); green
proteins (such as: GFP, ¢GFP, meGFP {A208K mutation), Emerald, Seperfolder GFP,
Monomeric Azand Green, TagGFP2, mUKG, mWasabi, Clover, and mNeonGreen); yvellow
proteins (such as YFP, ¢YFP, Citrine, Venus, SYFP2, and TagVFP}; orange proteins {such as
Monomeric Kusabira-Orange, mKOx, mKO2, mOrange, and mQGrange?): red proteins (such as
REFP, mRaspberry, mCherry, mStrawberry, mTangerine, tdTomato, TagRFP, TagRFP-T,
mApple, mRuby, and wRubyv2); far-red proteins {such as mPlurn, HeRed-Taodem, mKate?,
mNeptune, and NirFP); near-infrared proteins (such as TagRFP637, IFP1 4, and iRFP); long
stokes shift proteins (such as mKeima Red, LSS-mKatel, L5S-mKate2, and mBeRFP);
photoactivatible proteins (such as PA-GFP, PAmCherryl, and PATagRFP); photoconvertible
proteins (such as Kaede (green), Kaede {red}, KikGR1 (green), KikGRI (red}, PS-CFP2, PS-
CFP2, mEos2 {green), mEos2 (red), mEos3.2 (green), mEos3.2 (red), PSmOrange, and
PSmOrange}; and photoswitchable proteins {such as Dronpa). In some embodiments, the
detectable tag can be selected from AmCryvan, AsRed, DsRed?, DsRed Express, E2-Crimson,
HeRed, ZsGreen, ZsYellow, mCherry, mStrawberry, mOrange, mBanana, mPlum,
mRaspberry, tdTomato, DsRed Monomer, and/or ACGFP, all of which are available from

Clontech.

302531 In some embodiments, the detectable tag and the anti-HLA-G CAR are expressed from
the same expression cassette. For example, in some embodiments, the genetically modified
cells described herein comprise an expression cassctic comprising a first polvoucleotide
sequence encoding an anti-HLA-G CAR and a second polynucleotide sequence encoding a

detectable tag.

Manefacturing Methods
[68254] Methods of introducing genes into a cell and expressing genes in a cell are known in

the art.

(842585} Particularly, methods for producing cells comprising vectors and/or exogenous nucleic
acids are well-known in the art. See, for example, Sambrook et al. (2001, Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratory, New York). fn the context of an
expression vector, the vector can be readily introduced into a host cell, e.g.. mammalian,
bacterial, yeast, or insect cell by any method n the art. For example, the expression vector can
be transferred o a host cell by physical, chemical, or biological means that are more

particularlv described here below.
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[60256] In some embodiments, the methods include isolating cells from the subject, preparing,
processing, culturing, and/or enginecring them, as described herein, and re-introducing them
into the same patient, before or after cryopreservation.

386257 Here 15 particularly provided a method of producing anti-HEA-G CAR expressing
cchis comprising, or altematively consisting essentially of, or yet further consisting of the steps:
(1} transducing a population of isolated cells with a nucleic acid sequence encoding the CAR
as described herein; and (1) selecting a subpopulation of said isolated cells that have been
suceessfully transduced with said nucleic acid sequence of step (1} thereby producing anti-
HLA-G CAR cxpressing cells. In one aspect, the isolated cells are selected from a group

consisting of T cells and NK cells.

30258} Here is even more particularly provided a method of producing anti-HLA-G CAR
expressing cells comprising, or alternatively consisting essentially of, or vet further consisting
of the steps: (1) acquisition of an immune cell population {e.g. blood celis) (11) isolation of a
particular cell population {e.g. T cells and/or NK cells) (it} transdacing a population of isolated
celis with a nucleic acid sequence encoding the CAR as described herein; and (iv) selecting a
subpopulation of said isolated cells that have been successfully transduced with said nucleic

steps are more particularly described below.

Cell acquisition
802591 Prior to expansion and genetic modification of the cells disclosed herein, cells may be
obtained from a subject — for instance, in embodiments involving autologous therapy — or from

a commercially available culture.

{00260} The cell can be acquired from samples include tissue. body fluid {c.g. blood, plasma,
serum, cerchrospinal fluid, synovial fluid, vrine and sweat}, and other samples taken directly
from the subject, as well as samples resulting from one or more processing steps, such as
scparation, centrifugation, genetic engineering {¢.g. transduction with viral vector), washing,

and/or incubation.

3062611 Cells can be obtained from a number of non-hmiting sources including whole blood,
peripheral blood mononuciear cells (PBMCs), leukocytes, bone marrow, thymus tissue, lymph
node tissue, cord blood, tissue from a site of infection, ascites, pleural effusion, tissue biopsy,
tumor, leukemia, lymphoma, gut associated bymphoid tissae, mucosa associated lymphord

tissue, spleen, other lvraphoid tissues, hiver, lung, stomach, mntestine, colon, kidney, pancreas,
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breast, bone, prostate, cervix, testes, ovaries, tonsil, or other organ, and/or cells derived
therefrom. Samples nclude, in the context of cell therapy, e.g. adoptive cell therapy, samples

from autologous and allogenetic sources.

302621 In some examples, cells from the circulating blood of a subject are obtained, .., by
apheresis or leukapheresis. The samples, in some aspects, contain lymphooytes, including T
cehls, mounocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells,

and/or platelets, and in some aspects contain cells other than red blood cells and platelets.

[30263] In some embodiments, any number of T cell ok NK cell lines available and known to
those skilled in the art, such as described hereabove may be used. In some embodiments, cells
can be derived from a healthy donor, from a patient diagnosed with cancer, from a patient
diagnosed with an autoimmune or inflammatory disorder or from a patient diagnosed with an
infection. In some crubodiments, colls can be part of a mixed population of cells which present

different phenotypic characteristics.

Cell isolation

(00264} Asis known to one of skill in the art, various methods are readily available for isolating
immune celis from a subject or can be adapted to the present application, for example using
Life Technologies Dynabeads® systeny STEMceell Technologies EasySep™, RoboSep™,
RosetieSep™, SepMate™; Miltenyt Biotec MACS™ ¢ell separation kits, cell surface marker
expression and other commercially available cell separation and 1solation kits {e.g., ISGCELL
from Pierce, Rockford, L}, Particular subpopulations of immune cells may be isolated through
the use of beads or other binding agents available 1 such kits specific to unique cell surface
markers. For example, MACS™ D4+ and CD8+ MicroBeads may be used to isolate CD4+
and CD&+ T-cells. The strategy of isolating and expanding antigen-specific T cells as a
therapeutic intervention for human discase has also been validated i chinical trials (Riddell et

al., 1992; Walter et al., 19953; Heslop et al., 1996).

00265} In some embodiments, isolation of the cells includes one or more preparation and/or
non-affuuty-based cell separation steps. In some examples, cells are washed, contrifuged,
and/or meubated n the presence of one or more reagents, for example, to remove unwanted
components, enrich for desired components, lyse or remove cells sensitive to particudar
reagents. In some examples, cells are separated based on one or more property, such as density,

adherent properties, size, sensitivity and/or resistance to particular components.
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00266} In some embodiments, the blood cells collected from the subject are washed, e.g., to
remove the plasma fraction and to place the cells in an appropriate buffer or media for
subscquent processing steps. In some embodunents, the cells are washed with phosphate
buffered saline {(PBS). In some embodiments, the wash solution lacks calcium and/or
magnestum and/or many or all divalent cations. In some aspects, a washing step is
accomplished by a semi-automated “flow-through™ centrifuge (for example. the Cobe 2991 cell
processor, Baxter) according to the manufacturer's instructions. In some aspects, a washing
step 18 accomplished by tangential flow filtration (TFF) according to the manufacturer's
imstractions. In some embodiments, the cells are resuspended in a variety of biocompatible
butfers after washing, such as, for example, Ca2+/Mgl+ free PBS. In certain emabodiments,
components of a blood cell sample are removed and the cells divectly resuspended m culture

media.

60267} In some embodiments, the isolation methods 1uclude the separation of differcnt cell
types based on the expression or presence in the cell of one or more specific molecules, such
as surface markers, ¢.g., surface proteins, ntracelolar markers or mucleie acid. In some
embodiments, any known method for separation based on such markers may be used. In some
crubodiments, the separation is affintty- or immunocaftinity-based separation. For example, the
1solation 1n some aspects includes separation of cells and cell populations based on the cells’
expression or expression level of one or more markers, typically cell surface markers, for
exampie, by incubation with an antibody or binding partner that specifically binds to such
markers, followed generally by washing steps and separation of cells having bound the
antitbody or binding partner, from those cells having not bound to the antibody or binding
partner. Such scparation steps can be based on positive selection, in which the cells having
bound the reagents are retained for further use, and/or negative selection, in which the celis
having not bound to the antibody or binding partner are retained. In some examples, both
fractions are retained for further use. In some aspects, negative selection can be particularly
useful where no antibody s available that specifically identifics a cell tvpe in a heterogeneous
population, such that separation is best carried out based on markers expressed by cells other
than the desired popuolation.

{30268} In some embodiments, multiple rounds of separation steps are carried out, where the
postively or negatively selected fraction from one step 1s subjected to another separation step,
such as a subsequent positive or negative selection. In some examples, a single separation step

can deplete cells expressing multiple markers stmultancously, such as by incubating cells with
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a plurality of antibodies or binding pariners, each specific for a marker targeted for negative
selection. Likewise, multiple cell types can simultancously be positively selected by incubating

celis with a plurality of antibodies or binding partners expressed on the various cell types.

{30269} For example, in some aspects, specific subpopulations of T cells, such as cells positive
or expressing high levels of one or more surface markers, e.g., CD28+, CD6ZL+, CCRT7+,
CD27+, CDI2T+, CD4+, CDE+, CD45RA+, and/or CD4SRO+ T cells, are isolated by positive

or negative selection techniques. For example, CD3+ T cells can be expanded using CD3 /

D28 conjugated magnetic beads (¢.g., DYNABEADS® M-450 CD3/CD28 T Cell Expander).

[G0276] In some embodiments, 1solation 1s carried out by enrichment for a particular cell
popuolation by positive selection, or depletion of a particular cell population, by negative
selection. In some embodiments, positive or negative selection is accomplished by incubating
cells with one or more antibodics or other binding agent that specifically bind to one or more
surface markers expressed or expressed (marker+) at a relatively higher level on the positively

or negatively selected eells, respectively.

{30271} In some embodiments, T cells are separated from a sample by negative selection of
markers expressed on non-T cells, such as B cells, monoeyies, or other white blood cells, such
as CD4. In some aspects, a CD4 or CDE selection step is ased o separate CD4+ helper and
CD&+ evtotoxic T cells. Such CD4+ and CDE+ populations can be further sorted unto sub-
populations by positive or negative selection for markers expressed or expressed to a relatively

higher degree on one or more naive, memory, and/or effector T cell sabpopulations.

002721 In some embodiments, CD8+ cells are further enriched for or depleted of naive, central
memory, effector memory, and/or central memory stem cells, such as by positive or negative
selection based on surface antigens associated with the respective subpopulation. fn some
embodiments, enrichment for central memory T {TCM]) cells is carried out to increase efficacy,
sach as to improve long-term survival, expansion, and/or engraftment following
administration, which in some aspects is particularly robast i such sub-populations. Sce
Terakura et al. (2012} Blood. 1:72-82; Wang et al. {2012) I Immuncther. 35(9):689-701. In
some embodiments, combining TCM-enriched CD8+ T cells and CB4+ T cclls further

enhances efficacy.

66273 In cmbodiments, memary T cells are prosent in both CD621L+ and CD62L- subsets of
CD8+ penipheral blood lvmphoeytes. PBMC can be entiched for or depleted of CD62L- CD8+

and/or CD62ZLA+CDE fractions, such as using anti-CD8 and anti-CD62L antibodies.
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{60274} In some embodiments, the enrichment for central memory T (TCM) celis 1s based on
positive or high sarface expression of CD4SRO, CD62EL, CCR7, D28, CD3, and/or CDBI127,
tn some aspects, it is based on negative selection for cells expressing or highly expressing
CD45RA and/or granzyme B. In some aspects, isolation of a CD8+ population enniched for
TCM cells is carried out by depletion of cells expressing CB4, CP14, CD45SRA, and positive
selection or enrichment for cells expressing CD6ZL. In one aspect, enrichment for central
memory T (TCM) cells is carried out starting with a negative fraction of cells selected based
on T4 expression, which is subjected to a negative selection based on expression of D14
and CD4SRA, and a positive selection based on CD62L. Such selections i some aspects are
carried out simultaneously and m other aspects are carried out sequentially, i either order. In
some aspects, the same CD4 expression-based selection step used m preparing the CDE+ cell
population or subpopulation, also is used to generate the CD4+ cell population or sab-
population, such that both the positive and negative fractions from the CD4 basced separation
are retained and used in subseguent steps of the methods, optionally following one or more

further positive or negative sclection steps.

{60275} In some embodiments, the enrichment for NX cells is based on positive or high surface
expression of CI56 and CD16 and on the negative expression of C3 and/or optionally on the

presence of NKp46 or NKp30 receptors.

{60276} In some aspects, the sample or composition of cells to be separated is incubated with
small, magnetizable or magnetically responsive material, such as magnetically responsive
particles or micro-particies, sach as paramagnetic beads {(e.g., such as Dynabeads or MACS
beads}. The magnetically responsive material, ¢.g., particle, generally is directly or indirectly
attached to a binding pariner, ¢.g., an antibody, that specifically binds to a molecule, c.g.,
surface marker, present on the cell, cells, or population of cells that it is desired to separate,
¢.g., that it 1s desired to negatively or positively select. In some embodiments, the magnetic
particle or bead comprises a magnetically responsive material bound to a specific binding
moember, such as an antibody or other binding pariner. There are many well-known
magnetically responsive materials used in magnetic separation methods. Suitable magnetic
particles include those described in Molday, U. §. Pat. No. 4,452,773, and in European Patent
Spectfication EP 452342 B, which are bereby incorporated by reference. Colloidal sized
particles, such as those desentbed in Owen U 8. Pat. No. 4,795,698, and Liberti ¢t al,, U. §.

Pat. No. 5,200,084 are other examples.
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602771 The ncubation generally 15 carried out under conditions whereby the antibodies or
binding partners or molecules, such as seccondary antibodics or other reagents, which

specifically bind to such antibodies or binding partners, which are attached to the maguetic

particle or bead, specifically bind to cell surface molocules if present on cells within the sample.

{30278} In some aspects, the sample is placed m a magnetic field, and those cells having
magnetically responsive or magnetizable particles attached thereto will be attracted to the
magnet and separated from the unlabeled cells. For positive selection, cells that are attracted to
the magnet are retained; for negative selection, cells that are not attracted (unlabeled cells) are
retained. In some aspects, a combination of positive and negative selection is performed during
the same sclection step, where the positive and negative fractions are retained and further

processed or subject to further separation steps.

[66279] fn certain cmbodiments, the magnetically responsive particles are coated in primary
antibodies or other binding pariners, secondary antibodies, lectins, enzymes, or streptavidin. In
certain embodiments, the magnetic particles are attached to cells via a coating of primary
antibodies specific for one or more markers. In certain embodiments, the cells, rather than the
beads, arc labeled with a primary antibody or binding partoer, and then cell-type specific
secondary antibody- or other binding partner {¢.g., streptavidin}-coated magnetic particles, are
added. In certain embodiments, streptavidin-coated magnetic particles are used in conjunction

with biotinviated pomary or secondary antibodies.

{00286 In some embodiments, the magnetically responsive particles are left attached to the
cells that arc to be subsequently incubated, cultured and/or engincered. in some aspects, the
particles are left attached to the cells for adounistration to a patient. In some emboduuents, the
magnetizable or magnetically responsive particles are removed from the cells. Methods for
removing magnetizable particles from cells are known and include, e.g., the use of competing
non-labeled antibodies, magnetizable particles or antibodics conjugated to cleavable linkers,

cte. In some embodiments, the magnetizable particles are biodegradable.

[00281] In certain embodiments, the isclation or separation is carried out using a system,
device, or apparatus that carries out one or more of the isolation, cell preparation, separation,
processing, incubation, cubture, and/or formulation steps of the methods. In some aspects, the
system is vsed to carry out cach of these steps in a closed or sterile environment, for example,

to minimize orror, user bandling and/or contamination. In one example, the system is a system
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as described in International Patent Application, Publication Number W0O2009/072003, or US
20110003380,

302821 In some embodiments, a cell population described herein is collected and enriched {or
depleted) via flow eytometry, in which cells stained for muitiple cell surface markers are
carried in a fluidic stream. In some embodiments, a cell population described herein is collected
and enoiched {or depleted) via preparative scale (FACS)-sorting . In certain embodiments, a cell
population described herein i collected and enriched {(or depleted) by use of
microelectromechanical systems (MEMS) chips in combination with a FACS-based detection
system {sec, o.g., WO 2010/033140, Cho et al. (2010) Lab Chip 10, 1367-1573; and Godin ot
al. {2008} I Biophoton. I{5):355-376. In both cases, cells can be labeled with multiple markers,
alfowing for the isolation of well-defined T cell subsets at high purity. In some embodiments,
the antibodies or binding partaers are labeled with one or more detectable marker, to facilitate
separation for posttive and/or negative selection. For example, separation may be based on
binding to fluorescently labeled antibodies. Tn some examples, separation of cells based on
binding of antibodies or other binding partners specific for one or more eell surface markers
are carried in a fhaidic stream, such as by fluorescence-activated cell sorting (FACS), including
preparative scale (FACS) and/or microelectromechanucal systerns (MEMS) chips, eg., in
combination with a flow-cytometric detection system. Such methods allow for positive and

negative selection based on multiple markers simultancously.

{00283} In some embodiments, the methods include density-based cell separation methods,
sach as the preparation of white blood celis from peripheral blood by lysing the red blood cells

and centrifisgation through a Percoll or Ficoll gradient.

{00284} In any of the aforementioned separation steps, the separation does not result in 100%
enrichment or removal of a particular cell population or cells expressing a particular marker.
For example, posttive selection of or enrichment for cells of a particular type, such as those
expressing a marker, refers to increasing the number or percentage of such cells, but does not
result in a complete absence of cells not expressing the marker. Likewise, negative selection,
removal, or depletion of cells of a particular type, such as those expressing a marker, refers to
decreasing the muraber or percentage of such cells, but does not result in a complete removal

of all such cells.

[30285] Alternatively, cells may be obtained through commercially available cell cultures,

ncluding but not limitted to, for T cells, lines BCL2 (AAA) Jurkat (ATCC® CRL-2902™),
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BCL2 (870A) Jurkat (ATCC® CRL-2900™), BCL2 (S87A) Jurkat (ATCCR CRL-2001™M)y,
BCL2 Jwkat (ATCC® CRL-2899™) Neo Jurkat (ATCC® CRL-2898™) TALL-104
(ATTC® CRIL-~11386}): and, for NK cells, lines NK-92 (ATCC® CRL-2407™, NK-9ZMI
{ATCC®R CRL-2408™),

30286} Non-liniting exemplary sources for such commercially available cell lines include the
American Type Culture Collection {(ATCC) (Manassas, YA} and the German Collection of

Microorganisms and Cell Cultures.

Celi preparation and expansion

{30287} Whether prior to or after genctic modification of the immune cells to express a
desivable CAR. the cells can be activated and expanded using generally known methods or
from readily adapted method to the present application such as those described in U.S. Patent
Nos.6,352,694, 6,534,033, 6,905,680, 6,692,964, 5,858,358, 6,887,466, 6,905,681, 7,144 575,
7.067.318; 7, 172,869; 7.232.566. 7. 175,843: 5.883,223: 6,903.874; 6.797.514; 6 867.041 and
U.S. Patent Application Publication No. 200601210035, Life Technologies Dynabeads® system
activation and cxpaosion kits; BPY Biosciences Phosflow™ activation kits, Miltenyi Biotee
MACS™ activation/expansion kits, and other commercially available cell kits specific to
activation moictics of the relevant cell. Stimudation with the HLA-G antigen ex vive can
activate and expand the selected CAR cxpressing cell subpopulation. Aliernatively, the celis

may be activated in vivo by interaction with HLA-G antigen.

60288} The incubation and/or engineering may be carried ouf in a culture vessel, such as a
unit, chamber, well, column, tube, tubing set, valve, vial, culture dish, bag, or other container

for calture or cultivating cells.

00289} In some embodiments, the cells are incubated and/or culiured prior to or in connection
with genetic engineering. The incubation steps can melude colture, cultivation, stimulation,
activation, and/or propagation. In some embodiments, the compositions or cells are incubated
in the presence of stimulating conditions or a stimulatory agent. Such conditions include those
designed to induce proliferation, expansion, activation, and/or survival of cells m the
population, to mimic antigen exposure, and/or to prime the cells for genetic engineering, such
as for the introduction of a recombinant antigen receptor. The conditions can include one or
more of patticular media, temperature, oxygen conterd, carbon dioxide comtent, tirme, agents,

¢.g., nutrients, ammno acids, antibiotics, 1ons, and/or stimulatory factors, such as ¢vickines,
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chemokines, antigens, binding partners, fusion proteins, recombinant soluble receptors and any

other agents designed to activate the cells.

[30296] In some embodiments, the immune cells of the disclosure can be expanded in vitro by
co- colturing with tissue or cells. The cells can also be expanded in vivo, for example in the

subject's blood after administrating the cell into the subject.

{60291} Generally, the T cells of the disclosure can be expanded, for example, by contact with
an agent that stimulates a CB3 TCR complex and a co-stimulatory molecele on the surface of
the T cells to create an activation signal for the T cell. For example, chenucals such as caleium
wonophore A23187, phorbol {2-myristate 13- acetate (PMA), or mitogenic lecting hike

phytohemagglutinin (PHA) can be used to create an activation signal for the T cell.

00292} In some embodiments, T cell populations may be stimulated in vitro by contact with,
for example, an anti~CD3 antibody, or antigen-binding fragment thercof, or an anti-CD2
antibody immobilized on a sarface, or by contact with a protein kinase C activator {e.g.,
bryostatin in conjunction with a calcium ionophore. In some embodiments, the T cell
populations may be stimulated in vitro by contact with Muromonab-CD3 (OKT3). For co-
stimulation of an accessory mwolecule on the surface of the T cells, a ligand that binds the
accessory molecule is vsed. For example, a population of T cells can be incubated with an anti-
CB3 anttbody and an anti-CD28 antibody under conditions stimulating proliferation of the T
sells.

o

{60293} In some embodiments, the T cells are expanded by adding to the culturc-initiating
composttion feeder cells, such as non-dividing PBMC, {¢.g., such that the resulting population
of cells contains at least about 5, 10, 20, or 40 or more PBMC feeder cells for cach T
fymphocyie in the initial population to be expanded); and incubating the culture {c.g. for atime
sufficient to expand the mumbers of T cells). In some aspects, the non-dividing feeder cells can
comprise gamma-irradiated PBMC feeder cells. In some embodiments, the PBMC are
irradiated with gamma rays in the range of about 3000 to 3600 rads to prevent cell division. In
some aspects, the feeder cells are added to culture medium prior to the addition of the
populations of T cells.

{30294} In some embodiments, co-stimudatory molecules are employed to enhance the
activation, proliferation, and cytotoxicity of T cells produced by the CAR after antigen
cngagement. A co-stimulatory ligand can nclade, but is not limited to, B7-1 {CDEY), B7-2
(CDS6), B7-H3, BAFFR, BTLA, BLAME (SLAMFS), (D2, CD4, CDS, CDV7, CD%a, CDSP,
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Chla, LFA-1 (CD112/CD18), CDib, CDlc, CDid, D18, CD1Y, CD1%a, D27, D28,

D29, CD30, CD30L, D40, CD40MICA, CD4%, CD4SD, CD4oE, CD69, | CDT70, CDS3,
D84, CDO6 (Tacule), CD 100 (SEMA4D), CD 103, OX40 (CD134), 4-1BB (CD137), SLAM
{(SLAMF1, CD150, IPG-3), CD160 (BY55), SELPLG (CD 162), DNAM!I (CD226), Ly9
(D229, SLAMF4 (CD244, 2B4), ICOS (CD278), CEACAMI, CDS, CRTAM, DAPIO,
GADS, GITR, HVEM (LIGHTR), HLA-G, A4, ICAM-1, [L2R 8, IL2R v, IL7R a, ITGA4,
ITGAS, TTGAD, ITGAE, ITGAL, ITGAM, ITGAX, ITGBI, ITGBZ, ITGR7, KIRDS2, LAT,
LFA-L LIGHT, LTBR, MICB, NKG2C, NKG2D, NKp30, NKp44, NKpd6, NEp80 (KLRF1),
PAG/Cohp, PD-1, PD-L1, PD-L2, PSGLI, SLAMFS (NTB-A, Lyl08), SLAMF7, SLP-76,
TNFR2, TRANCE/RANKIL, VLAI, VLA-6, inducible costimulatory ligand (ICOS-L),
mtercellular adhesion molecule (fCAM), lymphotoxin beta receptor,3 TR6, ILT3 and [LT4. A
co-stimulatory ligand also encompasses, inter alia, an antibody that specifically binds with a
co-stimulatory molecule present on a T cell, such as, but not limited to, CD27, CD28, 4- 1BB,
OX40, CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen- 1 {LFA-1), (D2,
CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with CDE3.

{60295} In some embodiments, NK cell populations can be expanded in vitro using interleukin-

2 (IL-2) H-15, IL-15/L-15RA complex, IEL-18 and 1L-12.

130296} Conditions appropriate for T cell and NK cell culture include an appropriate media
{c.g., Muumal Essential Media or RPMI Media 1640 or, X-Vivo 10, X-Vivo 15 and X-Vivo
20 (Lonza}) that mayv contain factors necessary for proliferation and viability, mcluding serum
{e.g., fetal bovine or human serum}), mterleokin-2 (JL-2), wsalin, IFN-y, -4, IL-7, GM-CSF,
IL-10, IL-12, BL-2, §L-15, 1L-18, IE-21, TGF, and TNF, or any other additives for the growth
of cells known to the skilled artisan. T a preferred embodiment, T cells are stimulated 1o vitro
by exposure to OKT3 and -2, Other additives for the growth of cells include, but are not
fimited to, surfactant, Plasmanate, and reducing agents such as N-acetyl-cysteine and 2-
mercaptoethanol. Media can include RPMI 1640, AIM-V, DMEM, MEM, a-MEM, F-12, X-
Vivo 10, X-Vivo 15, and X-Vivo 20, Optimizer, with added amino acids, sodium pyruvate,
and vitamuns, either serum-free or supplemented with an appropriate amount of serum {or
plasma) or a defined set of hormones, and/or an amount of cytokine(s} sufficient for the growth

and expansion of T cells.

[38287] Antibiotics, ¢.g., penicillin and streptomyvcin, are included only in experimental
cultures, not m cultures of cells that are to be infused mio a subject. The target cells are

maintained under conditions necessary to support growth, for example, an appropriate
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temperature {e.g., 37 degrees Celsius) and atmosphere {e.g., air plus 3% CO2). T cells that have

been exposed to varted stimulation times may exhubit different charactenstics.

[30298] In some embodunents, the preparation methods imchude steps for freezing, ¢.g.,
cryopreserving, the cells, either before or after isolation, incubation, and/or engineering. In
some embodiments, the freeze and subsequent thaw step removes granulocytes and, to some
extent, monocytes in the cell population. In some embodirents, the cells are suspended in a
freezing solution, ¢.g., following a washing step to remove plasma and platelets. Anv of a
variety of known freezing solutions and parameters in some aspects may be used. One example
involves using PBS containing 20% DMSO and 8% human serum albumin (HSA), or other
suttable cell freezing media. This is then diluted 111 with media so that the final concentration
of BMSO and HSA are 10% and 4%, respectively. The cells are then frozen to -80°C at a rate

of 1 degree per minute and stored in the vapor phase of a liguid nitrogen storage tank.

60299} In some embodiments, the NK cells or T cells are ex vive expanded for at least about
5 days, for example, not less than about 10 days, not less than about 15 days, or not less than

about 20 days before administration to the patient.

{30366} In some embodiments, the NK cells or T cells have been expanded at least about 100-
fold, preferably at least about 200-fold, and more preferably at least about 400-fold, preferably
at least about 600-fold, more preferably at least about 1000 fold and even more preferably at

least about 1500 fold compared to day 0 of expansion, before administration to a patient.

Celi transduction and expansion

{36361} The nucleic acid construct according to the disclosure can be transduced o tmmune
cells to create an immune cell that expresses the anti-HLA-G CAR according to the disclosure.
I certain embodunents, cells are transduced to comprise at least one CAR of the present

disclosure.

60362} It is contemplated that the chimeric nucleic acid construct can be introduced into the
subject's own immune cells as naked DNA or m a suitable vector. Methods of stably
transfecting immune cells, particulardy T cell, by electroporation using naked DNA are known
in the art. See e.g., U.S. Pat. No. 6,410,319, Naked DNA generally refers to the BNA encoding
a chimeric receptor of the present disclosure contained in a plasmid expression vector in proper
orientation for expression. Advantageously, the use of naked DNA reduces the time required

to produce T cells expressing the chimeric receptor of the present disclosure. Physical methods
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for introducing a mucleic acid construct into a host cell inchude calcium phosphate precipitation,

hipofection, particie bombardment, microimjection, electroporation, and the like.

[30363] Altematively, biological methods for introducing a polynucleotide of mterest into a
host cell inclade the use of DNA and RNA vectors. A variety of viral vectors such as vector
described hereabove can be used to introduce the nucleic acid construct of the disclosure into
rnune cells. Suitable vectors for use in accordance with the method of the present disclosure

do not replicate in the subject’s immune cells.

{30304} In onc embodiment, the nucleic acid construct encoding the CAR according to the
disclosure 1s introduced mto an mmune cell by a viral vector, particularly a lentiviral vecior as

described hereabove.

[66305] Alternatively, chenucal means for introducing a polyaucleotide tndo a host cell tnclude
colloidal dispersion systems, such as macromolecule complexes, nanocapsules, microspheres,
beads, and lipid-based systems inchiding oil-in-water emulsions, micelles, mixed micelles, and
liposomes. An exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is

a liposonie {¢.g., an artificial membrane vesicle).

30306} Regardiess of the method used to introduce exogenous nucleic acids into a host cell or
otherwise expose a cell to the imhibitor of the present disclosure, in order to confitm the
presence of the recombmnant DNA sequence 1n the host cell, a varety of assays may be
performed. Such assavs include, for example, “molecular biological™ assays well known to
those of skill in the art, such as Southern and Northern blotting, RT-PCR and PCR;
“biochemical” assays, such as detecting the presence or absence of a particular peptide, e.g.,
by immunological means {(ELISAs and Western blots) or by assavs described herein to identify
agents falling within the scope of the disclosure. Methods of testing a CAR for the ability to
recognize target cells and for antigen speciticity are known in the art. For instance, Clay et al,
I Immunol., 163: 507-513 (1999}, teaches methods of measuring the release of eytokines (e g,
interferon-y, gramudocvie/monocyie colony stimulating factor (GM-CSF), tumor necrosis factor
o {TNF-a) or interlenkin 2 (1L-2)). In addition, CAR function can be evaluated by measurement
of cellular cytotoxicity, as described in Zhao ot al, §. Toumunol,, 174 4415-4423 (2005).

{30367} Once 1t is established that the transfected or transdaced immune cell is capable of
cxpressing the chimeric recoptor as a surface membrane protein with the desired regulation and
at a desired level, it can be determined whether the chimeric receptor s functional i the host

celi to provide for the destred signal induction. Subsequently, the transduced immune cells can
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be further reintroduced or admimnistered to the subject to activate anti-tumor responses in the
sabject. To facilitate adounistration, the transduced T cells according to the disclosure can be
made into a pharmaceutical composttion or made tto an implant appropriate for administration

m vive, with pharmaceutically acceptable carriers or dituents.

130308} Once the cells expressing the CAR according to the disclosure are administered to a
subject, the biological activity of the engineered cell populations and/or antibodies in some
aspects 18 moeasured by any of a number of known methods. Parameters to assess include
specific binding of an engineered or natural T cell or other immune cell to antigen, in vivo,
¢.g., by imaging. or ex vivo, ¢.g., by ELISA or flow cytometry. In certain embodiments, the
ability of the engineered cells to destroy target cells can be measured using any suitable method
known 1n the art, such as oytotoxicity assays described m, for example, Kochenderferetal., 1.
Immunotherapy, 32(7): 689-702 (2009}, and Herman ot al. J. Imonnological Methods, 285(1):
25-40 (2004). To certain embodiments, the biological activity of the cells also can be measured
by assaying expression and/or secretion of certain cviokines, such as GM-CSF, IL-3, MIP-1g,

TNF-g, IL- 10, IL-13, IFN-y or [L-2.

[00309] In somc aspects the biological activity 1s measured by assessing clinical outcome, such
as reduction 1w tumor burden or load, stabilization of tumor, progression free survival, or

overall survival.

160318} Manufacturing methods conteraplated herein may further comprise crvopreservation
of modified 1mmaune cells for storage and/or preparation for use 1 a human subject. As used
herein, “crvopreserving,” refers fo the preservation of cells by cooling to sub-zero
temperatures, such as (tvpically) 77 K or —196° C. (the boiling point of hquid nitrogen).

{30311} In some embodiments, a method of storing genctically modified murnine, human, or
humanized CAR protein expressing immune offector cells which target an HLA-G cxpressing
cell, comprises cryopreserving the immune effector cells such that the cells remain viable upon
thawing. A fraction of the immune effector celis expressing the CAR proteins can be
crvopreserved by methods known in the art to provide a permanent source of such cells for the
future treatment of patients afflicted with an HLA~G expressing cancer cell. When veeded, the
ervopreserved transformed mumune effector cells can be thawed, grown and expanded formore

such eells.

[60312] Crvoprotective agents are often used at sub-zero temperatures to prevent the cells

being preserved from damage due to freezing at low temperatures or warming to room
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temperature. Cryopreservative agents and optimal cooling rates can protect agamst cell injury.
Cryoprotective agents which can be used include but are not lunited to dimethyl salfoxide
{DMSO) (ovelock and Bishop, Nature, 1939, 183 1394-1395; Ashwood-Smith, Nafure,
1961, 190 1204-1205), glycerol, polyvinvipyvrrohdine (Rinfiet, dnn. NY. Acad. Sci., 1960; 85:
576), and polyethylene glycol (Sloviter and Ravdin, Nature, 1962; 196 48).

Compositions and Formulations
(00313} The present disclosare also relates to a pharmaceutical or veterinary composition
comprsing the anti-HLA-G antibody or antibody fragment, the CAR, the sucleic acid

construct, the vector and/or the cell as deserbed hereabove.

168314} In a particular aspect, the present disclosure relates to a phammaceutical or veterinary
composition comprising cells, preferably immune cells, comprising a CAR as described here
above and/or comprising the nueleic acid construct encoding it as described hereabove. In one
aspect, the pharmaceutical or veterinary composition may comprise a population of cells
comprising a CAR specifically binding to $2M-assoctated HLA-G, preferably to both HLA-
Gl and HLA-GS.

[68315] In a further aspect, the phammaceutical or veterinary composition may comprise a first
population of cells that express a CAR as described hereabove targeting 2 M-associated HLA-
@ 1soformas, and a second population of cells expressing a CAR that does not recognize HLA-
G but recognized an antigen known o be a target of interest in CAR therapies sach as anti-
turnoral and/or anti-viral therapies. It will be uwaderstood that such second population of CAR

expressing cells does not target HLA-G.

130316} The present disclosure also relates to a pharmaceutical or veterinary composition
containing a plurality of CAR-expressing cells of the disclosure, such as T cells and/or NK
cells. The pharmaceutical composition mayv additionally comprise a pharmaceutically
acceptable carrier, diluent or excipient. The phammaceutical composition may optionally

comprse one or more further phamaceutically active polypeptides and/or compounds.

[38317] In one embodiment, the concentration of the cell expressing CAR according to the
disclosure which is included in the pharmaceutical or veterinary composition is at least 0.001
mg/ml, at feast 0.1 mg/ml. at least 0.5 mg/ml, at least | mg/mli, at least 5 mg/mi, at feast 10
rag/ml, at least 15 mg/ml, at least 20 mg/mi, at least 25 mg/ml, at least 30 mg/nd, at least 35
myg/ml, at least 40 mg/ml, at least 45 mg/ml, at least 50 myg/ml, at least 55 mg/mi, at least 60

meg/ml, at least 65 mg/ml, at least 70 mg/ml, at least 75 mg/nd, at least 80 mg/mi, at least &5
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mg/ml, at least 90 mg/ml, at least 95 mg/ml, at least 100 mg/ml, at least 105 mg/ml, at least
110 mg/ml, at least 115 me/ml, at least 120 mg/ml, at least 125 mg/mi, at least 130 mg/mi, at
least 135 mg/ml, at least 140 mg/ml, atleast 150 mg/ml, at least 175 mg/ml, at least 200 mg/mi,

at least 250 mg/ml, at least 275 mg/mi or at least 300 mg/mi.

130318} In another embodiment, the concentration of the cell expressing CAR according to the
disclosure which ts included inthe pharmaceutical or veterinary composition is between 0.001-
0.01 mg/ml, between 6.01-0.1 mg/mi, between 0.1~1 mg/ml, between 1-10 mg/ml, between 10~
50 mg/ml, between 50-100 mg/mi, between 50-150 mg/ml, between 50-200 mg/ml, between
50-250 mg/ml, between 30-300 mg/mi, between 100-200 mg/mi, between 100-300 mg/ml, or

between 200-300 mg/ml.

{30315} In another embodiment, the pharmaceutical or veterinary composition comprises cells
expressing the CAR according to the disclosure, particularly at least 100 cells, at least 200 cells,
at least 400 cells, at feast 300 cells, at least 700 cells, at least 1000 cells, at least 1500 cells, at
least 2000 ceils, at least 3000 cells, at least 5000 cells, at least 10,000 cells, at least 100,000
celis, at least 1 million cells, at least 10 nullion cells or at least 100 million cells expressing the

CAR according to the disclosure.

{30326} In some embodiments, a pharmaceutical composition provided herein comprises a
population of cells that express an anti-HLA-G CAR, wherein the population of cells comprises

no less than 70% viable cells.

603211 In some embodiments, a pharmaceutical composition provided herein comprises a
population of cells that express an anti-HLA-G CAR, wherein the composition comprises no
more than SEU/kg endotoxin.  The amount of endotoxin is measured by the European
Pharmacopoeia 2.6.14 United States Pharmacopeia (USP) chapter <85> bacterial endotoxin

est.

{00322} In some embodiments, a pharmaceutical composition provided herein comprises a
population of cells that express an anti-HLA-G CAR, wherein the composition comprises fess
than 50 copies/ug replication-competent lentivirus.  The amount of replication-competent
lentivirus 1s measured by PCR.

136323} In some embodiments, a pharmaceutical composition provided berein comprises a
population of cells that express an anti-HLA-G CAR, wherein the cells comprise on average
no more than 5 vector copies per transduced cell. The vector copy number is measured by

ddPCR.
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00324} In some embodiments, a pharmaceutical composition provided herein comprises a
population of cells that express an anti-HLA-G CAR, wherein (a} the population of cells
comprises no less than 70% viable cells; (b) the composition comprises no more than SEUkg
endotoxin; (¢} the composition comprises less than SO copies/ug replication-competent

fentiviras; and {d} the cells comprise on average no more than 3 vector copies per transduced

[60325] The phammaceutical or veterinary composifion according to the disclosure can be
formalated for any conventional route of administration inclading a topical, enteral, oral,
parcnteral, intranasal, intravenous, intramuscular, subcutaneous or intraocular administration
and the hike.

30326} Preferably, the pharmaceutical or veterinary composition according to the disclosure
may be adounistered by enderal or parcoteral route of admuustration. When adruustered
parenterally, the pharmaceutical or veterimary composition according to the disclosure is
preferably administered by intravenous route of admimstration. When administered enterally,
the pharmaceutical or veterinary composition according to the disclosure is preferably

admuustered by oral route of administration.

{30327} It will be anderstood by one skilled 1n the ast that the formulations of the disclosure
may be isotonic with human blood that is the formulations of the disclosure have essentially
the same osmotic pressure as human blood. Such isotonic formulations generally have an
osmotic pressure from about 250 mCam to about 350 mOsm. Isotonicity can be measured by,
for example, a vapor pressure or ice-freczing type osmometer. Tonicity of a formulation is
adjusted by the use of tonicity modifiers. “Tonicity modifiers” are those pharmaccutically
acceptable inert substances that can be added to the formulation to provide an isotonicity of the
formulation. Tonicity modifiers suitabie for this disclosure mmchude, but are not limited to,

saccharides, salts and amino acids.

(00328} Compositions and formolations for parenteral, intrathecal, or intraventricular
administration may include sterile agueous solutions that may also contain buffers, diluents
and other suitable additives such as, but not limited to, penectration enhancers, carder

compounds and other pharmaceutically acceptable carriers or excipients.

(66323 The pharmaceutical or veternary composition according to the disclosure may further
comprise a phammaceutically acceptable vehicle. Thus, additional aspects of the disclosure

relate to compositions comprising a carrier and one or more of the prodocts— e.g., a cell
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comprising an anti-HLA-G CAR, a nucleic acid, a vector, an anti-HLA-G antibody or antibody
fragment- described in the embodiments disclosed herein. The formulations can be sterihized
and, tf desired, mixed with auxiliary agents such as carriers and excipients which do not
deleteriously interact with the products—e.g., a cell comprising an anti-HLA-G CAR, anucleic

acid, a vector, an anti-HEA-G antibody or antibody fragment- of the formalation.

{60330} Preferably, the phammacentical or vetetinary compositions of the present disclosure
ncluding but not limited to any one of the claimed compositions may comprise CAR-
expressing cells as described herein, in combination with one or more pharmaceatically or
physiologically acceptable carriers, dilucnts or oxcipients as described hereafter. Desirably, a
pharmaceutically acceptable form 1s employed which does not adversely affect the desired

wnmune potentiating effects of recombinant cells according to the disclosure.

66331} To facilitate adounistration, the transduced wnwne cells, preferably T cclls and/or
NK cells transduced with the nucleic acid construct encoding the CAR according to the
disclosure can be made into a pharmaceutical composition for administration 1 vivo, with
appropriate pharmaceutically acceptable carriers or diluents. The means of making such a
composition have been deseribed in the art (sce, for instance, Remington: The Science and

Practice of Pharmacy, Lippincott Williams & Wilkins, 2 1st edition (2003).

[66332] Particularly, formulations comprising populations of CAR-expressing cells may
include pharmaceutically acceptable excipient(s). Excipients included in the formulations will
have different purposes depending, for example, on the CAR construct, the subpopuldation of
cells used, and the mode of admimistration. The formulations comprising populations of CAR-
expressing cells will typically have been prepared and cultured in the absence of any non-

human components, such as ammal serum {e.g., bovine serum albumin).

[66333] The formulation or composition may also contain more than one active ingredicnt
useful for the particular indication, disease, or condition being treated with the binding
molecuales or cells, preferably those with activities complementary to the binding molecule or
celi, where the respective activities do not adversely affect one another. Such active ingrediends
are suitably present in combination in amounts that are effective for the purpose mtended.

{30334} The pharmaceutical or veterinary composition in some aspects can employ time-
released, delayed release, and sustained release delivery svstens such that the delivery of the
composition occurs prior 1o, and with sufficient time to cause, sensitization of the site to be

treated. Means known in the art can be used to prevent or minimize release and absorption of
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the composition until 1t reaches the target tissue or organ, or to ensure timed-release of the
composition. Such systems can avoid repeated administrations of the composition, thereby

mnereasing convenience to the subject and the physician.

{30335) The phrase “pharmaceutically acceptable” 13 employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use 1n contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/nisk ratio. As used herein “pharmaceatically
acceptable carner, diluent or excipient” includes without lumitation any adjuvant, carricr,
excipient, ghidant, swectening agent, diluent, preservative, dye/colorant, flavor enhancer,
surfactant, wetting agent, dispersing agent, suspending agent, stabilizer, isotonic agent, solvent,
surfactant, or emulsifier which has been approved by the United States Food and Drug
Admuustration as being acceptable for use in humans or domestic animals. Exemplary
pharmaceuatically acceptable carriers include, but are not hmited to, to sugars, such as lactose,
glucose and sucrose; starches, such as com starch and potato starch; cellulose, and its
derivatives, such as sodivm carboxymethyl cellulose, ethyl cellulose and cellulose acetate;
tragacanth; malt; gelatin; talc; cocoa butter, waxes, animal and vegetable fats, paraffins,
silicones, bentonites, sificic acid, zine oxide; oils, such as peanut o, cottonseed oil, safflower
oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene glycol; polyols,
such as glycerin, sorbitol, mannttol and polyethviene glyeol; esters, such as ethyl oleate and
cthy! laurate; agar; buffering agents, such as magnesium hydroxide and aluminum hyvdroxade;
alginic acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol: phosphate
buffer solutions; and any other compatible substances employed in pharmaceutical

formulations.

(33336} fo some embodimenis, the compositions comprise an effective amount of anti-HLA-
G CAR-cxpressing voowne effector colls. As used herein, “an cffective amount” of a
genetically modified cell, e.g.. T cell, is the amount of cells required to achieve a beneficial or
desired prophylactic or therapeutic result, including clinical results. The effective amount of a
genctically modified therapeutic cell may vary according to factors such as the disease state,
age. sex, and weight of the individual and mcludes an amount that is effective to “treat” a
subject. The effective amount of the compositions described herein suitable for adminmistration
to a subject can be determined by a physician with consideration of individual differences in

age, weight, extent of discase, and condition of the subject.

&0
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{60337} In some embodiments, a pharmaceutical composition comprising the T cells described
herein may be administered at a dosage of 107 to 10 cella/kg body weight, preferably 10° to
10° cells/kg body weight, including all integer values within those ranges. The number of cells
will depend upon the ultimate use for which the composition 1s mtended as will the type of
celis included therein. The chintcally relevant number of immune cells can be apportioned into
multiple infusions that cumulatively equal or exceed 10°, 10°, 107, 108, 16°, 10Y, 10", or 1012
cells. CAR expressing cell compositions may be admunistered multiple times at dosages within
these ranges. The cells may be allogeneie, syngeneie, xenogeneic, or autologous to the patient
undergoing therapy. I desired, the treatment may also include admimistration of mitogens {(e.g.,
PHA), cytokines, and/or chemokines {e.g.. IFN-y, IL-2, {1.-12, TNF-alpha, IL-18, and TNF-
beta, GM-CSF, L4, [L-13, Flit3-L, RANTES, MIPla, efc) as described herein to enhance

mduction of the immune response.

Subject, regimen and administration

[B0338] The present disclosuwre relates to a pharmaceutical composttion of the present
disclosure or CAR expressing cells of the present disclosure for use as a medicament or for use
for treating a discase or a disorder tn a subject. It also relates to the use of a pharmaceutical
composition of the present disclosure or CAR expressing cells of the present disclosure mn the
manufacture of a medicament for treating a disease or a disorder in a subject. Finally, it relates
1o a method for treating a discase or a disorder 1 a subject comprising administerng a
therapeutically effective amount of a pharmaceutical composition of the present disclosure or

CAR expressing cells of the present disclosure to the subject.

{68339 The buman subject according to the disclosure may be a human at the prenatal stage,
a newbormn, a child, an infant, an adolescent or an adult, in particular an adult at least 40 vears
old, an aduldt at least 30 years old, an adult at least 60 years old, or an adult at least 70 vears
old.

603483 In some embodiments, the subject &8 a validated animal model for disease, adoptive

celi therapy, and/or for assessing toxic outcomes such as cyvtokine release syndrome (CRS}.

[30341] In some embodiments, the subject has persistent or relapsed disease, e.g., following
treatment with another immunoctherapy and/or other therapy, including chemotherapy,
radiation, and/or hematopaoietic stem cell transplantation (HSCT), ¢.g., allogeneic HSCT. In
some embodiments, the admnistration effectively treats the subject despite the subject having

become resistant to another therapy. In some embodiments, the subject has not relapsed but is
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deternuned to be at risk for relapse, such as at a high risk of relapse, and thus the compound or
composition is admimstered prophylactically, eg., to reduce the likelihood of or prevent

relapse.

38342} In some embodiments, the disclosure includes the administration of CAR-expressing
cehis of the present disclosure or a composition containing CAR-expressing cells to a subject,
such as one having, at usk for, or suspected of having a discase, condition or disorder. In some
embodiments, the cells, and compositions are admnistered to a subject having a particular
disease or condition to be treated, ¢.g., via adoptive cell therapy, such as adoptive T cell
therapy. In some embodiments, the cells or compositions are administered to the subjoct, such
as a subject having or at risk for a discase or condition. In some aspects, the methods thereby
treat, e.g., ameliorate one or more symptom of the disease or condition. In some embodiments,
the subject has been diagnosed with an tamune discase, preferably a cancer. Diagnostic

roethods of autoinumune disease or cancer are well known by the man skilled i the art.

[60343] In some embodiments, the subject has alrcady received at least one line of treatment,
preferably several lines of treatment, prior to the administration of immune cells according to

the disclosure or of a pharmaceutical or veterinary composition according to the disclosure,

{30344} Preferably, the treatment 1s administered regularly, preferably between every day and
every mouth, more preferably between every day and overv two wecks, more preferably
between every day and every week, even more preferably the treatment is admimstered every
day. In a particular embodiment, the treatment is administered several times a day, preferably

2 or 3 times a day. even more preferably 3 times a day.

[30345] The duration of treatment with the vector according to the disclosure, with the inumune
cells according to the disclosure or with a pharmaceutical or veterinary composition according
1o the disclosure is preferably comprised between 1 day and 20 weeks, more preferably between
1 day and 10 weeks, still more preferably between 1 day and 4 weeks, even more preferably
between 1 day and 2 weeks. In some embodiments, the duration of the treatment is of about 1

eck. Altematively, the treatment may last as long as the disease persists.

{30346} The form of'the pharmaceutical or veterinary compositions, the route of administration
and the dose of admunistration of immmuane cells according to the disclosure or of a
pharmacentical composition according to the disclosure can be adjusted by the man skilled in
the art according to the type and sevenity of the mfection, and to the patient, in particular 1is

age, weight, sex, and general physical condition. The compositions of the present disclosure
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may be administered in a number of ways depending upon whether local or systemic treatment

is desired.

303471 In the case of adoptive cell therapy, methods for adnmumstration of cells for adoptive
cell therapy are known and may be ssed in connection with the provided methods and
compositions. For example, adoptive T cell therapy methods are described, ¢.g., in US Patent
Application Publication No. 2003/0170238 to Gruenberg et al; U.S. Pat. No. 4,690,915 tw
Rosenberg; Rosenberg (2011) Nat Rev Clin Oncol. 8(10):577-85). See, e.g., Themeli et al.
{2013} Nat Biotechnol. 31{10). 928-933; Tsakahara et al. (2013} Biochem Biophys Res
Commun 438(1}: 84-9; Davila ct al. (2013} PLoS ONE 8(4): ¢61338.

{30348} One skalied in the art will recogmze that, although more than one route can be used
for administration, a particular route can provide a more immediate and more effective reaction
than another route. For example, infradermal delivery may be advantageously used over
halation for the treatment of melanoma. Local or systemic delivery can be accomplished by
administration comprising application or mstillation of the formulation into body cavitics,
inhalation or insufflation of an aecrosol, or by parenteral introduction, comprising
wntramuscular, intravenous, intrapottal, intrabepatic, peritoncal, subcutancous, or intradermal

adminstration.

00349} Although systemic (intravenous, IV) mjection is favored i clinical applications
because of 1ts ease of admimstration, several prechnical studies {Carpenito, et al. (2009} Proc.
Natl. Acad. Sci. USA 106:3360-3365; Song, et al. (20113 Cancer Res. 71:4617-4627; Parente-
Pereira, et al. (2011} 1. Chin. Immunol. 31:710-718) suggest that the regional (intratumoral, 1T
ot intraperitoneal, IP) adounistration of T cells may provide optirnal therapeutic effocts, which
may be n part due to inercased T cell trafficking to the tumor. For example, it has been shown
that CAR T cells remain at the site of noculation with mimmal systemic absorption when
delivered via TP or IT routes (Parente~-Pereira, et al. (20113 1. Clin. Ionumol. 31:710-718). In
contrast, after intravenous adounistration, CAR T cells nitially reach the hungs and then are
redistributed to the spleen, liver, and lymph nodes. In addition, RNA CAR-clectroporated T
celis may be particularly suitable for regional administration, due to the transient nature of the
CAR cxpression on the T cells (Zhao, et al. (20610) Cancer Res, 70:9053-9061), Furthermore,
chnical studies have shown the feasibility and safety of both the intratumoral and
mtraperitoneal injection of T cells (Canevart, et al. {1995} J. Natl. Cancer Inst. 87:1463-1469;
Duval, et al. (2006} Clin. Cancer Res. 12:1229-1236). Overall, a local route of adounistration

of the recombinant T cells may provide the optimal therapeutic effect and decrease the potential

a2
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for the "on-target, off-organ” toxicity. Accordingly, in one embodiment, the CAR expressing
cells according to the disclosure are administered locally, preferably by intra-tumoral and

mtraperitoneal iiyection,

[38356] The pharmaceutical composition in some embodiments contains the CAR cells in
amounts effective to treat or prevent the disease or condition, such as a therapeutically effective
or prophvlactically ciffective amount. Therapeutic or prophvlactic cofficacy in some
embodmments is monitored by periodic assessment of treated subjects. For repcated
administrations over several days or longer, depending on the condition, the treatment is
repeated until a desired suppression of disease sympioms occurs. However, other dosage
regimens may be usefud and can be determined. The desired dosage can be delivered by asingle
bolus admimstration of the composition, by multiple bolus administrations of the composition,
or by continuous infusion administration of the composition. The amount of imumune cells
according to the disclosure or of a pharmaceutical composition according to the disclosure to
be adminstered can be deternuned by standard procedure well known by those of ordinary
skills in the art. Physiological data of the patient (¢.g. age, size, weight and health and weight
of the recipient, kind of concurrent treatment, if any, frequency of treatment and the nature of
the effect desired) and the routes of admuustration have to be taken into account to determine
the appropriate dosage, 50 as a therapeutically effective amount will be admuustered to the
patient. Particularly, the appropriate dosages and dosing schedule can be based on clinical trials
or well-cstablished cell-based therapies (see, ¢.g., Topalian & Rosenberg (1987) Acta
Haematol. 78 Suppl 1:75-6; US 4,690,915) or an alternate continuous mfusion strategy can be

cmployed.

[30351] In some emboduments, an effective amount or number of celis or pbarmaceutical
composition comprising those cells are administrated parenterally. In some embodiments,
administration can be an imtravenous administration. In some embodiments, administration can

be directly done by injection within a tumor.

{00352} In certain embodiments, in the context of genetically engincered cells expressing the
CARs, a sabject is administered the range of about one mitlion to about 100 billion cells, such
as, ¢.g., | nullion to about 30 billion cells (.., about 5 million cells, about 25 million cells,
about 300 mithion cells, about 1 billion cells, about § billion cells, about 20 bithion cells, about
30 bitlion cells, about 40 billion cells, or a range defined by any two of the foregoing values),
such as about 10 sullion to about 100 billion cells {e.g., about 20 raillion cells, about 30 million

cells, about 40 million cells, about 60 million cells, about 70 nullion cells, about 80 million
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cells, about 90 nullion cells, about 10 bilhion cells, about 25 billion cells, about 50 bilhion cells,
about 75 billion cells, about 20 hillion cells, or a range defined by anyv two of the foregoing
values), and in some cases about 100 million cells to about 50 bulion cells {e.g., about 120
outhon cells, about 250 mullion cells, about 350 million cells, about 430 million cells, about
630 million cells, about 800 million cells, about 900 million cells, about 3 bilhion cells, about
30 billion cells, about 45 bithion cclls) or any value 1o between these ranges, and/or such a
number of cells per kilogram of body weight of the subject. For example, in some embodiments
the admimstration of the cells or population of cells can comprise admmistration of about 103
1 about 109 cells per kg body weight including all integer values of cell numbers within those
ranges, for example, the cell compositions of the present disclosure can be administered in a
dose, or dosages, where cach dose comprises at least 10 cells/kg body weight, at least 100
celis/kg body weight; at least 1000 cells/kg body weight; at least 10,0060 cells; at least 100,000
cchis; at least | nullion cells; at least 10 mitlion cells; at least 100 million cells; at least 1 billion

cells or at least 10 billion cclis/kg body weight.

[B03583] Particolarly, a sufficient number of the transdoced immune cells will be mtroduced so
as to achieve the desired therapeutic response. Desirably an effective amount or sufficient
aumber of the isolated transduced cells 1s present in the composition and introduced into the
subject such that long-term, specific, anti-tumor or anti-infectious agent responses are
established to reduce the size or regrowth of a tumor or growth of an infectious agent than
would otherwise result in the absence of such treatment, Desirably, the amount of transduced
mmmune cells, preferably T cells, reintroduced mto the subject causes a 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95%, 98%, or 100% decrease in tumor size when compared to

otherwise same conditions, wherein the transduced imuoune cells are not present.

[B8354] A composition of the disclosure can be provided m unit dosage form wherein each
dosage unit, ¢.g. an injection, contains a predetermined amount of the composition, alone or in
appropriate combination with other active agents. The term unit dosage form, as used herein,
refers to physically discrete units suitable as unitary dosages for human and animal subjects,
cach wmit containing a predetermined quantity of the composition of the disclosure, alone or in
combination with other active agents, calculated in an amount sufficient to produce the desired
effect. in association with a pharmaceutically acceptable diuent, carrier, or vehicle, where
appropriate. The specifications for the novel unit dosage forms of the disclosure depend on the
particular phamacodynamics associated with the pharmaceutical composition in the particular

subject.
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[60355] The cells or population of celis can be admimstrated in one or more doses. In some
embodiments, said effective amount or number of cells can be administrated as a single dose.
In some embodiments, said effective amount or number of cells can be adnunistrated as more
than one dose over a period time. Timing of administration is within the judgment of managing
physician and depends on the clinical condition of the patient. While individoal needs vary,
determunation of optimal ranges of effective amounts of a given cell type for a particular disease
or conditions within the skill of the art. An effective amount means an amount which provides

a therapeutic or prophyiactic benefit.

[G8356] For purposes of the disclosure, the amount or dose of the CAR material admunistered
should be sufficient to generate a therapeutic or prophyvlactic response in the subject over a
reasonable time frame. For example, the dose of the CAR material should be sufficient to bind
to antigen, ¢.g. HLA-G soform(s), or detect, treat or prevent disease in a period of from about
2 hours or longer, ¢.g., about 12 to about 24 or more hours, from the time of admuustration. In
certain embodiments, the time period could be even longer. The dose will be determined by the
efficacy of the particular CAR material and the condition of the sabject, as well as the body

weight of the subject to be treated.

[B8387] For purposes of the disclosure, an assay, which comprises, for example, comparing
the extent to which target cells are lysed or IFN-y 15 secreted by T cells expressing the CAR,
polypeptide, or protein upon administration of a given dose of such T cells to a mammal, among
a set of mammals of which is each given a different dose of the T celis, could be used to
determine a starting dose to be admimstered to a mammal. The extent to which target cells are
tysed or IFN-v is secreted upon administration of a corfain dose can be assayed by methods

known in the art.
Uses

Use in the treatment of disease or disorder and in combination therapy

[B0358] In some aspects, the discase or disorder to be treated is a condition selected from a
proliferative disease or disorder, preferably cancer; an mfections discase or disorder, preferably
a viral infection; an inflammatory disease or disorder; and an immune disease or disorder,
preferably awtoimmunity or awtotmune diseases, allergies and graft-vs-host rejection. ln some

embodunents, the condition mway be cancer.
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00359} The present disclosure relates to the use of an antibody, a cell, anucleic acid construct,
a vector and/or a pharmaceutical composition according to the disclosure for interfering or

neutralizing the immune down-regulation due to HLA-G proteins m a host in need thereof.

{30366} In particudar, the cell, the nocleic acid construct, the vector and/or the pharmaceutical
composition according to the disclosure are particularly suitable for treatment of viral

infections such as for example HIV-1, hepatitis B virus, and hepatitis € virus infections.

(00361} In particular, the cell, the nucleic acid construct, the vector and/or the pharmaceutical
composition according to the disclosure are particulardy suited for treatment of cancer,
particularly of solid tumors or hematopoietic cancer, even more preferably when the

availability of good selective single targets is hmited.

[66362] The iovoune system can specifically identify and eluninate tumeor colls based on their
expression of tumor-specific antigens or molecules mduced during malignant cell
transformation. This process is referred to as tumor immune surveillance. Despite tumor
immune surveillance, tmors can still develop in the presence of a functioning tmmune system.
This accurs through tumor tuownoediting, a process that comprises three major phases: 1) the
chmmation phase m which most immunogenic tumor cells are eliminated by cytotoxie T and
WK celis: 2} the equulibrivim phase in which tumor cells with reduced immunogenicity are
selected: and 3) the escape phase in which variants that no longer respond to the host tmowne
system are maintained {Urosevic and Bummer, 2008). HLA-G 1s involved m overy phase of
tumor immuno-editing by decreasing the elimination of tumor cells, by inhibiting the cvtotoxic
function of T and NK cells, and by trogocytosis, {1.¢. the intercell transference of viable HLA-
< maolecules), which renders competent cytotoxic cells unresponsive to tumor antigens
{LeMaoult et al., 2007, Cawmartin ¢t al., 2007). Therefore, the chimeric constracts of the
present disclosure find application in subjects having or suspected of having a discase, disorder,
or a particular condition, particularly subjects having or suspected of baving a cancer.
Particularly the chimeric constructs of the present disclosure find application in subjects baving
or suspected of having a cancer thereby reducing the size of a tumor or preventing the growth
or re-growth of a tumor in these subjects or preventing the induction of an inununosuppressive

microenvironment.

303631 Accordimgly, the present disclosure also relates to methods for inhibiting the growth

of a tumor in a subject in need thereof and/or for treating a cancer patient in need thereof. The

tumor may be a solid tumor, or a hiquid tumor. In some crabodiments, the tumor or cancer
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expresses or overexpresses HLA-G. In cerfain embodiments, these methods comprise, or
alternatively consist essentially of, or yet further consist of, administering to the subject or
patient an effective amount of the tsolated cell. In still further embodiments, the cell expressing
a CAR according to the disclosure is a T cell or an NK cell. The isolated cell may be allogeneic
or astologous to the subject or patient being treated. In a further aspect, the tamor expresses or

overexpresses HLA-G antigen and the subject has been selected for the therapy by a diagnostic.

[68364] Tn one embodiment, the present disclosure relates to a method for reducing growth or
preventing tamor formation in a subject by introdacing a chimeric construet of the present
disclosure into an tmmune cell, preferably a T eell or a NK cell, of the subject and reintroducing
mnto the subject the transformed immune cell, thereby expressing the CAR according to the
disclosure and effecting anti-tumor responses to reduce or eliminate tumors in the sabject. The
step of delivering the nucleic acid constract to the subject generally involves introducing a
nucleic acid counstruct of the disclosure mio an isolated imvune cell {¢.g.. an autologous
mmmune cell isolated from PBMC or tomume cells derived from an allogeneic third party-
derived immune cell donor} and introducing into the subject the transformed mane eell,
thereby effecting antitimor responses to reduce or eliminate tumors 1 the subiect, as in an
adoptive T cell therapy method. For example, the imvmune cell may comprise a T cell and the
subject is suffering from, or 15 behieved to be suffering from, or is diagnosed as having tumor
or cancer, ¢.g.. a HLA-G expressing cancer. For example, the anti-HLA-G CAR molecules
cucoded by exemplary nucleie acid constructs of the present disclosure may be adrovustered
1o the subject in the form of a recombinant immune cell enginecred to express the anti-HLA-G

CAR molecule.

[B0365] CAR expressing cells according to disclosure and obtamed by the methods described
above, or cell hnes denved from such cells, can be used as a medicament m the treatment of a
discase, disorder, or condition in a subject. In some cmbodiments, such a medicament can be

used for treating cancer.

[00366] In some embodiments, adminstering the treatment to the subject may comprise
adoptive cell therapy (ACT) using tmamune celis harvested from the subject or from one or
more donors. Accordingly, the celis can be cells that are xenogeneie, allogeneic or autologous

to the subject. Generally, the cells are autologous to the subject.

130367} In some embodiments, the cell therapy, ¢ g., adoptive cell therapy, e g, adoptive T cell

therapy. is carried out by autologous transfer, in which the cells are 1solated and/or otherwise
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prepared from the subject who is 1o receive the cell therapy, or from a sample derived from
sach a subject. Thus, in some aspects, the cells are derived from a subject, e.g., patient, in need
of a treatment and the cells, following isolation and processing are administered to the same

subject.

130368} In some embodiments, the cell therapy, ¢ g., adoptive cell therapy, ¢ g., adoptive T cell
therapy, 1s carried out by allogencic transfer, in which the cells are isolated and/or otherwise
prepared from a subject other than a subject who is to receive or who ultimately receives the
cell therapy, ¢.g., a first subject. In such embodiments, the cells then are admimstered to a
different subject, ¢.g., a second subject, of the same species. In some embodiments, the first
and second subjects are genetically wdentical. In some embodiments, the first and sccond
subjects are genetically similar. In some embodiments, the second subject expresses the same
HLA class or supertype as the first subject. The cells of the present disclosure may be capable
of killing target cells, such as cancer cells. The target cell may be recognizable by a defined

pattern of antigen expression, for example the expression of anfigen A or antigen B.

[68369] In some embodiments, ACT may comprise isolating primary immune cells from the
subject ot from one or more dovors, transducing the primary wnmuse cells with the nucleic
acid construct or constructs of anv of the foregoing embodiments, expressing the CAR n the
transduced primary immune cells, and delivering the transduced immune cells into the subject.
ACT may further comprise stimulating and/or expanding the imymune cells prior to delivering

the transduced mmmune cells to the subject.

[G0378] For example, in some embodiments, ACT may comprise harvesting autologous or
altogeneic T cells and transducing these T celis with one or more nucleic acid constructs, so
that the T cells express a CAR mediating pro-inflammatory cytokine expression, and then

infusing the celis into a subject in need thereof.

60371} The disclosure also provides a method for treating cancer comprising delivering to a
sabject in need thereof an effective amount of the nucleic acid construct, a vector or vectors,
or a transduced immune cell or pharmaceutical composition according to any of the foregoing
crobodiments, thereby treating the cancer. In some embodunents, the treatment of cancer may
be measured by a decrease in tumor cell burden or by an increase in survival.

[66372] The disclosure additionally provides a method of imumune therapy comprising
administering to a subject a therapeutically effective amount of a nucleic acid construct or

constructs, a vector or vectors, a recombinant cell or a pharmaccutical composition according
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to any of the foregoing embodiments. Treatment with the celis of the disclosure may help

prevent the escape or release of tumor cells which often occurs with standard approaches.

3083731 In certain emboduments, CAR expressing cells are modified i any number of ways,
such that their therapeutic or prophylactic efficacy s increased. For example, the CAR may be
conjugated cither directly or indirectly through a linker to a targeting moiety. The practice of
conjugating compounds, e.g., the CAR, to targeting moieties is known in the art. See, for
nstance, Wadhwa et al., 1. Dvug Targeting 199532y 111-127, and U.S. Pat. No. 5,087,616,
Particularly, the present disclosure mchudes a tvpe of cellular therapy where 1solated celis are
gencticalhy modified to express CARs and the CAR cellis infused into a subject in need thereof.
Such administration can promote activation of the cells (e.g., T cell activation) n a target-
specific manner, such that the cells of the disease or disorder are targeted for destruction. In
the case where the cell 1s a T cell, CAR T cells, unlike antibody therapies. are able to replicate
in vive restliing in long-terma persistence that may lead to sustained comtrol of targeted

diseases, disorders, or conditions.

[68374] The CAR expressing cells as disclosed herein may be administered either alone orin
combination with diluents, known anti-cancer therapeutics, and/or with other components such
as cytokines or other cell populations that are mmunostimulatory. They may be administered

as a first line therapy, a second line therapy, a third line therapy, or further therapy.

60375} In some embodiments, the cells expressing CAR are admunistered as part of a
combination treatment, such as simultancously with or sequentially with, 1n any order, another
therapeutic indervention, such as an antibody or enginecred cell or receptor or agent, such as a
cviotoxic or therapeutic agent. The cells or amtitbodies i some embodiments are co-
administered with ovne or more additional therapeutic agents or in connection with another
therapeutic wntervention, either simultanecusly or sequentially in any order. In some contexts,
the cells are co-administered with another therapy sufficiently close in time such that the cell
populations enhance the effect of one or more additional therapeutic agents, or vice versa. In
some embodiments, the cells or antibodies are administered prior to the one or more additional
therapeutic agents. In some embodiments, the cells or antibodies are administered after to the
one or more additional therapeutic agents, such as anti-cancer agents. An “anti-cancer” agent
1s capable of negatively affecting cancer 1n a subject, for example, by killing cancer cells,
inducing apoptosis in cancer cells, reducing the growth rate of cancer cells, reducing the
incidence or muuber of metastases, reducing tumor size, inhibiting tumor growth, reducing the

blood supply to a tumor or cancer cells, promoting an immume response agamst cancer cells or
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a tumor, preventing or mhibiting the progression of cancer, or increasing the lifespan of a
sabject with cancer. More generally, these other compositions would be provided i a
combined amount effective to kill or indubit proliferation of the cell. This process may involve
contacting the cancer cells with the cell expressing the CAR according to the disclosure and
the agent(s) or maltiple factor(s} at the same time. This may be achieved by contacting the cell
with a single composition or pharmacological formulation that includes both agents, or by
contacting the cell with two distinct compositions or formulations, at the same time, wherem

one composition includes the expression construct and the other includes the second agent(s).

60376} In some embodiments, the cells cxpressing a CAR against HLA-G isoforms according
to the disclosure are administered as part of a combination treatment such as simultaneously
with or sequentially with, in any order, with other CAR-expressing cells that does not recognize
HLA-G but are known to be useful in other CAR therapies such as anti-tumoral and/or anti-
viral CAR therapies. Such CAR-expressing cells targets an auntigen involved in a disease,
preferably such as cancer or viral infection, preferably an antigen targeted in cancer therapies

or in viral therapies. It will be understood that such antigen 1s not HLA-G.

{0377 In the context of the present disclosure, 1t is contemplated that cell therapy could be
used sinularly i conjunction with chemotherapeutic, radiotherapeutic, or immunotherapeutic
tervention, as well as pro-apoptotic or cell cycle regulating agents such as immune checkpoint

inhibitor.

[60378] Alternatively, the present therapy may precede or follow the other agent treatment by
intervals ranging from minutes to weeks. In embodiments where the other agent and present
disciosure are applied separately to the individual, one would generally ensure that a significant
period of ime did not expire between the times of each delivery, such that the agent and therapy
would stifl be able to exert an advantageously combined effect on the cell. In such instances, it
is contemplated that one may contact the cell with both modalities within about 12-24 h of cach
other and, more preferably, within about 6-12 b of cach other. In some situations, it yoay be

desirable to extend the time period for treatment significantly, however, where several days (2,

3,4, 5 6 or 7) to several week {1, 2. 3, 4, 5, 6, 7 or 8) lapse between the respective
admuustrations.
{30379 It 15 expected that the treatment cycles would be repeated if necessary. I also is

contemplated that various standard therapies, as well as surgical intervention, may be applied

in combination with the cell therapy.
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FTargeted cancers

[60383] HLA-G 15 aberrantly expressed in many human solid malignant tumors in sita and
malignant hematopoietic diseases including breast, ovarian, clear cell renal cell, colorectal,
gastric, csophageal, lung, and hepatocellular cancers, as well as acute myvelowd leukemia and
chronic ymphocytic leukemia (B-CLL}. The aberrant expression of HLA-G in malignant
neoplasm is significantly correlated with poor clinical outcome of patients with colorectal
cancer {CRC), gastric cancer {GC), non~small cell lung cancer (NSCLC), esophageal squamous
cell cancer (ESCC), breast cancer, hepatoceliular cancers, and B-CLL. Furthermore, serum
soluble HLA-G is increased in various types of cancer patients {including patients with
melanoma, acute leukemia, multiple myeloma, neuroblastoma, lvephoproliferative disorders,
breast or ovanan cancer, non-small cell lung cancer, esophageal cancer, colorectal cancer,
gastric cancer and hepatoceliular carcinomay, when compared to normal healthy controls or

benign discase cases.

60381} Cancers that may be treated by the CAR-expressing cell, the nucleic acid construct,
the vector or the pharmacentical composition according to the disclosure inchude tumors that

are not vascularized, or not vet substantially vascularized, as well as vascularized tumors.

{30382 The CAR expressing cell, the nucleic acid construct, the vector or the pharmaceutical
composition according to the disclosure may be used to treat cancers of the oral cavity and
pharynx which includes cancer of the tongue, routh and pharynx; cancers of the digestive
sysiem which includes esophageal, gastric and colorectal cancers; cancers of the hiver and
biltary tree which includes hepatocellalar carcinomas and cholangiocarcinomas; cancers of the
respiratory system which mmchudes bronchogenic cancers, hung cancers and cancers of the
larvax; cancers of bone and jomis which includes osteosarcoma; cancers of the skin which
mcludes melanoma; breast cancer; cancers of the geniftal tract which include uterine,
endometriiun, ovarian and cervical cancer in women, prostate and testicular cancer in men;
cancers of the renal tract which include renal cell carcinoma and transitional cell carcinomas
of the utterers or bladder; gastromntestinal stromal tumor, pancreas cancers, kidney cancers,
colon cancers, cervix cancer, brain cancers mchuding gliomas, glichlastoma multiform and
meduilobastomas; cancers of the endocrine system including thyroid cancer, adrenal carcinoma
and cancers associated with nmultiple endocrine neoplasm syndromes; lvmphomas including
Hodgkin's lymphoma and non-Hodgkin lymphoma; B-cell lvmphoma, monocytic lvimphoma,
marginal zone lymphoma, Burkitt's lvmphoma, T and B lymphomas, Multiple Myeloma and

plasmacytomas. leukemias both acute and chronic, prohemocytic leskemia, acute non-
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Ivmphoblastic leukemia (ANLL), acute lymphoblastic leukenua (ALL), ervthroleukemia,
myveloid or lymphoid leukemia, and cancers of other and unspecified sites including
neuroblastoma. In some embodiments, the cancer is selected from the group of Renal cell

carcinoma (RCC), melanoma, kidney cancer and bladder cancer,

{00383} The cancers may comprise non solid tumors (such as hematological tumors, for
cxampie, leukemia and bymphoma) or may comprise solid tumors. As used hercin, “solid
tumor” is an abnormal mass of tissue that usually does not contain cysts or liquid areas. Sohd
tumors can be benign or malignant. Different types of solid tumors are named for the type of

celis that form them {(such as sarcomas, carcinomas, and lymphomas).

{30384} Examples of solid tumors, such as sarcomas and carcinomas, inchude fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteosarcoma, and other sarcomas, synovioma,
resothelioma, Ewing's tumor, lciomyosarcoma, thabdomyosarcoma, colon carcinoma,
Iyvmphoid malignancy, pancreatic cancer, breast cancer, lung cancers, ovanan cancer, prostate
cancer, hepatocelludar carcinoma, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, medullary thyroid carcinoma, paptliary thyroid
carcinoma, pheochromocytomas scbaceous gland carcinoma, papillary carcinoma, papillary
adenocarcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma,
hepatoma, bile duct carcinoma, choriocarcinoma, Wikms' tumor, ¢crvical cancer, testicular
tumor, senunoma, bladder carcinoma, melanoma, and UNS twmors (such as a glioma (such as
brainstem glioma and mixed ghiomas), ghioblastoma {(also known as glioblastoma multiforme)
astrocytoma,  UNS  lymphoma,  germinoma,  medulloblastoma,  Schwannoma
craniopharvogioma, ecpendymoma, pincaloma, hemangioblastoma. acoustic neuroma,

oligodendroglioma, menangioma, neuroblastoma, retimoblastoma and brain metastases).

{30385 Hematologic cancers are cancers of the blood or bone marrow. Examples of
hematological (or hematogenous) cancers inchude leukemias, including acute leukenuas (such
as acute ymphocytic leukemia, acute myelocytic leukemia, acute myelogenous leukemia and
myeloblastic, promyelocyviic, myelomonocytic, monocytic and ervthroleukemia), chronic
leukemias (such as chronic myelocytic (granulocviic} leukenua, chronic myelogenous
leukemia, and chronic lvmphocyvtic leukemia), polycytheria vera, lymphoma, Hodgkin's
discase, non-Hodgkin's tyrophoma (indolent and high grade forms), multiple myeloma,
Waldenstrom's macroglobulinemia, heavy chain discase, myelodysplastic syndrome, hairy cell

feukenyia and myelodysplasia.
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00386} In some embodiments, the cancer cells express or overexpress HLA-G. Preferably, the
cancer cells express or overexpress HLA-G1 and/or HLA-GS. Preferably, when sach cancer
cells express these particular HLA-G isoforms, the CAR according to the disclosure

specifically binds to HLA-G1 and HLA-GS, respectively.

Biagnaostic and prognostic uses
{60387 The anti-HLA-G monoclonal antibodies or scFv disclosed herein are also useful in
diagnostic and prognostic methods. As sach, the present disclosare relates to the use of the

antibodies disclosed herein m the diagnosis of HLA-G-related medical conditions in a subject.

{30388} The monoclonal antibodies or scFv disclosed herein are aseful in methods known i
the art relating to the localization and/or quantitation of a HLA-G polypeptide {¢.g., for use in
measuring levels of the HLA-G polypeptide within approprate physiological samples, for use
in diagnostic methods, for use in unaging the polypeptide, and the like). The monoclonal
antibodies or scFv disclosed herein are useful in isolating a HLA-G polypeptide by standard
techniques, such as western blotting, affinity chromatography methods for isolating cells or for
flow cvtometry-based cellular analysis or cell sorting or immunoprecipttation. A HLA-G
antibody disclosed herein can facilitate the purification of natural HLA-G polypeptides from
biological samples, e.g.. mammalian sera or cells as well as recombinantty-produced HLA-G
polypeptides expressed in a host system. Moreover, HLA-G monoclonal antibodies or scFv
can be used to detect a HLA-G polvpeptide (e.g., in plasma, a cellular lysate or coll supematant)
in order to evaluate the abundance and pattern of expression of the polypeptide. The HLA-G
antibodics disclosed herein can be used diagnostically to monitor HLA-G levels in tissue as
part of a clinical testing procedure, ¢.g., to determine the efficacy of a given treatment regimen.
The detection can be facilitaied by coupling (i.¢., physically linking) the HLA-G antibodies
disclosed herein to a detectable substance so as the HLA-G antibodies or fragments thereof are
detectably labeled. The term “labeled”, with regard to the antibody is intended to encompass
direct labeling of the antibody by coupling (i.e., physically inking} a detectable substance to
the antibody, as well as indirect labeling of the antibody by reactivity with another compound
that is directly labeled. Mon-limiting examples of indirect labeling include detection of a
primary antibody using a fluorescently-labeled secondarv antibody and end-labeling of a DNA

probe with biotin such that if can be detocted with fluorescently-labeled streptavidin

30389} The detection method of the present disclosure can be used to detect expression levels

of HLA-G polypeptides 1n a biological sample m vitro as well as in vivo. In vitro techniques
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for detection of HLA-G polypeptides inclade enzyme hinked tramunosorbent assays (ELISAs),
Western  blots, flow cylometry, immunoprecipitations, radioimmunocassay, and
mmunofluorescence {e.g., THC). Furnthermore, in vivo techniques for detection of HLA-G
polypeptides include troducing into a subject a labeled anti-HLA-G antibody. By way of
exampie only, the antibody can be labeled with a radicactive marker whose presence and

focation 1n a subject can be detected by standard imaging techoigues.

60338 Tn some aspects, HLA-G antibodics contamning structural modifications that facilitate
rapid binding and cell uptake and/or slow release are useful in in vivo imaging detection
methods. In some aspects, the HLA-G antibody containg a deletion in the CH2 constant heavy
chain region of the antibody to facilitate rapid binding and cell uptake and/or slow release. In
some aspects, a Fab fragment 1s used to facilitate rapid binding and cell uptake and/or slow
release. In some aspects, a F{ab)'2 fragment is used to facilitate rapid binding and cell uptake

and/or slow release.

60391 Accordingly, the present disclosure also provides prognostic {or predictive) assays for
determining whether a subject is at risk of developing a medical disease or condition associated
with increased HLA-G polypeptide expression or activity {¢.g., detection of a precancerous
cell). Such assays can be used for prognostic or predictive purpose to thereby prophylactically
treat an individual prior to the onset of a medical disease or condition characterized by or

associated with HLA-G polypeptide expression.

[60392] Another aspect of the present disclosure provides methods for determining HLA-G
expression in a subject to thereby sclect appropriate therapeutic or prophylactic compounds for

that subject.

303931 Alternatively, the prognostic assays can be utihized to identify a subject having or at
risk for developing for developing cancer and/or solid tumors. Thus, the present disclosure
provides a method for identifying a discase or condition associated with increased HLA-G
isoform{s} expression levels in which a test sample is obtained from a subject and the HLA-G
isoform(s} detected, wherein the presence of increased levels of HLA-G polypeptides
compared to a control sample is predictive for a subject having or at risk of developing a discase
or condition associated with increased HLA-G 1soform(s) expression levels. In some aspects,
the disease or condition associated with increased HLA-G isoform(s) expression levels is

selected from the group consisting of for developing cancer and/or solid tumors.
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{00394} In apnother embodiment, the present disclosure provides methods for determining
whether a subject can be effectively treated with a compound for a disorder or condition
associated with mcreased HLA-G expression wherein a biological sample is obtained from the
subject and the HLA-G soform{s) is/are detected using the HLA-G antibody or ScFv as
described above. The expression level of the HLA-G polypeptide in the biological sample
obtained from the subject is determined and compared with the HLA-G expression levels found
i1 a biclogical sample obtained from a subject whe 1s frec of the discase. Elevated levels of the
HLA-G in the sample obtained from the subject suspected of having the disease or condition
compared with the sample obtained from the healthy subject is indicative of the HLA-G-

associated discase or condition in the subject being tested.

{30395} There are a munber of discase states in which the clevated expression level of HLA-
G isoform(s) is known to be indicative of whether a subject with the disease is fikely to respond
1o a particular type of therapy or treatment. Thus, the method of detecting HLA-G soform(s})
i g bwlogical sample can be used as a method of prognosis, e.g., to evaluate the hikelihood

that the subject will respond to the therapy or treatment.

[B0396] Further aspects of the present disclosure relate to methods for determining if a patient
is likely to respond or is not likely to HLA-G CAR therapy. In specific embodiments, this
method comprises contacting a tumor sample isolated from the patient with an effective amount
of an HLA-G antibody and detecting the presence of any antibody bound to the tumor sample.
In further embodiments, the presence of antibody bound to the tumor sample indicates that the
patient is likely to respond to the HLA-G CAR therapy and the absence of antibody bound to
the tumor sample indicates that the patient i1s not likely to respond to the HLA-G therapy. In
some embodiments, the mwethod comprises the additional step of administering an cffective
amount of the HLA-G CAR therapy o a patient that is determined likely to respond to the
HUA-G CAR therapy.

60397} Further aspects of the present disclosure relate to methods for determining if a patient
is likely to respond or is not bikely to HLA-G CAR therapy depending on the tsoform(s) that
isfare expressed by the tumor, particularly selected from HLA-GI, and HLA-GS. The
wdentification of HLA-G expressed isoform(s) prior to treatment allowed the selection of the
most suitable CAR that specifically binds HLA-G1 and HLA-GS isoforms for use in an

efficient treatment sach as cell therapy.
Kits
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{00398} Any of the compositions described herein may be included n a kit provided by the
present  disclosure. The kits will thus  include, i suitable contaimer means,
recombinant/engineered cells of the present disclosure, and/or vectors encoding the nucleic
acid constructs of the present disclosure, and/or nucleic acid constructs or related reagents of
the present disclosure. In some embodimenis, the kit further inchudes an additional agent for
treating cancer or an infoctious discase, and the additional agent may be combined with the
nucleic acid construct(s) or cells, or other components of the kit of the present disclosure or
may be provided separately in the kit. In some embodiments, means of taking a sample from
anindividual and/or of assaving the sample may be provided in the kit. In cortain embodiments
the kit mchudes cells, buffers, cell media, vectors, primers, restriction enzymes, salts, and so
forth, for exaraple. The kits mayv also comprise means for contamming a sterile, pharmaceutically

acceptable buffer and/or other diluent.

060399} The components of the kits may be packaged cither in agueous media or in tvophilized
form. The container means of the kits will generally inchade at least one vial, test tube, flask,
bottle, syringe or other container means, into which a component may be placed, and
preferably, suitably aliquoted. Where there is more than one component in the kit, the kit also
will generally contain a sccond, third or other additional container into which the additional
components may be separately placed. However, various combinations of components moay be
comprised in a vial. Such containers may include injection or blow- molded plastic containers
into which the destred vials are retained. The kits of the present disclosure also will typically
melude a means for containing the components in close confinement for commercial sale. Such
containers may include injection or blow molded plastic containers mmto which the desired vials

are retained.

304661 When the components of the kit are provided in one and/or more liquid solutions, the
fiquid solution is an aqueous solution, with a sterile agueous solution being particularly
preferred. The compositions may also be formulated into a syringe compatible composition. In
which case, the contmner means may itself be a syringe, pipette, and/or other such like
apparatus, from which the formulation may be applied to an infected area of the body, mjected
into an animal, and/or even applied to and/or nuxed with the other components of the kit.
However, the components of the kit may be provided as dried powder(s). When reagents and/or
components are provided as a dry powder, the powder can be recounstituted by the addition of
a suitable solvent. It is envisioned that the solvent may also be provided in anocther container

moans.
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{00481} In some embodiments of the disclosure, cells that are to be used for cell therapy are
provided in a kit, and in some cases the cells are essentially the sole component of the kit. The
kit may comprise reagents and materials to make the desired cell. In specific embodiments, the
reagents and materials include primers for amphifving desired sequences, nucleotides, suitable
buffers or buffer reagents, salt, and so forth, and in some cases the reagents include vectors

and/or DNA that encodes a CAR as described herein and/or regulatory elements therefor,

[60402] In some embodiments, there are one or more apparatuses m the kit suitable for
extracting one or more samples from an individual. The apparatus may be a syringe, scalpel,

and so forth.

{30403} In some cases of the disclosure, the kit, m addition to cell therapy embodiments, also
includes a second cancer therapy, such as chemotherapy and/or immunatherapy, for example.
The kit(s} may be tailored to a particular cancer for an individual and comprise respective

second cancer therapies for the individual as described hereabove.

INCORPORATION BY REFERENCE
[60404] Al references, arficles, publications, patents, patent publications, and patent
applications cited herein are incorporated by reference in their entireties for all purposes.
However, mention of any reference, article, publication, patent, patent publication, and patent
application cited herein is not, and should not be taken as, an acknowledgment or any form of
saggestion that they constitute valid prior art or form part of the common general knowledge

in any country in the world.

EXAMPLES
004038} Although the foregoing embodiments have been described in some detail by way of
ithustration and example for purposes of clarity of understanding, 1t will be readily apparent to
one of ordinary skill in the art in light of the teachings contemplated herein that certain changes
and modifications may be made thercto without departing from the spirit or scope of the
appended claims. The following examples are provided by way of tlustration only and not by
way of limitation. Those of skill m the art will readily recognize a variety of noncritical

parameters that could be changed or modified to vield essentially similar results.

Example 1 — Generation of bumanized and chimeric LFTT-1 Vi and Vi variants
{00406 A series of bumanized Va and Vi amino acid sequences for LFTT-1 antibody were

created by selectively backmutating certain bumanized amino acid residues to murine amino
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acid residues. Vernier zone residues, residues flanking the CDRs, and those important n
variable region stability were backmutated in all designs. Humanness was defined either as the
number of backmutations (with smaller numbers indicating a greater degree of humanness) or
the degree of homology the IGVs share with human germline sequences. Exemplary
humanized and chimeric LFTT-1 Vy and Vi variants are provided below in Table 5. The
murine Vaand V1 parent sequenees are designated as Va0 and V0. Vul and Vil are most like
the murine parent sequences whilst those designated as VuS and V5 are most suuilar to the

optimal human template,

Table 8. Amino acid sequences of humanized LFTT-1 Vg and vy, variants

Bomain or Region | Sequence SEQID
NO

77

Vi Heavy chain | QLOLVOBGPELKKPGETY
variable domain KGLKWMGHIYTYSGVET mwu;
NLENEDTAT CARVRDGYYRY

Vul Heavy chain | OIOLVOSGRELKKECASVEISCRASCYTETTYCME) '_"-.; BG | 78
sariable domain GLEWMGHIYTYSGVPTYADDLTGRFVES 3
SLEAEDTATYFCARVRDGYYRYAMDYWGRGTSVTVSS

VuZ Heavy cham 79
rariable domain =

LEARDT DYWERE'
Vu3 Heavy chain QIQLVO ssm «1/*‘ VEKVSCRASSYTETTYCMSWVROAPG | 80

rariable domain QGLKWMGH I YTYSGVET YADDLT! LDTSVSTAYLOIS
8LKAEDTATYFCARVRDGYYRYAMDYWGRGTLVTVES

Vud Heavy chain | QLOLVOSGSELKKPGASVKVSCRASGYTETTYGMSWVROAPG | 23
variable domain IMGWIYTYSGVETYADDLTGREVESLDTSVS l‘AYLg;S

Vs Heavy chain | QIOLVOSGSELKKPGABVKVSC

GYTETTYGMSWVROARG | 9
variable domain SLER TYSGVPTYADDLIGREVE SVSTAYLOIS

SLEAEDTATYYCARVRDGYYRYAMDYWGRG '“I..\/"I VES

V1.0 Heavy chain &1
variable domain
TYYCLOYDL "GGGTKLELK
Vi1 Heavy chain DITHEMTQS PSSLSVSVGDRVTITCKASQDINRYTAWY(OQ 42
varniable domain GSGRUYTFTISSLE!
V12 Heavy chamn 23
vanable domain
%13 Heavy chain DIGMTRSPSSLSVSYGDRVTITCKASQDINRYIAWYQQOPGK | 60
variable domain APKLLIRFTSTLOSG
TYYCLOYDD 1
Vi4 Heavy chain DIGMTQS F’SST“)V“VbﬁR /T TCKAS 50
variable domain APRLLIHFTSTLOSG
"T’VV(“]'_O\'T’ i
V15 Heavy chain DIGMTOSESSLSVSVGDRVTITCKS 13
variable domain APKLLIHFTSTLOSGVPSRFSGSGEGTD 5
TYYCLQYDDLRTFGQGTKLEIK
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In the variable domains, CDRI, CDRZ2, CDR3, (from left to right) sequences are underlined;
humanized residucs are n bold; and backmutated residues are undertined/bold.

[60467] DNA constructs for the expression of humanized Vu or Vi for LFTT-1 vanants were

generated. Pairs of constructs {Vu and Vi) were used to co-transfect HEK 293 EBNA cells for

the expression of humanized LFTT-1 vanants. Constract pairs for humanized and chimeric full

antibody expression are provided below in Table 6.

Table 6. Constract pairs of humanized LFTT-1 Vy and ve, for humanized and chimeric
full antibody expression

LFTT-1Variant

Antibedy Compaosition

Heavy Chain
Construct

Light Chain
Construct

Chimernic LFTT-1

Chimernic HC and LC

LETT-1 Va0-hleGl

LETT-1 ¥Vi0-higx Co

Vul/Vii LFTT-1

Chimeric HC/Humanized
LC

LFTT-1 Vul-hlgGl

LFTT-1 Vil-hige Co

Val/Vi2 LFTT-1

Chimeric HC/Humanized
LC

LFTT-1 Val-higGl

LFTT-1 Vi2-higx Co

Val/Vi3 LFTT-1

Chimenic HC/Humanized
LC

LETT-1 Vul-higGl

LEFTT-1 Vi3-hige Co

Val/Vid LETT-1

Chimernic HO/Humanized
LC

LETT-§ \7H0~—hlgG1

LFTT-1 Vid-hige Co

Vauly/VoS LFTT-1

Chimenc HC/ Humanized
1.C

LFTT-1 Vu0-higGl

LFTT-1 Vis-higk Cu

Vul/ViO LFTT-1

Chimeric HC/Humanized
Le

LFTT-1 Vul-higGl

LEFTT-1 ViO-higk Co

Vul2/Vo0 LFTT-1

Chimeric HC/Humanized
L

LFTT-1 Vu2-higGl

LFTT-1 Vi0-higx Co

Vud/ViLOLFTT-1

Chimenic HC/Humanized
L

LETT-1 Vu3-higGl

LEFTT-1 Vil-higx Co

Vud/V 0 LFTT-1

Chimence HCHumanized
LC

LFTT-1 Vud-higGl

LFTT-1 Vi0-higk Co

VeS/V0o0 LFTT-1

Chimeric HC/Hamanized

LC

LFTT-1 Vu5-highGl

LFTT-1 Vi0-higk Cr

Val/Vil LFTT-1

Humanized HC and LC

LETT-1 Vul-higGl

LETT-1 Vii-hlge Co

Val/Vi2 LETT-]

Humanized HC and L.C

LETT-1 Vul-hisGl

LEFTE-1 Vi2-hlak Co

Val/Vi3 LFTT-1

Humamzed HC and LC

LFTT-1 Vul-hleGl

LFTT-1 Vi3-hlex 1

Vul/Vid LFTT-1

Humanized HC and LC

LETT-1 Val-hioGl

LFTT-1 Vid-hiox Co

Vul/Vi 5 LFTT-1

Humanized HC and LC

LFTT-1 Vul-hleGl

LFTT-1 Vis-higx Co

Vu2/Vil LFTT-1

Humanized HC and LC

LETT-1 Vu2-hlgGl

LFTT-1 Vil-higk Co

Va/Vi2 LFTT-1

Humanmized HC and LC

LETT-1 VuZ-hloGl

LETT-1 ViZ-higk Co

Vu2/V13 LFTT-|

Humamzed HC and LC

LEFTT-1 Vu2-higGl

LFTT-1 Vi3-higx Co

Vu2/Vi4 LFTT-1

Humanized HC and LC

LFTT-I Va2-higGl

LFTT-1 Vid-hlox Co

Vu2/Vi5 LFTT-1

Humanized HC and LC

LFTT-1 Vul2-hleGl

LFTT-1 Vi5-higx Co

Vu3/Vil LFTT-1

Humanized HC and LC

LFTT-1 Vg3-higGl

LFTT-1 Vi l-hige Co

Vud/Vi2 LFTT-1

Humanized HC and LC

LETT-1 Vu3-higGl

LFTT-1 ViZ-higk Co

Vud/Vi3 LFTT-1

Humamzed HC and LC

LETT-1 Vu3-higGl

LFTT-1 Vi3-hlgx Co

Vu3d/Vi4 LFTT-1

Humamzed HC and LC

LFTT-1 Vu3-higGl

LFTT-1 Vid-higx Co
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Vud/Vi5 LETT-]

Humanized HC and LC

LETT-1 Vu3-hisGl

LETT-1 Vi5-higk Co

Vud/Vol LFTT-

Humamized HC and LC

LFTT-1 Vud-hlaGl

LFTT-1 Vil-hlax Co

Vad/Vi2Z LFTT-1

Humanized HC and LC

LFTT-I Vad-hioGl

LFTT-1 Vi2-higx Co

Vad/ V3 LETT-1

Humanized HC and LC

LETT-1 Vad-hioGl

LFTT-1 ¥1.3-higx Co

Vud/Vi4 LFTT-1

Humanized HC and LC

LFTT-1 Vud-hlgGl

LEFTT-1 Vid-higk Co

Vud/Vi5 LFTT-1

Humanized HC and LC

LETT-1 Vud-hipgGi

LFTT-1 Vi5-higk Co

VuS/Vil LFTT-

Humamzed HC and LC

LFTT-1 Vis-higGl

LFTT-1 Vil-hlsx Co

Vud3/Vi2 LFTT-1

Humamzed HC and LC

LETT-1 Vu5-higGl

LFTT-1 Vi2-hlex 1

Vud/Vi3 LFTT-1

Humanized HC and LC

LFTT-1 VuS-hio(Gl

LFTT-1 Vi3-hiox Co

VuS/Vi4 LFTT-1

Humanized HC and LC

LFTT-1 Vu5-hleGl

LFTT-1 Vid-hlgx Co

Vad/Vis LETT-1

Humanized HC and LC

LFTT-1 Vu5-higGl

LETT-1 Vi5-higk Co

[00408] HLA-G binding efficiency of humanized LFTT-1 variants was asscssed using a flow
cytometry-based competition assay. Human HLA-G1 antigen expressing K562-HLAG! cells
and control K362 wild type cells were plated in the wells of 96-well U-botiomed plates
{Corning, Amsterdam, The Netherlands) at 1E+6 cells/well. After washing the cells with DPBS
+ 10% FBS, titrations of each fest antibody {83.33 nM to 0.04 nM m an 8 pont three-fold
dilution series) were conducted and the cells were resaspended before incobation in a static
incubator at 37°C for one hour. Unbound antibody from the plates was removed by repeated
centrifugation and washing steps with DPBS + 10% FBS before resuspending and incubating
the cells with a fixed molarity (1.6 nM) of biotmylated murine LFTT-1 in a static incubator at
37°C for one hour. The cells were washed and resuspended with DPBS + 10 % FBS three
additional times before resuspending with eBioscience™ Streptavidin PE Conjugate
{Thermofisher, Loughborough, UK) and then incubated for an additional 36 mun at 4°C. Afier
a further wash, the plates were read on the Attune Flow Cytometer and recorded Mean
Fluorescence intensity using the Attune YFP laser. To determing 750 values, the MF1 for the
mean values of techuical replicates against test antibody molarities was plotted using Prism
{Graphpad Software, La Jolla, USA). Background removal was conducted using MFT values
determined wusing wild type K362 cells, followed by normalisation of the MFI readings so that
the highest MF{ for each series was defined as 100% in all cases and so that specific MFI was
plotied agamst antibody molanty. U530 values were calculated using a fitted non-hincar one-
site 750 curve of the datapoints. 750 caleulations for each LFTT-1 variant were performed
for all plates to correct for plate-to-plate variation. The relative 7C30 of a given antibody variant
ts determuned by division of the #5350 value of the vartant by that for the chimeric LFTT-1 run
on the same plate. Variants with relative O350 values greater than 1 are predicted to have lower

binding efficiency for K362-HLA-G1 cells, whilst those with values less than 1 are predicted
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o have mproved binding efficiency. Relative 7C50 values for LFTT-1 vanants are provided

in Table 7.

Table 7. Relative JC58 values for LFTT-1 variants by heavy and light chain design

Retative {Cs values for LFTT-1 variants

Vab LETT-1] Vel LEUE-1] Vi LETE-1} Vi L1 Vid L TE-1] VS LT
Vil LETT-1] WA 0.72 2.95 3.20 - -
Vil L1 146 1.35 205 .96 0.77 148
Vi LHTT-1] 093 1.66 1.27 0.96 1.44 147
Vi3 LETT-11 093 1.66 0.67 .99 271 3.18
Vid LFTE-11 13 0.61 1 0.78 1.14 (.95
VIS LFTT-1] 165 0.92 1.2% 0.59 0.79 1]

{68409 Relative humanness of the LFTT-1 variants was determuined by finding the homology
of the heavy and hight chan ITGHV/AIGKYV and IGKI-genes of each variant, to human germhine
sequences of the optimal human templates. This was achieved by concatenating the IGHV (o
IGHY and IGKYV to IGK] amino acid sequences for all varants and likewise for the optimal
human templates. Fach variant’s concatenated sequence was compared to the concatenated
sequence for the templates in a pairwise alignment to determine percentage homology. Overall
homology of the variants to the murine parent was caleulated and backmutations were counted.
FIG. 2 compares the bumanness of LFTT-1 humanized variants, by homology (1o parent and

human germiine} and by counting backmutations.

{30418} It s necessary to consider both the humanness and relative JCO50 scores for each
antibody as there will ofien be a trade-off between binding efficiency and sinularity to the
human germbine. Generally, more human-like designs lead to poorer binding efficiency as
fewer murine residues are preserved in the designs, increasing the hikelihood that the antibody
will lose affinity for its target. More conservative designs generally lead to betier binding
efficiency. 50 scores for the humanized variants are plotted vs bumanness m FIG. 3.
Antibody vaniants with lower relative 7050 scores and a greater degree of humanness make the
best lead candidates for retention of antibody atfinity for the target and tolerance by the human

umune system. Vud/VLS is a strong candidate in both respects.

(00411} MHC class T HLA-DR epitopes were detected by analyzing overlapping 9-mer
peptides within the sequences of the humanized Vu and Vo regions of the LFTT-1 variants for
thetr potential to bind to 51 HLA-DR alicles. The numbers of strong and medium %-mer MHC
class H binding peptides predicted to bind to HLA-DR in both chains in the whole V region

versus the relative #C50 values calculated for cach variant are provided in Table 8.
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Table 8§ Number of HLA-DR epitopes in each humanized variant vs relative O350
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[66412] Table 8 shows that Infliximab (a chumeric antibody) contains approximately twice as
many MHC class II binding 9-mers as Trastuzumab (a humanized antibody), consistent with
their relative immunogenicity in the chinic. Furthermore, the murine LFTT-1 vanable regions
contain similar numbers of MHC class H binding 9-mers as Infliximab, whereas their
humanized counterparts contain progressively fewer epitopes with the most “human’ variants
containing {6 epitopes. Humanized LFTT-1 antibodics VHA/VLS and VHS/VL4 extubit low
relative JO50 values and a relatively high degree of humaneness. The number of strong and
medium MHC class I binding 9-mers for VH4/VLS and VHS/V1L4 (16 cach) 1s slightly higher

than the humanized antibody Trastuzumab {11).

{00413 Basced upon the relative FUS¢ values, bumanness and MHC class H assessment, three
lead candidates for LFTT-1, VH4A/VLS, VHS/VL4 and VH3/VL3 were selected. The properties

of the three lead candidates are provided i Table 9.
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Table 9. Comparison of 3 lead candidates for numbers of HLA-DRB epitopes,
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humanness, and binding efficiency

Numbes Relfative
and med FO8G
{5 {1

30414} The kinctic constants of the three lead candidates for LFTT-1 were deternuned by the
figand Tracer analysis according to the 2-to-1 bivalent binding model, with a weighted average
of KI¥ measurements (by Bmax) for both binding events determined for cach candidate. The
kinetic constants for cach LFTT-1 lead candidate are provided in Table 10. The Ka (1/Ms, on
rate} is the association constant and is a measure of the rate of complex formation between the
HLA-GI cxpressing cells and the antibodies under investigation. The Kd (1/s, off rate) is the
dissociation constant and 1s a measure of the rate at which the complex dissociates. The KD
(M) is the dissociation counstant for the antibody-antigen complex, determined by division of
the Kd by the Ka. LigandTracer revealed that all three antibodies bound cells expressing human

HLA-G1 with KD values in the low nanomolar range.

Table 164, Kinetic constants for the LFTT-1 lead candidates determined by
LigandTracer

Baax? Chit
0 )
1 0.2

55
. 5%
3192 381

Example 2 — Assessment of the binding profile of humanized LFTT-1 Vud/V 5 using a
human plasma membrane protein cell array

(30415} The Retrogenix Cell Microarray Technology was used to screen for specific off-target
binding interactions of a humanized mouse IgGl antibody known as hLFTT-1 Vad/VL5,
[00416] 2, 5 or 20 pg/mL of hEFTT-1 VH4/VLS, 1 ug/ml Rituxumab biosimilar, or PBS alone
was added to slides of untransfected HEK293 cells (arcas outside the spots) and HEK293 cells
over-expressing HLA-G, HLA-G + B2M, CD20 or EGFR (spotted arcas) after or betfore

fixation. Shdes were subsequently incubated with an AF647 anti-hig(G Fe detection antibody
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followed by fluorescence imaging. hLFTT-1 Ved/VLS showed a specific interaction with HLA-
G+ B2M, the primary target, on both fixed and live cell microarrays. Significant interactions

with HUA-G and EPHBGS were observed on the live cell microarray only.

{30417} The mteractions for hLFTT-1 Vid/ViS with HLA-G, HLA-G + B2M and EPHB6 were
confirmed in a single-dose flow cytometry follow on studv. Human HEK293 cells were
transfocted with cxpression vectors encoding ZeGreent only, or ZsGreenl and HLA-G, HLA-
G+ P2M, EPHBS or CD20 {assay control). Live cell transfoctants were incubated with § ug/mL
hEFTT-1 VH4/VLS, 1 pg/mL Ritamab biosimilar {assay control} or assay buffer only. Cells

ore washed and incubated with the same AF647 anti-hlgG Fc detection antibody as used in
the cell microarray screens. Cells were again washed and analvsed by flow cytometry using
an Accuri flow cvtometer (BD). A TAAD hive/dead dve was used to exclude dead cells in the
analysis, and ZsGreen+ {(transfected) cellis were selected for analysis. hRLFTT-1 VH4/VLS
showed medivm (8.2 mean fold) and strong (69.5 mean fold) binding mtensity with primary
targets HLA-G and HLA-G + f2M, respectively. Strong (13.9 mean fold) binding intensity
was also observed with EPHBG. The binding resalts for hRLFTT-1 Ved/V1L5 with target antigens
are provided m Table 11

Table 11. The flow cytometry results for the interaction of hLFTT-1 Vud/ViS with
HLA-G, HLA-G + BZM and EPHBS

Median AF647 Fluorescence (Fold change from FsGreen-only transfected HEK293s)

CNs27T UCNs312 UCNIS27 Ch2e HEKs
HLA-G HLA-G+ B2 EFPHRs {&sGreen-
NM 0921275 NBE SU2¥27.5 + N3 0644453 only}
DO8ve351
nw=i =l =i =2 n=] n=2 =i s | gl
7
M |F iM |F | M F M F M | F|\M |F M |FiM
HEFTE-¥
VHI/VES
5206 | 78 1 5720 § 86 | 44544 { o70 | 47903 | 720 {9880 | 149 | 8552 | o {747 | L1} e | 687
Assay
bufier 617 | 09 {664 |10 |52 09 | 607 0.0 | 649 {10 {664 |10 | 792 |12 §ess | 680
Rituximab
biasimilar .
663 | 0.9 | NI NT | 624 0% | NT MU [ 629 {05 | NT | NT foasws | 5 470 | NT

Fold Change from ZsGreen-1 transfected HEKs
2.0 2.5 | Low Confidence Very weak binding intensity
2.6 —4.0 | Weak binding intensity
4.1 - 10 | Medium binding intensity

> 10 Strong binding intengity
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NT Not tesie
M Meddian
F Foid

{00418} In a further dose-response follow-on study, £C50 values could not be determined on
transiently transfected cells, as the binding with HLA-G and HLA-G + B2ZM showed a biphasic
profile, and the binding to EPHB6 was not maximal at 300 pg/ml, the highest dose tested. &t
is unlikely that the interaction with EPHBG 1s physiologically relevant with an ZC50 of >300

pg/mi. The binding results are provided 1 Table 12

Table 12. The flow cytometry resulis for the interaction of hLFTT-1 Vid/V1.5 with
HLA-G, HLA-G + 82M and EPHBSG in a dose-response study

Median AF647 Fluorescence {Fold Change from corresponding ZsGreeni-only
transfectants }
- ' T R P
Transfectant BEFTTF VELVES (ugimi) Rituximab
{pg/ml}
1/ 5,018 &.47 &3 12 4.7 1873 75 308 I
UER 6278
WAG 568 4014 4124 5617 s730 | s848 | 6308 gi6 13320 564
NM_toas7 | Median
& NT 3995 3944 5418 5632 5747 | 6738 8661 12336 NT
Faold 09 55 57 8.9 23 3.7 73 5.0 26 09
Change
NT 6.4 8.6 8.5 76 38 25 NT
UCN 6312 56 i 2 o071 7144 . 0354
12 506 19806 34245 71 47144 62538 79354 368
HEA-G+ | Median
BIM NT 20188 33044 | 41220 47180 60107 79816 NT
NM_092127 - P - < p < a5
ot Fold 10 321 382 65.3 60.2 698 86 138 05
PORSISL | Change NT 349 656 706 69.9 371 135 NT
HER 1827 563 1674 612 2647 5561 16840 475378 62
EPEBE | Medign b ! b ‘ 2 S il i
NWE_084845 HT 1126 1727 2832 e602 | 17528 | 33334 | 162196 | 443003 NT
3
11 17 26 42 96 249 198 893 943 18
¥old
Change NT 18 28 45 0.7 6.1 599 1602 583 NT
Media 732 NT NT NT NT NT NT NT NT 268578
R0 Pout 12 NT NT NT NT NT NT NT NT 4311
Change
ZsGreen- 502 524 610 618 612 556 894, 1724 3030 623
only
transfecta . ~ - - -
s Median NT 11 630 630 523 584 263 1515 3329 N

{00419} In a further dosc-response experiment, HLA-G and HLA-G + [B2M transiently
transfocted cells, as well as stably transfected HEK-HELA-G 1 cells were incubated with a dose-
range of hLFTT-1 Va4/VL3 or commercial anti-HLA-G antibody to determine 250 values
for the primary targets HEAG and HLA-G + B2ZM, and to determine whether a commercial
anti-human HLA-G antibody also shows a biphasic binding profile with the primary targets.
hLEFTT-1 Vud/VLS showed a biphasie binding profile with the primary targets, HLA-G, HLA-
G+ P2ZM and stably transfected HEK-HLA-G1 cells. At the 2 top doses (167 and 500 pg/mL)
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high background binding was observed with ZsGreen only transfected cells, which suggests
that at these very high concentrations, the test antibody is interacting with an endogenously
produced protein on HEK293 cells. In target transfected cells, the first inflection point is
therefore the interaction with the transfectant, and the second inflection point is the interaction
with the endogenous HEK cell protein (on either HEK293 cells or HEK-HLA-G1 cells). After
excluding the 167 and 300 pg/mi doses, £C30 values of 035, 0.18 and 0.05 pg/mb were
calculated for HLA-G, HLA-G + f2M and HEK-HLA-G1 stably transfocted cells respectively.

The binding results for BLFTT-1 Vad/VL5 with target antigens are provided in Table (3.

Table 13. The flow cytometry results for the interaction of the test antibody with HLA-
G, HLA-G + §2M and EPHB6 in a dose-response study

Median A¥647 Fluorescence (Fold Change from corresponding ZsGreenl-only
fransfecianis
Transfectant - L ) pre - -
HBLFTT-I VEGVLS (ug/md) +AF847 anti-human Igls Fe
4 80085 | 0.025 | 6.976 8.23 X34 27 &2 &5 55.6 7 300
UCN 6271 1268 4606 7139 8769 1 12739 | 15989 | 15828 | 10048 | 19725 | 26809 | 39768 | 61085
HLA- . * *
g G Median - ; 5
NM_$6232 1208 3959 5941 8633 L1614 | 12420 § 13407 | 1S0iL | 18243 | 26733 | ais&i | 64637
7.5 M N
Fold 13 45 72 8.3 122 14.8 3.0 12.3 8.1 59 38 27
Clhunge 13 38 60 82 111 13 1o s 75 59 4.0 2.9
TON 6312 1048 5689 9561 13767 | 33254 | 42876 | 44680 | 471s2 | 33824 | 61670 | 78ATE | 96676
HLA-G + o . »
i Median f— e - - - -
B2/ 961 3872 10692 | 20703 | 31513 | 41074 | 44464 | 47973 | 50925 | 60565 | 79623 | 10631
NM 66212 * i
™+ it 55 161 39 398 36.8 310 22 135 76 43
BOSOUSSE | pos Lo 5.7 108 | 209 gL | 366 | 313 | o2e | 13 | 77 47
Chasge | 924 1046 1616 1016 1140 246 1531 2341 4869 | 10878 | 24111
596 1018 966 969 988 1015 1,183 1513 2300 4233 o821 | 21040
HEK- 562 22385 | 39920 | 79113 | 10832 | 11757 | 12075 | 12982 16715 | 20013
HLA-GE N 2 2 o 2 &
Wediam - - - —— -
Cells 1036 | 21055 | 44648 | 87887 | 12846 | 11307 | 12044 | 12632 16186 | 18453
5 B i &+ 1%

Fold Change from ZaGreen-1 transfected HEKs
26-25 1 Low Confidence Very weak binding intensity
2.6 -4.0 | Weak binding ntensity
4.1-10 | Medium binding intensity

> {0 Strong binding inleusity
NT Not tested
* Data point not included in ECs analysis

[30428] The commercial anti-human HLA-G Antibody {Clone 87G) did not show a biphasic
profile and EC50 values of 1.6, 3.1 and 1.9 pg/ml were calculated for the interactions with
HLA-G, HLA-G + 2M and the stable HEK-HLA-G1 cells respectively. The £C50 values of
hEFTT-1 Vad4/VL5 and Clone 87G are provided 1o Table 14,

116



WO 2024/118469 PCT/US2023/081088

Table 14. The EC56 values for the interaction of the test antibody hLFTT-1 Vid/V 5
and Clone 87G with HLA-G, HLA-G + B2M and HLA-G1

Bls {pg/ml)
{95% CH
RLFTT-1 anti-human HLA-G
Frad/Vis Antibody (Clone 87G)
- 435 1.6
HLA-G (0.07 16 2.2) (111023
418 3.7
[ A-G + B2 n . ) ,
HILA-G+ B 0.12 0 0.29) (2.1t 4.5)
HEK-HI A-GF 8,85 i.9
Cells (0.03 fo 0.08) (1.2t 2.9)

Example 3 ~ Preclinical assessment of CAR-T efficacy in solid tuemors

Cytoldytic function of kumanized anfi-HLA-G LFTT.I CAR-T in vitro

[38421] To ovaluate the specific cytotoxicity against solid tumors in vifro, humanized LFTT-
1 CAR-T cells were mceubated with multiple chemo resistant SKOV-3-HLA-G+ cell fine atthe
ratio of 12:1, 6:1 and 3:1. FIG. 4 shows the percentage of tumor cell lysis after incubation of
the CAR-T cells. It was observed that anti-HLA-G CAR-T cells displays specific cvtotoxicity
against multiple chemo resistant SKOV-3-HLA-G+ cell lines in a dose dependent manner

while shows nmunimal cyiotoxicity against HLA-G negative cells.

Ex vive infiliration and activation of humanized anti-HIA-G LFTT-1 CAR-T

[60422] To evaluate the degree of infiltration of humanized anti-HLA-G LFTT-1 CAR-Tcells
into solid tumor tissues, immunohistochenmistry (JHC)Y was performed on renal cell carcinoma
tissues after incubation with anti-HLA-G CAR-T cells. Stropng and specific ex vive activation
of anti-HLA-G CAR-T cells was observed upon infiliration of clear cell Renal Cell Carcinoma
{(ccRCC) human bopsies and RCC-HLA-GH tumor models, respectively. FIG. 5A is a
representative IHC image of anti-HLA-G CAR-T cells on a haman ccRCC tissue sample. A
considerable number of anti-HLA-G CAR-T cells were observed on the heman coRCC tissue
sample. FIG. 5B displays the activation ratio of the CAR-T cells compared to the non-
transduced control cells. There is a significant increase in the action of CAR-T cells compared
to non-transduced control cells. FIG. 5C sunumarizes the activation ratios of the CAR-T cells
on PDX RCC and human ¢cRCC, respectively. It was observed that anu-HLA-G CAR-T cells

were significantly activated in PDX RCC and human ccRCC tissue samples that express HLA-
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. The results of the ex vive assay for CAR-T cells may provide predictive values for in vivo

efficacy.

In vive functions of humanized anti-HILA-G LFTTI CAR-T celis

30423} Tomvestigate i vive functions of humanized anti-HLA-G LFTT-1 CAR-T cells, NGS
moice were implanted with reval coll carcinoma patient derived xevografts (RCC PDX)
followed by noculation of humanized anti-HLA-G LFTT-1 CAR-T cells on day 22 (FIG. 6A).
The cytotoxicity of anti HLA-G CAR-T cells against HLA-G tamor cells were monitored.
Significant therapeutic cfficacies of anti-HLA-G LFTT-1 CAR-T cells were observed. FIG.
6B shows the measurements of the tumor volume in NGS mice after tumor implantation over
79 days. Substantially more effective control and elimination of PDX primary tumor was
observed in NGS mice with inoculation of humanized anti-HLA-G LFTT-1 CAR-T cells than
the control T cells. These results demonstrate significant therapeutic efficacies of anti-HLA-G

LFTT-1 CAR-T cells in an in vive renal cancer system,

Exampie 4 -GMP manufacture of anti-HLA-G CAR-T celis

30424 The present disclosure provides a closed, contimious, and automated process for the
GMP (good manufacturing process) mamifacturing of the anti-HLA-G CAR-T cell final drug
product (FDP). This process has been adapted from the Miltenyit Prodigy TCT Process. The

formulated cryopreserved product is designated as the FDP.

004251 All raw materials are GMP grade from gualified vendors. The manufactuning of anti-
HLA-G CAR-T celis 1s supported by a qualified countract developroent and manufacturing
orgamization {(CDMO) and operates under a guality agreement. All materials are
examined/iested according to the standard operating procedures prior to its use. Critical raw

materials are presented in Table 15,

Table 15, Critical raw materials used for anti-HLA-G CAR-T cell ¢GMP
manufacturing process
Starting material, raw matenal or Source Coropliance
reagent A= gnimal
R=recombinant
Se= synthetic

H= human
Lentivinus R cGMP*
PBMC/Leukopak H cGMP
MACS GMP Media S cGMP
MACS GMP Cytokines (1L7 and [IL13) R cGMP
CliniMACS CD4 GMP MicroBeads S ¢GMP
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ChimtMACS CD8 GMP MicroBeads 8 cGMP
MACS GMP T Cell Trans Act R/S cGMP
Human Serum Albumin (HSA) H cGMP
Cryostor® S cGMP

* COMP: carrent Good Manufacturing Process

[60426] Anti-HLA-G CAR-T cell product is manufactured from aatologous peripheral blood
leukapheresis source material. Leukapheresis is performed at clinical site(s), with specific
leukapheresis cquipment, by cxpericnced and authorised staff according to local standard
chnical procedures. The donors are tested for applicable infections diseases and i addition,
donors must be assessed for suitability prior to the apheresis procedure, according to clinical
protocol. A certificate of analysis is provided to certificate Leukapheresis testing and quality.
These procedures are also in compliance with European Directive 2006/17/EC and Directive

2004/23/EC.

[60427] Using CliuMACS® Prodigy-TCT manufacturing processes, the anti-HLA-G CAR
expression and CAR-T cell expansion were evaluated on peripheral blood mononuclear cells
{(PBMCs} isolated from 4 different healthy donors. Anti-HLA-G CAR-T cells were identified
as CD3+CD 19+ double posttive population by flow cytometry. Anti-HLA-G CAR-T cells can
be produced (LVV MOI=2) in large scale (4-5x10%cells) with a transduction efficacy ranging
from 69% to 85% of T cells expressing the CAR construct (CD3+CD 19+ douable positive} and
a viability higher than 90%. Table shows the characterization of anti-HLA-G CAR CD4/CDE

T celf composition from CD37 cells depending on lentiviral MOT used.

Table 16. Determination of anti-HLA-G CAR CD4/CD8 T cell composition from CD3F
cells depending on lentiviral MOT used

TCT MOY CB3' TCT | Transduction Transduction | Total CR4S CAR-T' CAR-T"
run i PrOCESS atday S at day 12 at day 12 ChR¢” By’
N==4 P u?é?ﬁm 68 to 85% 69 1o 85% 4.4 10 545107 58 to 80% 121041%

[00428] Given these primary non-clinical results, anti-HLA-G CAR-T cells can be produced
in large guantities with a transduction efficacy ranging from 69 to 85% of T cells expressing
the CAR coustract at a low MOL

00429} Anti-HLA-G CAR-T cells consist of autologous CD3+ T cell, with typically make up
>90% of the total cell population. Product-related impurities are cellular impurities derived
from leukapheresis material such as red blood cells, granulocytes, dead cells, and B cells/B-

lincage lymphoblasts. Typical percentage of cellular impurities make <2% of the overall anti-
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HLA-G CAR-T cell final product. Cell viability 15 controlled during the manufacturing and

formulation process.

[008436] Ancillary materials and reagents that are not intended to be present in the final product

are evaluated as part of the final drug product characterization testing.

66431} The quality of anti-HLA-G CAR-T cell product is assessed using the product release

quality control testing plan (Table 17). Analviical test methods for the assessment of anti-HLA-

G CAR-T

cell

product  critical

quality

attributes

m

support

of process

development/optinization, raw materials selection, mtermediate, drug substance {day 12

harvest) and final product charactenization (FDP formulated and cryopreserved) are

sunimnarized in Table

17.

Table 17, anti-HLA-G CAR-T cell product release QC testing plan

- - i . Py Sampling T
Category Test i Method Foint Specification
CEmriched el
. Release Total Viable cells Amomate@ (,’r}i op‘resewed Report result
: i cel counter | sample :
Release i Viability : Amoma’seid‘ i Crvopreserved | S70%
TSSOSO SO ) cell conster SAOPIC )
Release 6CD3" Cells Flow ) Cryopreserved Report tesult
R cytometry | sample o
Product Immunophenotyping. | Flow i Cryopreserved | o -
characterieation™* | Multilincage pagel cyfometry sample Repart ?FUH
| Product Immunophenotyping, | Flow Cryopreserved | o, R
eharacterization™* | Tcellpanel [ eytomelry sample Rt}.):.onmguli: ..............
O L
Flow Fresh sample:
¥ Process YoCARTT cells ) ) By to be TRD
cytometty N
________________________ e Snalied
__ L BD i Formulated
Rd&:d\&f 7777777777 é‘lcnhts 77777777777 BACTEC* sample No ém}’f‘fh
. . Harve .
Release Mycoplasma PCR* mv st Negative
............................... - o APl
¢ Eur. Ph.
Release Endotoxin 2.6.14 S?izﬂ;fﬂmd <SEU/kg
______________________ usp<gs> PR
Release RCL peR Lrjcpreserved < 3}() CopIcs/ pg
__________ ' - sample DNA
Release Total viable cells A"'m“”““'jd, C’W,Op reserved Report result
cell couater sample
Release ¢ Viability ‘ Autslnagcd (.ryapfeserved L >T70%
77777 : . cell counter | sample
Release YoCARTT cells Flow Cryopreserved TBD
........................ cytometry samaple
et of %CAR" “alculate CIYOpreseve
Release Numiber of %CAR™T {, alculated Crvopreserved Report result
................ cells ; value .....seople
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777777 Category Test Method Sampling ) ecificaii&mﬂw
aegory : Peoint P

f “ryopreserved | <3 copies/

. Release Vector copy pumber ddPCR Cryopreserved | <3 copics

T T R sample transduced cells

- Product Immunophenotyping | Flow Cryopieserved | NA

Characterization®” | Tcelipanel Cytometry  : sample e

| Produst Immusophenotyping | Flow Cryvopreserved NA

| Characterieation™” | Multiineage panc Cylometry sample S

: . . FCell- :
| Product ¢ Cytokine secretion ‘ ;icririuiaie d Cryopreserved NA
| Characterization™® | (IFNgamma) sample :

« Altornn 3> Eur. Ph. 2.6.1 and USP <7i>

** Characterization Testing Guly. Not require for release testing

30432} The objective of the product release QC testing plan is to develop a strategy that allows
the reduction n time for the release testing (to about 2 weeks) of the anti-HLA-G CAR-T cell
FDP while maintaining all the safety and testing requirements for the FDP release prior to

patient dosing.

[30433] Stability studies are conducted on the GMP lot of anti-HLA-G CAR-T ¢cll FDP. The
purpose of these studies 1s to obtain long-term stability information. Stability assessment and

esting plans are described in Table below.

Table 18, Anti-HLA-G CAR-T cell drug product stability Program Plan

Stability Assay § month 1 month 3 mounths & months
(Release)
Enriched T Sterility X ~ - X
cells* Container Integrity | X - X X
Total Viable cells X - X X
Cell viability X - X X
CAR-T cells* | Stenlity X - - X
Container Integrity | X X X X
Total Viable cells X X X X
Cell viability X X X X

*One representative baich; an in-use stability and an administration device study will also be
conducted en CAR-T cells,

(00434} The potency of GMP grade anti-HLA-G CAR-T cells denved from three donors was
assessed by an in vitro cytotoxicity assay. Anti-HLA-G CAR-T cells were incubated on LCL
colls expressing GFP and HLA-G (LCL-GFP-HLA-G). FIGS. TA-7C show that GMP grade
anti-HLA-G CAR-T cells derived from the three different donors lysed HLA-G-oxpressing
cells in a dose-dependent manner, and caused significantly greater cell death than non-
transduced (NTDY CAR-T cells did. The levels of IFN-y secreted by anti-HLA-G CAR-T celis
derived from the three donors were measured using the Mesoscale Discovery (MSD) multiplex

analysis of cviokines. FIGS. 8A-8C show that anti-HLA-G CAR-T cells secreted significantly
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greater [FN-y than NTD CAR-T cells did. These results demonstrate that GMP grade anti-
HLA-G CAR-T cells are highly potent in vifro.

30435 The effect of increasing concentrations of soluble HLA-G on the potency of GMP
grade anti-HLA-G CAR-T cells was assessed 72 vifro. It was reported that increased plasma
levels of soluble HLA-G were found in patents with different tumors. Thus, the effect of
increasing concentrations of soluble HLA-G on the potency of GMP grade anti-HELA-G CAR-
T cells denved from the three donors was assessed by an in vifro cvtotoxicity assay. Anti-HLA-
G CAR-T cells were incubated on LCL cells expressing HEA-G (LCL-HLA-G) with the
presence of increasing concentrations of soluble HLA-G. FIGS. 9A-9C show that up to 10
pg/mi soluble HLA-G had no effect on the cyvtotoxicity of anti-HLA-G CAR-T cells against
HLA-G-expressing LCL cells in vitro.

Example 5-Validation of expression of HLA-G in tumor cells

{00436} A vahdation study wsing HLA-G IHC assay to specifically detect HLA class 1
histocompatibility antigen, alpha chain G, in human tissues was conducted to wdentify HLA-G
expressing tumor cells in tissue sections from Formalin-Fixed, Paraffin-Embedded (FFPE)

samples,

60437} FFPE buman tissue blocks mchude normal placenta, clear cell renal cell carcinoma
{ceRCC), epithehial ovaran carcinoma {EQC), pancreatic cancer (PCA), colorectal cancer
{CRC), esophageal cancer {ESC), breast cancer and (BRCA} tissue blocks. Anti-HLA-G
{4H84) mouse monoclonal antibody was used in the HLA-G IHC assay. Interpretation of HLA-
G expression in ocRCC, EOC, PCA, CRC, ESC, BRCA, normal tissues and controls was
performed by board-certified licensed anatomuic pathologists using conventional light
MICIOSCopY.

[60438] Table 19 shows the HLA-G positivity rate per indication. High ncidence of HLA-G
expression was found in ¢ccRCC and EOC samples. The THC data support ¢cRCC and EOC as
lead indications for the anti-HLA-G CAR T cell therapy.

Table 19, Anti-HLA-G CAR-T cell drug product stability Program Plan

Todication Total # of samples stamed % of cascs showing positive
staining
ccRCC 40 85%
EQC 10 70%
ESC 10 40%
BRCA 10 40%
PCA 10 60%
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| CRC | 10 | 50%

004391 In a scparate study, HLA-G isoforms in patient RCC biopsies were deternuined using
a RT-PCT assay. The results showed that HEA-GI and HLA-GS were the main isoforms
expressed in RCC tumors. Low level of HLA-G6 and no cxpression of HLA-G2 and HLA-G4
were detocted in RCC tumors. The data indicate that humanized LFTT-1 CAR T celis that
spectfically binds to HLA-G1 and HLA-GS would be effective for the treatment of RCC.

123



WO 2024/118469 PCT/US2023/081088

Crams
What is claimed 1s:
1. A chimeric antigen receptor (CAR) comprising:

{A} an extracethular domain comprising an antigen binding domain that
specifically binds to haman leskocyte antigen G (HLA-G), wherein the antigen
binding domain comprises:

{a) (1) a heavy cham varable region (VH) comprising the sequence of

SEQ ID NO: 25; and (11) a hight chain vanable region (VL) comprising the

sequence of SEQ ID NG: 35;

{b} (1) a VH comprising the sequence of SEQ ID NO: 9; and (i a VL
comprising the sequence of SEQ ID NG: 50; or

{c} (1} a VH comprising the sequence of SEQID NG 9 and 31} a VL
comprising the sequence of SEQ ID NO: 60;
(B} a transmembrane domain; and

{C) an intracellular signaling domain.

2. A CAR comprising:
{A) an extraccliular domain comprising an antigen binding domain that
specifically binds to HLA-G, wherein the antigen binding domain comprises:

{a) (i} a VH comprising a sequence that is at least 75%. at least 80%, at
lcast 85%, at least 90%, at least 93%, at least 98%, or at least 99% identical to
SEQ 1D NO: 25; and (1) a VL comprising a sequence that is at least 75%, at
least 80%, at least 85%, at least 90%, at least 9539, at least 9€%, or at least
99% identical to SEQ 1D NO: 35;

{b} (1) a VH comprising a sequence that is at least 73%, at least 80%, at
least 85%, at least 90%, at least 93%, at least 98%, or at least 99% identical to
SEQ ID NO: 9; and (11} a VL comprising a sequence that is at least 75%, at
least 80%, at lcast 85%, at least 90%, at least ©5%, at least 989, or at least
99% identical to SEQ ID NO: 50; or

{c} {1} a VH comprising a sequence that is at least 75%, at least 80%, at
least 5%, at least 90%, at least 95%, at least 98%, or at least 99% identical to
SEQ I NG: 9 and (11} a VL comprising a sequence that is at feast 75%, at
least 809%, at least 85%, at least 90%, at least 95%, at least 98%, or at Jeast

99% identical to SEQ ID N 60,
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6.

and

16.

11

iZ.

(B} a transmembrane domain; and

{C} an intracellular signaling domain.

The CAR of claim | or 2, wheremn the antigen binding domain 1s a single chain

vartable fragment (scFv).

The CAR of claim 3, wherein the antigen binding domain comprises a sequence set

forth in one of SEQ 1D NOs: 63, 65, and 67.

The CAR of claim | or 2, wherein the transmembrane domain is a CD28
transmembrane domain; and wherein the ntracellular signaling domam comprises a

4-1BB costimulatory signaling region and a £D3 zeta endodomain.

The CAR of clamm 3, wherem:

the CD28 transmembrane domain comprises the sequence of SEQ ID NO: 72,

the 4-1BB costimuldatory signaling region comprises the sequence of SEQ ID NGO: 73,

the CD3 zeta endodomain comprises the sequence of SEQ 1D NO: 74,

The CAR of claim 1 or 2, wherein the intracellular signaling domain further

comprises a CD28 costimulatory donain.

The CAR of any of claims 1-7, further comprising a signal peptide.

The CAR of claim 8, wherein the signal peptide comprises the sequence of SEQ ID
NG: 69,

The CAR of any of claims 1-9, further comprising a hinge domain connecting the

antigen binding domain {o the transmembrane domain.

The CAR of claim 10, wherein the hinge domain comprises the sequence of SEQ ID

NG: 71
The CAR of any of claims 1-11, further comprising a cleavable linker.
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13. The CAR of claim 12, wherein the cleavable linker comprises the sequence of SEQ

IDNG: 75

14. The CAR of any of clatms 1-13, further comprising a truncated human CD 19 domain.

15. The CAR of claim 14, wherein the truncated human CD19 comprises the sequence of
SEQID NG: 76,

16. The CAR of claim 1 or 2, wherein the CAR comprises the sequence of SEQ ID NO»
68.

17. A nucleic acid molecule encoding the CAR of claim 1 or 2.

18, An expression vector comprising the nucleic acid molecule of claim 17.

19, A cell comprising the nucleie acid molecule of claim 17

20, A cell coraprising the expression vector of claum 18,

21. A cell comprising the CAR of claim 1 or 2.

22. The cell of claim 21, wherein the cellisa Teell, a B cell, aNK cell, a NKT cell, a

monocyte cell or a dendrnitic cell.

23. A pharmaceutical composition comprising the cell of any of claims 19-22. and a

pharmaceutically acceptable carrier.

24 The pharmaceutical composition of claim 23, wherein the cell comprises no more

than five copies of the expression vector in cach transduced cell.

25. The pharmacentical composition of claim 23, further comprising no less than 70

percent viable cells.

26. The pharmaceutical composition of claim 23, further comprising no more than
= g
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30,

34.

35.

SEU/kg endotoxin.

. The pharmaceutical composttion of clawm 23, further comprising less than 50

copies/ug replication-competent lentivirus.

R. The celi of any of claias 19-22 for use v the treatment of cancer.

. The pharmaceutical composition of any of claims 23-27 for use in the treatment of

Cancey.

A method for treating a cancer i a subject in need thercof, the method comprising

administering 1o the subject a pharmaceutical composition of claim 29,

. The method of claim 30, wherein the cancer is a solid tumor.

. The method of claim 30, wherein the cancer is a hematological cancer.

. The method of claim 30, wherein the cancer is clear cell renal cell carcinoma,

epithelial ovanan carcinoma, melanoma, kidney cancer, bladder cancer, breast cancer,
gvarian cancer, uterine cancer, endometrial cancer, cervical cancer, renal cell cancer,
colorectal cancer, gastric cancer, esophageal cancer, lung cancer, hepatocelinlar
cancer, cholangiocarcinoma, neurcblastoma, cancer of the tongue, mouth and
pharynx, bronchogemic cancer, cancer of the larvnx, osteosarcoma, prostate cancer,
testicular cancer, gastrointestinal stromal tumor, pancreatic cancer, kidney cancer,
colon cancer, glioma, glioblastoma multiformae, medulioblastoma, thyroid cancer,
adrenal carcinoma, acute myveloid leukemia, chronic lvmphocytic leukemia, non-small
cell lang cancer, multiple myeloma, Hodgkin's lvmphoma, non-Hodgkin Iymphoma,
B-cell lymphoma, monoceytic lvmphoma, marginal zone lymphoma, Burkitt's
lymphoma, T cell lymphoma, B cell lymphoma, plasmacytoma, prohemocytic
leukemia, acute non-lvmphoblastic leukemia, acute lymphoblastic leukenua,

crythroleukemia, myeloid leukemia or lymphoid leukenua.

The method of claim 30, wherein the cell is autologous.

The method of claim 30, wherein the cell 1s allogeneic.
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36. The method of claim 30, wherein the pharmaceutical composition is administered to
the subjoct by intravenous, intratumoral, intraperitoneal, intramuscular, intraporial,

mirahepatic, subcutancous or intradermal admmistration.

37. The method of claim 30, wherein the subject is human.

38, An anti-HLA-G antibody or an antigen-bindmg fragment thereof, wherein the

antibody or antigen-binding fragment comprises:

{(a) (1) a VH comprising the sequence of SEQ ID NO: 25, and (i) a VL
comprising the sequence of SEQ ID NG: 35;

(b} 1) a VH comprising the sequence of SEQ ID NG: 9; and 3} a VL
comprising the sequence of SEQ ID NO: 50; or

() () a VH comprising the sequence of SEQ ID NO: 9; and (1 a VL
comprising the sequence of SEQ D NO: 60.

(R
N

. An anti-HLA-G antibody or an antigen-binding fragment thercof, wherein the

anttbody or antigen-binding fragment comprises:

(a} (i3 a VH comprising a sequence that is at least 75%, at least 80%, at least
85%, at feast 90%, at lcast 95%. at least 98%, or at least 99% wdentical to SEQ 1D NG:
25; and {(11) a VL comprising a sequence that s at least 75%, at lcast 80%, at least
&5%, at least 90%, at least 95%, at least 98%, or at least 999 dentical to SEQ ID NO:
35;

(b} (1) a VH comprising a sequence that is at least 75%, at least 809, at least
8395, at least D09%, at loast 93%, at least 98%, or at least 99% identical to SEQ 1D NO:
9; and {11} a VL comprising a sequence that 15 at least 75%, at least 809, at least §5%,
at least 90%, at least 95%, at least 98%, or at least 99% identical to SEQ 1D NO: 50;
or

{¢} () a VH comprising a sequence that is at least 75%, at least 0%, at least
&5%, at least 90%, at least 95%, at least 98%, or at least 99% wdentical to SEQ 1D NO:
9; and (i1} a VL comprising a sequence that is at least 75%, at least 80%, at least 85%,

at lcast 90%, at least 95%, at least 98%, or at least 999% identical to SEQ 1D NO: 60

40. The antibody or antigen-binding fragment of claim 38 or 39, wherein the antibody or
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41

antigen-binding fragment is chimeric.

The antibody or antigen-binding fragment of any of claims 38-40, wherein the

antibody or antigen-binding fragment is conjugated to a toxic agent.

2. The antigen-binding fragment of any of claims 38-41, wherein the antigen-binding

fragment 15 a scFv, a Fv, a Fab, a Fab', ora F(ab"2.

3. The antibody or antigen-binding fragment of any of claims 38-42 wherein the

anttbody 1s monoclonal,
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