w0 2023/129929 A1 |0 0000 AR 0 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
06 July 2023 (06.07.2023)

(10) International Publication Number

WO 2023/129929 Al

WIPO I PCT

(51) International Patent Classification:

A61K 48/00 (2006.01) CO7K 14/54 (2006.01)
A61K 35/17 (2015.01) CO7K 14/725 (2006.01)
A61K 39/00 (2006.01) CI2N 5/0783 (2010.01)

(21) International Application Number:
PCT/US2022/082431

(22) International Filing Date:
27 December 2022 (27.12.2022)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/295,491 30 December 2021 (30.12.2021) US

(71) Applicant: TR1X, INC. [US/US]; 2566 Hidden Valley
Road, La Jolla, California 92037 (US).

(72) Inventors: DE VRIES, Jan Egbert; 2566 Hidden Valley
Road, La Jolla, California 92037 (US). RONCAROLO,
Maria Grazia; 2566 Hidden Valley Road, La Jolla, Califor-
nia 92037 (US). PALIARD, Xavier; 2566 Hidden Valley

(74)

@81)

84

Road, La Jolla, California 92037 (US). DE VRIES, David;
2566 Hidden Valley Road, La Jolla, California 92037 (US).

Agent: BECKER, Daniel M. et al.; Fenwick & West
LLP, Silicon Valley Center, 801 California Street, Moun-
tain View, California 94041 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW,KZ, LA, LC,LK,LR, LS, LU,
LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

(54) Title: CD4" T CELLS EXPRESSING IL-10 AND CHIMERIC ANTIGEN RECEPTORS AND USES THEREOF

100 -
2 75-
X 50
=N
25
0

1 K562
ALL-CM
Bl NALMG6

Donor 24.2

FIG. 10

(57) Abstract: The present disclosure provides a population of CD

4IL— 10/CAR

cells (autologous or allogeneic single-donor and allogeneic

polydonor) generated by genetically modifying CD4 ™ T cells to express IL-10 and a chimeric antigen receptor. Further provided are

methods of generating the CD41YCAR cells and methods of using the CD4VCAR celis for immune tolerization, treating GvHD,
cell and organ transplantation, cancer, and other autoimmune and inflammatory disorders.

[Continued on next page]



WO 2023/129929 A | [IN 1]} 00 000 00RO 0

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SIL,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— of'inventorship (Rule 4.17(iv))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with sequence listing part of description (Rule 5.2(a))



WO 2023/129929 PCT/US2022/082431

CD4* T CELLS EXPRESSING IL-10 AND CHIMERIC ANTIGEN RECEPTORS AND
USES THEREOF

1. CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 63/295,491, filed

December 30, 2021, which is hereby incorporated in its entirety by reference.

2. SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing, which has been submitted XML
format and is hereby incorporated herein by reference in its entirety. Said XML copy, created on

December 24, 2022 is named 37104-50735-Sequence-Listing.xml, and is 95.2 kilobytes (KB) in

size.

3. BACKGROUND

[0003] Regulatory T cells belong to a small but important subset of T cells which maintain
immunological tolerance to self and non-pathogenic antigens and maintain immune homeostasis.
There are two major populations of regulatory T cells — CD4* FOXP3* CD25" T cells (FOXP3*)
cells and type 1 regulatory T (Tr1) cells. Both FOXP3* and Trl cells downregulate pathogenic
T-cell responses in various preclinical models of organ and pancreatic islet transplantation, graft-

versus-host disease (GvHD) and various autoimmune and inflammatory diseases.

[0004] Trl cells have been shown to be effective in clinical studies. Administration of cloned,
antigen-specific, autologous Trl cells to patients with ongoing moderate to severe Crohn’s
disease resulted in objective, transient remissions (Desreumaux et al., Gastroenterology.
2012;143(5):1207-1217.e2.). In addition, adoptive transfer of donor-derived CD4* T cell
populations enriched for allo-specific Trl cells to leukemia patients following allogeneic
hematopoietic stem cell transplantation (allo-HSCT) resulted in a rapid reconstitution of the
immune system and protection against microbial and viral infections, without severe GVHD. In
the responder patients, long term remissions and tolerance (> 7 years) resulting in cures were

achieved (Bacchetta et al., Front Immunol. 2014;5:16).

[0005] Despite these encouraging results, the production of donor-derived or autologous Trl
cells for large scale therapy for patients with high unmet medical needs is not always feasible, is

very cumbersome, and does not allow for the generation of large quantities of pure Tr1 cells.
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[0006] Recently, Locafaro and colleagues circumvented some of these problems by transducing
purified CD4* T cells from a single donor with a bidirectional lentiviral vector containing a
human IL-10 gene. The resulting single-donor CD4™™1® populations shared the major functions
of naturally occurring Tr1 cells. Like Trl cells, single-donor CD4-1? cells produce high levels
of IL-10 and downregulate the proliferation of both allogeneic CD4* T cells and allogeneic CD8*
T cells. In addition, they are directly cytotoxic for both normal myeloid cells (including antigen
presenting cells, APC) and myeloid leukemia cells. In a humanized xeno-graft-versus-host
disease (GVHD) model, these single-donor CD410 cells were shown to be effective in reducing
GvHD while retaining graft-versus-leukemia (GvL) activity. See Locafaro et al. Mol Ther.

2017;25(10):2254-2269 and WO 2016/146,542.

[0007] There is a need for means of redirecting the cytotoxic capability of CD4™1 cells to
non-myeloid cells while simultaneously preserving the immune suppressive and immune

homeostasis-maintaining activity of these cells.

4. SUMMARY

4IL-10CAR colls. which are

[0008] The present disclosure provides a new type of immune cell, CD
engineered to express both exogenous IL-10 and a chimeric antigen receptor (CAR). We have
discovered that expression of a CAR in addition to IL-10 redirects the cytotoxic properties of
these Trl-like cells to therapeutically useful targets other than myeloid targets, while surprisingly
leaving intact the cells’ immune-regulatory properties. Also described are methods of treatment
using the CD4L-1YCAR cels use of CD4L-1YCAR cells for treatment, and use of CD41L-1VCAR celg
in the manufacture of a medicament for treating various disorders in which the CAR directs the

cytotoxic properties of these Trl-like cells to therapeutically useful targets other than myeloid

cells, while leaving intact the cells’ immune-regulatory properties.

[0009] The present disclosure provides a genetically modified CD4* T cell (CD4L10V/CAR)
comprising: (a) a first exogenous polynucleotide segment encoding a chimeric antigen receptor

(CAR); and (b) a second exogenous polynucleotide segment encoding interleukin-10 (IL-10).

[0010] In some embodiments, the first exogenous polynucleotide segment comprises a
regulatory element operably linked to a coding sequence of the CAR. In some embodiments, the

regulatory element drives constitutive expression of the CAR.

[0011] In some embodiments, the CAR comprises an antigen-binding domain, a hinge region, a

transmembrane domain, and an intracellular signaling domain.
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[0012] In some embodiments, the antigen-binding domain comprises a single chain antibody
fragment. In some embodiments, the single chain antibody fragment comprises a single chain Fv

(scFv).

[0013] In some embodiments, the antigen-binding domain targets an antigen associated with an

autoimmune disease, inflammatory disorder, or cancer.

[0014] In some embodiments, the antigen is selected from the group consisting of: CD19, CD20,
CD22, BCMA, CD27, CD38, B7-H3, CD23, Lyml, Lym2, CLEC5A, CDH179b, FLT3, GCC,
Mue, CSF2RA, GFRa4, CD32, CD33, CEA, IL11Ra, IL13Ra, NYBRI, SLea, CD200R,
TGFBetaR2, CD276, TROP2, LAMP1, PTK7, DLL3, CDHI1, CDH6, CDH17, CDH19, TSHR,
tyrosinase, HLA-A*02, HLA-A*24 or citrullinated peptides, insulin, MOG, GAD65, TA2,

gliadin, and desmoglein in the context of relevant MHC molecules.

[0015] In some embodiments, the antigen-binding domain comprises an anti-CD19 antigen-
binding domain. In some embodiments, the anti-CD19 antigen-binding domain comprises the

sequence of SEQ ID NO: 11.

[0016] In some embodiments, the antigen-binding domain is an anti-CD20 antigen-binding
domain. In some embodiments, the anti-CD20 antigen-binding domain comprises the sequence

of SEQ ID NO: 18.

[0017] In some embodiments, the antigen-binding domain is an anti-BCMA antigen-binding
domain. In some embodiments, the anti-BCMA antigen-binding domain comprises the sequence

of SEQ ID NOs: 50-53.

[0018] In some embodiments, the hinge region is selected from a human CD8 hinge region, a
human CD28 hinge region, a IgG1 hinge region, or a IgG4 hinge region. In some embodiments,

the hinge region is derived from human CDS.

[0019] In some embodiments, the transmembrane domain is selected from a TNFRSF 19
transmembrane domain, a CD3zeta transmembrane domain, a CD80 transmembrane domain, a
CD4 transmembrane domain, a CD28 transmembrane domain, or an B7-family inducible
costimulatory (ICOS) transmembrane domain. In some embodiments, the transmembrane

domain is derived from a CD8a transmembrane domain.

[0020] In some embodiments, the CAR further comprises one or more co-stimulatory domains.

In some embodiments, the CAR comprises two co-stimulatory domains.
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[0021] In some embodiments, the one or more co-stimulatory domains are selected from the

group consisting of 4-1BB, CD28, 0X40, ICOS, CD27, MYD88-CD40, and KIR2DS?2.

[0022] In some embodiments, one of the one or more co-stimulatory domains is derived from

CD28.
[0023] In some embodiments, a second co-stimulatory domain is derived from 4-1BB.

[0024] In some embodiments, the intracellular signaling domain comprises an immunoreceptor
tyrosine-based activation motif (ITAM). In some embodiments, the immunoreceptor tyrosine-

based activation motif (ITAM) is derived from CD3zeta.

[0025] In some embodiments, the CAR comprises: an anti-CD19 antigen binding domain, an
anti-BCMA antigen binding domain, or an anti-CD20 antigen binding domain; a human CD8
hinge region; a TNFRSF 19 transmembrane region; a 4-1BB co stimulatory domain; and a
CD3zeta chain intracellular signaling domain. In some embodiments, the CAR comprises: an
anti-CD19 antigen binding domain, an anti-BCMA antigen binding domain, or an anti-CD20
antigen binding domain; a human CD8 hinge region; a CD8d transmembrane region; a 4-1BB co

stimulatory domain; and a CD3zeta chain intracellular signaling domain.

[0026] In some embodiments, the CAR comprises the sequence of SEQ ID NOs: 9, 16, 22, 34,
41-49, or 54.

[0027] In some embodiments, the first exogenous polynucleotide segment comprises the

sequence of SEQ ID NOs: 10, 17, 23, 35, or 55.

[0028] In some embodiments, the first exogenous polynucleotide segment is integrated into the

T cell nuclear genome.

[0029] In some embodiments, the first exogenous polynucleotide segment is not integrated into

the T cell nuclear genome.
[0030] In some embodiments, the first exogenous polynucleotide segment is in a vector.

[0031] In some embodiments, the second exogenous polynucleotide segment comprises a
regulatory element operably linked to a coding sequence of the IL-10. In some embodiments,

the IL-10 is a human IL-10. In some embodiments, the IL-10 is a viral IL-10.

[0032] In some embodiments, the IL-10 is a protein having the sequence of SEQ ID NO: 1. In
some embodiments, the second exogenous polynucleotide segment comprises the sequence of

SEQ ID NO: 2.
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[0033] In some embodiments, the regulatory element drives constitutive expression of the IL-10.

[0034] In some embodiments, the second exogenous polynucleotide segment is integrated into

the T cell nuclear genome.

[0035] In some embodiments, the second exogenous polynucleotide segment is not integrated

into the T cell nuclear genome.
[0036] In some embodiments, the second exogenous polynucleotide segment is in a vector.

[0037] In some embodiments, the first exogenous polynucleotide segment and the second
exogenous polynucleotide segment are in the same vector. In some embodiments, the vector is a

viral vector. In some embodiments, the vector is a lentiviral vector.

[0038] In some embodiments, the CD4* T cell constitutively expresses at least 100pg IL-10 per
10° of the CD4* T cells/mL of culture medium.

[0039] In some embodiments, the CD4* T cell constitutively expresses at least 100 pg, 200 pg,
500pg, 1ng, Sng, 10ng, or 50ng IL-10 per 10° of the CD4* T cells/mL.

[0040] In some embodiments, the CD4™ T cells expresses at least 1ng IL-10 per 10° of the CD4*
T cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

[0041] In some embodiments, the CD4* T cells expresses at least 2ng, Sng, 10ng, 100ng, 200ng,
or 500ng IL-10 per 10° of the CD4" T cells/mL after activation with anti-CD3 and anti-CD28

antibodies.

[0042] In some embodiments, the CD4* T cell expresses IL-10 at a level at least 5-fold higher
than unmodified CD4* T cells. In some embodiments, the CD4" T cell expresses IL-10 at a level
at least 10-fold higher than unmodified CD4" T cells.

[0043] In some embodiments, the CD4* T cell expresses at least 100 pg IL-5 per 10° of the CD4*
T cells/mL. In some embodiments, the CD4* T cell expresses at least 100 pg, 200 pg, 500pg,
Ing, 5ng, 10ng, or 50ng IL-5 per 10° of the CD4* T cells/mL.

[0044] In some embodiments, the CD4™ T cell expresses at least 1ng IL-5 per 10° of the CD4* T

cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

[0045] In some embodiments, the CD4* T cells expresses at least 2ng, Sng, 10ng, 100ng, 200ng,
or 500ng IL-5 per 10° of the CD4" T cells/mL after activation with anti-CD3 and anti-CD28

antibodies.
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[0046] In some embodiments, the CD4™ T cell expresses at least 100 pg IFN-y per 10° of the
CD4* T cells/mL

[0047] In some embodiments, the CD4* T cell expresses at least 100 pg, 200 pg, 500pg, 1ng,
5ng, 10ng, or 50ng IFN-y per 10° of the CD4* T cells/mL.

[0048] In some embodiments, the CD4™ T cell expresses at least 1ng IFN-y per 10° of the CD4*

T cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

[0049] In some embodiments, the CD4* T cells expresses at least 2ng, Sng, 10ng, 100ng, 200ng,
or 500ng IFN-y per 10° of the CD4* T cells/mL after activation with anti-CD3 and anti-CD28

antibodies.

[0050] In some embodiments, the CD4" T cell expresses at least 25 pg IL-4 per 10° of the CD4*
T cells/mL.

[0051] In some embodiments, the CD4* T cell expresses at least 25 pg, 50 pg, 75 pg, 100 pg,
200 pg, 500pg, 1ng, 5Sng, 10ng, or 50ng IL-4 per 10° of the CD4* T cells/mL.

[0052] In some embodiments, the CD4™ T cell expresses at least 100 pg IL-4 per 10° of the CD4"

T cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

[0053] In some embodiments, the CD4* T cells expresses at least 100 pg, 200 pg, 300 pg, 400
pg, 500 pg, 600 pg, 700 pg, 800 pg, 900 pg, 1000 pg, 2ng, Sng, 10ng, 100ng, 200ng, or 500ng
IL-4 per 10° of the CD4" T cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

[0054] In some embodiments, the expression one or more of I[L-10, IL-4, IFN-v, and IL-5 is

stable after one or more re-stimulations.

[0055] In some embodiments, the first exogenous polynucleotide segment or the second

exogenous polynucleotide segment, further comprises a sequence encoding a selection marker.

[0056] In some embodiments, the selection marker is ANGFR. In some embodiments, the
ANGEFR has the sequence of SEQ ID NO: 3. In some embodiments, the second exogenous

polynucleotide segment comprises a sequence of SEQ ID NO: 4.
[0057] In some embodiments, the selection marker is a truncated form of an EGFR polypeptide.

[0058] In some embodiments, the CD4* T cell is capable of in vitro cytotoxicity to a CD19*

target cell.
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[0059] In some embodiments, the CD4* T cell is capable of in vivo cytotoxicity to a CD19*

target cell.
[0060] In some embodiments, the CD197 target cell is an autoantibody producing B cell.
[0061] In some embodiments, the CD19* target cell is a CD19" cancer cell.

[0062] In some embodiments, the CD4* T cell is capable of in vitro cytotoxicity to a myeloid

target cell.

[0063] In some embodiments, the CD4* T cell is capable of in vivo cytotoxicity to a myeloid

target cell.

[0064] In some embodiments, the CD4* T cell is capable of cytotoxicity to a CD19™ target cell

and a myeloid target cell.

[0065] In some embodiments, the myeloid target cell express one or more of Class I MHC,

CD13, CD54 and CD112.

[0066] In some embodiments, the cytotoxicity to a CD197 target cell is maintained after one or
more in vitro restimulations. In some embodiments, the cytotoxicity to a CD19* target cell is

maintained after one or more in vitro expansions.

[0067] In some embodiments, the cytotoxicity to a myeloid target cell is maintained after one or
more vitro restimulations. In some embodiments, the cytotoxicity to a myeloid target cell is

maintained after one or more in vitro expansions.

[0068] In some embodiments, the CD4* T cell is capable of suppressing allogeneic CD4* T cell

proliferation.

[0069] In some embodiments, the CD4* T cell is capable of suppressing allogeneic CD8* T cell

proliferation.

[0070] In some embodiments, the CD4* T cell is capable of suppressing allogeneic CD4* T cell

proliferation, allogenic CD8* T cell proliferation, and PBMC proliferation.

[0071] In some embodiments, the suppressive property is maintained after one or more

restimulations.

[0072] In another aspect, the present disclosure features a population of CD4* T cells comprising

any of the genetically modified CD4" cells provided herein.
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[0073] In some embodiments, the CD4* T cells before the genetic modification were obtained

from two, three, four, five, six, seven, eight, nine, or ten different T cell donors and pooled.

[0074] In some embodiments, the CD4* T cells in the population collectively have six, seven,

eight, nine, ten, eleven, twelve, or more different HLA haplotypes.

[0075] In some embodiments, all the CD4* T cells in the population have at least 1/10, 2/10,
3/10, 4/10, 5/10, 6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA-C, HLA-DRBI1,
and HLA-DQBI1 loci to each other.

[0076] In some embodiments, all the CD4* T cells in the population have at least 1/8, 2/8, 3/8,
4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA-C, and HLA-DRBI1 loci to each

other.

[0077] In some embodiments, all the CD4* T cells in the population have 2/2 match at the HLA-

A locus to each other.

[0078] In some embodiments, all the CD4* T cell in the population have 2/2 match at the HLA-

B locus to each other.

[0079] In some embodiments, all the CD4* T cell in the population have 2/2 match at the HLA-

C locus to each other.

[0080] In some embodiments, all the CD4" T cells in the population have at least 3/4 or 4/4
match at the HLA-DRB1 and HLA-DQB1 loci with each other.

[0081] In some embodiments, all the CD4* T cells in the population have less than 5/10, 6/10,
7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA C, HLA-DRB1, and HLA-DQBI1 loci to

each other.

[0082] In some embodiments, all the CD4" T cells in the population have less than 4/8, 5/8, 6/8,
7/8, or 8/8 match at the HLA-A, HLA-B, HLA C, and HLA DRBI1 loci to each other.

[0083] In some embodiments, all the CD4* T cells in the population have less than 2/2 match at
the HLA-A locus to each other.

[0084] In some embodiments, all the CD4* T cell in the population have less than 2/2 match at
the HLA-B locus to each other.

[0085] In some embodiments, all the CD4* T cell in the population have less than 2/2 match at
the HLA-C locus to each other.
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[0086] In some embodiments, all the CD4* T cells in the population have less than 4/2, 3/4 or
4/4 match at the HLA-DRB1 and HLA DQB1 loci with each other.

[0087] In some embodiments, all the CD4* T cells in the population have an A*02 allele or are

A*02 negative.

[0088] In some embodiments, all the CD4* T cells in the population have an A*24 allele or are

A*24 negative.

[0089] In some embodiments, at least 30% of the CD4* T cells within the population of NGFR*
cells express the CAR.

[0090] In some embodiments, at least 60% of the CD4* T cells within the population of NGFR*
cells express the CAR.

[0091] In some embodiments, at least 90% of the CD4* T cells within the population of NGFR*
cells express the CAR.

[0092] In some embodiments, the CD4* T cells are in a frozen suspension.
[0093] In some embodiments, the CD4* T cells are in a liquid suspension.
[0094] In some embodiments, the liquid suspension has previously been frozen.

[0095] In another aspect, this disclosure features any of the pharmaceutical compositions
provided herein comprising any of the CD4* T cells provided herein or any of the populations of

CD4" T cells provided herein.

4]L10/CAR CCHS,

[0096] In another aspect, this disclosure features a method of making CD
comprising the steps of: (a) obtaining primary CD4" T cells from one or more T cell donors; and
(b) modifying the CD4* T cells by introducing (i) a first exogenous polynucleotide segment
encoding a chimeric antigen receptor (CAR), and (ii) a second exogenous polynucleotide

segment encoding IL-10.

[0097] In some embodiments, in step (a), the primary CD4" T cells are obtained from two, three,

four, five, six, seven, eight, nine, or ten different T cell donors.

[0098] In some embodiments, the method further comprising pooling the genetically modified

CD4* T cells from step (b).

[0099] In some embodiments, wherein in step (a), the primary CD4" T cells are autologous to

the patient.
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[00100] In some embodiments, the method further comprising the step, after step (a) and
before step (b), or after step (b) of: incubating the CD4" T cells in the presence of an anti-CD3
antibody, and anti-CD28 antibody or anti-CD3 antibody and CD28 antibody coated beads.

[00101] In some embodiments, the method further incubating the CD4* T cells further in

the presence of 1L.-2.

[00102] In some embodiments, the first exogenous polynucleotide segment, second
exogenous polynucleotide segment, or both are introduced into the primary CD4* T cells using

one or more viral vectors. In some embodiments, the viral vector is a lentiviral vector.

[00103] In some embodiments, the first exogenous polynucleotide segment comprises a
coding sequence of a CAR.
[00104] In some embodiments, the CAR is specific to a target antigen associated with an

autoimmune disease, inflammatory disorder or cancer.

[00105] In some embodiments, the target antigen is associated with an autoimmune

disease, inflammatory disorder or cancer.

[00106] In some embodiments, the CAR is an anti-CD19 CAR, an anti-CD20 CAR, an
anti-CD22 CAR, an anti BCMA CAR, an anti-B7-H3 CAR, an anti-CD27 CAR, or an anti-
CD38 CAR.

[00107] In some embodiments, the CAR comprises the sequence of SEQ ID NOs: 9, 16,
22,34, 41-49, or 54.

[00108] In some embodiments, the first exogenous polynucleotide segment comprises

the sequence of SEQ ID NOs: 10, 17, 23, 35, or 55.

[00109] In some embodiments, the IL-10 comprises the sequence of SEQ ID NO: 1. In
some embodiments, the second exogenous polynucleotide segment comprises the sequence of

SEQ ID NO: 2.

[00110] In some embodiments, the first exogenous polynucleotide segment or the
second exogenous polynucleotide segment, further comprising a segment encoding a selection

marker.

[00111] In some embodiments, the encoded selection marker is ANGFR. In some

embodiments, the encoded selection marker has the sequence of SEQ ID NO: 3.

10
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[00112] In some embodiments, the selection marker is a truncated form of EGFR
polypeptide.
[00113] In some embodiments, the method further comprising the step, after step (b), of:

isolating the genetically-modified CD4* T cells expressing the selection marker, thereby

generating an enriched population of genetically-modified CD4* T cells.

[00114] In some embodiments, at least 30% or at least 60% of the genetically-modified
CD4* T cells in the enriched population express IL-10 and the CAR.

[00115] In some embodiments, at least 90% of the genetically-modified CD4" T cells in
the enriched population express IL-10 and the CAR.

[00116] In some embodiments, at least 40% of the genetically-modified CD4* T cells in

the enriched population express the selection marker.

[00117] In some embodiments, at least 75% of the genetically-modified CD4* T cells in

the enriched population express the selection marker.

[00118] In some embodiments, at least 90% of the genetically-modified CD4* T cells in

the enriched population express the selection marker.

[00119] In some embodiments, the method further comprising the step of incubating the

enriched population of genetically-modified CD4* T cells.

[00120] In some embodiments, the step of incubating the enriched population of
genetically-modified CD4* T cells is performed in the presence of anti-CD3 antibody and anti-
CD28 antibody or CD3 antibody and CD28 antibody coated beads in the presence of 1L-2.

[00121] In some embodiments, the method further comprising the later step of freezing

the genetically-modified CD4" T cells.

[00122] In some embodiments, the at least two T cell donors have at least 1/10, 2/10,
3/10, 4/10, 5/10, 6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA-C, HLA-DRBI1,
and HLA-DQBI1 loci to each other.

[00123] In some embodiments, the at least two T cell donors have at least 1/8, 2/8, 3/8,
4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA-C, and HLA-DRBI1 loci to each

other.

[00124] In some embodiments, the at least two T cell donors have 2/2 match at the

HLA-A locus to each other. In some embodiments, the at least two T cell donors have 2/2 match
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at the HLA-B locus to each other. In some embodiments, the at least two T cell donors have 2/2

match at the HLA-C locus to each other.

[00125] In some embodiments, the at least two T cell donors have at least 3/4 or 4/4
match at the HLA-DRB1 and HLA-DQB1 loci to each other.

[00126] In some embodiments, the at least two T cell donors have less than 5/10, 6/10,
7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA C, HLA-DRB1, and HLA-DQBI1 loci to

each other.

[00127] In some embodiments, the at least two T cell donors have less than 4/8, 5/8, 6/8,
7/8, or 8/8 match at the HLA-A, HLA-B, HLA C, and HLA DRBI1 loci to each other.

[00128] In some embodiments, the at least two T cell donors have less than 2/2 match at
the HLA-A locus to each other. In some embodiments, the at least two T cell donors have less
than 2/2 match at the HLA-B locus to each other. In some embodiments, the at least two T cell

donors have less than 2/2 match at the HLA-C locus to each other.

[00129] In some embodiments, the at least two T cell donors have less than 4/2, 3/4 or
4/4 match at the HLA-DRB1 and HLA DQB1 loci with each other.

[00130] In some embodiments, each of the at least two T cell donors has an A*02 allele
or are A*02 negative. In some embodiments, each of the at least two T cell donors has an A*(2

allele or are A*02 negative.

[00131] In some embodiments, in step (a), the primary CD4* T cells are obtained from

one or more frozen stocks.

[00132] In some embodiments, in step (a), the primary CD4* T cells are obtained from

unfrozen peripheral blood mononuclear cells of the at least two different T cell donors.

[00133] In some embodiments, the method further comprising the step of isolating CD4*

T cells from the peripheral blood mononuclear cells.

[00134] In another aspect, this disclosure features a method for treating a hematological

cancer, comprising: administering to a hematological cancer patient a therapeutically effective

4]L—10/CAR 4]L—10/CAR

amount of any of the CD cells provided, any of the population of CD cells
provided herein, or any of the pharmaceutical compositions provided herein sufficient to induce

anti-cancer effect.
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[00135] In some embodiments, the method further comprising the step of administering

allo HSCT graft to the patient prior to or subsequent to administration of the CD4-1%/CAR

[00136] In another aspect, this disclosure features a method of treating a patient with a
malignancy, comprising: administering an allo-HSCT graft to the patient, and administering a

4]L—10/CAR

therapeutically effective amount of any of the CD cells provided, any of the population

of CD4-19CAR cells provided herein, or any of the pharmaceutical compositions provided herein.

[00137] In some embodiments, the amount of CD4-1YCAR cels is further sufficient to
suppress or prevent graft versus host disease (GvHD) without suppressing graft versus leukemia

(GvL) or graft versus tumor (GvT) efficacy of the allo HSCT.

[00138] In some embodiments, the malignancy or hematological cancer is a myeloid
leukemia.

[00139] In some embodiments, the CD4-10CAR cells target and kill cancer cells that
express CD13.

[00140] In some embodiments, the CD4-10CAR cells target and kill cancer cells that

express HLA-class L.
[00141] In some embodiments, the myeloid leukemia is acute myeloid leukemia (AML).

[00142] In some embodiments, the malignancy or hematological cancer is a CD197,

CD20*, CD22*, CD27*, CD38*, BCMA+, or B7-H3* hematological cancer.

[00143] In some embodiments, the CD19*, CD20*, CD22*, CD27*, CD38", BCMA+, or
B7-H3" hematological cancer is selected from chronic lymphocytic leukemia, acute

Iymphoblastic leukemia (ALL), and non-Hodgkin's lymphomas.

[00144] In some embodiments, the allo-HSCT graft is obtained from a related or

unrelated donor with respect to the patient.

[00145] In some embodiments, the CD4-1¥CAR cells are non-autologous to the patient.
[00146] In some embodiments, the CD4-1UCAR cells are autologous to the patient.
[00147] In some embodiments, the CD4-1VCAR cells are allogeneic to the patient.
[00148] In some embodiments, the CD4L-1%CAR cells are not anergized to host allo-

antigens prior to administration to the patient.

[00149] In some embodiments, the CD4-1YCAR cells are Trl-like cells.

13



WO 2023/129929 PCT/US2022/082431

[00150] In some embodiments, the CD4-10CAR ¢ells are polyclonal.

[00151] In some embodiments, the CD4™1%CAR ¢e]ls are polyclonal and non-autologous

to the patient.

[00152] In some embodiments, the CD4L-1UCAR ¢ells are polyclonal and autologous to
the patient.
[00153] In some embodiments, the CD4-1YCAR cells are isolated from at least two

donors prior to being genetically modified.

[00154] In some embodiments, none of the at least two donors is the same donor as the

allo-HSCT donor.

[00155] In some embodiments, the allo-HSCT graft is obtained from a matched or

mismatched donor with respect to the patient.

[00156] In some embodiments, the CD419CAR cells target and kill cells that express
CD19, CD20, or BCMA. In some embodiments, the CD4L-1%CAR cels target and kill cells that
express CD54. In some embodiments, the CD4-1%CAR ¢ells target and kill cancer cells that
express HLA-class [ and CD54. In some embodiments, the CD4-1¥CAR cells target and kill
cancer cells that express CD112 and CD155. In some embodiments, the CD4M-1¥CAR cells target

and kill cancer cells that express CD58.

[00157] In some embodiments, the CD4-1¥CAR cells target and kill cancer cells in the
patient.

[00158] In some embodiments, the CD4L1V/CAR cells target and kill solid tumor cells in
the patient.

[00159] In another aspect, this disclosure features a method of treating a hematological

cancer by allogeneic hematopoietic stem cell transplant (allo-HSCT), comprising:
administering allo-HSCT graft to a patient;

administering to the patient an amount of CD4-1¥CAR celis sufficient to suppress or prevent
graft-versus-host disease (GvHD) without suppressing graft-versus-leukemia (GvL) or graft-

versus-tumor (GvT) efficacy of the allo-HSCT graft,

wherein the CD4™-10CAR cells comprise CD4* T cells genetically modified by vector-

mediated gene transfer of one or more vectors comprising the coding sequence of human IL-10
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under control of a constitutive promoter or inducible promoter and the coding sequence of a

CAR under control of a constitutive promoter or inducible promoter;

wherein the CD4L-1%CAR cels target and kill cancer cells in the patient;

4]L—10/CAR

wherein the wherein the CD cells are not anergized to host allo-antigens prior to

administration to the patient; and
wherein the CD4™-1%CAR cells are non-autologous to the patient, and are Trl-like.

[00160] In another aspect, this disclosure features method of treating a hematological

cancer by allogeneic hematopoietic stem cell transplant (allo-HSCT), comprising:

administering allo-HSCT graft to a patient;

administering to the patient an amount of CD4™1%CAR

cells, optionally wherein the amount is
sufficient to suppress or prevent graft-versus-host disease (GvHD) without suppressing graft-

versus-leukemia (GvL) or graft-versus-tumor (GvT) efficacy of the allo-HSCT graft,

wherein the CD4™-19CAR cells comprise CD4* T cells genetically modified by vector-
mediated gene transfer of one or more vectors comprising the coding sequence of human IL-10
under control of a constitutive promoter or inducible promoter and the coding sequence of a

CAR under control of a constitutive promoter or inducible promoter;
wherein the CD4™-19CAR cels target and kill cancer cells in the patient;

wherein the wherein the CD4-1%CAR ce]ls are not anergized to host allo-antigens prior to

administration to the patient; and
wherein the CD4--19CAR cels are autologous to the patient, and are Trl-like.

[00161] In another aspect, this disclosure features a method for preventing relapse of a
CD19*, CD20*, CD22*, CD27%, CD38*, BCMA™" or B7-H3* hematological cancer in a patient,

comprising:

administering to a patient, identified as having a CD19*, CD20*, CD22*, BCMA+, or B7-

H3* hematological cancer or at risk of having a relapse of a CD19*, CD20*, CD22*, BCMA* or

4]L—10/CAR

B7-H3" hematological cancer, a therapeutically effective amount of any of the CD cells

provided, any of the population of CD41-10/CAR

cells provided herein, or any of the
pharmaceutical compositions provided herein sufficient to induce anti-cancer effect. In some

embodiments, the CD4-1YCAR cellg are administered after administration of HSCT.
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[00162] In another aspect, this disclosure features a method for preventing relapse of a
B7-H3" cancer in a patient, comprising: administering to a patient, identified as having a B7-H3*
cancer, a therapeutically effective amount of any of the CD4-1%CAR ceJls provided, any of the

4]L—10/CAR

population of CD cells provided herein, or any of the pharmaceutical compositions

provided herein sufficient to induce anti-cancer effect.
[00163] In some embodiments, the B7-H3* cancer is solid tumor.

[00164] In some embodiments, the solid tumor is selected from the group consisting of:
breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon
cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer,

neck cancer, sarcomas, neuroblastomas and ovarian cancer.

[00165] In another aspect, this disclosure features a method for treating a patient with
minimal residual disease, comprising: administering to a patient, identified as having minimal
residual disease or at risk of having minimal residual disease, a therapeutically effective amount
of any of the CD4™1¥CAR cells provided, any of the population of CD4L-19CAR cells provided
herein, or any of the pharmaceutical compositions provided herein sufficient to induce anti-
cancer effect.

[00166] In another aspect, this disclosure features a method of treating a patient,

4]L—10/CAR cells

comprising: administering a therapeutically effective amount of any of the CD
provided, any of the population of CD4-1%CAR cells provided herein, or any of the

pharmaceutical compositions provided herein, to a patient in need of immune tolerization.

[00167] In some embodiments, the method further comprising the preceding step of

thawing a frozen suspension of CD41%CAR cells or the population of CD4™L-1VCAR celg,
[00168] In some embodiments, the patient has an inflammatory or autoimmune disease.

[00169] In some embodiments, the inflammatory or autoimmune disease is selected
from the group consisting of: autoimmune uveitis, psoriasis, vitiligo, alopecis areata, psoriatic
arthritis, inflammatory bowel disease, Hashimoto’s thyroiditis, autoimmune vasculitis, ulcerative
colitis, bullous diseases, scleroderma, celiac disease, graves disease, systemic sclerosis,
myasthenia gravis, anti-NMDA encephalitis, pemphigoid diseases (vulgaris and foliaceus),
epidermolysis bullosa acquisita, thrombotic thrombocytopenic purpura, ididopathic thrombocytic
purpora, autoantibody induced vascular inflammation, autoantibody induced carditis, rheumatoid

arthritis, autoantibody induced rheumatoid arthritis, neuromyelitis optica spectrum disorders,
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systemic lupus erythematosus (SLE), multiple sclerosis (MS), sjogren’s syndrome, autoimmune

myopathies, type I diabetes, addison disease, pernicious anemia, autoimmune hepatitis, primary

biliary cholangitis (PBC), autoimmune pancreatitis, goodpasture’s disease, primary membranous
nephropathy, ovarian insufficiency, autoimmune orchitis, dry eye disease, aplastic anemia,

autoimmune neutropenia, and idiopathic interstitial pneumonias.

[00170] In some embodiments, the inflammatory or autoimmune disease is Crohn’s
disease, ulcerative colitis, celiac disease, type-1 diabetes, lupus, psoriasis, psoriatic arthritis,

alkylosing spondylitis, or rheumatoid arthritis.

[00171] In some embodiments, the patient has a disease or disorder involving

hyperactivity of NLPR3 inflammasome.

[00172] In some embodiments, the patient has type 2 diabetes, neurodegenerative

disease, cardiovascular disease or inflammatory bowel disease.

[00173] In some embodiments, the patient has a disease or disorder involving increased

IL-1p production by activated monocytes, macrophages or dendritic cells

[00174] In some embodiments, the patient has a disease or disorder involving increased

IL-18 production by activated monocytes, macrophages or dendritic cells.

[00175] In some embodiments, the patient has a disease or disorder involving increased

mature caspase 1 production by activated monocytes, macrophages or dendritic cells.
[00176] In some embodiments, the patient has an allergic or atopic disease.

[00177] In some embodiments, wherein the allergic or atopic disease is selected from

the group consisting of: asthma, atopic dermatitis, and rhinitis.

[00178] In some embodiments, the patient has a food allergy.
[00179] In some embodiments, the patient has a solid tumor.
[00180] In some embodiments, the solid tumor is selected from the group consisting of:

breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon
cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer,
neck cancer, sarcomas, neuroblastomas and ovarian cancer.

[00181] In some embodiments, the method further comprising the step of organ
4TL-10/CAR

transplantation to the patient, either prior to or subsequent to administration of the CD

cells, the population of CD4-19CAR cells or the pharmaceutical composition. In some
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embodiments, the CD4L1YCAR el the population of CD4L-1YCAR cels, or the pharmaceutical

composition prevents or reduces severity of host rejection of the organ transplantation.

[00182] In some embodiments, the method further comprising the step of transplanting
iPS cell-derived cells or tissues to the patient, either prior to or subsequent to administration of
the CD4-19CAR cells, the population of CD4-1%CAR ge]ls, or the pharmaceutical composition. In
some embodiments, the CD41YCAR cels, the population of CD41YCAR cells, or the
pharmaceutical composition prevents or reduces severity of host rejection of the cell

transplantation.

[00183] In some embodiments, the method further comprising the step of administering

a recombinant AAV to the patient, either prior to or subsequent to administration of the CD4-

10/CAR 4]L—10/CAR

cells, the population of CD cells, or the pharmaceutical composition. In some
embodiments, the CD41YCAR cels, the population of CPHL-LVCAR cells or the pharmaceutical

composition reduces immune responses against the recombinant AAV.

[00184] In some embodiments, the method further comprising the step of administering
a recombinant viral vector other than AAYV to the patient, either prior to or subsequent to
administration of the CD4L-1¥CAR cels, the population of CD4L1YCAR cels, or the

4]L—10/CAR

pharmaceutical composition. In some embodiments, the CD cells, the population of

CDAIL-10CAR ¢ells, or the pharmaceutical composition reduces immune responses against the

recombinant viral vector other than AAV.

[00185] In some embodiments, the method further comprises the step of administering
an immunogenic therapeutic protein to the patient, either prior to or subsequent to administration

of the CD4-10CAR cells, the population of CD4M19CAR cells, or the pharmaceutical composition.

4]L—10/CAR 4]L—10/CAR

In some embodiments, the CD cells, the population of CD cells, or the
pharmaceutical composition reduces immune responses against the immunogenic therapeutic
protein. In some embodiments, the immunogenic therapeutic protein is selected from a

therapeutic antibody, a factor VIII replacement, a cytokine, and a cytokine mutein.

[00186] In some embodiments, the patient has an excessive immune response against
viral or bacterial infection. In some embodiments, the patient has a coronavirus infection. In

some embodiments, the patient has organ and/or tissue damage.
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[00187] In some embodiments, the method further comprising the step of detecting the
selection marker in a biological sample obtained from the patient, thereby detecting presence or

absence of CD4IL-1VCAR ¢elg.

[00188] In some embodiments, the biological sample is a biopsy or blood from the
patient.
[00189] In another aspect, this disclosure features a method of treating or inhibiting

autoimmune disease, allergic disease, or inflammatory disease in a patient, comprising:
administering to a patient, identified as having autoimmune disease, allergic disease, or
inflammatory disease, a therapeutically effective amount of any of the CD4-19CAR celg

provided, any of the population of CD4-10/CAR

cells provided herein, or any of the
pharmaceutical compositions provided herein sufficient to treat or inhibit the autoimmune

disease, allergic disease, or inflammatory disease.

[00190] In another aspect, this disclosure features a method for reducing transplant
rejection in a patient transplanted with hematopoietic stem cells, bone marrow cells, cord blood
cells, tissue stem cells or a solid organ, comprising: administering to a patient, identified as
having rejection of transplanted hematopoietic stem cells, bone marrow cells, tissue stem cells or
a solid organ, a therapeutically effective amount of any of the CD4™-1%CAR cells provided, any of
the population of CD41%CAR cells provided herein, or any of the pharmaceutical compositions

provided herein sufficient to reduce transplant rejection.

[00191] In another aspect, this disclosure features a method for treating graft-versus-host
disease (GvHD) in a patient, comprising: administering to a patient, identified as having graft-
versus-host disease (GvHD) or at risk of having graft-versus-host disease (GvHD), a

therapeutically effective amount of any of the CD4"-1%/CAR

cells provided, any of the population
of CD4-10CAR celis provided herein, or any of the pharmaceutical compositions provided herein

sufficient to suppress or prevent GvHD.

[00192] In some embodiments, the graft-versus-host disease (GvHD) comprises acute
GvHD.

[00193] In some embodiments, the graft-versus-host disease (GvHD) comprises chronic
GvHD.

[00194] In another aspect, this disclosure features a method for treating tissue or organ

damage in a patient, comprising: administering to a patient, identified as having tissue or organ
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damage or at risk of having tissue or organ damage, a therapeutically effective amount of any of
the CD4-1%CAR cells provided herein, any of the populations of CD4-19CAR cells provided
herein, or the pharmaceutical composition provided herein sufficient to induce repair of tissue or

organ damage.

[00195] In another aspect, this disclosure features a polynucleotide construct
comprising: (a) a first polynucleotide segment encoding a chimeric antigen receptor (CAR); and

(b) a second polynucleotide segment encoding interleukin-10 (IL-10).

[00196] In some embodiments, the first polynucleotide segment comprises a regulatory
element operably linked to a coding sequence of the CAR. In some embodiments, the regulatory

element drives constitutive expression of the CAR.

[00197] In some embodiments, the second polynucleotide segment comprises a
regulatory element operably linked to a coding sequence of the IL-10. In some embodiments,

the regulatory element drives constitutive expression of the IL-10.

[00198] In some embodiments, the method further comprising an internal ribosome
entry site (IRES) or a self-cleaving peptide between the first polynucleotide segment and the
second polynucleotide segment. In some embodiments, the self-cleaving peptide is selected

from the group consisting of F2A, P2A, T2A and E2A.

[00199] In some embodiments, the CAR comprises an antigen-binding domain, a hinge

region, a transmembrane domain, and an intracellular signaling domain.

[00200] In some embodiments, the antigen-binding domain comprises a single chain
antibody fragment. In some embodiments, the single chain antibody fragment comprises a single

chain Fv (scFv).

[00201] In some embodiments, the antigen-binding domain targets an antigen associated

with an autoimmune disease, inflammatory disorder, or cancer.

[00202] In some embodiments, the antigen is selected from the group consisting of:
CD19, CD20, CD22, BCMA, B7-H3, CD27, CD38, CEA. BCMA, CD23, Lyml, Lym?2,
CLECSA, CDH179b, FLT3, GCC, Muc, CSF2RA, GFRa4, CD32, CD33, IL11Ra, IL13Ra,
NYBRI, SLea, CD200R, TGFBetaR2, CD276, TROP2, LAMP1, PTK7, DLL3, CDH1, CDHS6,
CDHI17, CDH19, TSHR, tyrosinase, HLA-A2, citrullinated peptides, insulin, GADG65, IA2,

gliadin, and desmoglein.
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[00203] In some embodiments, the antigen-binding domain is an anti-CD19 antigen
binding domain. In some embodiments, the anti-CD19 antigen-binding domain comprises the

sequence of SEQ ID NO: 11.

[00204] In some embodiments, the antigen-binding domain is an anti-CD20 antigen
binding domain. In some embodiments, the anti-CD20 antigen-binding domain comprises the

sequence of SEQ ID NO: 18.

[00205] In some embodiments, the antigen-binding domain is an anti-BCMA antigen
binding domain. In some embodiments, the anti-BCMA antigen-binding domain comprises the

sequence of SEQ ID NOs: 50-53.

[00206] In some embodiments, the hinge region is selected from a human CDS hinge
region, a human CD28 hinge region, a IgG1 hinge region, or a I[gG4 hinge region. In some

embodiments, the hinge region is derived from human CDS.

[00207] In some embodiments, the transmembrane domain is selected from a TNFRSF
19 transmembrane domain, a CD3zeta transmembrane domain, a CD8¢ transmembrane domain,
a CD4 transmembrane domain, a CD28 transmembrane domain, or an B7-family inducible
costimulatory (ICOS) transmembrane domain. In some embodiments, the transmembrane

domain is derived from CD8oL.

[00208] In some embodiments, the CAR further comprises one or more co-stimulatory
domains.

[00209] In some embodiments, the CAR comprises two co-stimulatory domains.
[00210] In some embodiments, the one or more co-stimulatory domains are selected

from the group consisting of 4-1BB, CD28, 0X40, ICOS, CD27, MYD88-CD40, and KIR2DS2.

[00211] In some embodiments, one of the one or more co-stimulatory domain is derived
from CD28.

[00212] In some embodiments, a second co-stimulatory domain is derived from 4-1BB.
[00213] In some embodiments, the intracellular signaling domain comprises an

immunoreceptor tyrosine-based activation motif (ITAM). In some embodiments, the

immunoreceptor tyrosine-based activation motif (ITAM) is derived from CD3zeta.

[00214] In some embodiments, the CAR comprises: an anti-CD19 antigen binding
domain, a BCMA or an anti-CD20 antigen-binding domain; a human CD8 hinge region; a CDS8
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transmembrane region; a 4 a CD28 co-stimulatory domain; and a CD3zeta chain intracellular

signaling domain.

[00215] In some embodiments, the CAR comprises the sequence of SEQ ID NOs: 9, 16,
22, or 34.
[00216] In some embodiments, the first polynucleotide segment comprises the sequence

of SEQ ID NOs: 10, 17, 23, 35, or 55.

[00217] In some embodiments, the IL-10 is a human IL-10. In some embodiments, the

IL-101s a viral IL-10.

[00218] In some embodiments, the IL-10 is a protein having the sequence of SEQ ID
NO: 1. In some embodiments, the second polynucleotide segment comprises the sequence of

SEQ ID NO: 2.

[00219] In some embodiments, the first polynucleotide segment or the second

polynucleotide segment, further comprising a sequence encoding a selection marker.

[00220] In some embodiments, the selection marker is ANGFR. In some embodiments,
the ANGEFR has the sequence of SEQ ID NO: 3. In some embodiments, the polynucleotide

construct comprises a sequence of SEQ ID NO: 4.

[00221] In some embodiments, the selection marker is a truncated form of an EGFR
polypeptide.
[00222] In some embodiments, the construct is a vector. In some embodiments, the

vector is a viral vector. In some embodiments, the vector is a lentiviral vector.

[00223] In another aspect, this disclosure features a polynucleotide construct,
comprising: a first polynucleotide segment having the sequence of SEQ ID NOs: 10, 17, 23, 35,
or 55; and a second polynucleotide segment having the sequence of SEQ ID NO: 2.

[00224] In another aspect, this disclosure features a polynucleotide construct,
comprising: a first polynucleotide segment having the sequence of SEQ ID NOs: 10, 17, 23, 35,
or 55; a second polynucleotide segment having the sequence of SEQ ID NO: 2; and a third
polynucleotide segment having the sequence of SEQ ID NO: 33 in between the first

polynucleotide segment and the second polynucleotide segment.

[00225] In another aspect, this disclosure features a polynucleotide construct,

comprising: a first polynucleotide segment having the sequence of SEQ ID NOs: 10, 17, 23, 35,
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or 55; a second polynucleotide segment having the sequence of SEQ ID NO: 2; a third
polynucleotide segment having the sequence of SEQ ID NO: 27 in between the first
polynucleotide segment and the second polynucleotide segment; and a fourth polynucleotide

segment having the sequence of SEQ ID NO: 4.

[00226] In another aspect, this disclosure features CD4™1? cells from a single donor or
multiple donors, where the IL-10 is viral IL-10. The viral IL-10 having the sequence of SEQ ID
NO: 6 or 18. In some embodiments, the viral IL-10 is encoded by a polynucleotide having the
sequence of SEQ ID NO: 7. In some embodiments, the IL.-10 is human IL-10 where one, two,
three, four, five, six, seven, eight, nine or ten amino-acid from human IL-10 are replaced by the
corresponding amino-acid sequence from viral IL-10. In some embodiments, the CD4" T cells
are transduced with exogenous viral IL-10 under the control of constitutive promoter. In some
embodiments, the expression control elements drive expression of viral IL-10 in activated CD4*
T cells. In some embodiments, the exogenous polynucleotide encoding viral IL-10 is integrated
into the T cell nuclear genome. In some embodiments, the exogenous polynucleotide encoding
viral IL-10 is not integrated into the T cell nuclear genome. In some embodiments, the

exogenous polynucleotide encoding viral IL-10 has the sequence of SEQ ID NO: 7.

[00227] In another aspect, this disclosure features CD4™1? cells from a single donor or
multiple donors, where the IL-10 is IL-10 of a Mus musculus, “MOUSE” (SEQ ID NO: 58);
Rattus norvegicus, “RAT” (SEQ ID NO: 59); Macaca mulatta, “MACMU” (SEQ ID NO: 60);
Gorilla gorilla, “GORILLA” (SEQ ID NO: 61); Macaca fascicularis, “CYNO” (SEQ ID NO:
62); Papio Anubis, “OLIVE BABOON” (SEQ ID NO: 63); Pan paniscus, “BONOBO” (SEQ ID
NO: 64); Pan troglodytes, “CHIMP” (SEQ ID NO: 65); and EBVB9 (SEQ ID NO: 66). In some
embodiments, the [L.-10 is a protein having at least 90%, 95%, 98%, or 99% sequence identity to
IL-10 of a Mus musculus, “MOUSE” (SEQ ID NO: 58); Rattus norvegicus, “RAT” (SEQ ID
NO: 59); Macaca mulatta, “MACMU” (SEQ ID NO: 60); Gorilla gorilla, “GORILLA” (SEQ ID
NO: 61); Macaca fascicularis, “CYNO” (SEQ ID NO: 62); Papio Anubis, “OLIVE BABOON”
(SEQ ID NO: 63); Pan paniscus, “BONOBQO” (SEQ ID NO: 64); Pan troglodytes, “CHIMP”
(SEQ ID NO: 65); and EBVB9 (SEQ ID NO: 66).

[00228] In another aspect, this disclosure features CD4™1? cells from a single donor or
multiple donors, where the IL-10 is a variant of human IL-10. The variant of human IL-10
having the sequence of SEQ ID NO: 67 or SEQ ID NO: 68. In some embodiments, the IL-10 is

human IL-10 where one, two, three, four, five, six, seven, eight, nine or ten amino-acid from
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human IL-10 are replaced by the corresponding amino-acid sequence from IL-10 of another
species (e.g., IL-10 of a Mus musculus, “MOUSE” (SEQ ID NO: 58); Rattus norvegicus, “RAT”
(SEQ ID NO: 59); Macaca mulatta, “MACMU” (SEQ ID NO: 60); Gorilla gorilla, “GORILLA”
(SEQ ID NO: 61); Macaca fascicularis, “CYNO” (SEQ ID NO: 62); Papio Anubis, “OLIVE
BABOON” (SEQ ID NO: 63); Pan paniscus, “BONOBO” (SEQ ID NO: 64); Pan troglodytes,
“CHIMP” (SEQ ID NO: 65); and EBVB9 (SEQ ID NO: 66). In some embodiments, the CD4* T
cells are transduced with exogenous the IL-10 variant under the control of constitutive promoter.
In some embodiments, the expression control elements drive expression of the IL-10 variant in
activated CD4" T cells. In some embodiments, the exogenous polynucleotide encoding the IL-10
variant is integrated into the T cell nuclear genome. In some embodiments, the exogenous

polynucleotide encoding the IL-10 variant is not integrated into the T cell nuclear genome.

[00229] In yet another aspect, the present disclosure provides a method of making viral
IL-10 CD*™1° comprising the steps of:
(i) obtaining primary CD4" T cells from a single T cell donor; and
(i1) modifying the donor CD4* T cells by introducing an exogenous polynucleotide
encoding viral IL-10,
thereby obtaining the genetically-modified CD4* T cells.

[00230] In some embodiments, the method further comprises the step, after step (i), or
after step (ii), of: incubating the primary CD4* T cells in the presence of an anti-CD3 antibody,
and anti-CD28 antibody or anti-CD?3 antibody and CD28 antibody coated beads.

[00231] In some embodiments, the method comprises incubating the primary CD4* T
cells further in the presence of IL-2. In some embodiments, the exogenous polynucleotide

encoding viral IL-10 using a vector.

[00232] In some embodiments, the exogenous polynucleotide encoding viral IL-10
comprises a segment encoding a selection marker. In some embodiments, the encoded selection
marker is ANGFR. In some embodiments, the encoded selection marker has the sequence of
SEQ ID NO:3. In some embodiments, the encoded selection marker is a truncated EGFR
polypeptide. In some embodiments, the encoded selection marker is a truncated human EGFR

polypeptide.

[00233] In some embodiments, the method further comprises the step, after step (ii), of:
isolating the genetically-modified CD4* T cells expressing the selection marker, thereby

generating an enriched population of genetically-modified CD4* T cells.
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[00234] In some embodiments, the method further comprises the step of incubating the
enriched population of genetically-modified CD4* T cells. In some embodiments, the step of
incubating the enriched population of genetically-modified CD4" T cells is performed in the
presence of anti-CD3 antibody and anti-CD28 antibody or CD3 antibody and CD28 antibody

coated beads in the presence of IL-2.

[00235] In some embodiments, in step (i), the primary CD4*T cells are obtained from
frozen stock. In some embodiments, in step (i), the primary CD4*T cells are obtained from

unfrozen peripheral blood mononuclear cells of the single T cell donor.

[00236] In some embodiments, the method further comprises the step of isolating CD4*
T cells from the peripheral blood mononuclear cells. In some embodiments, the peripheral blood

mononuclear cells are obtained from buffy coat or apheresis.

5. BRIEF DESCRIPTION OF THE DRAWINGS

[00237] FIG. 1 is a non-limiting illustration of structure for various chimeric antigen

receptors (CARs) provided herein.

[00238] FIG. 2A illustrates the partial structure of an anti-CD19 CAR coding sequence
that includes a scFv from a fully-human anti-CD19 monoclonal antibody FMC63, a CD8a hinge,
a CD8a transmembrane domain, a CD28 costimulatory domain, and a CD3( activation domain,
that is used in the lentiviral vector for delivering the anti-CD19 CAR into CD4* T cells to

4]L— 10anti-CD19 CAR

produce CD cells.

[00239] FIG. 2B illustrates a lentiviral vector (pLV anti-CD19 CAR) used for delivering
the anti-CD19 CAR into CD4" T cells to produce CD41L-10antiCDI9CAR cel]g

[00240] FIGs. 3A-3B illustrate a bidirectional plasmid (pLVIL-10) used to generate the
lentiviral vector (LVV; LVVI-10NGRy yqed for delivering human IL-10 and ANGFR coding
sequences into CD4* T cells to produce CD410 cells or CD41-10 antiCDI9CAR ¢elig - FIG. 3A
illustrates the partial structure of a bidirectional lentiviral vector for delivering human IL-10 and
ANGEFR coding sequences into CD4+ T cells from multiple donors to produce polydonor
CD4IL-10 cells. FIG. 3B illustrates the complete and circular structure of a bidirectional
lentiviral vector (WPGK.IL10.WPRE.mhCMV. ANGFR.SV40PA) for delivering human IL-10
and ANGFR coding sequences into CD4* T cells from multiple donors to produce polydonor
CD4-10 cells.
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[00241] FIG. 4 shows for illustrative purposes antigen expression during natural B-cell
differentiation.

[00242] FIGs. 5A-5C show schematics for non-limiting examples of methods of
generating CD411-10antiCPICAR cellg [n each method, human CD4* T cells were activated with

anti-CD3/anti-CD28 beads (Miltenyi) (3:1 cells:beads ratio), in complete culture medium (X-
vivo supplemented with 5% human AB serum and rhIL-2 (50U/mL). FIG. SA shows the
activated CD4" T cells were transduced with a lentiviral vector encoding an anti-CD19 CAR
(LVVCPI-CARY 48 hours after activation and transduced 24 hours later (i.e., 72 hours after
activation) with a bidirectional lentiviral vector encoding human IL-10 and a truncated form of
the human NGF receptor (LVV-10NGRY " Both LVVs were used at a multiplicity of infection
(MOI) of 20. FIG. 5B shows activated CD4* T cells were transduced with the LVVL10-NGFR 48
hours after activation and transduced 24 hours later (i.e., 24 hours after activation) with
LVVCPI-CAR CRIG, 5C shows the activated CD4" T cells were transduced simultaneously with
LVVIL-AONGER anq LVVCPI-CAR 48 hours after activation. Controls (do not express the CAR)
were generated by transducing activated CD4* T cells 48 hours after activation with LVVL-10-
NGFR only. For each of FIGs. 5A-5C, the transductions were conducted in the presence of
polybrene (8 ng/mL). Additionally, for each of FIGs. SA-5C,10-28 days after transduction,
transduced cells (i.e., ANGFR+ cells) were purified using anti-CD271 microbeads (Miltenyi) and
anti-CD19 CAR microbeads (Miltenyi). Purified cells were re-stimulated every 14 days as
previously described (Andolfi et al. Mol. Ther. 20(9):1778-1790 (2012) and Locafaro et al. Mol.
Ther. 25(10): 2254-2269 (2017)). After the second (TF2) and third (TF3) re-stimulation the
resulting cells (CD4L-10antCDI9CAR cellg or control CD410 cells) were characterized in vitro and
in vivo. Culture medium was refreshed every 2-3 days, as needed through the entire culture

period.

[00243] FIG. 6A shows flow cytometry plots (anti-CD19 CAR expression on x-axis and
NGFR expression a proxy for IL-10, on y-axis) for control (left panel) and CD4L-10antiCDI9 CAR
(right panel) produced according to the methods described in FIG. 5A. FIG. 6B shows flow
cytometry plots (CD19 on x-axis and NGFR on y-axis) for control (left panel) and CD4"
10antiCDI9CAR (right panel) produced according to the methods described in FIG. 5B. FIG. 6C
shows flow cytometry plots (CD19 on x-axis and NGFR on y-axis) for control (Ieft panel) and
CD4L-10antCDI9 CAR (rioh( panel) produced according to the methods described in FIG. 5C.
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[00244] FIG. 7 shows flow cytometry plots (anti-CD19 CAR expression on x-axis and
NGFR expression on y-axis) for CD4™10 T cells (control) and CD4L-10anti-CDI9CAR T cells. Top
panel shows CD419 T cells (control) and CD4-10antCDIY CAR T cellg generated from donor 26.1
according to the method shown in FIG. 5C. Bottom panel shows CD4%1% T cells (control) and
CD4L-10antCDI9CAR T cells generated from donor 26.2 according to the methods shown in FIG.

5C.

[00245] FIGs. 8A-8D shows cytokine production profiles for CD4™10 T cells (control)
and CD4L-1% CAR T cells generated from CD4* T cells isolated from three different donors (26.1,
26.2, and 26.3). Cytokine production profile includes IL-10 (FIG. 8A), IFN-y (FIG. 8B), 1L-4
(FIG. 8C), and IL-5 (FIG. 8D).

[00246] FIG. 9 shows cytokine production profiles for CD4"10 T cells (control) and
CD4L-1VCAR T cells generated from CD4™ T cells isolated from donor 24.2.

[00247] FIG. 10 shows that CD4L-10antiCDISCAR ¢eig oenerated from CD4* T cells
isolated from donor 24.2 killed the CD19 expressing NALMG6 cells in vitro. ALL-CM is a

myeloid cell line and K562, a cell line sensitive to NK killing, was included as a control.

[00248] FIG. 11A shows that CD4!L-10antiCDI9CAR cellg generated from CD4* T cells
isolated from three different donors (26.1, 26.2, and 26.3) killed CD19" NALMS6 cells in vitro.

[00249] FIG. 11B shows IL-10 levels in the supernatant at day 3 of co-cultures of
NALMSG cells and CD4%19 T cells (control) or NALMS6 cells and CD41L-10antiCDI9CAR ¢ols - BLQ:
below the level of quantification (31pg/mL).

[00250] FIG. 12 shows flow cytometry plots (count versus eFluor®670) from a
proliferation assay of allogeneic CD4+ T cells following co-culture with CD4™10 T cells
(control) and CD4L-10antiCDICAR ¢e1q jsolated after a second restimulation (TF2) (see FIG. 5C).

4]L—10ant1CD19CAR cells.

Top panel shows proliferation of CD4* T cells following co culture with CD
Bottom panel shows proliferation of CD4* T cells following co-culture with CD4™10 T cells
(control). Flow cytometry plots show “undivided” cells and “divided” cells, where dividing cells
include smaller and smaller amounts of the eFluor®670 because of dilution following each
division. Suppression mediated by CD4%10 T cells (control) and CD41L-10antiCDI9CAR cellg wag
calculated as follows: 100-([proliferation of responders in the presence of CD4™10 T cells

(control) or CD4L-10antiCDISCAR ¢ells / proliferation of responders] x 100).
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[00251] FIG. 13 shows flow cytometry plots (count versus eFluor®670) from a
proliferation assay of allogeneic CD8" T cells following co-culture with CD4™10 T cells
(control) and CD4L-10antiCDISCAR ol jsolated after a second restimulation (TF2) (see FIG. 5C).
Top panel shows proliferation of CD8* T cells following co culture with CD41L-10antiCDI9CAR ¢el]g
Bottom panel shows proliferation of CD8" T cells following co-culture with CD4™10 T cells
(control). Flow cytometry plots show “undivided” cells and “divided” cells, where dividing cells
include smaller and smaller amounts of the eFluor®670 because of dilution following each
division. Suppression mediated by CD4™10 T cells (control) and CD4L-10atCDI9CAR ¢eig yas
calculated as follows: 100-([proliferation of responders in the presence of CD4™10 T cells

(control) or CD4L-10antiCDISCAR ¢ells / proliferation of responders] x 100).

[00252] FIG. 14 shows flow cytometry plots (count versus eFluor®670) from a
proliferation assay of allogeneic PBMC following co-culture with CD4%10 T cells (control) and
CD4L-10antCDI9CAR ool]g jsolated after a third restimulation (TF3) (see FIG. 5C). Flow cytometry
plots show “proliferative” cells, where dividing cells include smaller and smaller amounts of the
eFluor®670 because of dilution following each division. Suppression mediated by CD4L-10 T
cells (control) and CD4L-10antiCDI9CAR callq was calculated as follows: 100-([proliferation of
responders in the presence of CD4™10 T cells (control) or CD4!L-10antiCDIOCAR ¢ellg / proliferation

of responders] x 100).

[00253] FIG. 15 shows a schematic of the experimental outline for assessing CD19+
tumor cell growth in vivo in Mice. At day 0, NSG mice were injected with (i) NALM6-luciferase
(1x10° per mouse), (ii) NALM6-luciferase (1x10° per mouse) + PBMC (2.5x10° per mouse), (iii)
NALMB6-luciferase (1x10° per mouse) + CD4!L-10antiCDI9CAR pol1g (2 5%10° per mouse), or (iv)
NALMB6-luciferase (1x10° per mouse) + PBMC (2.5x10° per mouse) + CD41L-10antiCDI9CAR oy
(2.5x10° per mouse).

[00254] FIG. 16A shows bioluminescence from NALM®6-luciferase cells in NSG mice
at day 3, 6, 9, and 12 after injection with conditions (i) to (iv) described in FIG. 15.

[00255] FIG. 16B shows a line graph that quantifies the bioluminescence from the
images in FIG. 16A. Total flux [p/s] over time (day post NALM6-luciferase injection) for each
of the conditions (i) to (iv) described in FIG. 15. P-values were measured at day 12 using a

Mann-Whitney test comparing conditions (ii) to (iv) to condition (i) (NALM6-luciferase alone).
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[00256] FIG. 17 shows a line graph for weight loss over time for the mice described in
Fig 15 with conditions (i), (ii), and (iii). Weight loss is used as an indicator of xeno-graft-versus

host disease (GVHD).

[00257] FIGs. 18A-18C show single donor CD4L-10antiCDI9CAR ¢e1q and polydonor
CD4IL-10antCDI9CAR cellg in humanized mouse model of xeno-GvHD. FIG. 18A shows single
donor CD4L-10antiCDI9CAR ¢ellg tested in a humanized mouse model of xeno-GvHD induced by
allogeneic PBMC in which irradiated NSG mice were injected intravenous (i.v.) with (i)
allogeneic PBMC (2.5E6 cells/mouse), (ii) single donor CD4L-10antiCDI9CAR callg (2 SE6
cells/mouse), (iii) polydonor CD4L-10antiCDI9CAR ¢eliq (2 SE6 cells/mouse), (iv) PBMC+ single
donor CD4L-10antiCDI9CAR ¢ellg (v) or PBMC + polydonor CD4L-10antiCDI9CAR ¢ejq (2 5E6
cells/mouse) at Day 3. FIG. 18B shows CD4!L-10aniCDI9CAR cellg tested in a humanized mouse
model of xeno-GvHD induced by allogeneic PBMC in which irradiated NSG mice were injected
intravenous (i.v.) with allogeneic PBMC (2.5E6 cells/mouse) and/or single donor CD4%
10antiCDI9CAR cells at day 3. FIG.18C shows CD4L-10:ntiCDI9CAR gellg ested in a humanized mouse
model of xeno-GvHD induced by allogeneic PBMC in which irradiated NSG mice were injected
intravenous (i.v.) with allogeneic PBMC (2.5E6 cells/mouse) and/or polydonor CD4-
10antiCDI9CAR cells (2.5E6 cells/mouse) at Day 3. PBMC: peripheral mononuclear cells; GvHD:

graft vs. host disease.

4]L—10

[00258] FIG. 19 illustrates an exemplary protocol for generating CD cells.

[00259] FIG. 20A shows percentages of CD4*ANGFR™* cells (mean+ SD, n=10) and
vector copy numbers (VCN, mean + SD, n=10) in human CD4* T cells transduced with LV-IL-
10/ANGFR (a bidirectional lentiviral vector encoding for human IL-10 and a truncated form the
human NGF receptor). FIG. 20B shows FACS analysis of expression of CD4 and ANGFR in
human CD4" T cells from two representative donors (Donor B and Donor C) transduced with

LV-IL-10/ANGFR and purified using anti-CD271 Microbeads.

[00260] FIG. 21 shows cytokine production profile of single donor CD41? cells after the
second (TF2) and third (TF3) restimulation. The TF2 and TF3 CD4%10 cells were left
unstimulated (arrows indicate spontaneous/unstimulated sample) or stimulated with immobilized
CD3 (10pg/mL) and soluble CD28 mAb (1pg/mL) for 48 hours. Culture supernatants were
collected and levels of IL-10, IL-4, IL-5, IFN-y and IL-22 were determined by ELISA. All

samples were tested in triplicate. Mean® SD, n=8 donors tested are presented.
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[00261] FIG. 22A shows the percentage of CD4"10 cells expressing granzyme B (GzB)
after 2™ round of stimulation (TF2) analyzed by FACS. Box and whiskers of n=7 donors and
single donors are presented. FIG. 22B shows % dead cells when CD410 cells (10°/well) were
co-cultured with K562 and ALL-CM cells (10°/well) at 1:1 ratio for 3 days. Box and whiskers

represent data from n=4 donors and dots represent data from single donors.

[00262] FIGs. 23A and 23B show that single donor CD4™1 cells can suppress the
proliferation of allogeneic CD4" T cells. Allogeneic PBMC cells were labeled with eFluor® 670
(10° cells/well) and stimulated with allogeneic mature dendritic (DC) cells (5x10* cells/well)
and soluble anti-CD3 mAbs in the absence or presence of CD4110 cells (10° cells/well) at a 1:1
Responder:Suppressor ratio. After 4 days of culture, the percentages of proliferating responder
cells were determined by eFluor® 670 dilution with flow cytometry after gating on
CD4*ANGFR T cells. FIG. 23A show results from Donor-C, Donor-E, and Donor-F and FIG.
23B show results from Donor-H, Donor-1I and Donor-L. Percentages of proliferation and
suppression are indicated. The suppression mediated by CD4™'? cells was calculated as follows:
100-([proliferation of responders in the presence of CD4-19 cells/proliferation of responders

alone]x 100).

[00263] FIGs. 24A and 24B show that single donor CD4™1 cells can suppress the
proliferation of allogeneic CD8* T cells. Allogeneic PBMC cells were labeled with eFluor® 670
(10° cells/well) and stimulated with allogeneic mature dendritic (DC) cells (5x10* cells/well)
and soluble anti-CD3 mAbs in the absence or presence of CD4110 cells (10° cells/well) at a 1:1
Responder:Suppressor ratio. After 4 days of culture, the percentages of proliferating responder
cells were determined by eFluor® 670 dilution with flow cytometry after gating on
CD4*ANGFR T cells. FIG. 24A show results from Donor-C, Donor-E, and Donor-F and FIG.
24B show results from Donor-H, Donor-1 and Donor-L. Percentages of proliferation and
suppression are indicated. The suppression mediated by CD4™'? cells was calculated as follows:
100-([proliferation of responders in the presence of CD41? cells/proliferation of responders

alone] x 100).

[00264] FIG. 25 shows cytokine production profile of polydonor CD4™1° cells after third

4110 ¢ells from 8

(TF3) restimulation, compared to mean levels (+/- SD) produced by CD
individual donors. The TF3 CD4%-19 cells from three donors were pooled at a 1:1:1 ratio and
stimulated with immobilized CD3 (10ug/mL) and soluble CD28 mAb (1pug/mL) for 48 hours.

Culture supernatants were collected and levels of IL-10, IL-4, IL-5, IFN-gamma and IL-22 were
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determined by ELISA. Dots are results of polydonor CD4™1% cells; gray bars represent
meant SD, n=8 single donors.

[00265] FIG. 26A shows the percentage of polydonor CD4-10 cells expressing granzyme

410 cells of n=3

B (GzB) compared to mean % levels (+/- SD) of granzyme B expression by CD
single donors used to generate the pool. Cells were analyzed by FACS after the 3™ round of
stimulation (TF3). FIG. 26B shows % dead cells when polydonor CD410 cells (10/well) were
co-cultured with K562 and ALL-CM cells (10°/well) at 1:1 ratio for 3 days. Residual leukemic
cells (CD457CD33*) were counted by FACS for each target cell. Dots are results of polydonor

CD4™1%and gray bars represent mean+ SD of n=3 single donors used to generate the pool.

[00266] FIGs. 27A and 27B show that polydonor CD4%19 cells can suppress the
proliferation of allogeneic CD4" T cells and CD8* T cells. Allogeneic PBMC cells were labeled
with eFluor® 670 (10° cells/well) and stimulated with allogeneic mature dendritic (DC) cells
(5x10* cells/well) and soluble anti-CD3 mAbs in the absence or presence of polydonor CD4™-1°
cells (10° cells/well) at a 1:1 Responder:Suppressor ratio. After 4 days of culture, the percentages
of proliferating responder cells were determined by eFluor® 670 dilution with flow cytometry
after gating on CD4*ANGFR™ T cells and CD8*ANGFR™ T cells. FIG. 27A shows results from
polydonor CD4™-10 cells containing CD4* cells pooled from Donor-C, Donor-E, and Donor-F.
FIG. 27B shows results from polydonor CD4™1? cells containing CD4" cells pooled from
Donor-H, Donor-I, and Donor-L. The suppression mediated by CD4™™10 cells was calculated as
follows: 100-([proliferation of responders in the presence of CD41 cells/proliferation of
responders alone]x 100).

[00267] FIG. 28 illustrates a protocol for testing induction of GvHD by human PBMC

4]L—10

and/or polydonor CD cells injected on day O post-irradiation.

[00268] FIG. 29 shows % of NSG mice demonstrating GvHD in each day after injection
of PBMC (5x10° cells/mouse), polydonor (three donors) CD410 cells (5x10° cells/mouse), or
PBMC (5x10° cells/mouse) in combination with polydonor CD419 cells (three donors) (5x10°

cells/mouse).

[00269] FIG. 30 shows migration of CD4™1° cells to spleen (left panel) and bone marrow
(right panel) in NSG mice injected with PBMC (5x10° cells/mouse), polydonor (three donors)
CD4%10 cells (5x10° cells/mouse), or PBMC (5x10° cells/mouse) in combination with polydonor
CD410 cells (three donors) (5x10° cells/mouse). Box and whiskers on n=8 donors and single

donors are presented.
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[00270] FIG. 31 illustrates a protocol for testing induction of GVHD by CD4+ T cells and

polydonor or single-donor (BC-H) CD4™1° cells injected on day O post-irradiation.
[00271] FIG. 32 shows % of NSG mice demonstrating GvHD on each day after injection.

[00272] FIGs. 33A-33C shows graft-versus-leukemia (GvL) effect tested based on
reduction of circulating leukemia cells and long-term leukemia free survival. Leukemia was
measured as previously described (Locafaro G. et al Molecular Therapy 2017). NSG mice were
sub-lethally irradiated and intravenously injected with myeloid leukemia cells (ALL-CM)
(5x10%) at day 0. FIG. 33A is an illustration of the experiment. FIG. 33B shows leukemia free
survival rate in the animals injected with PBMC (5x10°) or single donor (from donor BC-I and
donor BC-H) CD4™10 cells (2.5x10°) at day 3. FIG. 33C.shows leukemia free survival rate in
the animals injected with PBMC (5x10°) or polydonor CD4“1? cells (from donor BC-I and
donor BC-H) (2.5x10%) at day 3.

[00273] FIGs. 34A-34C show long-term leukemia free survival rate measured in NSG
mice sub-lethally irradiated and intravenously injected with ALL-CM cells (5x10°) at day 0.
FIG. 34A shows an illustration of the experiment. FIG. 34B shows data from animals injected
with mononuclear cells (PBMC) (5x10°) alone or mononuclear cells (PBMC) (5x10°) + single
donor (from donor BC-H and donor BC-I) CD410 cells (2.5x10°) at day 3. FIG. 34C shows
data from animals injected with mononuclear cells (PBMC) (5x10°) alone or mononuclear cells

(PBMC) (5x10%) + polydonor CD41 cells (BC-1/H) (2.5x10°) at day 3.

[00274] FIG. 35A-35G show inhibition of NLPR3 inflammasome activation by CD4%
10 cells. FIG. 35A shows the effect of CD4™!9 cell supernatant from a single donor (#1) on the
production of IL-1p by LPS activated monocytes. FIG. 35B shows the effect of CD4™10 cell
supernatant from another single donor (#2) on the production of IL-1f3 by LPS activated
monocytes. FIG. 35C shows the effect of CD410 cell supernatant from a single donor (#1) on
the inhibition of LPS induced IL-1f production enhanced by NLPR3 inflammasome activator
nigericine (NIG). FIG. 35D shows the effect of CD4"!0 cell supernatant from a single donor
(#2) on the inhibition of LPS induced IL-1f production enhanced by NLPR3 inflammasome
activator nigericine (NIG). FIG. 35E is a bar graph that shows the effect of CD4™10 cell
supernatant from a single donor and pooled cells from 2 different donors on LPS induced IL-1f3
production by monocytes in the presence or absence of anti-IL-10 receptor (anti-IL-10R) mAb.
FIG. 35F shows the effect of polydonor CD4™™1? cell supernatants on IL-1p production by
monocytes in the presence or absence of anti-IL-10 receptor (anti-IL-10R) mAb. FIG. 35G
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shows the effects of polydonor CD4™1 cell supernatants on IL-18 production induced by LPS in

combination with nigericin in the presence or absence of anti-IL-10R mAb.

[00275] FIG. 36 illustrates an experimental protocol for testing graft versus myeloid
leukemia and xeno-GvHD effects. NSG-mice were intravenously injected with ALL-CM cells
(2.5x10%) on day 0. At day 3 the mice were divided into five groups and each group was treated
with (i) none as a control , (ii) allogeneic mononuclear cells (PBMC) ; (iii) allogeneic PBMC
and polydonor CD410 cells (BC-E, BC-V, BC-T, pooled 1:1:1); (iv) allogeneic PBMC and
single-donor CD410 cells (BC-E); or (v) polydonor CD4™19 cells at concentrations as indicated

in FIG. 36.

[00276] FIG. 37 is a bar graph depicting the cytokine secretion profiles of single-donor
(BC-T, BC-V, and BC-E) and polydonor CD410 cells (POOL: BC-E, BC-V and BC-T pooled
1:1:1).

[00277] FIG. 38 show suppressive effects of single-donor (BC-V and BC-E) and
polydonor CD4"10 cells (pool of BC-V/E/T) on in vitro proliferation of allogeneic CD4+ and
CD8+ T cells. Allogeneic PBMC cells were labeled with eFluor® 670 (5x10* cells/well) and
stimulated with allogenic mature dendritic (DC) cells (1x10* cells/well) and soluble anti-CD3
mADbs in the absence or presence of CD410 cells (5x10* cells/well) at a 1:1
Responder:Suppressor ratio. After 3 days of culture, the percentages of proliferating responder
cells were determined by eFluor® 670 dilution with flow cytometry after gating on CD4" -
ANGFR™ (top) or CD8" ANGFR™ (bottom) T cells. FIG. 38 shows results from single donors
BC-V and BC-E and pooled cells from donors BC-V, BC-E and BC-T. Percentages of

4]L—10

proliferation and suppression are indicated. The suppression mediated by CD cells was

calculated as follows: 100-([proliferation of responders in the presence of CD4"10

cells/proliferation of responders alone]x 100).

[00278] FIG. 39 shows % of alive cells in a co-culture of single (BC-E and BC-V) or
polydonor CD410 cells (BC-E+BC-V+BC-T) with ALL-CM myeloid tumor cells or K562
cells. The results show selective cytotoxic effect of single-donor and polydonor CD4%1° cells

on ALL-CM myeloid tumor cells, but not on K562 cells which lack Class I MHC expression.

[00279] FIG. 40 shows leukemia-free survival rate measured in NSG-mice
intravenously injected with ALL-CM cells (2.5x10°) on day 0. At day 3 the mice were divided
into five groups and each group was treated with (i) none as a control; (ii) allogeneic

mononuclear cells (PBMC); (iii) allogeneic PBMC and polydonor CD41° cells (B BC-
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V/T/ET); (iv) allogeneic PBMC and single-donor CD4%1? cells (BC-E) or (v) polydonor CD4

10 cells. The graph shows leukemia-free survival rate of animals in each group.

[00280] FIG. 41 shows % of NSG mice free of GvHD on each day following injection
with ALL-CM cells (2.5x10°) and subsequent administration of (i) none as a control; (ii)
allogeneic mononuclear cells (PBMC); (iii) allogeneic PBMC and polydonor CD4™10 cells (BC-
E, BC-V, BC-T); (iv) allogeneic PBMC and single-donor CD4™19 cells (BC-E) or (v) polydonor

CD4™10 cells were administered at day 3.

[00281] FIG. 42 shows that NSG mice dosed with 2.5E+06 of PBMC (allogeneic to the
donors C, E, F and H) all succumbed to acute, and lethal xeno-GvHD at day 22. Administration
of single-donor CD4™1° cells (lot C) or polydonor CD4%1? cells (lot CEFH) in combination
with the PBMCs prevented the development of lethal xeno-GvHD in 75% (3/4 mice) and 80%
(4/5 mice) of the mice, respectively. In contrast, transfer of 2.5E+06 polydonor CD4™™10 cells did

4]L—10

not induce any sign of GvHD. Taken together these results indicate that polydonor CD cells

from 4 different donors suppress pathogenic human T cell responses as potently, or slightly more

4]L—10

potently than single- donor CD cells. PBMC: peripheral mononuclear cells; GVHD: graft

vs. host disease.

[00282] FIG. 43A shows alignment of IL-10 protein sequences of various species,
including human (SEQ ID NO: 1), Mus musculus, “MOUSE” (SEQ ID NO: 58); Rattus
norvegicus, “RAT” (SEQ ID NO: 59); Macaca mulatta, “MACMU” (SEQ ID NO: 60); Gorilla
gorilla, “GORILLA” (SEQ ID NO: 61); Macaca fascicularis, “CYNQO” (SEQ ID NO: 62); Papio
Anubis, “OLIVE BABOON” (SEQ ID NO: 63); Pan paniscus, “BONOBO” (SEQ ID NO: 64);
Pan troglodytes, “CHIMP” (SEQ ID NO: 65); and EBYB9 (SEQ ID NO: 66).

[00283] FIG. 43B provides sequences of IL-10 variants generated by substituting one or
more amino acids of human IL-10 by amino acids of viral IL-10 (EBVB9Y) at the corresponding
positions. Also provided are sequences of the exemplary variants, possible hulL-10 hybrid #1
(SEQ ID NO: 67) and possible hull.-10 hybrid #2 (SEQ ID NO: 68). “*” indicates the one or
more amino acid positions that are substituted. “#” indicates the preferred 1105 to A105 amino

acid substitution for IL-10 hybrid #2 (SEQ ID NO: 68).

[00284] FIG. 43C shows alignment of human IL-10 (SEQ ID NO: 1) with IL10 EBVB9
(SEQ ID NO: 66). “*”indicates the one or more amino acid positions that are substituted in IL-10
hybrid #1. “#”indicates the preferred 1105 to A105 amino acid substitution for IL-10 hybrid #2.
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[00285] The figures depict various embodiments of the present invention for purposes of
illustration only. One skilled in the art will readily recognize from the following discussion that
alternative embodiments of the structures and methods illustrated herein may be employed

without departing from the principles of the invention described herein.

6. DETAILED DESCRIPTION

6.1.  Definitions
[00286] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs. As

used herein, the following terms have the meanings ascribed to them below.

[00287] “Graft-versus-leukemia effect” or “GvL” refers to an effect that appears after
allogeneic hematopoietic stem cell transplantation (HSCT) or bone marrow transplantation

(BMT). T lymphocytes in the allogeneic graft eliminate malignant residual host leukemia cells.

[00288] “Graft versus tumor effect” or “GvT refers to an effect that appears after
allogeneic hematopoietic stem cell transplantation (HSCT) or bone marrow transplantation
(BMT). T lymphocytes in the allogeneic graft eliminate malignant residual host cancer cells,
e.g., cells of myeloma and lymphoid and myeloid leukemias, lymphoma, multiple myeloma and

possibly breast cancer. The term GvT is generic to GvL.

[00289] The terms “treatment”, “treating”, and the like are used herein in the broadest
sense understood in the medical arts. In particular, the terms generally mean obtaining a desired
pharmacologic and/or physiologic effect. “Treatment” as used herein covers any treatment of a
disease or condition of a mammal, particularly a human, and includes: (a) preventing the disease
or condition from occurring in a subject which may be predisposed to the disease or condition
but has not yet been diagnosed as having it; (b) inhibiting the disease or condition (e.g., arresting
its development); or (c¢) relieving the disease or condition (e.g., causing regression of the disease
or condition, providing improvement in one or more symptoms). Improvements in any
conditions can be readily assessed according to standard methods and techniques known in the
art. The population of subjects treated by the method of the disease includes subjects suffering
from the undesirable condition or disease, as well as subjects at risk for development of the

condition or disease.

[00290] “HLA-matched” as used herein refers to a pair of individuals having a
matching HLA allele in the HLA class [ (HLA-A, HLA-B, and HLA-C) and class II (HLA-

35



WO 2023/129929 PCT/US2022/082431

DRB1 and HLA-DQB1) loci that allow the individuals to be immunologically compatible with
each other. HLA compatibility can be determined using any of the methods available in the art,
for example, as described in Tiervy, Haematologica 2016 Volume 101(6):680-687, which is

incorporated by reference herein.

[00291] For a given locus, a pair of individuals have 2/2 match when each of two alleles
of one individual match with the two alleles of the other individual. A pair of individuals have Y2
match when only one of two alleles of one individual match with one of two alleles of the other
individual. A pair of individuals have 10/10 match at the HLA-A, HLA-B, HLA-C, HLA-DRBI,
and HLA-DQBI1 loci when all of the ten alleles (two for each of the HLA-A, HLA-B, HLA-C,
HLA-DRBI1, and HLA-DQB1 loci) of one individual match with all ten alleles of the other

individual.

[00292] In preferred embodiments, allele level typing is used for determination of HLA
compatibility. Allele level typing corresponds to a unique nucleotide sequence for an HLA gene,
as defined by using all digits in the first, second, third and fourth fields, e.g. A*02:01:01:01.
Functionally, the third and fourth fields which characterize alleles that differ, respectively, by
silent substitutions in the coding sequence and by substitutions in the non-coding sequence, are
irrelevant, except when substitutions prevent the expression of HLA alleles (e.g., the null allele
B*15:01:01:02N). Missing a null allele will lead to a mismatch that is very likely to be
recognized by alloreactive T cells and have a deleterious clinical impact. Substitutions in non-
coding sequences may influence the level of expression (e.g., the A24low allele

A*24:02:01:02L). Such variability may also have an impact on anti-HLA allorecognition.

[00293] The term “HLA-mismatched” as used herein refers to a pair of individuals
having a mis-matching HL A allele in the HLA class [ (HLA-A, HLA-B, and HLA-C) and class
II (HLA-DRB1 and HLA-DQB1) loci that make the individuals to be immunologically

incompatible with each other.

[00294] The term “partially HLA-mismatched” as used herein refers to a pair of
individuals having a mis-matching HLA allele in the HLA class I (HLA-A, HLA-B, and HLA-
C) and class I (HLA-DRB1 and HLA-DQB1) loci that make the individuals to be
immunologically incompatible with each other in a permissible degree. Some studies have
identified permissive mismatches. Some HLA class I incompatibilities are considered to be more

permissive.
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[00295] “HLA haplotype” refers to a series of HLA loci-alleles by chromosome, one
passed from the mother and one from the father. Genotypes for HLA class [ (HLA-A, HLA-B,
and HLA-C) and class II (HLA-DRB1 and HLA-DQB1) loci can be used to determine the HLA
haplotype.

[00296] The term “therapeutically effective amount” is an amount that is effective to

treat, and thus ameliorate a symptom of a disease.

[00297] The term “prophylactically effective amount” is an amount that is effect in

terms of completely or partially preventing a disease, condition, or symptoms thereof.

[00298] The term “ameliorating” refers to any therapeutically beneficial result in the
treatment of a disease state, e.g., a neurodegenerative disease state, including prophylaxis,
lessening in the severity or progression, remission, or cure thereof.

[00299] The term “CD4L-1VCAR refers (0 any CD4™10 cell genetically modified to

4 IL-10/CAR

express a chimeric antigen receptor. In cases where CD refers to a specific chimeric

antigen receptor, nomenclature can include a designation of the specificity of the CAR, for

example, “CD4]L—10/anti—[antigen] CAR>» cell. For example, CD4]L—10/CAR and CD4]L—10/CD19 CAR can be

used interchangeably.

[00300] The term “autologous” as used herein refers to cells derived from the same

individual (e.g., patient) to whom the cells are re-introduced.

[00301] The term “allogeneic” as used herein refers to cells taken from two or more

different individuals of the same species that are not genetically identical.

6.2.  Other interpretational conventions
[00302] Ranges recited herein are understood to be shorthand for all of the values within
the range, inclusive of the recited endpoints. For example, a range of 1 to 50 is understood to
include any number, combination of numbers, or sub-range from the group consisting of 1, 2, 3,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, and 50.

6.3.  CD4IL-VCAR ¢efig
[00303] In a first aspect, a CD4" T cell or a population of CD4" T cells are described
that have been genetically modified to express a chimeric antigen receptor (CAR) from a first
exogenous polynucleotide encoding the CAR and to express IL-10 from a second exogenous

polynucleotide encoding IL-10 (CD4™-10CAR celis),
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6.3.1. CD4* T cells and T cell donors

[00304] CD4* T cells used for generating CD4™-1¥CAR (autologous or allogeneic single-
donor CD4-1YCAR or allogeneic polydonor CD41-1VCARY populations can be isolated from
peripheral blood, cord blood, or other blood samples from a donor, preferably a human donor,
using methods available in the art. In typical embodiments, CD4* T cells are isolated from
peripheral blood. In certain embodiments, CD4* T cell are isolated using leukapheresis and
buffy coats. In certain embodiments, CD4" T cells are isolated from peripheral blood obtained

from third parties.

[00305] In some embodiments, CD4* T cells are isolated from a prior-frozen stock of
blood or a prior-frozen stock of peripheral blood mononuclear cells (PBMCs) or a prior-frozen
stock of CD4* T cells. In some embodiments, CD4" T cells are isolated from peripheral blood or
from PBMCs that have not previously been frozen. In some embodiments, the CD4* T cells are
separately isolated from blood or PBMCs obtained from individual donors, and then pooled. In
some embodiments, the CD4* T cells are isolated from blood or PBMCs that have first been

pooled from a plurality of donors.

[00306] In some embodiments, the CD4* T cells are obtained from a single T cell donor.
In some embodiments, the CD4* T cells are obtained from two, three, four, five, six, seven,

eight, nine, or ten different T cell donors.

[00307] In some embodiments, the CD4* T cells are obtained from the patient who will
be treated with the CD4L-1VCAR celg.

[00308] In some embodiments, the one or more T cell donors are selected without regard

to genotype. In some embodiments, the one or more T cell donors are selected based on

genotype.

[00309] In certain embodiments, the one or more T cell donors are selected based on
their HLA haplotypes.

[00310] In some embodiments, some or all of the at least two different T cell donors

have matching HLA haplotypes. In some embodiments, some or all of the at least two different

T cell donors have a mis-matched HLA haplotype.

[00311] In some embodiments, all of the CD4* T cells in the population have at least
1/10, 2/10, 3/10, 4/10, 5/10, 6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA-C,
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HLA-DRBI, and HLA-DQB/1 loci to each other. In some embodiments, all of the CD4* T cells
in the population have at least 1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-
B, HLA-C, and HLA-DRBI1 loci to each other. In some embodiments, all the CD4" T cells in
the population have 2/2 match at the HLA-A locus to each other. In some embodiments, all the
CD4" T cells in the population have 2/2 match at the HLA-B locus to each other. In some
embodiments, all the CD4" T cells in the population have 2/2 match at the HLA-C locus to each
other. In some embodiments, all the CD4* T cells in the population have at least 3/4 or 4/4
match at the HLA-DRB1 and HLA DQB1 loci with each other. In some embodiments, all the
CD4" T cells in the population have an A*(02 allele or A*24 allele.

[00312] In some embodiments, none of the one or more T cell donors is a host to be
treated with the CD4™1VCAR cells. In some embodiments, none of the one or more T cell donors
is a donor of stem cells (e.g., HSC), tissue or organ that will be used together with the CD4
LU/CAR ¢olls in the methods of treatment described herein. In some embodiments, one or more of

the T cell donors is a host to be treated with the CD4-1VCAR celig.

[00313] In some embodiments, one or more of the T cell donors are HLA-mismatched
or partially HLA-mismatched to the patient to be treated (host). In some embodiments, one or
more of the T cell donors have less than 5/10, 6/10, 7/10, 8/10, 9/10 or 10/10 match at the HLA-
A, HLA-B, HLA-C, HLA-DRBI1, and HLA-DQB1 loci to the patient. In some embodiments,
one or more of the T cell donors have less than 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A,
HLA-B, HLA-C, and HLA-DRBI1 loci to the patient. In some embodiments, one or more of the
T cell donors have less than 2/2 match at the HLA-A, HLA-B, or HLA-C locus to the patient. In
some embodiments, one or more of the T cell donors have less than 2/4, 3/4 or 4/4 match at the

HLA-DRB1 and HLA-DQBI1 loci to the patient.

[00314] In some embodiments, one or more of the T cell donors are HLA-mismatched
or partially HLA-mismatched with the HSC donor. In some embodiments, one or more of the T
cell donors have less than 5/10, 6/10, 7/10, 8/10, 9/10 or 10/10 match at the HLA-A, HLA-B,
HLA-C, HLA-DRBI1, and HLA-DQBI1 loci to the HSC donor. In some embodiments, one or
more of the T cell donors have less than 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B,
HLA-C, and HLA-DRBI1 loci to the HSC donor. In some embodiments, one or more of the T
cell donors have less than 2/2 match at the HLA-A, HLA-B, or HLA-C locus to the HSC donor.
In some embodiments, one or more of the T cell donors have less than 3/4 or 4/4 match at the

HLA-DRB1 and HLA-DQB1 loci to the HSC donor.
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[00315] In the preferred embodiments, none of the CD4* T cells are immortalized.

6.3.2. Exogenous polynucleotide encoding CAR

[00316] CD4ILIYCAR cells of the present disclosure are CD4" T cells that have been
genetically modified to express comprise a first exogenous polynucleotide segment encoding a
chimeric antigen receptor (CAR) from a first exogenous polynucleotide segment encoding the
CAR. CARs have a modular design with four major components: an antigen- binding domain, a
hinge, a transmembrane domain and an intracellular signaling domain. Each of these elements
has a distinct function and, optimal molecular design of the CAR can be achieved through many
variations of the constituent protein domains, as described in Rafiq et al. (Nat. Rev. Clin. Onco.,

17: 147-167 (2020), which is herein incorporated by reference in its entirety).

[00317] In some embodiments, the CAR encoding polynucleotide segment encodes a
first-generation CAR, a second-generation CAR, or a third-generation CAR. In some
embodiments, a first-generation CAR includes an antigen-binding domain, a hinge region, a
transmembrane domain, and an intracellular signaling domain. In some embodiments, a second-
generation CAR includes an antigen-binding domain, a hinge region, a transmembrane domain, a
co-stimulatory domain, and an intracellular signaling domain. Non-limiting examples of second-
generation CAR include those described in U.S. Patent Publication Nos. 2004/0043401,
2013/0287748, 2014/02272377, 2014/0099309, and 2014/0050708; WO 2012/079000; and WO

2015/157252, which are herein incorporated by reference in their entireties.

[00318] In some embodiments, a second-generation CAR is a pCAR. In some
embodiments, a pCAR comprises a second generation CAR comprising: (i) (a) a signaling
region; (b) a co-stimulatory signaling region; (c) a transmembrane domain; and (d) a first
binding element that specifically interacts with a first epitope on a target antigen; and (ii) a
chimeric co-stimulatory receptor (CCR) comprising (e) a co-stimulatory signaling region which
is different from that of (b); (f) a transmembrane domain; and (g) a second binding element that
specifically interacts with a second epitope on a second target antigen. Non-limiting examples of
PCAR are as described in US Pat. No. 10,703,794, which is herein incorporated by reference in

its entirety.

[00319] In some embodiments, a third-generation CAR comprises an antigen-binding
domain, a hinge region, a transmembrane domain, a first co-stimulatory domain and a second co-

stimulatory domain, and an intracellular signaling domain. Non-limiting examples of a third-
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generation CAR include those described in U.S. Patent Publication Nos. 2014/0322275A1;
2019/0345217; 2019/0112380A1; and 2020/0031904A1; which are herein incorporated by

reference in their entireties.

[00320] In some embodiments, the antigen binding domain comprises a single chain
antibody fragment (e.g., an scFv), nanobody (e.g., camelid VuH domains), cytokines, ligands, or

a peptide (adenectins and DARPins).

6.3.2.1.Antigen-binding domain

[00321] In some embodiments, the antigen-binding domain of the CAR comprises a
single chain antibody fragment. In some embodiments, the single chain antibody fragment

comprises a single chain Fv (scFv).

[00322] In some embodiments, the antigen-binding domain targets an antigen associated
with an autoimmune disease, inflammatory disorders, or cancer. In some embodiments, the

antigen-binding domain targets an autoantigen.

[00323] In some embodiments, the antigen-binding domain targets an antigen associated
with an autoimmune disease or inflammatory disorder. In some embodiments, an antigen
associated with an autoimmune disease or inflammatory disorder is selected from the group
consisting of but not limited to: anti-HLA-A*02, anti-HLA-A*24 or citrullinated peptides,
insulin, MOG, GAD®65, IA2, gliadin, and desmoglein in the context of relevant MHC molecules.
In some embodiments, an antigen associated with an autoimmune disease or inflammatory

disorder is selected from the group consisting of: CD19, CD20, CD22, CD27, BCMA and CD38.

[00324] In some embodiments, the antigen-binding domain targets a cancer-associated
antigen. In some embodiments, a cancer-associated antigen is selected from the group consisting
of: CD19, CD20, CD22, BCMA, B7-H3, CEA, BCMA, CD23, Lyml, Lym2, CLEC5A,
CDH179b, FLT3, GCC, Muc, CSF2RA, GFRa4, CD32, CD33, IL11Ra, IL13Ra, NYBRI, SLea,
CD200R, TGFBetaR2, CD276, TROP2, LAMP1, PTK7, DLL3, CDHI1, CDH6, CDH17,
CDH19, TSHR and tyrosinase.

[00325] In some embodiments, the antigen-binding domain targets a B cell antigen. In
some embodiments, a B cell antigen is selected based in part on its expression during B-cell
differentiation, for example, as shown in FIG. 4. Non-limiting examples of antigen-binding

domains that target B cell antigens are described in WO 2020/010235, which is herein
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incorporated by reference in its entirety. In some embodiments, the antigen-binding domain
targets CD19. In some embodiments, the antigen-binding domain targets CD20. In some
embodiments, the antigen-binding domain targets CD22. In some embodiments, the antigen-
binding domain targets BCMA. In some embodiments, the antigen-binding domain targets B7-
H3. In some embodiments, the antigen-binding domain targets CD27. In some embodiments, the
antigen-binding domain targets CD38. In some embodiments, the antigen-binding domain
targets B cell maturation antigen (BCMA). In some embodiments, the antigen-binding domain

targets carcinoembryonic antigen (CEA).

[00326] In some embodiments, the single chain antibody fragment comprises a single
chain Fv (scFv) that binds to CD19 (e.g., cluster of differentiation 19 protein (CD19) (e.g.,
OMIM Acc. No. 107265)).

[00327] In some embodiments, the scFv that targets CD19 is derived from an anti-
human CD19-specific mAb clone FMC63 (Nicholson et al., Mol. Immunol., 34(16-17): 1157-65
(1997), which is herein incorporated by reference in its entirety). In some embodiments, the
scEFv that targets CD19 is described in U.S. Patent Publication Nos. 2018/0355052 or
2020/0392200, or WO 2020/010235, each of which are herein incorporated by reference in their

entireties.

[00328] In some embodiments, the anti-CD19 antigen binding domain comprises the
sequence of SEQ ID NO: 11. In some embodiments, the anti-CD19 antigen-binding domain
comprises a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 11. In some embodiments, the polynucleotide segment encoding an anti-CD19
antigen-binding domain comprises the SEQ ID NO: 12. In some embodiments, the
polynucleotide segment encoding an anti-CD19 antigen-binding domain comprises a sequence

having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 12.

[00329] In some embodiments, the anti-CD19 antigen-binding domain comprises a
heavy chain variable domain comprising a sequence having at least 80%, 85%, 90%, 95%, 98%,
or 99% sequence identity to SEQ ID NO: 13. In some embodiments, the anti-CD19 antigen-
binding domain comprises a light chain variable domain comprising a sequence having at least
80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 14. In some
embodiments, the anti-CD19 antigen-binding domain comprises a heavy chain variable domain

comprising a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
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SEQ ID NO: 13 and a light chain variable domain comprising a sequence having at least 80%,
85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 14.

[00330] In some embodiments, the single chain antibody fragment comprises a single
chain Fv (scFv) that binds to CD20 (e.g., cluster of differentiation 20 protein (CD20) (e.g.,
OMIM Acc. No. 112210)). Non-limiting examples of scFvs that target CD20 include those
described in WO 2020/010235 and U.S. Patent Publication No. 2020/0392200, which are herein

incorporated by reference in their entireties.

[00331] In some embodiments, the anti-CD20 antigen binding domain comprises the
sequence of SEQ ID NO: 18. In some embodiments, the anti-CD20 antigen-binding domain
comprises a sequence having at least 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO:
18. In some embodiments, the polynucleotide segment encoding an anti-CD20 antigen-binding
domain comprises the SEQ ID NO: 19. In some embodiments, the polynucleotide segment
encoding an anti-CD20 antigen-binding domain comprises a sequence having at least 80%, 85%,

90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 19.

[00332] In some embodiments, the anti-CD20 antigen-binding domain comprises a
heavy chain variable domain comprising a sequence having at least 80%, 85%, 90%, 95%, 98%,
or 99% sequence identity to SEQ ID NO: 20. In some embodiments, the anti-CD20 antigen-
binding domain comprises a light chain variable domain comprising a sequence having at least
80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 21. In some
embodiments, the anti-CD20 antigen-binding domain comprises a heavy chain variable domain
comprising a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 20 and a light chain variable domain comprising a sequence having at least 80%,
85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 21.

[00333] In some embodiments, the single chain antibody fragment comprises a single
chain Fv (scFv) that binds to CD22 (e.g., cluster of differentiation 22 protein (CD22) (e.g.,
OMIM Acc. No. 107266)). Non-limiting examples of scFvs that target CD22 include those
described in WO 2020/010235 and U.S. Patent Publication No. 2020/0392200, which are herein

incorporated by reference in their entireties.

[00334] In some embodiments, the anti-CD22 antigen binding domain comprises the
sequence of SEQ ID NO: 24. In some embodiments, the anti-CD22 antigen-binding domain
comprises a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 24. In some embodiments, the polynucleotide segment encoding an anti-CD22
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antigen-binding domain comprises the SEQ ID NO: 25. In some embodiments, the
polynucleotide segment encoding an anti-CD22 antigen-binding domain comprises a sequence

having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 25.

[00335] In some embodiments, the anti-CD22 antigen-binding domain comprises a
heavy chain variable domain comprising a sequence having at least 80%, 85%, 90%, 95%, 98%,
or 99% sequence identity to SEQ ID NO: 26. In some embodiments, the anti-CD22 antigen-
binding domain comprises a light chain variable domain comprising a sequence having at least
80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 27. In some
embodiments, the anti-CD22 antigen-binding domain comprises a heavy chain variable domain
comprising a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 26 and a light chain variable domain comprising a sequence having at least 80%,
85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 27.

[00336] In some embodiments, the single chain antibody fragment comprises a single
chain Fv (scFv) that binds to B-cell maturation antigen (BCMA) also known as tumor necrosis

factor receptor superfamily member 17 (TNFRSF17).

[00337] Non-limiting examples of scFvs that target BCMA include those described in
US9765342B2 or WO 2010/104949 which are incorporated by reference in their entireties. For
example, as described in WO 2010/104949, the anti-BCMA scFv can include the antigen binding
domain of the A7D12.2, C11 D5.3, C12A3.2, or C13F12.1 antibody.

[00338] In some embodiments, the anti-BCMA antigen-binding domain comprises a
heavy chain variable domain comprising a sequence having at least 80%, 85%, 90%, 95%, 98%,
or 99% sequence identity to SEQ ID NO: 50 or 52. In some embodiments, the anti-BCMA
antigen-binding domain comprises a light chain variable domain comprising a sequence having
at least 80%, 85%, 90%, 95%, 98%, or 9% sequence identity to SEQ ID NO: 51 or 53. In some
embodiments, the anti-BCMA antigen-binding domain comprises a heavy chain variable domain
comprising a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 50 or 52 and a light chain variable domain comprising a sequence having at least
80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 51 or 53.

[00339] In some embodiments, the single chain antibody fragment comprises a single
chain Fv (scFv) that binds to B7-H3, also known as CD276 (e.g., cluster of differentiation 276
protein (CD276) (e.g., OMIM Acc. No. 605715)).
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[00340] Non-limiting examples of scFvs that target B7-H3 include those described in
U.S. Patent Publication Nos. 2016/0053017 and 2018/0346544, which are herein incorporated by
reference in their entireties. For example, as described in U.S. Patent Publication No.
2018/0346544, the anti-CD276 scFv can include the antigen binding domain of the MGA271
(CD276.MG), CD276.N1, CD276.N2, CD276.N3, CD276.N4, or CD276.N5 antibody.

[00341] In some embodiments, the anti- B7-H3 antigen binding domain comprises the
sequence of SEQ ID NO: 36. In some embodiments, the anti- B7-H3 antigen-binding domain
comprises a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 36. In some embodiments, the polynucleotide segment encoding an anti- B7-H3
antigen-binding domain comprises the SEQ ID NO: 37. In some embodiments, the
polynucleotide segment encoding an anti- B7-H3 antigen-binding domain comprises a sequence

having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 37.

[00342] In some embodiments, the anti- B7-H3 antigen-binding domain comprises a
heavy chain variable domain comprising a sequence having at least 80%, 85%, 90%, 95%, 98%,
or 99% sequence identity to SEQ ID NO: 38. In some embodiments, the anti- B7-H3 antigen-
binding domain comprises a light chain variable domain comprising a sequence having at least
80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 39. In some
embodiments, the anti- B7-H3 antigen-binding domain comprises a heavy chain variable domain
comprising a sequence having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 38 and a light chain variable domain comprising a sequence having at least 80%,
85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 39.

[00343] In some embodiments, the single chain antibody fragment comprises a single

chain Fv (scFv) that binds to CD27 (e.g., OMIM Acc. No. 186711).

[00344] In some embodiments, the single chain antibody fragment comprises a single

chain Fv (scFv) that binds to CD38 (e.g., OMIM Acc. No. 107270)).

[00345] In some embodiments, the single chain antibody fragment comprises a single
chain Fv (scFv) that binds to CEA (e.g., carcinoembryonic antigen protein (CEA) (e.g., OMIM
Acc. No. 114890)).

[00346] In some embodiments, the single chain antibody fragment comprises a single
chain Fv (scFv) that binds to BCMA (e.g., B cell maturation antigen (BCMA) (e.g., OMIM Acc.
No. 109545)).
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6.3.2.2.Hinge region

[00347] The hinge region connects the extracellular antigen-binding domain to the
intracellular signaling domains (e.g., one or more co-stimulatory domains and the intracellular
signaling domains) through the transmembrane domain. The hinge provides sufficient flexibility
to overcome steric hindrance and adequate length to facilitate access and binding of the antigen-
binding domain to the target antigen. In some embodiments, differences in the length and
composition of the hinge can affect antigen binding and signaling through the CAR. For
example, spacer sequences in the hinge region, or a spacer sequences added to the hinge region,
facilitate access and binding of the antigen-binding domain to the target antigen. In some

embodiments, the hinge region influences cytokine production.

[00348] In some embodiments, the hinge region is selected from a human CDS hinge
region, a human CD28 hinge region, a IgG1 hinge region, or a I[gG4 hinge region. In some
embodiments, the hinge region is derived from a human CD8. In some embodiments, the hinge
region derived from human CD8 comprises the sequence of SEQ ID NO: 28. In some
embodiments, the hinge region derived from human CD8 comprises a sequence having at least at

least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 28.

6.3.2.3. Transmembrane domain

[00349] The transmembrane region anchors the CAR in the CD4LYCAR T ce]l. In some

embodiments, the transmembrane domain influences stability and function of the CAR.

[00350] In some embodiments, the transmembrane domain is selected from a group
consisting of: TNFRSF 19 transmembrane domain, a CD3zeta transmembrane domain, a CD8o
transmembrane domain, a CD4 transmembrane domain, a CD28 transmembrane domain, or an
B7-family inducible costimulatory (ICOS) transmembrane domain. In some embodiments, the
transmembrane domain is derived from a TNFRSF 19. In some embodiments, the
transmembrane domain derived from TNFRSF 19 comprises a sequence of SEQ ID NO: 29. In
some embodiments, the transmembrane domain derived from TNFRSF 19 comprises a sequence

having at least at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 29.
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6.3.2.4. Intracellular signaling domain and co-stimulatory domains

[00351] The intracellular signaling domain activates the CD4-1YCART cell. In some
embodiments, the intracellular signaling domain participates in T cell function, metabolism and

persistence.

[00352] In some embodiments, the intracellular signaling domain comprises an
immunoreceptor tyrosine-based activation motif (ITAM). In some embodiments, the
intracellular signaling domain comprises two or more immunoreceptor tyrosine-based activation
motifs ITAM). In some embodiments, the immunoreceptor tyrosine-based activation motif
(ITAM) is derived from CD3zeta. In some embodiments, the intracellular signaling domain
derived from CD3zeta comprises a sequence of SEQ ID NO: 30 In some embodiments, the
intracellular signaling domain derived from CD3zeta comprises a sequence having at least at

least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 30.

[00353] In some embodiments, the intracellular signaling domain further comprises one
or more co-stimulatory domains. In such cases, the one or more co-stimulatory domains enhance
T cell activation , function, metabolism, and persistence as compared to CD4* T cells comprising
a CAR without one or more co-stimulatory domains. CD4* (e.g., CD41YCARY T cells with
CARs containing co- stimulatory domains in addition to activation domains produce IL-2 and

can proliferate upon repeated antigen exposure.

[00354] In some embodiments, co-stimulatory domains derived from different sources
(e.g., 4-1BB and CD28) induce different functional and metabolic profiles in CD4" (e.g.,
CD4MVCARY T cells. For example, CD4" (e.g., CD4™1YCARY T cells having a CAR comprising a
co-stimulatory domain derived from CD28 experience enhanced differentiation into effector
memory T cells. In another example, CD4* (e.g., CD4YCAR) T cells having a CAR comprising
a co-stimulatory domain derived from 4-1BB experience enhanced differentiation into central

memory T cells.

[00355] In some embodiments, the one or more co-stimulatory domains is 4-1BB,

CD28, 0X40, ICOS, CD27, MYD88-CD40, and KIR2DS2.

[00356] In some embodiments, the one or more co-stimulatory domains is derived from
4-1BB. In some embodiments, the co-stimulatory domain derived from 4-1BB comprises a

sequence of SEQ ID NO: 31. In some embodiments, the co-stimulatory domain derived from 4-
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1BB comprises a sequence having at least at least 80%, 85%, 90%, 95%, 98%, or 99% sequence
identity to SEQ ID NO: 31.

[00357] In some embodiments, the one or more co-stimulatory domains is derived from
CD28. In some embodiments, the one or more co-stimulatory domains comprises a CD28 co-
stimulatory domain. In some embodiments, the co-stimulatory domain derived from CD28
comprises the sequence of SEQ ID NO: 32. In some embodiments, the co-stimulatory domain
derived from CD28 comprises a sequence having at least at least 80%, 85%, 90%, 95%, 98%, or
99% sequence identity to SEQ ID NO: 32.

[00358] In some embodiments, a CAR comprises two co-stimulatory domains. In some
embodiments, a CAR includes a first co-stimulatory domain comprising a co-stimulatory domain
derived from 4-1BB and a second co-stimulatory domain comprising a co-stimulatory domain

derived from a CD28 co-stimulatory domain.

6.3.2.5.Chimeric antigen receptors (CARs)

[00359] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an antigen-binding domain that targets an antigen associated with an

autoimmune disease, inflammatory disorders, or cancer.

[00360] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an antigen-binding domain that targets an antigen associated with an
autoimmune disease or inflammatory disorder. In some embodiments, an antigen associated
with an autoimmune disease or inflammatory disorder is selected from the group consisting of
but not limited to: anti-HLA-A*02, anti-HLA-A*24 or citrullinated peptides, insulin, MOG,
GADG65, A2, gliadin, and desmoglein in the context of relevant MHC molecules.

[00361] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an antigen-binding domain that targets a cancer-associated antigen. In some
embodiments, a cancer-associated antigen is selected from the group consisting of: CD19, CD20,
CD22, B7-H3, CEA, BCMA, CD23, Lyml, Lym2, CLEC5A, CDH179b, FLT3, GCC, Muc,
CSF2RA, GFRa4, CD32, CD33, IL11Ra, IL13Ra, NYBRI, SLea, CD200R, TGFBetaR2, CD276,
TROP2, LAMP1, PTK7, DLL3, CDH1, CDH6, CDH17, CDH19, TSHR and tyrosinase.

[00362] In some embodiments, the CAR encoding polynucleotide segment encodes a

CAR comprising an antigen-binding domain that targets a B cell antigen. In some embodiments,
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a B cell antigen is selected based in part on its expression during B-cell differentiation, for
example, as shown in FIG. 4. Non-limiting examples of antigen-binding domains that target B
cell antigens are described in WO 2020/010235, which is herein incorporated by reference in its
entirety. In some embodiments, the antigen-binding domain targets CD19. In some
embodiments, the antigen-binding domain targets CD20. In some embodiments, the antigen-
binding domain targets CD22. In some embodiments, the antigen-binding domain targets B7-H3.
In some embodiments, the antigen-binding domain targets CD27. In some embodiments, the
antigen-binding domain targets CD38. In some embodiments, the antigen-binding domain
targets B cell maturation antigen (BCMA). In some embodiments, the antigen-binding domain

targets carcinoembryonic antigen (CEA).

[00363] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an anti-CD19 antigen-binding domain. In some embodiments, the CAR
encoding polynucleotide segment encodes a second-generation CAR comprising an anti-CD19
antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment

encodes a third-generation CAR comprising an anti-CD19 antigen-binding domain.

[00364] In some embodiments, the CAR encoding polynucleotide segment encodes an
anti-CD19 CAR including: an anti-CD19 antigen-binding domain, a hinge region, a
transmembrane domain, a co-stimulatory domain, and an intracellular signaling domain. In
some embodiments, the CAR encoding polynucleotide segment encodes an anti-CD19 antigen-
binding domain; a human CD8 hinge region; a TNFRSF 19 transmembrane region; a 4-1BB co
stimulatory domain; and a CD3zeta chain intracellular signaling domain. In some embodiments,
the anti-CD19 CAR comprises the sequence of SEQ ID NO: 9. In some embodiments, the anti-
CD19 CAR comprises a sequence having at least at least 80%, 85%, 90%, 95%, 98%, or 99%
sequence identity to SEQ ID NO: 9. In some embodiments, the first exogenous polynucleotide
segment comprises the sequence of SEQ ID NO: 10. In some embodiments, the first exogenous
polynucleotide segment comprises a sequence having at least at least 80%, 85%, 90%, 95%,

98%, or 99% sequence identity to SEQ ID NO: 10.

[00365] Non-limiting examples of CARs comprising an anti-CD19 antigen-binding
domain include: U.S. Patent Publication No. 2020/0392200, WO 2020/010235 or WO

2012/079000, which are herein incorporated by reference in their entireties.

[00366] In some embodiments, the CAR encoding polynucleotide segment encodes a

CAR comprising an anti-CD20 antigen-binding domain. In some embodiments, the CAR
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encoding polynucleotide segment encodes a second-generation CAR comprising an anti-CD20
antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment

encodes a third-generation CAR comprising an anti-CD20 antigen-binding domain.

[00367] In some embodiments, the CAR encoding polynucleotide segment encodes an
anti-CD20 CAR including: an anti-CD20 antigen-binding domain, a transmembrane domain, a
co-stimulatory domain, and an intracellular signaling domain. In some embodiments, the CAR
encoding polynucleotide segment encodes an anti-CD20 antigen-binding domain; a human CD8
transmembrane region; a 4-1BB co stimulatory domain; and a CD3zeta chain intracellular
signaling domain. In some embodiments, the anti-CD20 CAR comprises the sequence of SEQ
ID NO: 16. In some embodiments, the anti-CD20 CAR comprises a sequence having at least at
least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 16. In some
embodiments, the first exogenous polynucleotide segment comprises the sequence of SEQ ID
NO: 17. In some embodiments, the first exogenous polynucleotide segment comprises a
sequence having at least at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ
ID NO: 17.

[00368] Non-limiting examples of CARs comprising an anti-CD20 antigen-binding
domain include: U.S. Patent Publication No. 2020/0392200 or WO 2020/010235, both of which

are herein incorporated by reference in their entireties.

[00369] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an anti-CD22 antigen-binding domain. In some embodiments, the CAR
encoding polynucleotide segment encodes a second-generation CAR comprising an anti-CD22
antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment

encodes a third-generation CAR comprising an anti-CD22 antigen-binding domain.

[00370] . In some embodiments, the anti-CD22 CAR comprises the sequence of SEQ
ID NO: 22. In some embodiments, the anti-CD22CAR comprises a sequence having at least at
least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 22. In some
embodiments, the first exogenous polynucleotide segment comprises the sequence of SEQ ID
NO: 23. In some embodiments, the first exogenous polynucleotide segment comprises a
sequence having at least at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ
ID NO: 23.
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[00371] Non-limiting examples of CARs that include an anti-CD22 CAR include those
described in WO 2020/010235 and U.S. Patent Publication No. 2020/0392200, which are herein

incorporated by reference in their entireties.

[00372] Non-limiting examples of CARs that include an anti-B7-H3 CAR include those
described in U.S. Patent Publication Nos. 2016/0053017, 2017/0369585, and 2018/0346544,

which are herein incorporated by reference in their entireties.

[00373] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an anti- B7-H3 antigen-binding domain. In some embodiments, the CAR
encoding polynucleotide segment encodes a second-generation CAR comprising an anti- B7-H3
antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment

encodes a third-generation CAR comprising an anti- B7-H3 antigen-binding domain.

[00374] . In some embodiments, the anti-B7-H3 CAR comprises the sequence of SEQ ID
NO: 34. In some embodiments, the anti- B7-H3 CAR comprises a sequence having at least at
least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 34. In some
embodiments, the first exogenous polynucleotide segment comprises the sequence of SEQ ID
NO: 35. In some embodiments, the first exogenous polynucleotide segment comprises a
sequence having at least at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ
ID NO: 35.

[00375] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an anti-CD27 antigen-binding domain. In some embodiments, the CAR
encoding polynucleotide segment encodes a second-generation CAR comprising an anti-CD27
antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment

encodes a third-generation CAR comprising an anti-CD27 antigen-binding domain.

[00376] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an anti-CD38 antigen-binding domain. In some embodiments, the CAR
encoding polynucleotide segment encodes a second-generation CAR comprising an anti-CD38
antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment

encodes a third-generation CAR comprising an anti-CD38antigen-binding domain.

[00377] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an anti-CEA antigen-binding domain. In some embodiments, the CAR

encoding polynucleotide segment encodes a second-generation CAR comprising an anti-CEA
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antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment

encodes a third-generation CAR comprising an anti-CEA antigen-binding domain.

[00378] In some embodiments, the CAR encoding polynucleotide segment encodes a
CAR comprising an anti-BCMA antigen-binding domain. In some embodiments, the CAR
encoding polynucleotide segment encodes a second-generation CAR comprising an anti-BCMA
antigen-binding domain. In some embodiments, the CAR encoding polynucleotide segment
encodes a third-generation CAR comprising an anti-BCMA antigen-binding domain. In some
embodiments, the anti-BCMA CAR comprises the sequence of SEQ ID NOs: 41-49 and 54. In
some embodiments, the anti-BCMA CAR comprises a sequence having at least at least 80%,

85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NOs: 41-49 and 54.

[00379] The first exogenous polynucleotide further comprises one or more regulatory
elements (e.g., any of the regulatory elements described herein or known in the art) operably
linked to a coding sequence of the CAR. In some embodiments, the regulatory element is a

promoter.

[00380] In some embodiments, the regulatory element comprises a promoter capable of
directing expression of the CAR in CD4* T cells. In some embodiments, the promoter drives
constitutive expression of the CAR in CD4* T cells. In some embodiments, the promoter drives

expression of the CAR in activated CD4" T cells.

[00381] In some embodiments, the first exogenous polynucleotide segment further
comprises a segment encoding a selection marker (e.g., any of the selection markers described

herein or known in the art) that permits selection of successfully transduced CD4* T cells.

[00382] In some embodiments, the first exogenous polynucleotide segment is delivered
into CD4* T cells using a vector. In some embodiments, the vector is a plasmid vector. In some
embodiments, the vector is a viral vector. In some embodiments, the vector is a retroviral vector

(e.g., a gammaretroviral vector). In some embodiments, the vector is a lentiviral vector.

[00383] In some embodiments, the first exogenous polynucleotide segment is delivered
into CD4* T cells using a lentiviral vector and the first exogenous polynucleotide segment
comprises lentiviral vector sequences. In certain embodiments, a lentiviral vector disclosed in
Matrai et al., Molecular Therapy 18(3):477-490 (2010) (*“Métrai”), incorporated by reference
herein, is used. In some embodiments, the first exogenous polynucleotide segment encoding a

chimeric antigen receptor (CAR); and the second exogenous polynucleotide segment encoding
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interleukin-10 (IL-10) are present in a single lentiviral vector. In such cases, the first exogenous
polynucleotide and second exogenous polynucleotide segment are operably linked to a first
promoter. For example, the lentiviral vector includes a human PGK promoter, the first
exogenous polynucleotide operably linked to the second exogenous polynucleotide segment via
an internal ribosome entry site (IRES) or a self-cleaving peptide (e.g., a 2A self-cleaving

peptide).

[00384] In some embodiments, the first exogenous polynucleotide segment is integrated
in the T cell nuclear genome. In some embodiments, the first exogenous polynucleotide segment
is not integrated in the nuclear genome. In some embodiments, the first exogenous segment

polynucleotide exists in the T cell cytoplasm.

6.3.3. Exogenous polynucleotide encoding IL-10

[00385] The single donor CD4-1%CAR cells or polydonor CD4-19CAR celis of the
present disclosure have been further genetically modified to comprise a second exogenous
polynucleotide segment encoding IL-10. The second exogenous polynucleotide segment
comprises an IL-10-encoding polynucleotide segment operably linked to one or more regulatory

elements (e.g., any of the one or more regulatory elements described herein or known in the art).

[00386] The IL-10-encoding polynucleotide segment can encode IL-10 of a human,
bonobo or rhesus. In some embodiments, the IL-10-encoding polynucleotide segment encodes
human IL-10 having the sequence of SEQ ID NO: 1. In some embodiments, the IL-10-encoding
polynucleotide segment encodes a variant of human IL-10 having at least 90%, 95%, 98%, or
99% sequence identity to SEQ ID NO: 1. In some embodiments, the IL-10-encoding
polynucleotide segment has the nucleotide sequence of SEQ ID NO: 2. In some embodiments,
the IL-10-encoding polynucleotide segment has at least 90%, 95%, 98%, or 99% sequence
identity to SEQ ID NO: 2.

[00387] In some embodiments, the exogenous polynucleotide encodes viral-IL-10. In
various embodiments, the exogenous polypeptide encodes IL-10 from HCMV, GMCMYV,
RhCMV, BaCMV, MOCMV, SMCMV, EBYV, Bonobo-HV, BaLCV, OvHV-2, EHV-2, CyHV-
3, AngHV-1, ORFV, BPSV, PCPV, LSDV, SPV, GPV, or CNPV. In some embodiments, the
exogenous polypeptide encodes viral IL-10 from EBV or ORFV.

[00388] In some embodiments, the viral-IL-10 comprises the sequence of SEQ ID NO:

6. In some embodiments, the viral [L-10 comprises a sequence having at least 80%, 85%, 90%,
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95%, 97%, 98%, 98% or 99% sequence identity to SEQ ID NO: 6 or 18. In some embodiments,
the exogenous polypeptide coding a viral IL-10 comprises the sequence of SEQ ID NO: 7. In
some embodiments, the exogenous polypeptide coding a viral IL-10 comprises a sequence
having at least 80%, 85%, 90%, 95%, 97%, 98%, 98% or 99% sequence identity to SEQ ID NO:
7.

[00389] In some embodiments, the IL-10 is a protein comprising human IL-10 with one,
two, three, four, five, six, seven, eight, nine or ten amino acid modifications. In some
embodiments, the one, two, three, four, five, six, seven, eight, nine or ten amino acid
modifications are substituted with amino acids of viral IL-10 at corresponding amino acid

positions.

[00390] In some embodiments, the IL-10-encoding polynucleotide segment encodes a
variant of human IL-10 having one, two, three, four, five, six, seven, eight, nine, ten or more
amino acid substitutions compared to human IL.-10 (e.g., SEQ ID NO: 1). In some
embodiments, the one, two, three, four, five, six, seven, eight, nine or ten amino acid substitution
are substitution(s) with amino acid(s) of viral IL.-10 at corresponding amino acid position(s). In
some embodiments, the IL-10-encoding polynucleotide segment encodes a variant of human IL-
10 having one, two, three, four, five, six, seven, eight, nine, ten or more amino acid insertion,
deletion or modification compared to human IL-10 (e.g., SEQ ID NO: 1). In some
embodiments, the variant of human IL-10 has the sequence of SEQ ID NO: 56 or 57.

[00391] In some embodiments, the IL-10-encoding polynucleotide segment encodes IL-
10 of a Mus musculus, “MOUSE” (SEQ ID NO: 58); Rattus norvegicus, “RAT” (SEQ ID NO:
59); Macaca mulatta, “MACMU” (SEQ ID NO: 60); Gorilla gorilla, “GORILLA” (SEQ ID NO:
61); Macaca fascicularis, “CYNQO” (SEQ ID NO: 62); Papio Anubis, “OLIVE BABOON” (SEQ
ID NO: 63); Pan paniscus, “BONOBO” (SEQ ID NO: 64); Pan troglodytes, “CHIMP” (SEQ ID
NO: 65); and EBVB9 (SEQ ID NO: 66). In some embodiments, the IL-10-encoding
polynucleotide segment encodes a protein having at least 90%, 95%, 98%, or 99% sequence
identity to IL-10 of a Mus musculus, “MOUSE” (SEQ ID NO: 58); Rattus norvegicus, “RAT”
(SEQ ID NO: 59); Macaca mulatta, “MACMU” (SEQ ID NO: 60); Gorilla gorilla, “GORILLA”
(SEQ ID NO: 61); Macaca fascicularis, “CYNO” (SEQ ID NO: 62); Papio Anubis, “OLIVE
BABOON” (SEQ ID NO: 63); Pan paniscus, “BONOBO” (SEQ ID NO: 64); Pan troglodytes,
“CHIMP” (SEQ ID NO: 65); and EBVB9 (SEQ ID NO: 66).
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[00392] In some embodiments, the IL-10-encoding polynucleotide segment encodes a
variant of human IL-10 having one, two, three, four, five, six, seven, eight, nine, ten or more
amino acid substitutions, insertions, and/or deletions compared to human IL-10 (e.g., SEQ ID
NO: 1). In some embodiments, the modifications are substitutions, insertions, and/or deletions
with amino acids of Mus musculus, “MOUSE” (SEQ ID NO: 58); Rattus norvegicus, “RAT”
(SEQ ID NO: 59); Macaca mulatta, “MACMU” (SEQ ID NO: 60); Gorilla gorilla, “GORILLA”
(SEQ ID NO: 61); Macaca fascicularis, “CYNO” (SEQ ID NO: 62); Papio Anubis, “OLIVE
BABOON” (SEQ ID NO: 63); Pan paniscus, “BONOBO” (SEQ ID NO: 64); Pan troglodytes,
“CHIMP” (SEQ ID NO: 65); and EBVB9 (SEQ ID NO: 66), at the corresponding positions. In
some embodiments, the variant of human IL-10 has the sequence of SEQ ID NO: 67 or SEQ ID
NO: 68.

[00393] In some embodiments, the IL-10-encoding polynucleotide segment encodes a
variant of human IL-10 having reduced immunostimulatory activity compared to human IL-10.
In some embodiments, the variant of human IL-10 includes I105A substitution. In some
embodiments, a variant of human IL-10 is made using the method described in A Single Amino
Acid Determines the Immunostimulatory Activity of Interleukin 10, J Exp Med, 191, 2, 2000,
p-213-223.

[00394] The second exogenous polynucleotide segment further comprises one or more
regulatory element operably linked to a coding sequence of IL-10 where the one or more

regulatory element directs expression of the encoded IL-10 in transduced CD4* T cells.

[00395] In some embodiments, the regulatory element(s) comprise a promoter capable
of directing expression of IL-10 in CD4* T cells. In some embodiments, the promoter drives
constitutive expression of IL-10 in CD4" T cells. In some embodiments, the promoter drives

expression of IL-10 in activated CD4* T cells.

[00396] In some embodiments, the second exogenous polynucleotide segment further
comprises a segment encoding a selection marker (e.g., any of the selection markers described

herein or known in the art) that permits selection of successfully transduced CD4* T cells.

[00397] In typical embodiments, the exogenous polynucleotide is delivered into CD4+ T
cells using a vector. In some embodiments, the vector is a plasmid vector. In some

embodiments, the vector is a viral vector.
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[00398] In some embodiments, the first exogenous polynucleotide segment encoding
CAR and the second exogenous polynucleotide segment encoding IL-10 are in the same vector.
In some embodiments, the first exogenous polynucleotide segment encoding CAR and the
second exogenous polynucleotide segment encoding IL-10 are in the same viral vector. In some
embodiments, the first exogenous polynucleotide segment encoding CAR and the second

exogenous polynucleotide segment encoding IL-10 are in the same lentiviral vector.

[00399] In certain embodiments, the exogenous polynucleotide is delivered into CD4+ T
cells using a lentiviral vector and the exogenous polynucleotide comprises lentiviral vector
sequences. In certain embodiments, a lentiviral vector disclosed in Matrai et al., Molecular

Therapy 18(3):477-490 (2010) (“Matrai”), incorporated by reference herein, is used.

[00400] In some embodiments, the second exogenous polynucleotide segment is
integrated in the T cell nuclear genome. In some embodiments, the second exogenous
polynucleotide segment is not integrated in the nuclear genome. In some embodiments, the

second exogenous polynucleotide segment exists in the T cell cytoplasm.

[00401] In particular embodiments, the second exogenous polynucleotide segment has
the sequence of SEQ ID NO: 5. In some embodiments, the exogenous polynucleotide has at

least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NO: 5.

6.3.4. Regulatory elements

[00402] In some embodiments, the first and/or second exogenous polynucleotide
segments further comprise a regulatory element operably linked to a coding sequence of a CAR
or IL-10, respectively. In some embodiments, the regulatory element comprises a promoter

sequence, an enhancer sequence, a non-coding sequence, or any combination thereof.

[00403] In some embodiments, the first exogenous polynucleotide segment further
comprises a regulatory element operably linked to a coding sequence of the CAR where the
regulatory elements direct expression of the encoded CAR in transduced CD4* T cells. In some
embodiments, an inducible promoter is used to induce expression of the CAR when

therapeutically appropriate.

[00404] In some embodiments, the second exogenous polynucleotide segment further
comprises a regulatory element operably linked to a coding sequence of IL-10 where the

regulatory elements direct expression of the encoded IL-10 in transduced CD4* T cells. In some
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embodiments, an inducible promoter is used to induce expression of IL-10 when therapeutically

appropriate. In some embodiments, the IL-10 promoter is used.

[00405] In some embodiments, the promoter is a tissue-specific promoter. In some
embodiments, the promoter is a lineage-specific promoter. In some embodiments, the promoter

is promoter that can be used to drive ubiquitous expression of the CAR or IL-10.

[00406] In some embodiments, the promoter is a native human promoter. In some
embodiments, the promoter is a human elongation factor (EF)1a promoter. In some
embodiments, the promoter is a human phosphoglycerate kinase promoter (PGK). In some

embodiments, the promoter is a human ubiquitin C promoter (UBI-C).

[00407] In some embodiments, the promoter is a synthetic promoter. In certain
embodiments, the promoter is a minimal CMV core promoter. In particular embodiments, the
promoter is an inducible or constitutive bidirectional promoter. In specific embodiments, the
synthetic bidirectional promoter disclosed in Amendola et al., Nature Biotechnology, 23(1):108-
116 (2005) is used. This promoter can mediate coordinated transcription of two mRNAs in a
ubiquitous or a tissue-specific manner. In certain embodiments, the bidirectional promoter

induces expression of CAR and a selection marker or IL-10 and a selection marker.

[00408] In some embodiments, the promoter is a native human promoter. In some
embodiments, the promoter is a human elongation factor (EF)1a promoter. In some
embodiments, the promoter is a human phosphoglycerate kinase promoter (PGK). In some

embodiments, the promoter is a human ubiquitin C promoter (UBI-C).

[00409] In some embodiments, the first and/or second exogenous polynucleotide
segment further comprises one or more non-coding sequences 3’ to the coding sequence. Non-
limiting examples of non-coding sequences 3’ to the coding sequence include 3’untranslated
region (UTR), a poly(A) signal and a woodchuck hepatitis virus post-transcriptional regulatory
element (WPRE).

[00410] In some embodiments, an exogenous polynucleotide comprises more than one
coding sequence. For example, an exogenous polynucleotide includes the first exogenous
polynucleotide segment and the second exogenous polynucleotide segment on a single
contiguous polynucleotide sequence (e.g., a single polynucleotide construct). In some
embodiments, the one or more coding sequences include a sequence encoding a CAR and a

sequence encoding a selection marker. In some embodiments, the one or more coding sequences
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include a sequence encoding IL-10 and a sequence encoding a selection marker. In some
embodiments, the one or more coding sequences include a sequence encoding a CAR, a
sequence encoding IL-10, and one or more sequences encoding a selection marker. In some

embodiments, the exogenous polynucleotide is free of a selection marker.

[00411] In some embodiments, the multiple coding sequences are separated by one or

more internal ribosome entry site (IRES).

[00412] In some embodiments, the multiple coding sequences are separated by one or
more self-cleaving peptides. In some embodiments, the self-cleaving peptides can be 2A self-
cleaving peptides. Non-limiting examples of self-cleaving peptides include 2A peptides (18-22
amino acids), including a peptide from foot-and-mouth disease virus (F2A), porcine teschovirus-
1 (P2A), Thosea asigna virus (T2A), or equine rhinitis A virus (E2A). In some embodiments,
the first exogenous polynucleotide, the second exogenous polynucleotide, or both, comprise a
sequence encoding a Furin P2A peptide. In some embodiments, the first exogenous
polynucleotide, the second exogenous polynucleotide, or both, comprise a sequence encoding a
T2A peptide. In some embodiments, the first exogenous polynucleotide, the second exogenous

polynucleotide, or both, comprise a sequence encoding an E2A peptide.

[00413] In some embodiments, the coding sequence further comprises a self-cleaving
peptide between the coding sequence of the heavy chain and the coding sequence of the light
chain. In some embodiments, the self-cleaving peptide is selected from the group consisting of

F2A, P2A, T2A and E2A.

6.3.5. Selection markers

[00414] In some embodiments, the first exogenous polynucleotide segment, the second
exogenous nucleotide segment, or both, further comprise a polynucleotide segment encoding a
selection marker that permits selection of successfully transduced CD4" T cells. In some
embodiments, the first exogenous polynucleotide segment, the second exogenous nucleotide

segment, or both, are free of a selection marker.

[00415] In some embodiments, an exogenous polynucleotide comprises the first
exogenous polynucleotide segment and the second exogenous polynucleotide segment are on a
single contiguous polynucleotide sequence (e.g., a single polynucleotide construct). In such
cases, the exogenous polynucleotide includes one or more selection makers that permits selection

of successfully transduced CD4* T cells.
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[00416] In some embodiments, the selection marker is ANGFR. In certain
embodiments, the selection marker is a polypeptide having the sequence of SEQ ID NO: 3. In
certain embodiments, the selection marker is a polypeptide having at least 90%, 95%, 98%, or
99% sequence identity to SEQ ID NO: 3. In particular embodiments, the nucleotide sequence
encoding the ANGFR selection marker has the sequence of SEQ ID NO: 4. In some
embodiments, the nucleotide sequence encoding the ANGFR selection marker has at least 90%,

95%, 98%, or 99% sequence identity to SEQ ID NO: 4.

[00417] In some embodiments, expression of the selection marker correlates with
expression of IL-10 from the exogenous polynucleotide. In some embodiments, expression of
the selection marker linearly correlates with expression of IL-10 from the exogenous
polynucleotide. Accordingly, in some embodiments, expression of the selection marker is

measured to infer expression of IL-10 from the exogenous polynucleotide.

[00418] In some embodiments, the selection marker is a truncated form of EGFR
polypeptide. In some embodiments, the selection marker is a truncated form of the human
EGEFR polypeptide, optionally huEGFR disclosed in Wang et al. “A transgene-encoded cell
surface polypeptide for selection, in vivo tracking, and ablation of engineered cells”, Blood, v.

118, n. 5 (2011), incorporated by reference in its entirety herein.

[00419] In some embodiments, the exogenous polynucleotide further comprises a
sequence encoding an antibiotic resistance gene. In some embodiments, the exogenous

polynucleotide comprises a sequence encoding an ampicillin resistance gene.

6.3.6. Gene expression of CD4-1%CAR ¢ellg or polydonor CD4L-1V/CAR

[00420] CD4L-LVCAR cellg express IL-10. In some embodiments, CD4L-1YCAR cellg
constitutively express IL-10. In some embodiments, CD4-1%CAR cells express IL-10 when
activated.

[00421] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or

allogeneic single-donor) or polydonor CD4"-1%/CAR

IL-10 per 10° of the CD4* T cells/mL of culture. In some embodiments, CD4-10CAR cellg or

cells constitutively express at least 100 pg of

4]L—10/CAR

polydonor CD cells constitutively express at least 200pg, 500pg, 1ng, Sng, 10ng, or

50ng of IL-10 per 10° of the CD4" T cells/mL of culture.

[00422] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or

allogeneic single-donor) or polydonor CD4L-1%CAR cellg express at least 1ng or 2ng IL-10 per
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10° of the CD4* T cells/mL of culture after activation with a combination of anti-CD3 and anti-
CD28 antibodies, or anti-CD3 antibody and anti-CD28 antibody coated beads. In some
embodiments, polydonor CD4™10 T cells express at least 5Sng, 10ng, 100ng, 200ng, or 500ng IL-
10 per 10 of the CD4* T cells/mL of culture after activation with anti-CD3 and anti-CD28
antibodies or CD3 antibody and CD28 antibody coated beads.

[00423] In various embodiments, the amount of IL-10 production is determined 12
hours, 24 hours, or 48 hours after activation using various methods for protein detection and
measurement, such as ELISA, real-time polymerase chain reaction (PCR), spectroscopic
procedures, colorimetry, amino acid analysis, radiolabeling, Edman degradation, HPLC, western
blotting, etc. In preferred embodiments, the amount of IL-10 production is determined by

ELISA 48 hours after activation with anti-CD3 and anti-CD28 antibodies.

[00424] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or

4IL-10/CAR cells express IL-10 at a level at least 5-fold

allogeneic single-donor) or polydonor CD
higher than unmodified CD4" T cells. In some embodiments, polydonor CD4™1% T cells express
IL-10 at alevel at least 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 20, 30, 40, or 50-fold higher than

unmodified CD4* T cells.

[00425] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-1%CAR cellg express at least 100 pg IL-5 per 10° of
the CD4* T cells/mL. In some embodiments, CD4-19CAR cells (e.g., autologous single-donor or

4]L— 10/CAR

allogeneic single-donor) or polydonor CD cells express at least 100 pg, 200 pg, 500pg,

Ing, 5Sng, 10ng, or 50ng IL-5 per 10° of the CD4" T cells/mL.

[00426] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4-1%CAR cells express at least 1ng IL-5 per 10° of the
CD4* T cells/mL after activation with anti-CD3 and anti-CD28 antibodies. In some
embodiments, CD419CAR ¢ells (e.g., autologous single-donor or allogeneic single-donor) or
polydonor CD4-10/CAR cells express at least 2ng, Sng, 10ng, 100ng, 200ng, or 500ng IL-5 per
10° of the CD4* T cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

[00427] In various embodiments, the amount of IL-5 production is determined 12 hours,
24 hours, or 48 hours after activation using various methods for protein detection and
measurement, such as ELISA, real-time polymerase chain reaction (PCR), spectroscopic

procedures, colorimetry, amino acid analysis, radiolabeling, Edman degradation, HPLC, western
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blotting, etc. In preferred embodiments, the amount of IL-5 production is determined by ELISA

48 hours after activation with anti-CD3 and anti-CD28 antibodies.

[00428] In some embodiments, CD41%CAR ¢els (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-1%CAR cells express at least 100 pg IFN-y per 10° of
the CD4" T cells/mL. In some embodiments, CD4L-1¥CAR cells (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-1%CAR cells express at least 100 pg, 200 pg, 500pg,
Ing, 5ng, 10ng, or 50ng IFN-vy per 10° of the CD4" T cells/mL.

[00429] In some embodiments, CD41%CAR ¢els (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-1%CAR cells express at least Ing I IFN-y per 10° of
the CD4" T cells/mL after activation with anti-CD3 and anti-CD28 antibodies. In some
embodiments, CD419CAR ¢ells (e.g., autologous single-donor or allogeneic single-donor) or
polydonor CD4-1VCAR cellg express at least 2ng, Sng, 10ng, 100ng, 200ng, or 500ng IFN-v per
10° of the CD4* T cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

[00430] In various embodiments, the amount of IFN-y production is determined 12
hours, 24 hours, or 48 hours after activation using various methods for protein detection and
measurement, such as ELISA, real-time polymerase chain reaction (PCR), spectroscopic
procedures, colorimetry, amino acid analysis, radiolabeling, Edman degradation, HPLC, western
blotting, etc. In preferred embodiments, the amount of IFN-y production is determined by

ELISA 48 hours after activation with anti-CD3 and anti-CD28 antibodies.

[00431] In some embodiments, CD41%CAR ¢els (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-1%CAR cells express at least 25 pg IL-4 per 10° of
the CD4* T cells/mL. In some embodiments, CD4-19CAR cells (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-1%CAR cells express at least 25 pg, 50 pg, 75 pg, 100
pg, 200 pg, 500pg, 1ng, 5ng, 10ng, or 50ng IL-4 per 10° of the CD4* T cells/mL.

[00432] In some embodiments, CD41%CAR ¢els (e.g., autologous single-donor or

4]L— 10/CAR

allogeneic single-donor) or polydonor CD cells express at least 100 pg IL-4 per 10° of

the CD4" T cells/mL after activation with anti-CD3 and anti-CD28 antibodies. In some
embodiments, CD4L-10/CAR
polydonor CD4IL-10CAR ¢ells express at least 100 pg, 200 pg, 300 pg, 400 pg, 500 pg, 600 pg, 700
pg, 800 pg, 900 pg, 1000 pg, 2ng, Sng, 10ng, 100ng, 200ng, or 500ng IL-4 per 10° of the CD4* T

cells/mL after activation with anti-CD3 and anti-CD28 antibodies.

cells (e.g., autologous single-donor or allogeneic single-donor) or
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[00433] In various embodiments, the amount of IL.-4 production is determined 12 hours,
24 hours, or 48 hours after activation using various methods for protein detection and
measurement, such as ELISA, real-time polymerase chain reaction (PCR), spectroscopic
procedures, colorimetry, amino acid analysis, radiolabeling, Edman degradation, HPLC, western
blotting, etc. In preferred embodiments, the amount of IL-4 production is determined by ELISA

48 hours after activation with anti-CD3 and anti-CD28 antibodies.

[00434] In some embodiments, the expression one or more of [L-10, IL-4, IFN-y, IL-22,

and IL-5 is stable after one or more re-stimulations.

[00435] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-10/CAR cells further express a selection marker. In
some embodiments, CD4L-1¥CAR cells or polydonor CD4L-1VCAR cells express a protein typically
expressed in Trl cells. In some embodiments, CD4L-1%CAR cells or polydonor CD4L-1YCAR cels

express a marker protein characteristic of Tr1 cells.

[00436] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4-1%CAR cells express CD49b. In some embodiments,
CD4L-1VCAR cells or polydonor CD4L-1YCAR cells express LAG-3. In some embodiments,

CD4L-1VCAR cells or polydonor CD4L-1VCAR cells express TGF-B. In some embodiments, CD4

10/CAR 4]L—10/CAR 4]L—10/CAR

cells or polydonor CD cells express IFN-y. In some embodiments, CD

4]L—10/CAR 4]L—10

cells or polydonor CD cells express GzB. In some embodiments, polydonor CD
cells release GzB when activated with myeloid antigen-presenting cells. In some embodiments,
CD4L-1VCAR cells or polydonor CD4M-10CAR cells express perforin. In some embodiments,
CD4L-1VCAR cells or polydonor CD4L-1VCAR cells release perforin when activated with myeloid
antigen-presenting cells. In some embodiments, CD4™1YCAR cells or polydonor CD41-10/CAR
cells express CD18. In some embodiments, CD4L-1VCAR cells or polydonor CD41-10CAR celg
express CD2. In some embodiments, CD4M1¥CAR cells or polydonor CD4™L-1YCAR cells express

CD226. In some embodiments, polydonor CD410 cells express IL-22. In some embodiments,

CD4L-LVCAR cells or polydonor CD4L-1VCAR cells express IL-10.

[00437] In some embodiments, CD41%CAR cels (e.g., autologous single-donor or
allogeneic single-donor) or polydonor CD4L-1%CAR el exhibit at least one function of Trl cells.
In various embodiments, the function is secretion of IL-10, secretion of TGF-J3, and by the
specific killing of myeloid antigen-presenting cells through the release of Granzyme B (GzB)

and perforin.

62



WO 2023/129929 PCT/US2022/082431

6.3.7. Additional properties of CD4'L-1V/CAR ce]lg

[00438] In some embodiments, a CD4L-1%CAR ¢e]] comprises an anti-CD19 CAR. In
some embodiments, the CD41%CAR ¢e]] is capable of in vitro cytotoxicity to a CD19" target
cell. In some embodiments, the CD4-19CAR ¢el] i5 capable of in vivo cytotoxicity to a CD19*
target cell. In some embodiments, the CD19" target cell is an autoantibody-producing B cell. In
some embodiments, the CD19* target cell is a CD19* cancer cell. In some embodiments, the
cytotoxicity to a CD19* target cell is maintained after one or more restimulations (see, e.g.,

production methods described in FIGs. SA-5C).

[00439] In some embodiments, the CD4™1%CAR ¢e]] i5 capable of in vitro cytotoxicity to
a myeloid target cell. In some embodiments, the CD4™1%CAR el is capable of in vivo
cytotoxicity to a myeloid target cell. In some embodiments, the CD4L-1¥CAR ce]] is capable of
cytotoxicity to a CD19* target cell and a myeloid target cell. In some embodiments, the myeloid
target cell expressing one or more of Class | MHC, CD13, CD54 and CD112. In some
embodiments, the cytotoxicity to a myeloid target cell is maintained after one or more

restimulations (see, e.g., production methods described in FIGs. 5A-5C).

[00440] In some embodiments, the CD41%CAR ce]] is capable of suppressing allogeneic
CD4" T cell proliferation. In some embodiments, the CD4L-1%CAR ¢e]] is capable of suppressing
allogeneic CD4* T cell proliferation by at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, or at least 90%.

[00441] In some embodiments, the CD41%CAR ce]] is capable of suppressing allogeneic

CDS8* T cell proliferation. In some embodiments, the CD4-10/CAR

cell is capable of suppressing
allogeneic CD8" T cell proliferation by at least 10%, at least 20%, at least 30%, at least 40%, at

least 50%, at least 60%, at least 70%, at least 80%, or at least 90%.

[00442] In some embodiments, the CD41%CAR ce]] is capable of suppressing allogeneic
CD4" T cell proliferation and allogenic CD8* T cell proliferation. In some embodiments, the
CD4L-1VCAR el is capable of suppressing allogeneic CD4" T cell proliferation by at least 10%,
at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, or
at least 90% and suppressing allogeneic CD8* T cell proliferation by at least 10%, at least 20%,
at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, or at least 90%.
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[00443] In some embodiments, suppression mediated by CD4-19CAR cells is calculated
as follows: 100-([proliferation of responders in the presence of CD41 T cells (control) and

CD4L-1VCAR T cells / proliferation of responders] x 100).

[00444] In some embodiments, the suppressive property is stable after one or more

restimulations.

6.3.8. Product by process

[00445] In some embodiments CD4™19YCAR T cells (autologous or allogeneic single-
donor or allogeneic polydonor CD4L-1¥CAR cellg) are obtained by modifying CD4™ T cells with
an exogenous polynucleotide segment encoding a CAR and an exogenous polynucleotide
segment encoding IL-10. In some embodiments, modifying CD4* T cells with a first exogenous
polynucleotide segment encoding a CAR and a second exogenous polynucleotide segment
encoding IL-10 comprises: (i) a first transduction with the polynucleotide segment encoding IL-
10 followed by a second transduction with the exogenous polynucleotide segment encoding the
CAR; (ii) a first transduction with the polynucleotide segment encoding the CAR followed by a
second transduction with the exogenous polynucleotide segment encoding IL-10; (iii)
simultaneous transduction (i.e., co-transduction) of the polynucleotide segment encoding IL-10
and the exogenous polynucleotide segment encoding the CAR; or (iv) transduction of a single
polynucleotide construct comprising both the polynucleotide segment encoding IL-10 and the
polynucleotide segment encoding the CAR. In some embodiments, the polynucleotide encoding
IL-10 further comprises a coding sequence of a marker protein (e.g., deltaNGFR).

[00446] In some embodiments, CD41%CAR ¢e]ls (single-donor or polydonor CD4™
LUCAR (ells) are obtained by modifying CD4* T cells with (i) a first polynucleotide construct
comprising a polynucleotide segment encoding a CAR and second polynucleotide construct
comprising a polynucleotide segment encoding IL-10 or (ii) a single polynucleotide construct
comprising a polynucleotide segment encoding a CAR and a polynucleotide segment encoding

IL-10.

[00447] In some embodiments, the first exogenous polynucleotide segment encoding a
CAR, the second exogenous polynucleotide segment encoding IL-10, or a polynucleotide
construct comprising the first and second exogenous polynucleotide segments is introduced to
CD4" T cells by a viral vector or a plasmid vector. In some embodiments, CD4* T cells are

transduced with a first viral vector (e.g., any of the viral vectors described herein) containing the
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polynucleotide segment encoding IL-10 followed by a second transduction with a second viral
vector (e.g., any of the viral vectors described herein) containing the polynucleotide segment
encoding a CAR. In another embodiment, CD4* T cells are co-transduced with a first viral
vector (e.g., any of the viral vectors described herein) containing the first exogenous
polynucleotide segment and a second viral vector containing the second exogenous
polynucleotide segment. In yet another embodiment, CD4" T cells are transduced with a viral
vector (e.g., any of the viral vectors described herein) containing both the first and second

exogenous polynucleotide segments.

[00448] In some embodiments, polydonor CD4-1%CAR are generated by (i) pooling
primary CD4* T cells obtained from at least two different T cell donors; and (ii) modifying the
pooled CD4" T cells according to the methods described herein. In some embodiments,
polydonor CD4L-1YCAR T cells are generated by (i) obtaining primary CD4* T cells from at least
two different T cell donors; (ii) separately modifying each donor’s CD4* T cells according to the

methods described herein, and then (iii) pooling the genetically modified CD4* T cells.

[00449] In some embodiments, CD4-1%CAR T cells have been cultured in the presence
of proteins capable of activating CD4" T cells. In some embodiments, CD4™1¥CAR T cells have
been cultured in the presence of anti-CD3 antibody and anti-CD28 antibody, or anti-CD3
antibody and anti-CD28 antibody coated beads. In some embodiments, CD4L-1YCAR T cells have
been cultured in the presence of anti-CD3 antibodies, anti-CD28 antibodies, and IL.-2, or anti-
CD3 antibody and anti-CD28 antibody coated beads and IL-2. In some embodiments, CD4™
LWVCAR T cells have been cultured in the presence of a polymeric nanomatrix reagent to activate
and expand human T cells via CD3 and CD28. In some embodiments, CD4L-1YCAR T cells have
been cultured in the presence of other T-cell specific immune cell culture media, activators, and

supplements.

[00450] In some embodiments, CD41%CAR (single-donor or polydonor CD4-10/CAR T
cells) are in a frozen stock (e.g., frozen suspension). In some embodiments, CD4™-1¥CAR (single-

donor or polydonor CD4IL-1YCAR T ce]ls) are in a liquid suspension.

6.4. Population of CD41VCART cells
[00451] In another aspect, the disclosure features a population of CD4-¥CAR T cells as
described herein above. In some embodiments, the population further comprises CD4* T cells

(e.g., primary CD4* T cells).
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[00452] In some embodiments, the population of CD4" T cells comprise CD4" T cells
obtained from an autologous or allogeneic single T cell donor (single-donor CD4-1CAR celig),
In some embodiments, the primary CD4* T cells are from a single T cell donor. In some
embodiments, the primary CD4* T cells are from the same individual (i.e., the same patient). In
some embodiments, the population of CD4" T cells comprise CD4" T cells obtained from at least
two different T cell donors (polydonor CD4™-19CAR cells). In some embodiments, the primary

CD4* T cells are from the donor of the allo-HSCT.

[00453] In some embodiments, the CD4* T cells were obtained from two, three, four,
five, six, seven, eight, nine, or ten different T cell donors and pooled. Polydonor CD410 T cells
and methods of making and using the same are described in PCT/US2021/039464, which is
herein incorporated by reference in its entirety. Methods and/or compositions described therein

can be adopted to generate polydonor CD4IL-1V/CAR celg,

[00454] In some embodiments, the primary CD4* T cells are from donors selected from
donors after analyzing a donors’ genetic information. In some embodiments, genetic
information of a donor (i.e., the donor of the primary CD4" T cells) is not analyzed. In some
embodiments, the primary CD4" T cells are from donors selected based on their HLA
haplotypes. In some embodiments, the CD4* T cells in the population collectively have six,
seven, eight, nine, ten, eleven, twelve, or more different HLA haplotypes. In some
embodiments, all the CD4" T cells in the population have at least 1/10, 2/10, 3/10, 4/10, 5/10,
6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-DQB1
loci to each other. In some embodiments, all the CD4* T cells in the population have at least 1/8,
2/8, 3/8, 4/8, 5/8, 6/8, 1/8, or 8/8 match at the HLA-A, HLA-B, HLA-C, and HLA-DRBI loci to

each other.

[00455] In some embodiments, all the CD4" T cells in the population have 2/2 match at
the HLA-A locus to each other. In some embodiments, all the CD4" T cell in the population
have 2/2 match at the HLA-B locus to each other. In some embodiments, all the CD4* T cell in
the population have 2/2 match at the HLA-C locus to each other. In some embodiments, all the
CD4" T cells in the population have at least 3/4 or 4/4 match at the HLA-DRB1 and HLA-DQB1
loci with each other. In some embodiments, all the CD4" T cells in the population have an A*(02

or an A*24 allele. In some embodiments, all the CD4+ T cells are A*(2 or A*24 negative.

[00456] In some embodiments, all of the CD4* T cells in the population have less than
5/10, 6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-
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DQBI1 loci to each other. In some embodiments, all of the CD4* T cells in the population have
less than 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA-C, and HLA-DRBI1 loci to
each other. In some embodiments, all the CD4" T cells in the population have less than 2/2
match at the HLA-A locus to each other. In some embodiments, all the CD4* T cells in the
population have less than 2/2 match at the HLA-B locus to each other. In some embodiments, all
the CD4" T cells in the population have less than 2/2 match at the HLA-C locus to each other. In
some embodiments, all the CD4* T cells in the population have less than 3/4 or 4/4 match at the
HLA-DRB1 and HLA DQB1 loci with each other.

[00457] In some embodiments, at least 30% (e.g., at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
80%, at least 90%, at least 95%, or at least 98%) of the CD4* T cells within the population
express the CAR and IL-10 as inferred by the expression of ANGFR.

[00458] In some embodiments, the CD4* T cells are in a frozen suspension. In some
embodiments, the CD4* T cells are in a liquid suspension. In some embodiments, the liquid

suspension has previously been frozen.

6.5. Pharmaceutical compositions
[00459] In another aspect, pharmaceutical compositions are provided. In some
embodiments, the pharmaceutical composition comprises any of the single donor CD4L-10/CAR T
cells provided herein, any of the polydonor CD4™%CAR T cells provided herein, or any of the
populations of polydonor CD4L-1%CAR T cells provided herein, and a pharmaceutically

acceptable carrier or diluent.

[00460] The pharmaceutical composition can be formulated for administration by any
route of administration appropriate for human or veterinary medicine. In typical embodiments,
the composition is formulated for intravenous (IV) administration. In some embodiments, the
composition is formulated for intravenous (IV) infusion. In embodiments formulated for [V
administration, the pharmaceutical composition will be in the form of a parenterally acceptable

aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability.

[00461] In some embodiments, the pharmaceutically acceptable carrier or diluent is
saline, lactated Ringer’s solution, or other physiologically compatible solution. In various
embodiments, the pharmaceutical composition solution comprises 2-20%, preferably 5 %,

human serum albumin.
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[00462] In some embodiments, unit dosage forms of the pharmaceutical composition are
provided that are adapted for administration of the pharmaceutical composition by systemic
administration, in particular, for intravenous administration.

[00463] In some embodiments, the unit dosage form contains 10* to 10!} CD4L-10/CAR

cells or polydonor CD4™M1VCAR cells, 10% to 1010 CD4M-1YCAR cells or polydonor CD4L-1¥CAR
cells, 10* to 10° CD4L-1YCAR T cells or polydonor CD4L-10CAR cells, 10° to 1010 CD4IL-10/CAR
cells or polydonor CD4™M1%CAR cells, 105 to 10° CD4-1YCAR cells or polydonor CD41-10/CAR
cells, 10° to 108 CD4L-1YCAR cells or polydonor CD4L-1YCAR cels, or 10° to 107 CD4L-10/CAR

cells or polydonor CD4-10CAR el

[00464] In typical embodiments, the pharmaceutical composition in the unit dosage

form is in liquid form.

6.6. Methods of making single donor CD41/CAR ce]ls or polydonor CD4110/CAR
cells

[00465] In another aspect, the present disclosure provides a method of making

CD4MYCAR cells or polydonor CD4MIVCAR cells,

[00466] In some embodiments, the methods provided herein include modifying the
CD4* T cells or pooled CD4* T cells by introducing an exogenous polynucleotide segment
encoding a CAR and an exogenous polynucleotide segment encoding IL-10. In some
embodiments, modifying the CD4* T cells or pooled CD4" T cells with a exogenous
polynucleotide segment encoding a CAR and a exogenous polynucleotide segment encoding IL-
10 comprises:(i) a first transduction with the polynucleotide segment encoding IL-10 followed
by a second transduction with the exogenous polynucleotide segment encoding the CAR; (ii) a
first transduction with the polynucleotide segment encoding the CAR followed by a second
transduction with the exogenous polynucleotide segment encoding IL-10; (iii) simultaneous
transduction (i.e., co-transduction) of the polynucleotide segment encoding IL-10 and the
exogenous polynucleotide segment encoding the CAR; or (iv) transduction of a single
polynucleotide construct comprising both the polynucleotide segment encoding IL-10 and the

polynucleotide segment encoding the CAR.

[00467] In some embodiments, the single polynucleotide construct comprising the
polynucleotide segment encoding IL-10 and the polynucleotide segment encoding the CAR is a

bidirectional vector in which IL-10 is under one promoter (e.g., PGK or EF1a) and the CAR is
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under a second promoter (for example CMV). In such cases, if the construct includes a
polynucleotide sequence encoding a selection marker, the polynucleotide sequence can be

downstream of a either the IL-10 or the CAR.

[00468] In some embodiments, the single polynucleotide construct comprising the
polynucleotide segment encoding IL-10 and the polynucleotide segment encoding the CAR
comprises from 5’ to 3’ the sequence encoding IL-10 and the sequence encoding the CAR. In
such embodiments, the sequence encoding IL-10 and the sequence encoding the CAR are
operably linked to a single promoter (e.g., constitutive or inducible). In such embodiments, a
sequence encoding an internal ribosome entry site (IRES) or a sequence encoding a 2A-peptide

is located between the sequence encoding IL-10 and the sequence encoding the CAR.

[00469] In some embodiments, the single polynucleotide construct comprising the
polynucleotide segment encoding IL-10 and the polynucleotide segment encoding the CAR
comprises from 5’ to 3’ the sequence encoding the CAR and the sequence encoding IL-10. In
such embodiments, the sequence encoding the CAR and the sequence encoding IL-10 are
operably linked to a single promoter (e.g., constitutive or inducible). In such embodiments, a
sequence encoding an internal ribosome entry site (IRES) or a sequence encoding a 2A-peptide

is located between the sequence encoding the CAR and the sequence encoding IL-10.

[00470] In some embodiments, the method comprises the steps of: (a) pooling primary
CD4" T cells obtained from one or more T cell donors; and (b) modifying the pooled CD4* T
cells by introducing a first exogenous polynucleotide segment encoding a CAR and a second
exogenous polynucleotide segment encoding IL-10 according to the methods provided herein. In
other embodiments, the method comprises the steps of: (a) obtaining primary CD4* T cells from
one or more T cell donors; (b) separately modifying each donor’s CD4* T cells by introducing a
first exogenous polynucleotide segment encoding a CAR and a second exogenous polynucleotide
segment encoding IL-10 (e.g., according to the methods provided herein); and then pooling the
genetically modified CD4" T cells, thereby obtaining the CD4-19%CAR ¢ells. Various methods
known in the art can be used to introduce a first exogenous polynucleotide segment encoding a
CAR, a second exogenous polynucleotide segment encoding IL-10, or both, to primary CD4" T

cells.

[00471] In some embodiments, the method further comprises the step of incubating the
primary CD4* T cells or genetically-modified CD4" T cells in the presence of an anti-CD3
antibody and anti-CD28 antibody, or anti-CD3 antibody and anti-CD28 antibody coated beads.
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In some embodiments, the method further comprises the step of incubating the primary CD4" T
cells or genetically-modified CD4" T cells in the presence of anti-CD3 antibody, anti-CD28
antibody and IL-2 or anti-CD3 antibody and anti-CD28 antibody coated beads and IL-2. In
some embodiments, the method further comprises the step of incubating the primary CD4* T
cells or genetically-modified CD4" T cells in the presence of a mixture of feeder cells. In some
embodiments, the method further comprises the step of incubating the primary CD4* T cells or
genetically-modified CD4* T cells in the presence of nanopreparations of anti-CD3 antibody and
anti-CD28 antibody. In some embodiments, the incubation is done in the presence of a
polymeric nanomatrix reagent to activate and expand human T cells via CD3 and CD28. In some
embodiments, CD4™1%CAR T cells have been cultured in the presence of other T-cell specific

immune cell culture media, activators, and supplements.

[00472] In some embodiments, the incubation step is performed before introducing a
first exogenous polynucleotide segment encoding a CAR and a second exogenous polynucleotide
segment encoding IL-10 according to the methods provided herein. In some embodiments, the
incubation step is performed after (a) pooling primary CD4* T cells obtained from one or more
different T cell donors; but before (b) modifying the pooled CD4" T cells by introducing a first
exogenous polynucleotide segment encoding a CAR, and a second exogenous polynucleotide
segment encoding IL-10 according to the methods provided herein. In some embodiments, the
incubation step is performed after (a) obtaining primary CD4" T cells from one or more different
T cell donors; but before (b) separately modifying each donor’s CD4* T cells by introducing a
first exogenous polynucleotide segment encoding a CAR and a second exogenous polynucleotide

segment encoding IL-10 according to the methods provided herein.

[00473] In some embodiments, the incubation step is performed after step (b). In other
words, in some embodiments, the incubation step is performed after (b) modifying the pooled
CD4" T cells by introducing a first exogenous polynucleotide segment encoding a CAR and a
second exogenous polynucleotide segment encoding IL-10 according to the methods provided
herein. In some embodiments, the incubation step is performed after (b) separately modifying
each donor’s CD4* T cells by introducing a first exogenous polynucleotide segment encoding a
CAR and a second exogenous polynucleotide segment encoding IL-10 according to the methods
provided herein, but before pooling the genetically modified CD4* T cells, thereby obtaining the
genetically-modified CD4* T cells. In some embodiments, the incubation step is performed after

4]L—10/CAR

pooling the genetically modified CD4* T cells, thereby obtaining the CD cells.
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[00474] In some embodiments, the incubation step is performed more than once. In
some embodiments, the incubation step is performed both before and after genetic modification

of CD4* T cells.

[00475] In some embodiments, the first exogenous polynucleotide segment, the second
exogenous polynucleotide segment, or both, is introduced into the primary CD4" T cells using a
viral vector. In some embodiments, the first and second exogenous polynucleotide segments are

located on the same viral vector. In some embodiments, the viral vector is a lentiviral vector.

[00476] In some embodiments, the first exogenous polynucleotide comprises a segment
encoding a CAR having the sequence of SEQ ID NOs: 9, 16, 22, 34, 41-49, and 54 and the
second exogenous polynucleotide segment encoding IL-10 having the sequence of SEQ ID NO:
1. In some embodiments, the first exogenous polynucleotide comprises a segment encoding a
CAR having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NOs: 9,
16,22, 34, 41-49, and 54 and the second exogenous polynucleotide comprises a segment
encoding IL-10 having at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID
NO: 1.

[00477] In some embodiments, the CAR-encoding polynucleotide segment has the
sequence of SEQ ID NOs: 10, 17, 23, 35, or 55 and the IL-10-encoding polynucleotide segment
has the sequence of SEQ ID NO: 2. In some embodiments, the CAR-encoding polynucleotide
segment has at least 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to SEQ ID NOs: 10,
17,22, 35, or 55and the IL-10-encoding polynucleotide segment has at least 80%, 85%, 90%,
95%, 98%, or 99% sequence identity to SEQ ID NO: 2. In some embodiments, the first
exogenous polynucleotide segment, the second exogenous polynucleotide segment, or both,
further comprise a segment encoding a marker permitting selection of successfully transduced
CD4* T cells. In some embodiments, the encoded selection marker is ANGFR. In certain
embodiments, the encoded selection marker has the sequence of SEQ ID NO: 4. In some

embodiments, the encoded selection marker is a truncated form of human EGFR polypeptide.

[00478] In some embodiments, the method further comprises the step of isolating the
genetically-modified CD4* T cells expressing one or more selection markers, thereby generating

an enriched population of genetically-modified CD419CAR ce]ls.

[00479] In some embodiments, at least 40% (e.g., at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, or at least 98%) of the genetically-modified CD4*

T cells in the enriched population express a selection marker, wherein the selection marker is a
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proxy for IL-10 expression. In some embodiments, at least 75% (e.g., at least 80%, at least 90%,
at least 95%, or at least 98%) of the genetically-modified CD4" T cells in the enriched
population express a selection marker, wherein the selection marker is a proxy for IL-10
expression. In some embodiments, at least 75% of the genetically-modified CD4* T cells in the
enriched population express a selection marker. In some embodiments, at least 95% of the
genetically-modified CD4* T cells in the enriched population express a selection marker. In
some embodiments, at least 96, 97, 98, or 99% of the genetically-modified CD4* T cells in the

enriched population express a selection marker.

[00480] In some embodiments, at least 75% (e.g., at least 80%, at least 90%, at least
95%, or at least 98%) of the genetically-modified CD4" T cells in the enriched population
express IL-10. In some embodiments, at least 75% of the genetically-modified CD4* T cells in
the enriched population express IL-10. In some embodiments, at least 95% of the genetically-
modified CD4+ T cells in the enriched population express IL-10. In some embodiments, at least
96, 97, 98, or 99% of the genetically-modified CD4+ T cells in the enriched population express
IL-10.

[00481] In some embodiments, at least 30 % (e.g., at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
80%, at least 90%, at least 95%, or at least 98%) of the genetically-modified CD4* T cells in the
enriched population express a CAR. In some embodiments, at least 50% of the genetically-
modified CD4" T cells in the enriched population express a CAR. In some embodiments, at least
75% of the genetically-modified CD4" T cells in the enriched population express a CAR. In
some embodiments, at least 95% of the genetically-modified CD4" T cells in the enriched
population express a CAR. In some embodiments, at least 96, 97, 98, or 99% of the genetically-
modified CD4* T cells in the enriched population express a CAR.

[00482] In some embodiments, at least 30 % (e.g., at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
80%, at least 90%, at least 95%, or at least 98%) of the genetically-modified CD4* T cells in the
enriched population express IL-10 and a CAR. In some embodiments, at least 50% of the
genetically-modified CD4* T cells in the enriched population express IL-10 and a CAR. In some
embodiments, at least 75% of the genetically-modified CD4* T cells in the enriched population
express IL-10 and a CAR. In some embodiments, at least 95% of the genetically-modified CD4*

T cells in the enriched population express IL-10 and a CAR. In some embodiments, at least 96,
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97, 98, or 99% of the genetically-modified CD4* T cells in the enriched population express IL-
10 and a CAR.

[00483] In some embodiments, the method further comprises the step of incubating the
enriched population of the genetically-modified CD4* T cells. In some embodiments, the
incubation is performed in the presence of anti-CD3 antibody and anti-CD28 antibody, or anti-
CD3 antibody and anti-CD28 antibody coated beads. In some embodiments, the incubation is
performed further in presence of IL-2. In some embodiments, the incubation is performed in the
presence of feeder cells. In some embodiments, the incubation is performed in the presence of
nanopreparations of anti-CD3 antibody and anti-CD28 antibody. In some embodiments, the
incubation is performed in the presence of a polymeric nanomatrix reagent to activate and
expand human T cells via CD3 and CD28. In some embodiments, CD4-1YCAR T cells have been
cultured in the presence of other T-cell specific immune cell culture media, activators, and

supplements.

[00484] In some embodiments, the method further comprises the step of freezing the

genetically-modified CD4* T cells.

[00485] In some embodiments, the primary CD4* T cells are from donors selected based
on their HLA haplotypes. In some embodiments, the method further comprises the step of
selecting T cell donors by analyzing their genetic information. In some embodiments, the
method comprises the step of analyzing genetic information or HLA haplotype of potential T cell

donors.

[00486] In some embodiments, the primary CD4* T cells are from donors having at least
a partial HLA match with a host to be treated with the primary CD4* T cells or a modification
thereof. In some embodiments, the primary CD4* T cells are from donors having at least a
partial HLA match with a stem cell (HSC), tissue or organ donor. In some embodiments, the
CD4* T cells are from donors HLA matched with a stem cell (HSC), tissue, or organ donor. In
some embodiments, the primary CD4* T cells are obtained from third party donors who are not
biologically related with a host. In some embodiments, the primary CD4* T cells are obtained

from third party donors who are not biologically related with a stem cell, tissue or organ donor.

[00487] In some embodiments, in step (a), the primary CD4* T cells are obtained from
two, three, four, five, six, seven, eight, nine, or ten different T cell donors. In some
embodiments, the at least two T cell donors have at least 1/10, 2/10, 3/10, 4/10, 5/10, 6/10, 7/10,
8/10, or 9/10 match at the HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-DQBI1 loci to each
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other. In some embodiments, the at least two T cell donors have at least 1/8, 2/8, 3/8, 4/8, 5/8,
6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA-C, and HLA-DRBI loci to each other. In
some embodiments, the at least two T cell donors have 2/2 match at the HLA-A locus to each
other. In some embodiments, the at least two T cell donors have 2/2 match at the HLA-B locus
to each other. In some embodiments, the at least two T cell donors have 2/2 match at the HLA-C
locus to each other. In some embodiments, the at least two T cell donors have at least 3/4 or 4/4
match at the HLA-DRB1 and HLA-DQB1 loci to each other. In some embodiments, each of the
at least two T cell donors has an A*02 or A*24 allele. In some embodiments, the T-cell donor is
HLA-A*02 negative. In some embodiments, each of the at least two T cell donors is HLA-A*(2
or HLA-A*24 negative.

[00488] In some embodiments, the at least two T cell donors have less than 5/10, 6/10,
7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA-C, HLA-DRBI1, and HLA-DQB/1 loci to
each other. In some embodiments, the at least two T cell donors have less than 4/8, 5/8, 6/8, 7/8,
or 8/8 match at the HLA-A, HLA-B, HLA-C, and HLA-DRBI loci to each other. In some
embodiments, the at least two T cell donors have less than 2/2 match at the HLA-A locus to each
other. In some embodiments, the at least two T cell donors have less than 2/2 match at the HLA-
B locus to each other. In some embodiments, the at least two T cell donors have less than 2/2
match at the HLA-C locus to each other. In some embodiments, the at least two T cell donors

have less than 3/4 or 4/4 match at the HLA-DRB1 and HLA-DQB1 loci to each other.

[00489] In some embodiments, in step (a), the primary CD4*T cells are obtained from
one or more frozen stocks. In some embodiments, in step (a), the primary CD4* T cells are
obtained from unfrozen peripheral blood mononuclear cells of the at least two different T cell
donors. In some embodiments, the method further comprises the step of isolating CD4* T cells
from the peripheral blood mononuclear cells. In some embodiments, in step (a), the primary
CD4" T cells are obtained from a liquid suspension. In some embodiments, the liquid suspension

is obtained from a previously frozen stock.

[00490] In some embodiments, the method does not comprise the step of anergizing the
CD4" T cells in the presence of peripheral blood mononuclear cells (PBMCs) from a host. In
some embodiments, the method does not comprise the step of anergizing the CD4* T cells in the
presence of recombinant IL-10 protein, wherein the recombinant IL-10 protein is not expressed
from the CD4" T cells. In some embodiments, the method does not comprise the step of

anergizing the CD4" T cells in the presence of DC10 cells from a host.
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[00491] In some embodiments, the methods provided herein include modifying the
CD4* T cells or pooled CD4* T cells by introducing an exogenous polynucleotide segment
encoding a CAR and an exogenous polynucleotide segment encoding IL-10 after one or more of

the pooling, purification, restimulation, and expansion steps.

6.7. Methods of using CD4'-1YCAR ¢els or polydonor CD4L-1W/CAR

[00492] In another aspect, the present disclosure provides a method of treating a patient,

4]L—10/CAR

comprising the step of administering any of the CD cells (e.g., autologous single-donor

or allogeneic single-donor) provided herein, any of the allogeneic polydonor CD4L-1YCAR T cellg

4]L—10/CAR

provided herein, any of the populations of polydonor CD cells provided herein, or any

of the pharmaceutical composition provided herein to a patient in need thereof.

[00493] In some embodiments, the method further comprises the preceding step of
thawing a frozen suspension of CD4-19CAR celis,
[00494] In some embodiments, the autologous single-donor or allogeneic single-donor

CD4L-1VCAR cels or allogeneic polydonor CD4-19CAR cells or the pharmaceutical composition

prevents or reduces severity of pathogenic T cell response in the patient.

[00495] In some embodiments, the polydonor CD4"10 cells or the pharmaceutical

composition prevents or reduces the severity of an inflammatory or autoimmune response.

[00496] In some embodiments, the polydonor CD4™1%CAR cells or the pharmaceutical

composition prevents or reduces severity of pathogenic T cell response in the patient. In some

4]L—10/CAR

embodiments, the polydonor CD cells or the pharmaceutical composition reduces

4I-I0/CAR cells or the pharmaceutical

inflammation. In some embodiments, the polydonor CD
composition enhances tissue repair. In some embodiments, the polydonor CD4-10CAR ceJls or
the pharmaceutical composition enhances immunological tolerance to self and non-pathogenic
antigens and maintain immune homeostasis. In some embodiments, the polydonor CD4™L-10/CAR
cells or the pharmaceutical composition downregulates pathogenic T-cell responses associated
with organ transplantation, GvHD and various autoimmune and inflammatory diseases. In some

4]L—10/CAR

embodiments, the polydonor CD cells or the pharmaceutical composition treats

4IL-10/CAR Golls or the

autoimmune disease. In some embodiments, the polydonor CD
pharmaceutical composition reduces hyperactivity of NLPR3 inflammasome or reduces
symptoms associated with hyperactivity of NLPR3 inflammasome. In some embodiments, the
polydonor CD4-1VCAR cells or the pharmaceutical composition induces death of tumor cells or

reduces tumor growth. In some embodiments, the polydonor CD4L-1%CAR gells or the
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pharmaceutical composition increases disease free survival (e.g., absence of minimal residual

4]L—10/CAR

disease). In some embodiments, the polydonor CD cells or the pharmaceutical

composition induces wound healing or tissue repair.

[00497] In some embodiments, the polydonor CD410 cells or the pharmaceutical
composition are administered at an amount effective to prevent or reduce severity of pathogenic
T cell response in the patient. In some embodiments, the polydonor CD4%1? cells or the
pharmaceutical composition are administered at an amount effective to reduce inflammation. In

4]L—10

some embodiments, the polydonor CD cells or the pharmaceutical composition are

administered at an amount effective to enhance tissue repair. In some embodiments, the

4]L—10

polydonor CD cells or the pharmaceutical composition are administered at an amount

effective to enhance immunological tolerance to self and non-pathogenic antigens and maintain

immune homeostasis. In some embodiments, the polydonor CD41-10

cells or the pharmaceutical
composition are administered at an amount effective to downregulate pathogenic T-cell
responses associated with organ transplantation, GvHD and various autoimmune or

4110 cells or the

inflammatory diseases. In some embodiments, the polydonor CD
pharmaceutical composition are administered at an amount effective to treat autoimmune
disease. In some embodiments, the polydonor CD4-10 cells or the pharmaceutical composition
are administered at an amount effective to reduce hyperactivity of NLPR3 inflammasome or
reduces symptoms associated with hyperactivity of NLPR3 inflammasome. In some

embodiments, the polydonor CD4-1°

cells or the pharmaceutical composition are administered
at an amount effective to induce death of tumor cells or reduces tumor growth. In some
embodiments, the polydonor CD4™™1 cells or the pharmaceutical composition are administered
at an amount effective to increase disease free survival (e.g., absence of minimal residual

disease).

[00498] In some embodiments, the single donor CD4™L-1%CAR ¢e]ls (e.g., autologous or
allogeneic) or the pharmaceutical composition prevents or reduces severity of pathogenic T cell
response in the patient. In some embodiments, the single donor CD41VCAR celis or the
pharmaceutical composition reduces inflammation. In some embodiments, the single donor
CD4L-1VCAR gells or the pharmaceutical composition enhances tissue repair. In some
embodiments, the single donor CD41%CAR ce]ls or the pharmaceutical composition enhances
immunological tolerance to self and non-pathogenic antigens and maintain immune homeostasis.

4]L—10/CAR

In some embodiments, the single donor CD cells or the pharmaceutical composition

downregulates pathogenic T-cell responses associated with organ transplantation, GvHD and
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various autoimmune and inflammatory diseases. In some embodiments, the single donor CD4™™

LU/CAR cells or the pharmaceutical composition treats autoimmune disease. In some embodiments,

the single donor CD4-10/CAR

cells or the pharmaceutical composition reduces hyperactivity of
NLPR3 inflammasome or reduces symptoms associated with hyperactivity of NLPR3
inflammasome. In some embodiments, the single donor CD4--1¥CAR cels or the pharmaceutical
composition induces death of tumor cells or reduces tumor growth. In some embodiments, the
single donor CD4L-1%CAR cells or the pharmaceutical composition increases disease free survival
(e.g., absence of minimal residual disease). In some embodiments, the single donor CD4L-10/CAR

cells or the pharmaceutical composition induces wound healing or tissue repair.

[00499] In some embodiments, the treatment method further comprises monitoring
CD4L-1VCAR (cells in a patient after administration. In some embodiments, the method comprises

the step of detecting a selection marker in a biological sample obtained from the patient, thereby

4]L—10/CAR 4]L—10/CAR

detecting presence or absence of CD cells or polydonor CD cells. In some
embodiments, the method comprises the step of detecting a selection marker in a patient, and
using detection of the selection marker to track and/or monitor CD4L-10CAR ¢e]ls following
administration to a patient. In some embodiments, the selection marker is detected at multiple

4 IL-10/CAR

time points to trace changes in presence of CD cells in a patient. In some embodiments,

the biological sample is a biopsy or blood sample from the patient.

[00500] The CD4-1VCAR ¢ells (autologous single-donor, allogeneic single-donor or

allogeneic polydonor CD41-10/CAR

cells) are administered in a therapeutically effective amount.
The amount can be determined based on the body weight and other clinical factors. In some
embodiments, 10° to 10! cells/kg are administered. In some embodiments, 10° to 10'° cells/kg
are administered. In some embodiments, 10° to 10° cells/kg are administered. In some
embodiments, 10° to 10® cells/kg are administered. In some embodiments, 10° to 107 cells/kg are
administered. In some embodiments, 10° to 10° cells/kg are administered. In some embodiments,
10° to 10° cells/kg are administered. In some embodiments, 10° to 10* cells/kg are administered.

[00501] In various embodiments, CD4-10/CAR cells (autologous single-donor, allogeneic

4]L— 10/CAR

single-donor, or allogeneic polydonor CD cells) are administered on a therapeutically

effective schedule. In some embodiments, CD4L-19CAR cells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD419CAR ce]ls) are administered once. In

4]L—10/CAR

some embodiments, CD cells (autologous single-donor, allogeneic single-donor, or
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allogeneic polydonor CD4-1CAR cells) are administered every day, every 3 days, every 7 days,
every 14 days, every 21 days, or every month.

[00502] The CD4-10CAR cells (autologous single-donor, allogeneic single-donor, or

allogeneic polydonor CD41-10/CAR

cells) can be administered according to different
administration routes, such as systemically, subcutaneously, or intraperitoneally. In some
embodiments, the cells are administered within a saline or physiological solution which may

contain 2-20%, preferably 5 % human serum albumin.

6.7.1. Methods of reducing or preventing GvHD

[00503] In some embodiments, CD4™!%CAR ¢e]ls (autologous single-donor, allogeneic
single-donor, or allogeneic polydonor CD41%CAR cells), the population of single-donor or
polydonor CD4-1VCAR cells, or any of the pharmaceutical compositions provided herein is used
to treat a patient before a hematopoietic stem cell (HSC) transplant (HSCT), concurrently with

an HSCT, or following an HSCT.

[00504] In various embodiments, the HSCT is a matched related HSCT, or a matched
unrelated HSCT. In various embodiments, the HSCT is a haploidentical HSCT, a mismatched
related HSCT, or a mismatched unrelated HSCT.

[00505] In some embodiments, the patient has a hematological malignancy which
requires treatment with allo-HSCT. In some embodiments, the hematological malignancy is
mediated by aberrant myeloid cells. In some embodiments, the malignancy or hematological
cancer is a myeloid leukemia. In some embodiments, the malignancy or hematological cancer is
a CD19*, CD20*, CD22*, BCMA®, or B7-H3* hematological cancer. In some embodiments, the
CD19%, CD20*, CD22*, or B7-H3* hematological cancer is selected from chronic lymphocytic
leukemia, acute lymphoblastic leukemia (ALL), and non-Hodgkin's lymphomas.

[00506] In some embodiments, T cell donors are selected based on genetic information
of a patient to be treated with CD41%CAR (autologous single-donor or allogeneic single-donor)

or allogeneic polydonor CD4--1¥CAR

cells and HSC, and/or genetic information of the HSC
donor. In some embodiments, T cell donors are selected based on HLA haplotype of a patient to
be treated with polydonor CD4%1 cells and HSC, and/or HLA haplotype of the HSC donor. In

41010 cells,

some embodiments, the method further comprises the step, prior to administering CD
of analyzing genetic information or HLA haplotype of T cell donors. In some embodiments, the

method further comprises the step of analyzing genetic information or HL.A haplotype of a host.
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In some embodiments, the method further comprises the step of analyzing genetic information or

HLA haplotype of an HSC donor.

[00507] In some embodiments, T cell donors, a host and an HSC donor are not
biologically related. In some embodiments, T cell donors, a host and an HSC donor have
different HLA haplotypes. In some embodiments, T cell donors, a host and an HSC donor have
at least partial mismatch in HLA haplotype. In some embodiments, T cell donors are selected

when they have HLA haplotype with an HLA match over a threshold value.

[00508] In some embodiments, the HSC donor is partially HLA mismatched to the
patient. In some embodiments, the HSC donor has less than 5/10, 6/10, 7/10, 8/10, 9/10 or 10/10
match at the HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-DQB/1 loci to the patient. In some
embodiments, the HSC donor has less than 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-
B, HLA-C, and HLA-DRBI1 loci to the patient. In some embodiments, the HSC donor has less
than 2/2 match at the HLA-A, HLA-B, or HLA-C locus to the patient. In some embodiments,
the HSC donor has less than 3/4 or 4/4 match at the HLA-DRB1 and HLA-DQB1 loci to the

patient.

[00509] In some embodiments, one or more of the T cell donors are HLA-mismatched
or partially HLA-mismatched to the patient. In some embodiments, one or more of the T cell
donors have less than 5/10, 6/10, 7/10, 8/10, 9/10 or 10/10 match at the HLA-A, HLA-B, HLA-
C, HLA-DRBI1, and HLA-DQBI1 loci to the patient. In some embodiments, one or more of the T
cell donors have less than 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA-C, and
HLA-DRBI loci to the patient. In some embodiments, one or more of the T cell donors have
less than 2/2 match at the HLA-A, HLA-B, or HLA-C locus to the patient. In some
embodiments, one or more of the T cell donors have less than 2/4, 3/4 or 4/4 match at the HLA-

DRB1 and HLA-DQBI1 loci to the patient.

[00510] In some embodiments, one or more of the T cell donors are HLA-mismatched
or partially HLA-mismatched with the HSC donor. In some embodiments, one or more of the T
cell donors have less than 5/10, 6/10, 7/10, 8/10, 9/10 or 10/10 match at the HLA-A, HLA-B,
HLA-C, HLA-DRBI1, and HLA-DQBI1 loci to the HSC donor. In some embodiments, one or
more of the T cell donors have less than 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B,
HLA-C, and HLA-DRBI1 loci to the HSC donor. In some embodiments, one or more of the T
cell donors have less than 2/2 match at the HLA-A, HLA-B, or HLA-C locus to the HSC donor.
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In some embodiments, one or more of the T cell donors have less than 3/4 or 4/4 match at the

HLA-DRB1 and HLA-DQB1 loci to the HSC donor.

4]L—10/CAR

[00511] In some embodiments, when administered to a patient, CD cells (single

4IL—10/CAR 4]L—10/CAR

donor or polydonor CD cells), the population of single-donor or polydonor CD

cells, or any of the pharmaceutical compositions provided herein prevents or reduces severity of

GvHD by the transplanted hematopoietic stem cells.

4]L—10/CAR

[00512] In some embodiments, when administered to a patient, CD cells (single

4IL—10/CAR 4]L—10/CAR

donor or polydonor CD cells), the population of single-donor or polydonor CD

cells, or any of the pharmaceutical compositions provided herein prevents or reduces severity of
pathological T cell response by the transplanted hematopoietic cells. In specific embodiments,

the CD4-1YCAR o1 polydonor CD4-1YCAR cells prevents or reduces GvHD.

[00513] In some embodiments, the polydonor CD410 cells or the pharmaceutical
composition prevents or reduces severity of tissue damage induced by the pathogenic T cells or

the inflammation.

6.7.2. Methods of treating cancer

[00514] In some embodiments, CD41%CAR ¢e]ls (autologous single-donor, allogeneic

4]L— 10/CAR

single-donor or allogeneic polydonor CD cells), the population of single-donor or

4]L—10/CAR

polydonor CD cells, or any of the pharmaceutical compositions provided herein are

4]L—10/CAR

used for treatment of cancer. In some embodiments, CD cells (autologous single-donor,

4]L— 10/CAR

allogeneic single-donor, or allogeneic polydonor CD cells), the population of single-

4IL— 10/CAR

donor or polydonor CD cells, or any of the pharmaceutical compositions provided

herein are used for treating a malignancy.

[00515] In preferred embodiments, the CD4L-1¥CAR cells (autologous single-donor,

4]L— 10/CAR

allogeneic single-donor, or allogeneic polydonor CD cells) directly mediate anti-tumor

effects and in particular embodiments, an anti-leukemic effect.

[00516] In some embodiments, CD41%CAR ¢e]ls (autologous single-donor, allogeneic
single-donor, or allogeneic polydonor CD41%CAR cells), the population of single-donor or
polydonor CD4-1VCAR cells, or any of the pharmaceutical compositions provided herein and
allogeneic are administered prior or after hematopoietic stem cell transplantation (HSCT),

peripheral blood stem cells (PBSC), cord blood (CB), or bone marrow (BM) transplantation.
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[00517] In some embodiments, the neoplastic cells express CD19. In some
embodiments, the neoplastic cells express CD20. In some embodiments, the neoplastic cells
express CD22. In some embodiments the neoplastic cells express BCMA. In some
embodiments, the neoplastic cells express B7-H3. In some embodiments, the neoplastic cells
express CD13. In some embodiments, the neoplastic cells express HLA-class . In some
embodiments, the neoplastic cells express CD54. In some embodiments, the neoplastic cells
express CD13, HLA-class I and CD54. In some embodiments, the neoplastic cells express
CD112. In some embodiments, the neoplastic cells express CD58. In some embodiments, the
neoplastic cells express CD155. In some embodiments, the tumor expresses CD112, CD38, or
CD155. In various embodiments, the tumor is a solid or hematological tumor. In some
embodiments, the tumor is a solid tumor. In some embodiments, the solid tumor expresses B7-
H3. In some embodiment, the solid tumor is selected from the group consisting of: breast
cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer,
renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck

cancer, sarcomas, neuroblastomas and ovarian cancer.

[00518] In some embodiments, the patient has a cancer selected from the group
consisting of: Adrenal Cancer, Anal Cancer, Bile Duct Cancer, Bladder Cancer, Bone Cancer,
Brain/CNS Tumors In Adults, Brain/CNS Tumors In Children, Breast Cancer, Breast Cancer In
Men, Cancer of Unknown Primary, Castleman Disease, Cervical Cancer, Colon/Rectum Cancer,
Endometrial Cancer, Esophagus Cancer, Ewing Family Of Tumors, Eye Cancer, Gallbladder
Cancer, Gastrointestinal Carcinoid Tumors, Gastrointestinal Stromal Tumor (GIST), Gestational
Trophoblastic Disease, Hodgkin Disease, Kaposi Sarcoma, Kidney Cancer, Laryngeal and
Hypopharyngeal Cancer, Leukemia, Acute Lymphocytic (ALL), Acute Myeloid (AML,
including myeloid sarcoma and leukemia cutis), Chronic Lymphocytic (CLL), Chronic Myeloid
(CML) Leukemia, Chronic Myelomonocytic (CMML), Leukemia in Children, Liver Cancer,
Lung Cancer, Lung Cancer with Non-Small Cell, Lung Cancer with Small Cell, Lung Carcinoid
Tumor, Lymphoma, Lymphoma of the Skin, Malignant Mesothelioma, Multiple Myeloma,
Mpyelodysplastic Syndrome, Nasal Cavity and Paranasal Sinus Cancer, Nasopharyngeal Cancer,
Neuroblastoma, Non-Hodgkin Lymphoma, Non-Hodgkin Lymphoma In Children, Oral Cavity
and Oropharyngeal Cancer, Osteosarcoma, Ovarian Cancer, Pancreatic Cancer, Penile Cancer,
Pituitary Tumors, Prostate Cancer, Retinoblastoma, Rhabdomyosarcoma, Salivary Gland Cancer,
Sarcoma - Adult Soft Tissue Cancer, Skin Cancer, Skin Cancer - Basal and Squamous Cell, Skin

Cancer - Melanoma, Skin Cancer - Merkel Cell, Small Intestine Cancer, Stomach Cancer,
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Testicular Cancer, Thymus Cancer, Thyroid Cancer, Uterine Sarcoma, Vaginal Cancer, Vulvar

Cancer, Waldenstrom Macroglobulinemia, and Wilms Tumor.

[00519] In some embodiments, the cancer is a myeloid tumor. In particular
embodiments, the cancer is AML or CML. In some embodiments, the cancer is a myeloid

tumor. In some embodiments, the cancer is ALL.

[00520] In some embodiments, the method is used to treat a hematological cancer
affecting blood, bone marrow, and lymph nodes. In various embodiments, the hematological
cancer is a lymphoma (e.g., Hodgkin's Lymphoma), lymphocytic leukemias, myeloma. In
various embodiments, the hematological cancer is acute or chronic myelogenous (myeloid)

leukemia (AML, CML), or a myelodysplastic syndrome.

[00521] In some embodiments, the malignancy or hematological cancer is a CD197,
CD20%, CD22%, BCMA*, or B7-H3* hematological cancer. In some embodiments, the CD197,
CD20", CD22*, BCMA™, or B7-H3* hematological cancer is chronic lymphocytic leukemia,
acute lymphoblastic leukemia (ALL), and non-Hodgkin's lymphomas.

[00522] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,

allogeneic single-donor, or allogeneic polydonor CD4!L-10/CAR

cells) are used for treating a
patient with a hematological cancer where the method includes administering a therapeutically
effective amount of the CD4-1¥CAR cells (autologous single-donor, allogeneic single-donor, or
allogeneic polydonor CD4-1CAR cells), the population of single-donor or polydonor CD4

LUCAR cels, or any of the pharmaceutical compositions provided herein to the patient.

[00523] In some embodiments, the CD41%CAR cells are used for treating a patient with
a CD19* hematological cancer where the method includes administering a therapeutically
effective amount of CD4-10/ant-CDI9 CAR ¢elig (autologous single-donor, allogeneic single-donor,
or allogeneic polydonor CD4!L-1%ant-CDIY CARY " pylations of single-donor or polydonor CD4

10/and-CDI9CAR cells, or any of the pharmaceutical compositions provided herein to the patient.

[00524] In some embodiments, the CD41%CAR cells are used for treating a patient with
a CD20" hematological cancer where the method includes administering a therapeutically
effective amount of CD41-10/ant-CD20 CAR ¢elig (autologous single-donor, allogeneic single-donor,
or allogeneic polydonor CD4!L-1%ant-CD20 CARY " pylations of single-donor or polydonor CD4

10/and-CD20 CAR cells, or any of the pharmaceutical compositions provided herein to the patient.
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[00525] In some embodiments, the CD41%CAR cells are used for treating a patient with
a CD22* hematological cancer where the method includes administering a therapeutically
effective amount of CD4-10/ant-CD22 CAR ¢elig (autologous single-donor, allogeneic single-donor,
or allogeneic polydonor CD4L-10/ant-CD22 CAR) “nopylations of single-donor or polydonor CD4%

10/and-CD22CAR cels, or any of the pharmaceutical compositions provided herein to the patient.

[00526] In some embodiments, the CD41%CAR cells are used for treating a patient with
a B7-H3" cancer (e.g., a solid cancer) where the method includes administering a therapeutically
effective amount of CD4L-10/ant-B7-H3 CAR cellg (autologous single-donor, allogeneic single-donor,
or allogeneic polydonor CD4!L-1%ant-B7-H3 CARY “nopylations of single-donor or polydonor CD4™

10/ant-B7-H3 CAR ce]g, or any of the pharmaceutical compositions provided herein to the patient.

[00527] In some embodiments, the CD41%CAR cells are used for treating a patient with
a BCMAT cancer (e.g., a solid cancer) where the method includes administering a therapeutically
effective amount of CD4-10/ant-BEMACAR gelg (autologous single-donor, allogeneic single-donor,
or allogeneic polydonor CD4!L-1%ant-BECMA CARY “rohy]ations of single-donor or polydonor CD4-

10/and-BEMA CAR ¢els, or any of the pharmaceutical compositions provided herein to the patient.

[00528] In some embodiments, the cancer is refractory or resistant to a therapeutic
intervention.
[00529] In some embodiments, the methods provided herein are used for preventing

relapse of a CD19%, CD20*, CD22*, BCMA™, or B7-H3" hematological and solid cancers in a
patient, comprising: administering to a patient, identified as having a CD19*, CD20*, CD22*
BCMA™, or B7-H3" hematological or solid cancers or at risk of having a relapse of a CD19",
CD20", CD22*, BCMA™, or B7-H3* hematological or solid cancers, a therapeutically effective

amount of the CD4™-1%CAR ¢ells (autologous single-donor, allogeneic single-donor, or allogeneic

4]1—10/CAR 4]1—10/CAR

polydonor CD cells), the population of single-donor or polydonor CD cells, or
any of the pharmaceutical compositions provided herein are sufficient to induce an anti-cancer

effect.

[00530] In some embodiments, the CD4--1YCAR cells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1%CAR cells) are used in combination with
a therapeutic intervention. The combination may be simultaneous or performed at different
times. Preferably the therapeutic intervention is selected from the group consisting of:
chemotherapy, radiotherapy, allo-HSCT, immune suppression, blood transfusion, bone marrow

transplant, growth factors, biologicals.
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[00531] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1VCAR cells) are used in treating a patient
with a malignancy, where the method includes administering an allo-HSCT graft to the patient,
and administering a therapeutically effective amount of the CD4L-1V/CAR ¢ells (autologous single-
donor, allogeneic single-donor, or allogeneic polydonor CD41%CAR cells), the population of
single-donor or polydonor CD41%CAR cells, or any of the pharmaceutical compositions

provided herein to the patient.

[00532] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1VCAR cells) are used to treat cancer
patients receiving allogeneic HSCT (allo-HSCT) in order to prevent GvHD and to induce long
term tolerance (in addition to direct anti-tumor effects). The amount of CD4L-1YCAR cells s
sufficient to suppress or prevent graft versus host disease (GvHD) without suppressing graft
versus leukemia (GvL) or graft versus tumor (GvT) efficacy of the allo-HSCT (mediated by

donor T-cells present in stem cell preparation).

[00533] Also provided herein are methods for treating a patient with minimal residual

disease, comprising: administering to a patient, identified as having minimal residual disease or

at risk of having minimal residual disease, a therapeutically effective amount the CD4L-1¥CAR

cells (autologous single-donor, allogeneic single-donor, or allogeneic polydonor CD41L-10/CAR

4]L—10/CAR

cells), the population of single-donor or polydonor CD cells, or any of the

pharmaceutical compositions provided herein sufficient to induce an anti-cancer effect.

[00534] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,

4]L— 10/CAR

allogeneic single-donor, or allogeneic polydonor CD cells), the population of single-

4IL-LUCAR cells, or any of the pharmaceutical compositions provided

donor or polydonor CD
herein induce cell death of tumor infiltrating tumor growth promoting myeloid lineage cells (e.g.,

monocytes, macrophages, neutrophils).

[00535] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1CAR cells), the population of single-
donor or polydonor CD4™-1%CAR ceJls, or any of the pharmaceutical compositions provided
herein induce cell death of B cells (e.g., CD19" B cells, CD20* B cells, CD22* B cell, BCMA,
B7-H3" B cells, or B7-H3* solid tumor cells).
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6.7.3. Methods of treating inflammatory or autoimmune disease

AIL-1V/CAR (ollg are

[00536] In some embodiments, single donor or polydonor CD
administered to treat inflammatory or autoimmune disease. In some embodiments, single donor
or polydonor CD4L-1%CAR cells are administered to treat a disease or disorder involving

hyperactivity of NLPR3 inflammasome.

[00537] The NOD-like receptor family (NLR) protein NLRP3 is an intracellular
signaling molecule that senses danger signals from pathogenic, environmental or endogenous
source. Following activation, NLPR3 interacts with caspase-1, forming a complex termed the
inflammasome. This results in the activation of caspase-1, which cleaves the pro-inflammatory
cytokines IL-1f and IL-18 to their active forms and mediates a type of inflammatory cell death
known as pyroptosis.

4IL-10/CAR ¢olls are

[00538] In some embodiments, single donor or polydonor CD
administered to treat an inflammatory disease selected from Muckle-Wells syndrome (MWS),
familial cold auto- inflammatory syndrome (FCAS) and neonatal onset multi-system
inflammatory disease (NOMID). In some embodiments, single donor or polydonor CD4L-10/CAR
cells are administered to treat a chronic disease selected from metabolic syndrome, type 2
diabetes, atherosclerosis, Alzheimer, Parkinson, ALS, non-alcoholic steatohepatitis,
osteoarthritis, silicosis, asbestosis, gout, and lung fibrosis. In some embodiments, single donor
or polydonor CD419CAR cells are administered to treat Crohn’s disease, Ulcerative colitis,
Multiple sclerosis and systemic lupus erythromytosis or inflammatory eye diseases such as

diabetic retinopathy, acute glaucoma and age related macular degeneration.

[00539] In some embodiments, single donor or polydonor CD4™--1/CAR cells are
administered to treat a disease associated with NLRP3. The disease can be selected from the
group consisting of: CAPS, NASH, Alzheimer, Parkinson, cardiovascular disease, osteoarthritis,
gout, pseudogout, nephrocalcitosis, type II diabetes, Sjogren syndrome, sickle cell disease
(SCD), AMD, infections, cerebral malaria, asbestosis, contact hypersensitivity, sunburn,
silicosis, cystic fibrosis, inflammatory bowel disease, ALS, myelodysplastic syndrome, and

uveitis.

[00540] In some embodiments, the disease is a brain disorder selected from Parkinson,
Alzheimer, age-related cognitive impairment, frontotemporal dementia, traumatic brain injury,
intracerebral hemorrhage, sepsis-associated encephalopathy, cerebral ischemia, subarachnoid

hemorrhage, epilepsy, acrylamide poisoning, opioid-induced neuroinflammation, chronic
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migraine, perioperative neurocognitive disorder, poststroke cognitive impairment, post-cardiac
arrest cognitive impairment, social isolation-induced cognitive impairment, anxiety and post-

traumatic stress disorder.

[00541] In some embodiments, the disease is a lung disorder selected from asthma, IR
lung injury, ARDS/COPD, particulate matter-induced lung injury, radiation pneumonitis,

pulmonary hypertension, sarcoidosis, cystic fibrosis, and allergic rhinitis.

[00542] In some embodiments, the disease is a heart disorder selected from
atherosclerosis, heart failure, hypertension, myocardial infarction, atrial fibrillation, cardiac

injury induced by metabolic dysfunction, heart failure, and endothelial dysfunction.

[00543] In some embodiments, the disease is a gastrointestinal disease, such as colitis.
In some embodiments, the disease is a liver disorder selected from acute liver failure, circadian
regulation of immunity, NASH, cognitive dysfunction in diabetes, IR liver injury, idiosyncratic
drug-induced liver injury and liver fibrosis. In some embodiments, the disease is a pancreas or
kidney disorder selected from diabetic encephalopathy, diabetes-associated atherosclerosis,
insulin resistance, islet transplantation rejection, chronic crystal nephropathy, renal fibrosis, I/R
kidney injury, obesity-associated renal disease, and renal hypertension. In some embodiments,
the disease is a skin or eye disorder selected from psoriasis and retinal neovascularization. In
some embodiments, the disease is a reproductive disorder such as preterm birth. In some
embodiments, the disease is an immune disorder selected from primary dysmenorrhea, innate
immunity, innate to adaptive immunity, systemic lupus erythematosus-lupus nephritis, and
multiple sclerosis. In some embodiments, the disease is an inheritable disorder selected from
Muckle-Wells syndrome, rheumatoid arthritis, sickle cell disease and VCP-associated disease. In
some embodiments, the disease is a pain disorder selected from multiple sclerosis-associated
neuropathic pain, chronic prostatitis/chronic pelvic pain, cancer-induced bone pain, and
hyperalgesia. In some embodiments, the disease is cancer, such as human squamous cell
carcinoma of head and neck cancer. In some embodiments, the disease is an infective disorder,

such as bacterial, viral or parasitic infection.

AIL-1V/CAR (olls are used in

[00544] In some embodiments, single donor or polydonor CD
combination with a currently available treatments for NLRP3 related diseases, such as a biologic
agent that target [L-1. The biologic agent includes the recombinant IL.-1 receptor antagonist
Anakinra, the neutralizing IL-1f antibody Canakinumab and the soluble decoy IL-1 receptor

Rilonacept.
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[00545] In some embodiments, single donor or polydonor CD4™--1/CAR cells are
administered to treat a disease selected from Type 2 diabetes, metabolic syndrome,
cardiovascular diseases, SLE, MS, CD, Ulcerative colitis (UC), osteoarthritis, Nonalcoholic
steatohepatitis (Nash), Parkinson, ALS, lung fibrosis, silicosis, asbestosis, diabetic retinopathy,

and age-related macular degeneration.

[00546] In some embodiments, single donor or polydonor CD4™--1/CAR cells are
administered to treat inflammation. The inflammation can be related to coronary artery disease
(CAD), Type 2 diabetes, neurodegenerative diseases, or inflammatory bowel disease, but is not

limited thereto.

AIL-10/CAR colls are

[00547] In some embodiments, single donor or polydonor CD
administered to treat a disease or disorder involving increased IL-1[ production by activated
monocytes, macrophages or dendritic cells. In some embodiments, single donor or polydonor
CD4L-1VCAR cells are administered to treat a disease or disorder involving increased IL-18
production by activated monocytes, macrophages or dendritic cells. In some embodiments,
single donor or polydonor CD4-19CAR cellg are administered to treat a disease or disorder

involving increased mature caspase 1 production by activated monocytes, macrophages or

dendritic cells.

[00548] In some embodiments, single donor or polydonor CD4™--1/CAR cells are
administered to reduce IL-1P production by activated monocytes, macrophages or dendritic cells.

4]L—10/CAR

In some embodiments, single donor or polydonor CD cells are administered to reduce

IL-18 production by activated monocytes, macrophages or dendritic cells. In some embodiments,

4]L—10/CAR

single donor or polydonor CD cells are administered to reduce mature caspase 1

production by activated monocytes, macrophages or dendritic cells.

6.7.4. Methods of treating other disorders

[00549] In some embodiments, CD4L-1%CAR celg (autologous single-donor, allogeneic

4I-107CAR cells) are administered to a patient in need of

single-donor, or allogeneic polydonor CD
immune tolerization. In some embodiments, a method provided herein includes administering a
therapeutically effective amount the CD4-1%CAR cells (autologous single-donor, allogeneic
single-donor, or allogeneic polydonor CD41%CAR cells), the population of single-donor or
polydonor CD4-1VCAR cells, or any of the pharmaceutical compositions provided herein, to a

patient in need of immune tolerization.
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[00550] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,

allogeneic single-donor, or allogeneic polydonor CD4!L-10/CAR

cells), the population of single-
donor or polydonor CD4™-1%CAR ceJls, or any of the pharmaceutical compositions provided

herein are administered to a patient to treat autoimmune disease.

[00551] In some embodiments, the autoimmune disease is selected from the group
consisting of: autoimmune uveitis, psoriasis, vitiligo, alopecis areata, psoriatic arthritis,
inflammatory bowel disease, Hashimoto’s thyroiditis, autoimmune vasculitis, ulcerative colitis,
bullous diseases, scleroderma, celiac disease, graves disease, systemic sclerosis, myasthenia
gravis, anti-NMDA encephalitis, pemphigoid diseases (vulgaris and foliaceus), epidermolysis
bullosa acquisita, thrombotic thrombocytopenic purpura, ididopathic thrombocytic purpora,
autoantibody induced vascular inflammation, autoantibody induced carditis, rheumatoid arthritis,
autoantibody induced rheumatoid arthritis, neuromyelitis optica spectrum disorders, systemic
lupus erythematosus (SLE), multiple sclerosis (MS), sjogren’s syndrome, autoimmune
myopathies, type I diabetes, addison disease, pernicious anemia, autoimmune hepatitis, primary
biliary cholangitis (PBC), autoimmune pancreatitis, goodpasture’s disease, primary membranous
nephropathy, ovarian insufficiency, autoimmune orchitis, dry eye disease, and idiopathic
interstitial pneumonias. In some embodiments, the autoimmune disease is Crohn’s disease,
ulcerative colitis, celiac disease, type-1 diabetes, lupus, psoriasis, psoriatic arthritis, or
rheumatoid arthritis. In some embodiments, the patient has an allergic or atopic disease. The
allergic or atopic disease can be selected from the group consisting of: asthma, atopic dermatitis,

and rhinitis. In some embodiments, the patient has a food allergy.

[00552] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,

allogeneic single-donor, or allogeneic polydonor CD4-1CAR cells), the population of single-

4IL— 10/CAR

donor or polydonor CD cells, or any of the pharmaceutical compositions provided

herein are administered to prevent or reduce severity of pathogenic T cell response to cell and
organ transplantation other than HSCT. In some embodiments, the method comprises the step of

organ transplantation to the patient, either prior to or subsequent to administration of the CD4™

LUCAR cells (autologous single-donor, allogeneic single-donor, or allogeneic polydonor CD4™

10/CAR 4]L—10/CAR

cells), the population of single-donor or polydonor CD cells, or any of the

pharmaceutical compositions provided herein. In certain embodiments, the organ is a kidney, a

4]L—10/CAR cells

heart, a lung, a liver, or pancreatic islet cells. In preferred embodiments, the CD
(autologous single-donor, allogeneic single-donor, or allogeneic polydonor CD4L-10CAR celg),

the population of single-donor or polydonor CD4-1¥CAR ¢ells, or any of the pharmaceutical
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compositions provided herein prevents or reduces severity of host rejection of the organ

transplantation.

[00553] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1CAR cells), the population of single-

donor or polydonor CD4!--10/CAR

cells, or any of the pharmaceutical compositions provided
herein are administered to prevent or reduce immune response associated with gene therapy, e.g.,
administration of recombinant Adenovirus, Adeno-Associated Virus (AAV), Herpes simplex
virus (HSV), Retrovirus, Lentivirus, a non-integration Lentivirus, Alphavirus, Flavivirus,
Rhabdovirus, Measles virus, Newcastle disease Virus, Poxvirus, or Picornavirus. In these
embodiments, the method further comprises the step of administering a recombinant Adenovirus,
Adeno-Associated Virus (AAV), Herpes simplex virus (HSV), Retrovirus, Lentivirus, a non-
integrating lentivirus, Alphavirus, Flavivirus, Rhabdovirus, Measles virus, Newcastle disease

Virus, Poxvirus, or Picornavirus to the patient, either prior to or subsequent to administration of

the CD4-1%CAR cells or the pharmaceutical composition.

[00554] In some embodiments, the CD4-10CAR ¢e]ls (autologous single-donor,

allogeneic single-donor, or allogeneic polydonor CD4!L-10/CAR

cells), the population of single-
donor or polydonor CD4™-1%CAR ceJls, or any of the pharmaceutical compositions provided
herein are administered to prevent or reduce immune response against a recombinant viral vector
other than AAV. In these embodiments, the method further comprises the step of administering

a recombinant viral vector other than AAV to the patient, either prior to or subsequent to

4]L—10/CAR 4]L—10/CAR

administration of the CD cells, the population of CD cells, or the
pharmaceutical composition. Non-limiting examples of viral vectors other than AAV include:
Herpes simplex virus (HSV), Retrovirus, Lentivirus, Alphavirus, Flavivirus, Rhabdovirus,

Measles virus, Newcastle disease Virus, Poxvirus, or Picornavirus.

[00555] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1CAR cells), the population of single-

donor or polydonor CD4IL-10CAR

cells, or any of the pharmaceutical compositions provided
herein are administered to prevent or reduce immune response associated with transplantation of
iPS-derived tissues or cells. The iPS-derived tissues and cells include, but are not limited to

cardiomyocytes, hepatocytes, epithelial cells, cartilage, bone and muscle cells, neurons.

[00556] In some embodiments, the method further comprises the step of administering

an immunogenic therapeutic protein to the patient, either prior to or subsequent to administration
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of the CD4-10CAR cells, the population of CD4M19CAR cells, or the pharmaceutical composition.
In some embodiments, the CD4L-1YCAR cels, the population of CD4L1YCAR cels, or the
pharmaceutical composition reduces immune responses against the immunogenic therapeutic
protein. In some embodiments, the immunogenic therapeutic protein is selected from a

therapeutic antibody, a factor VIII replacement, a cytokine, and a cytokine mutein.

[00557] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,

4]L— 10/CAR

allogeneic single-donor, or allogeneic polydonor CD cells), the population of single-

donor or polydonor CD4!--10/CAR

cells, or any of the pharmaceutical compositions provided
herein are administered to treat inflammation. The inflammation can be related to coronary
artery disease (CAD), Type 2 diabetes, neurodegenerative diseases, non-alcohol steatohepatitis(

NASH) , or inflammatory bowel disease, but is not limited thereto.

[00558] In some embodiments, the CD4-10CAR ¢ells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1CAR cells), the population of single-
donor or polydonor CD4™-1%CAR ceJls, or any of the pharmaceutical compositions provided
herein are administered to treat a disease or disorder involving hyperactivity of NLPR3
inflammasome. In some embodiments, the CD4-1%CAR ¢ellg (autologous single-donor,

4]L— 10/CAR

allogeneic single-donor, or allogeneic polydonor CD cells), the population of single-

donor or polydonor CD4!L-10/CAR

cells, or any of the pharmaceutical compositions provided
herein are administered to treat a disease or disorder involving increased IL-1[3 production by
activated monocytes, macrophages or dendritic cells. In some embodiments, the CD4™L-10/CAR
cells (autologous single-donor, allogeneic single-donor, or allogeneic polydonor CD41L-10/CAR
cells), the population of single-donor or polydonor CD41%CAR cells, or any of the
pharmaceutical compositions provided herein are administered to treat a disease or disorder
involving increased IL-18 production by activated monocytes, macrophages or dendritic cells. In

4]L—10/CAR

some embodiments, the CD cells (autologous single-donor, allogeneic single-donor, or

4]L—10/CAR

allogeneic polydonor CD cells), the population of single-donor or polydonor CD4

LU/CAR cels, or any of the pharmaceutical compositions provided herein are administered to treat
a disease or disorder involving increased mature caspase 1 production by activated monocytes,

macrophages or dendritic cells.

[00559] In some embodiments, the CD4-1YCAR cells (autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD4-1CAR cells), the population of single-

donor or polydonor CD4™-1%CAR ceJls, or any of the pharmaceutical compositions provided
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herein are administered to reduce IL-1p production by activated monocytes, macrophages or

4]L—10/CAR

dendritic cells. In some embodiments, the CD cells (autologous single-donor,

allogeneic single-donor, or allogeneic polydonor CD4!L-10/CAR

cells), the population of single-
donor or polydonor CD4!L-1YCAR cells, or any of the pharmaceutical compositions provided
herein are administered to reduce IL-18 production by activated monocytes, macrophages or

dendritic cells. In some embodiments, the CD41-10/CAR

cells (autologous single-donor, allogeneic
single-donor, or allogeneic polydonor CD4L-1CAR cellg) | the population of single-donor or
polydonor CD4-1VCAR cells, or any of the pharmaceutical compositions provided herein are
administered to reduce mature caspase 1 production by activated monocytes, macrophages or

dendritic cells.

[00560] In some embodiments, the CD4-10CAR ¢e]ls (s autologous single-donor,
allogeneic single-donor, or allogeneic polydonor CD419CAR cels), the population of single-

donor or polydonor CD4!--10/CAR

cells, or any of the pharmaceutical compositions provided
herein are administered to reduce patient hyperactive immune response to viral infection. In
some embodiments, the virus is SARS-coV-2. In some embodiments, the CD4-10CAR celig
(autologous single-donor, allogeneic single-donor, or allogeneic polydonor CD4L-10CAR celg),

the population of single-donor or polydonor CD4L-10/CAR

cells, or any of the pharmaceutical
compositions provided herein are administered to reduce hyperactive immune responses to
bacterial infections, such as toxic shock, cytokine storm, a therapeutic antibody, a factor VIII

replacement, a cytokine, and a cytokine mutein..

[00561] In another aspect, the present disclosure provides a method for treating or
inhibiting autoimmune disease, allergic disease, or inflammatory disease in a patient, comprising
the step of administering to a patient, identified as having autoimmune disease, allergic disease,

4]L—10/CAR

or inflammatory disease, a therapeutically effective amount of the CD cells (autologous

single-donor, allogeneic single-donor, or allogeneic polydonor CD4-10CAR cells), the population

of single-donor or polydonor CD4-1%/CAR

cells, or any of the pharmaceutical compositions
provided herein sufficient to treat or inhibit the autoimmune disease, allergic disease, or

inflammatory disease.

[00562] In another aspect, the present disclosure provides a method for reducing
transplant rejection in a patient transplanted with hematopoietic stem cells, bone marrow cells, or
a solid organ, comprising the step of administering to a patient, identified as having rejection of

transplanted hematopoietic stem cells, bone marrow cells, or a solid organ, a therapeutically
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effective amount of the CD4™-1%CAR ce]ls (autologous single-donor, allogeneic single-donor, or
allogeneic polydonor CD4-1CAR cells), the population of single-donor or polydonor CD4
LUCAR cels, or any of the pharmaceutical compositions provided herein sufficient to reduce

transplant rejection.

[00563] In another aspect, the present disclosure provides a method for treating graft-
versus-host disease (GvHD) in a patient, comprising: administering to a patient, identified as
having graft-versus-host disease (GvHD) or at risk of having graft-versus-host disease (GvHD),
a therapeutically effective amount of the CD4™-1¥CAR cells (autologous single-donor, allogeneic
single-donor, or allogeneic polydonor CD41%CAR cells), the population of single-donor or

polydonor CD41-10/CAR

cells, or any of the pharmaceutical compositions provided herein
sufficient to suppress or prevent GvHD. In some embodiments, the GvHD is acute GvHD. In

some embodiments, the GvHD is chronic GvHD.

[00564] In another aspect, the present disclosure features a method for treating tissue or
organ damage (e.g., wound healing) in a patient, comprising: administering to a patient,
identified as having tissue or organ damage or at risk of having tissue or organ damage, a

4]L—10/CAR

therapeutically effective amount of any of the CD cells provided herein, any of the

4]L—10/CAR

populations of CD cells provided herein, or the pharmaceutical composition provided

herein sufficient to induce repair of tissue or organ damage.

6.8. Polynucleotides and vectors
[00565] This disclosure also features one or more polynucleotide constructs comprising
(a) a first polynucleotide segment encoding a chimeric antigen receptor (CAR) (e.g., any of the
CARs provided herein); and (b) a second polynucleotide segment encoding interleukin-10 (IL-
10) and (c) a third polynucleotides segment encoding the truncated form of the NGFR. In some
embodiments, the first polynucleotide segment and the second and third polynucleotide are in the
same construct. In some embodiments, the first polynucleotide is in the first polynucleotide
construct, and the second and third polynucleotide segment is in the second polynucleotide

construct. In some embodiments, the third polynucleotide segment is optional.

[00566] In some embodiments, the first polynucleotide segment comprises a regulatory
element (e.g., any of the exemplary regulatory elements (e.g., any of the promoters) described
herein) operably linked to the coding sequence of the CAR. In some embodiments, the

regulatory element drives expression of the CAR.
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[00567] In some embodiments, the second polynucleotide segment comprises a
regulatory element (e.g., any of the exemplary regulatory elements (e.g., any of the promoters)
described herein) operably linked to a coding sequence of the IL-10. In some embodiments, the

regulatory element drives constitutive expression of the IL-10.

[00568] In some embodiments, the third polynucleotide segment comprises a regulatory
element (e.g., any of the exemplary regulatory elements (e.g., any of the promoters) described
herein) operably linked to a coding sequence of the selection marker (e.g., ANGFR). In some

embodiments, the regulatory element drives constitutive expression of the ANGFR.

[00569] In some embodiments, the polynucleotide construct includes an internal
ribosome entry site (IRES) or a self-cleaving peptide between the first polynucleotide segment
and the second polynucleotide segment. In some embodiments, the polynucleotide construct
includes an internal ribosome entry site (IRES) or a self-cleaving peptide between the second
polynucleotide segment and the first polynucleotide segment. In some embodiments, the self-

cleaving peptide is selected from the group consisting of F2A, P2A, T2A and E2A.

[00570] In some embodiments, the polynucleotide construct includes from 5’ to 3’: a
promoter operably linked to the first polynucleotide segment, a self-cleaving peptide or IRES,
and a second polynucleotide segment. In some embodiments, the polynucleotide construct
includes from 5’ to 3’: a promoter operably linked to the first polynucleotide segment, a self-
cleaving peptide or IRES, and a second polynucleotide segment, and a second promoter operably

linked to the third polynucleotide segment.

[00571] In some embodiments, the polynucleotide construct includes from 5’ to 3’: a
promoter operably linked to the second polynucleotide segment, a self-cleaving peptide or IRES,

and a first polynucleotide segment.

[00572] In some embodiments, the polynucleotide construct includes a first promoter
operably linked to the first polynucleotide segment and a second promoter operably linked to the
second polynucleotide segment. In some embodiments, the polynucleotide construct includes a
first promoter operably linked to the first polynucleotide segment, a second promoter operably
linked to the second polynucleotide segment, and a third promoter operably linked to the third

polynucleotide segment.

[00573] In some embodiments, the polynucleotide construct encodes an antigen-binding

domain that targets an antigen associated with an autoimmune disease, inflammatory disorder, or
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cancer. In some embodiments, the antigen is selected from the group consisting of: CD19,
CD20, CD22, CD27, BCMA, CD38, HLA*A2, HLA*A24 or citrullinated peptides, insulin,
MOG, GAD65, [A2, gliadin, and desmoglein in the context of relevant MHC molecules.

[00574] In some embodiments, the polynucleotide construct includes a sequence
encoding an antigen-binding domain that targets a cancer-associated antigen. In some
embodiments, a cancer-associated antigen is selected from the group consisting of: CD19, CD20,
CD22,CD23,CD27,CD38, CEA, BCMA, Lyml, Lym2, CLEC5A, CDH179b, FLT3, GCC,
Mue, CSF2RA, GFRa4, CD32, CD33, IL11Ra, IL13Ra, NYBRI, SLea, CD200R, TGFBetaR2,
CEA, CD276, TROP2, LAMPI1, PTK7, DLL3, CDH1, CDH6, CDH17, CDH19, TSHR, B7-H3

and tyrosinase.

[00575] In some embodiments, the first polynucleotide segment comprises the sequence

of SEQ ID NOs: 10, 17, 23, 35, or 55.

[00576] In some embodiments, the second polynucleotide segment comprises the

sequence of SEQ ID NO: 2.

[00577] In some embodiments, the polynucleotide construct further comprises one or
more selection markers (e.g., any of the selection markers provided herein). In some
embodiments, the first polynucleotide segment, second polynucleotide segment, or both, further

comprising a sequence encoding a selection marker.

[00578] In some embodiments, the polynucleotide construct includes a ANGFR as a

selection marker.

[00579] In some embodiments, the polynucleotide construct includes a ANGFR

comprising the sequence of SEQ ID NO: 4.

[00580] In some embodiments, the polynucleotide construct includes a truncated form of

EGFR as a selection marker.

[00581] In some embodiments, the one or more polynucleotide constructs are one or
more vectors. In some embodiments, the vector is a viral vector. Non-limiting examples of viral
vectors include: lentivirus, retrovirus, gammaretroviruses, adeno-associated virus, adenovirus,
helper-dependent adenovirus, sendai virus, or a baculovirus. In some embodiments, the

polynucleotide construct is a lentiviral vector.

[00582] In some embodiments, the first polynucleotide is in the first lentiviral vector,

and the second polynucleotide segment is in the second lentiviral vector.
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[00583] In some embodiments, the lentiviral vector is capable of integrating into the T
cell nuclear genome. In some embodiments, the lentiviral vector is not capable of integrating
into T cell nuclear genome. In some embodiments, an integration-deficient lentiviral vector is
used. For example, in some embodiments, an integration-deficient or other lentiviral vector
disclosed in Mdtrai is used. In some embodiments, an integrase-defective lentivirus is used. For
example, an integrase-defective lentivirus containing an inactivating mutation in the integrase
(D64V) can be used as described in Métrai et al., Hepatology 53:1696-1707 (2011), which is

incorporated by reference herein, is used.

6.9. EXAMPLES

[00584] The following examples are provided by way of illustration not limitation.

6.9.1. Summary of experimental observations

[00585] Overall, the data in the experiments described below demonstrated that human
CD4+T cells can be transduced with two different lentiviral vectors: 1) a LVV encoding a
synthetic CAR comprising a human B cell surface antigen binding domain, a CD8a hinge, and a
CD8o transmembrane domain, a CD28 costimulatory domain, and a CD3zeta activation domain
and 2) a bidirectional vector encoding the human IL-10 gene, plus a truncated form of the
NGFR gene. The resulting transduced CD4" T cells expressed both the CD19 CAR (as
measured by CD19 expression) and IL-10/NGFR as measured by NGFR expression. No

differences in transduction efficiencies were found, when the double transduced CD4* T cells

4]L—10/CAR 4]L—10antiCD19CAR

(designated generically as CD cells or as CD cells when expressing the
anti-CD19 CAR described in FIGs. 2A-2B) were generated following sequential or simultaneous

transduction with the two different lentiviral vectors.

[00586] Following activation through CD3 and CD28, the CD4L-1VCAR celis displayed
cytokine production profiles similar to those of CD4™1 cells and those described for Tr1 cells.
For example, the CD4-10CAR cells produced high levels of IL-10, and no or low levels of IL-4,
IFN-v, and IL-5. Notably, this cytokine production profile was stable after prolonged culture

periods.

[00587] Interestingly, co-culture of CD19" target cells and CD4!L-10antiCDI9CAR ajq

resulted in specific activation of the CD4L-10ant-CDI9 CAR cellg and induction of IL-10 production.
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[00588] CD4IL-10antiCDI9CAR cellg suppressed PBMC proliferation, allogeneic CD4* T cell

proliferation, and allogeneic CD8" T cell proliferation in vitro, as also seen with CD4-19 cells.

[00589] CD4IL-10antiCDI9CAR celig specifically killed CD19* target cells in vitro, but like
CD410 cells, they maintained their ability to kill myeloid target cells, which depend on the
expression of one or more of Class [ MHC, CD13, CD54 and CD112. In addition, the CD4™
10anti-CD19 CAR T ce]ls strongly inhibited CD19" target cell growth vivo. Importantly, single donor
and polydonor CD4L-10atCDIY CAR ceig similarly as described for single donor and polydonor
CD4%19 cells, did not induce xeno-GvHD, whereas PBMC’s induced severe xeno-GvHD.
Finally, the CD41-10antCDIY CAR ceig gynergized with the PBMC in their antitumor effect,
indicating that they do not interfere with protective GvL responses, as described for CD4™10
cells (Locafaro et al. Mol Ther. 2017;25(10):2254-2269). In addition, the single donor and
polydonor CD4L-10antiCDI9CAR cel]g protected mice from xeno-GvHD in a humanized mouse

model of GvHD induced by allogeneic PBMC (see FIGs. 18A-18C).

[00590] This data showed that specific interactions between the CD4!L-10ant-CDI9 CAR 5 q
CD19 expressed on the target cells induce activation of these cells resulting in specific killing of

CD19* target cells and IL-10 production.

[00591] Taken together, the data showed CD4™1¥CAR T cells have unique clinical utility
for the treatment of all B-cell and T-cell mediated auto immune diseases because they will not
only eliminate autoantibody producing B cells but also simultaneously suppress pathogenic
autoimmune CD4" T cell and CD8* T cell responses through the production of IL-10. The data

also showed that single donor or polydonor CD4lL-10antiCD19 CAR

cells have unique clinical utility
for the treatment/elimination of CD19" tumor cells and prevention of tumor relapses, particularly
in patients undergoing allogeneic HSCT, as the CD4!1-10antiCDIICAR ¢eig did not induce GvHD by
themselves and did not interfere with the protective anti-tumor effects (GvL effects) of the

PBMC.

[00592] Importantly, even at high concentrations, CD4-10antiCDIICAR ¢eiq (either
autologous or allogeneic) did not induce GvHD by themselves. These results demonstrate that
CD4IL-1VCAR el can be used for treatment of i) leukemias and other malignancies expressing
the target antigen, ii) leukemias and other malignancies in patients undergoing allogeneic HSCT
or BM transplantation to reduce GvHD while preserving GvL or GvT therapeutic effects of the
HSCT, iii) auto immune diseases through the removal of auto immune B-cells, and down

regulation of pathogenic T cell responses and the NLPR3 inflammasome, iv) inflammatory

96



WO 2023/129929 PCT/US2022/082431

diseases through down regulation of pathogenic T cell responses and the NLPR3 inflammasome,
v) cell and organ transplant rejection, vi) solid tumors expressing tumor associated antigens
including but not limited to B7-H3 and vii) immune-mediated diseases through tissue repair and

wound healing.

6.9.2. Example 1: Generation of CD4L-1/ant-CD19 CAR ¢e]g

6.9.2.1.  Vector production for IL-10 / ANGFR and anti-CD19 CAR

[00593] A second generation CD19 CAR was used for the production of CD4L-10ant-CD19
CAR cells. The CD19 CAR included a scFv from a fully-human anti-CD19 monoclonal antibody
(SEQ ID NO: 12), a CD8a hinge, and a CD8a transmembrane domain, a CD28 costimulatory
domain, and a CD3{ (CD3 zeta) activation domain (FIG. 2A). The CD19 CAR as shown in FIG.
2A was inserted into a lentiviral vector (LVV) {(see FIG. 2B). See FIG. 1 for illustration of
exemplary CARs targeting CD19, CD20, CD22, BCMA or B7H3. The lentiviral vector was
generated by ligating the coding sequence of the anti-CD19 scFv (FMC63) into the lentiviral
backbone including the human CD8a hinge region, and CD8« trans membrane region, the CD28
co stimulatory domain and the CD3( intracellular signaling domain. Surface expression of the

anti-CD19 CAR was monitored with an anti-CD19-CAR detection agent (Miltenyi).

[00594] To introduce a polynucleotide encoding IL-10 into the CD4* T cells to produce
the CD4!L-10anti-CDI9 CAR ¢e]lg a lentiviral vector (LVV) containing coding sequences of both the
human IL-10 (SEQ ID NO: 2) and a truncated form of the NGFR (also known as CD271)
(ANGFR) (SEQ ID NO: 4) (FIG. 4) was used. The LVYV containing IL-10 and ANGFR coding
sequence is further described in W0O2016/146542, which is hereby incorporated by reference in

its entirety.

[00595] The lentiviral vector was generated by ligating the coding sequence of human
IL-10 from 549 bp fragment of pH15C (ATCC 68192)) into plasmid pLVIL-10. The presence of
the bidirectional promoter (human PGK promoter plus minimal core element of the CMV
promoter in the opposite direction) allowed co-expression of the two transgenes. The plasmid
further contained a coding sequence of an antibiotic resistance gene (e.g., ampicillin or

kanamycin). See FIG. 3A and FIG. 3B for exemplary illustration of the IL-10 construct.

[00596] The lentiviral vectors were produced by Ca3;POs transient four-plasmid co-
transfection into 293T cells and concentrated by ultracentrifugation: 1 uM sodium butyrate was

added to the cultures for vector collection. Titer was estimated on 293T cells by limiting
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dilution, and vector particles are measured by HIV-1 Gag p24 antigen immune capture (NEN
Life Science Products; Waltham, MA). Vector infectivity was calculated as the ratio between
titer and particle. For concentrated vectors, titers ranged from 1x10® to 6x10° transducing

units/mL, and infectivity from 5x10* to 5x10° transducing units/ng.

6.9.2.2. Production of CD4!L-1V/CAR cellg

[00597] As shown in FIGs. 5A-5C, three different methods were used to generate
CD4L-10antCDI9 CAR col]s - For each of the different methods, CD4* T cells were purified from
healthy human donors. The purified human CD4* T cells were activated with anti-CD3/anti-
CD28 beads (Miltenyi) (3:1 cells:beads ratio), in complete culture medium (X-vivo
supplemented with 5% human AB serum and rhIL-2 (50U/mL).

[00598] FIG. 5A shows that the activated CD4* T cells were transduced with a lentiviral
vector encoding an anti-CD19 CAR (LVVP-CARY 48 hours after activation and transduced 24
hours later (i.e., 72 hours after activation) with a bidirectional lentiviral vector encoding human
IL-10 and a truncated form of the human NGF receptor (LVVL-10-NGFR) ‘Both [ VVs were used at
a multiplicity of infection (MOI) of 20.

[00599] FIG. 5B shows that activated CD4* T cells were transduced with the LVV-1%-
NGFR 48 hours after activation and transduced 24 hours later (i.e., 27 hours after activation) with

LVVcD 1 9—CAR.

[00600] FIG. 5C shows the activated CD4" T cells were transduced simultaneously with

LVVIAONGER apd [V VEPI-CAR 48 hours after activation. Controls CD410 cells were generated

by transducing activated CD4" T cells 48 hours after activation with LVV]L_IO_NGFR only. For

each of FIGs. 5A-5C, the transductions were conducted in the presence of polybrene (8 pg/mL).
Additionally, for each of FIGs. 5SA-5C,10-28 days after transduction, transduced cells (i.e.,
ANGFR? cells) were purified using anti-CD271 microbeads (Miltenyi) and anti-CD19 CAR
microbeads (Miltenyi). Purified cells were re-stimulated every 14 days as previously described
(Andolfi et al. Mol. Ther. 20(9):1778-1790 (2012) and Locafaro et al. Mol. Ther. 25(10): 2254-
2269 (2017)). After the second (TF2) and third (TF3) re-stimulation the resulting cells (CD4
10antiCD19 CARY \yere characterized in vitro and in vivo. Culture medium was refreshed every 2-3

days, as needed through the entire culture period.

[00601] CD4!L-10antCDI9 CAR colg were analyzed at TF3 (i.e., after the third re-

stimulation) by staining with an anti-CD271 mAb (Biolegend) and an anti-CD19 CAR detection
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reagent (Miltenyi) and analyzed by flow cytometry. Staining indicated that identity and the
purity of the CD4-10antiCDII CAR cel]g determine as co-expression of NGFR and the anti-CD19
CAR for the three different transduction methods was 88.6% (FIG. 6A from method described in
FIG. 5A), 64.1% (FIG. 6B from method described in FIG. 5B) and 52.6% (FIG. 6C from method
described in FIG. 5C), respectively. As expected, CD410 cells generated respectively from the
same donors (donor 26.1 and 26.2) using the method described in FIG. 5C and used as controls

did not express the CD19 CAR (FIG. 7).

[00602] As shown in FIG. 7, CD4L-10antiCDI9 CAR o] expressed both IL-10 (as
measured by the expression of NGFR) and the anti-CD19 CAR. In this experiment, CD4" T
cells from two different donors (26.1 and 26.2) were transduced simultaneously with LVV1-10-
NGFR and LVV 20t-CPI9 CAR 48 hours after bead activation (method 5C). To generate the CD4L-10
T cells (control), CD4* T cells from donors 26.1 and 26.2 were transduced solely with LY V©L-10-
NGFR 48 hours after bead activation. For this analysis, CD41? cells (control) and CD4!L-10antCD19
CAR cells were analyzed following a second round of restimulation (i.e., TF2) with feeder cells.
Both CD4%10 cells (control) and CD411-10ant-CDI9 CAR T celg were stained with anti-CD271 mAb
(Biolegends) and a CD19-CAR detection reagent (Miltenyi) and analyzed by flow cytometry.
As shown in FIG. 7, the majority of the cells transduced with LVVI-10-NGIR 554 1 vy CDI9-CAR
expressed CD271 and the CD19-CAR (FIG. 7, right panels) whereas the majority of the cells
that were only transduced with LVVI-10-NGR expressed CD271, but not the CD19-CAR (FIG. 7,
left panels).

[00603] These results indicate that CD41L-10atCDI9CAR cellg can be successfully
generated independent of timing and sequence of transduction with the two different LVVs. In

addition, this suggest that CD4-1VCAR can be generated using a single LVV encoding both the
IL-10 and the CAR.

6.9.2.3.  CD41l-10antiCD19 CAR ce]]g have a cytokine production profile which is
comparable to that of naturally derived Tr1 cells and CD4'™-1? cells

[00604] CD4L-10antiCDI9 CAR colg from 3 different healthy donors (26.1, 26.2 and 26.3)
were generated by simultaneous transduction with (i) LVV containing anti-CD19-CAR and (ii)
LVYV containing IL-10 and ANGFR according to the methods described in FIG. 5C. In
particular, to generate the CD4L-10antiCDIY CAR ¢olg CD4* T cells from the three different donors
(26.1, 26.2, and 26.3) were transduced simultaneously with LV VIL-10NCGER gpq 1 vy CDI-CAR 48
hours after bead activation. To generate the CD4™X!° T cells (control), CD4* T cells from the

99



WO 2023/129929 PCT/US2022/082431

three different donors (26.1, 26.2, and 26.3) were transduced with LVV10NCGFR 48 hours after

bead activation.

[00605] For this analysis, 2x10° cells (in 200 pL) for each CD410 cells (control) and
CD4L-1VCAR T cells were restimulated as previously described in Andolfi et al. Mol. Ther. 20(9):
1778-1790 (2012) and Locafaro et al. Mol. Ther. 25(10): 2254-2269 (2017). At day 14 after the
second round (TF2) of restimulation, cells were stimulated with immobilized anti-CD3 and
soluble anti-CD28 mAbs for 48 hours. Culture supernatants were collected and levels of IL-10,

IL-4, IL-5, and IFN-y were determined by ELISA.

[00606] As shown in FIGs. 8A-8D, although some individual differences in cytokine
production levels were observed, the CD410CAR ¢els, like CD410 cells and Trl cells (not
shown), produced high levels of IL-10, low levels of IL-4, and variable levels of IFN-v, and IL-
5.

[00607] Similar results were obtained with CD41-10atiCDIYCAR ollg derived from donor
24.2, which were collected at TF 3 (FIG. 9). To generate the CD4L-10antCDI9 CAR ¢eiq for this
experiment, CD4" T cells from donor 24.2 were transduced simultaneously with LV V1-10-NGFR
and LVV*PP-CAR 48 hours after bead activation (see FIG. 5C). To generate the CD410 T cells
(control), CD4" T cells from donor 24.2 were transduced solely with LVVI-10NCGR 4R houyrs after
bead activation. For this analysis, 2x10° cells (in 200 uL) for each CD4"1° T cells (control) and
CD4I-VCAR T cells were restimulated as previously described in Andolfi et al. Mol. Ther. 20(9):
1778-1790 (2012) and Locafaro et al. Mol. Ther. 25(10): 2254-2269 (2017). Briefly, at day 14
after the third round (TF3) of restimulation, cells were stimulated with immobilized anti-CD3
and soluble anti-CD28 mAbs for 48 hours. Culture supernatants were collected, and levels of

IL-10, IL-4, IL-5, and IFN-y were determined by ELISA.

[00608] As shown in FIG. 9, even after prolonged culture these cells still produce high
levels of IL-10, low levels of IL.-4, and variable levels of IL-5 and IFN-y.

[00609] Collectively, the data in FIGs. 8A-8D and FIG. 9 indicate that simultaneous
transduction of purified CD419 cells with LV VIL-1ONGER gpd [V VEDPI-CAR {g feasible and
results in the generation of CD410-CAR T cells with the same unique and characteristic cytokine
production profile as CD419 T cells and Tr1 cells. In addition, no differences in the cytokine
production profiles were observed when CD4-10-CAR T were harvested at TF2 or TF3, indicating

that these cytokine production profiles are stable over prolonged periods of time.
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6.9.3. Example 2: Cytotoxicity of CD4L-10antiCD19 CAR cellg and activation following
engagement with CD19* target cells

[00610] It was known that CD4-10 cells are able to kill myeloid tumor cells such as
ALL-CM under defined conditions (Andolfi et al. Mol Ther. 2012;20(9):1778-1790). This
experiment was designed to assess whether co-expression of an anti-CD19 CAR produces cells
(CD41L-10antiCDI9 CARY that can kill CD19* cells when co-cultured with a cell line expressing CD19

(e.g., NALMSG).

[00611] In particular, CD4%10 cells (control) and CD4L-10antiCDIY CAR cells hoth
generated from CD4* T cells isolated from donor 24.2 were collected following a third
restimulation (TF3) (see FIG. 5C) and were co-cultured with K562, NALM6 (CD19%), or ALL-
CM target cells (10° cells/well) at a 1:1 ratio for three days. Following the three day co-culture,

flow cytometry was used to determine the presence of residual target cells in each co-culture.

[00612] The data showed that CD4!L-10atCPIYCAR ¢eig through engagement of the
CD19-CAR with CD19* target cells, kill CD19* NALMSG cells. In contrast, CD4™19 cells used
as controls were ineffective and did not kill CD19* NALMGS6 cells (FIG. 10). Furthermore,
CD4L-10antCDI9 CAR cellg Jike CD41-10 cells, killed the myeloid tumor cell line ALL CM. Both
the CD4!L-10antiCDIY CAR cellg and the CD4™10 cells had no, or very low cytotoxic effect on K562
cells, which are highly susceptible to non-specific cytotoxicity and to killing by NK cells (FIG.
10).

[00613] These results indicate that engagement of the CD19-CAR expressed on the
CD4L-10antCDI9 CAR cellg with CD19 expressed on the NALM6 lymphoma cells triggers the
cytotoxic machinery of the CD4L-10atCPI9 CAR cellg resulting in selective and efficient killing of
CD19* target cells. In addition, CD4L-10antiCDIY CAR geiq ike CD41-10 cells, maintain the ability
to kill myeloid target cells that express one or more of CD13, Class I MHC antigens, CD54 and
CD112 as previously described (Andolfi et al. Mol Ther. 2012;20(9):1778-1790).

[00614] In addition to inducing selective cytotoxic activity, engagement of the CD4™™
10antiCDIY CAR \ith CD19* NALMBG target cells resulted in selective activation and IL-10

production by the CD4!L-10antiCDIY CAR geig

[00615] For these experiments, CD4'™ 19 cells (control) and CD41L-10antiCDIICAR (e]g
were generated from CD4" T cells isolated from three different donors (26.1, 26.2, and 26.3).
Prior to assessing IL-10 production, selective killing of CD19" cells was confirmed for CD4™

10antiCDI9 CAR cel]s generated from each of the three different donors.
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[00616] In particular, CD410 cells (control) and CD41-10antiCDIY CAR el generated
from CD4* T cells isolated from three different donors (26.1, 26.2, and 26.3) were collected
following a second restimulation (TF2) (see FIG. 5C) and were co-cultured with K562 cells,
NALMBG6 (CD19%) cells, or ALL-CM target cells (10° cells/well) at a 1:1 ratio for three days.
Following the three day co-culture, flow cytometry was used to determine the presence of
residual leukemic target cells in each co-culture. The K562 cell line, which is highly susceptible
to non-specific cytotoxicity and to killing by NK cells, served as a control. The data are shown

in FIG. 11A.

[00617] As shown in FIG. 11A, CD4L-10antCDI9CAR ool oenerated from 3 different
donors (26.1, 26.2 and 26.3) efficiently killed CD19* NALMBG cells. CD4!L-10antiCDI9CAR gy
maintained their capacity to kill the myeloid tumor cell line ALL-CM, whereas they were not, or
were only weakly cytotoxic for K562 cells, which do not express CD19, but are known to be
sensitive to non-specific cytotoxicity and killing by NK cells (FIG. 11A). CD4L-10antiCD19 CAR
also killed ALL-CM, a myeloid leukemia cell line. Significant amounts of IL-10 were measured
in the supernatants of the cytotoxicity assays after only 3 days of co-culture with NALMS6 cells
(FIG. 11B). In contrast, no IL-10 (limit of quantification: 31 pg/mL) could be detected in co-
cultures of NALMBS cells with the CD4"1 cells from the same donor (FIG. 11B).

[00618] Taken together, the data showed that CD4L-10atiCDIYCAR ¢el]g are selectively
activated by engagement of the CD19-CAR with CD19 expressed on relevant target cells. This
activation led to (i) cytotoxic/cytolytic activity of the cells resulting in killing of the CD19*
target cells and (ii) induction of IL-10 production, which is required for the CD41L-10antiCDI9 CAR
cells immune regulatory and suppressor functions. Furthermore, the CD4L-10antiCDI9 CAR celig
maintain the same cytotoxic capabilities towards myeloid tumor target cells that was previously
observed with CD4%10 cells. Lastly, the failure of CD4™™10 cells to kill CD19* NALMS6 cells
(FIG. 11B), demonstrated that the cytotoxic activities of the CD4L-10antCDIY CAR ol wag due to

anti-CD19 CAR-engagement with CD197 target cells.
6.9.4. Example 3: CD4L-10antiCD19 CAR o]l suppress the proliferative responses of
both allogeneic CD4* and CD8* T cells

[00619] As CD4L-10antiCD1Y CAR ¢ol)s and CD4™-10 cells harvested at TF2 or TF3 each
produce high levels of IL-10, both were tested for their ability to suppress the proliferation of
allogeneic CD4" and CD8* T cells taken from healthy donors.
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[00620] To assess proliferation of allogeneic CD4* T cells, allogeneic PBMC cells were
labeled with eFluor® 670 (1x10° cells per well) and stimulated with mature allogeneic dendritic
cell (DCs) (5x10* cells per well) and soluble anti-CD3 mAbs in the presence or absence of
CD410 cells (control) or CD4!L-10antCDIY CAR cellg (1x103 cells per well) isolated after a second
restimulation (see FIG. 5C) at a 1:1 Responder:Suppressor ratio. After 4 days of culture, the
percentage of CD4* proliferating responder T cells was determined by eFluor®670 dilution with
flow cytometry. For flow cytometry, cells were gated on CD4*ANGFR" T cells.

[00621] To assess proliferation of allogeneic CD8" T cells, allogeneic PBMC cells were
labeled with eFluor® 670 (1x10° cells per well) and stimulated with allogeneic mature dendritic
cell (DCs) (5x10* cells per well) and soluble anti-CD3 mAbs in the presence or absence of
CD410 cells (control) or CD4L-10aiCDICAR ¢elq (1x10° cells per well) isolated after a second
restimulation (see FIG. 5C) at a 1:1 Responder:Suppressor ratio. After 4 days of culture, the
percentage of CD8* proliferating responder T cells was determined by eFluor®670 dilution with

flow cytometry. For flow cytometry, cells were gated on CD8*ANGFR™ T cells.

[00622] To assess proliferation of allogeneic PBMC, allogeneic PBMC cells were
labeled with eFluor® 670 (1x10° cells per well) and stimulated with allogeneic mature dendritic
cell (DCs) (5x10* cells per well) and soluble anti-CD3 mAbs in the presence or absence of
CD4™19 (control) or CD4!L-10antCDIYCAR cellg (1x10° cells per well) isolated after a second
restimulation (see FIG. 5C) at a 1:1 Responder:Suppressor ratio. After 4 days of culture, the
percentage of CD8* proliferating responder T cells was determined by eFluor®670 dilution with
flow cytometry. For flow cytometry, cells were gated on CD3*ANGFR" T cells.

[00623] As shown in FIG. 12, CD4L-10antCDI9 CAR ¢ejq derived from 3 different healthy
donors 26.1, 26.2, and 26.3 harvested at TF2, suppress the proliferation of allogeneic CD4" T
cells by 78%, 48%, and 74%, respectively. They also suppress the proliferation of allogeneic
CD8" T cells by 77%, 41%, and 42%, respectively (FIG. 13). Comparable results were obtained
with CD4%10 cells generated from the same 3 donors (i.e., 26.1, 26.2, and 26.3), which inhibited
the proliferation of allogeneic CD4* T cells by 83%, 81%, and 61%, respectively, and CD8" T
cells by 77%, 41%, and 68%, respectively (FIG. 12 and FIG. 13). Finally, CD4!L-10antiCDI9 CAR
cells and CD4™"10 cells were also effective in suppressing the proliferation of allogeneic T cells
when harvested at TF3. In particular, the CD4L-10antCDI9 CAR celg like CD4L10 cells,

suppressed the proliferation of the PBMC by 69% and 60%, respectively (FIG. 14).
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[00624] Taken together, these results showed that CD4%19CAR cells have
immunosuppressive effects on both allogeneic CD4* T cells and allogeneic CD8" T cells, and the
immunosuppressive effects are comparable to those of CD4™™1% cells; co-expression of the CAR
did not abrogate or alter the immunosuppressive effects of CD410 cells. The results also
showed that the immune suppressive function is stable after a prolonged culture period (i.e., in

CD4L-10antiCDI9 CAR T ool jsolated after TF3).

6.9.5. Example 4: Treatment or prevention of GYHD and cancer using CD4"
10antiCD19 CAR cells

Effects of CD41L-10antiCD19 CAR co]fs jn vivo.

[00625] A population of CD4L-10antiCDIICAR cellg were tested in a humanized xeno-
GvHD disease and tumor transplant NSG mouse model for their effect on CD19* tumor growth,

GvL effects, and induction of GvHD.

[00626] According to their body weight, NSG mice were sub-lethally irradiated with
175-200 Gr. At day 0, NSG mice were injected with (i) NALM6-luciferase (1x10° per mouse),
(il) NALMG6-luciferase (1x10° per mouse) + PBMC (2.5x10° per mouse), (iii) NALM6-luciferase
(1x10° per mouse) + CD4L-10antiCDIYCAR polg (2 5x%10° per mouse), or (iv) NALM6-luciferase
(1x10° per mouse) + PBMC (2.5x10° per mouse) + CD4L-10antiCDI CAR cells (2 5x10° per mouse)
(see FIG. 15).

[00627] Effects on leukemia cell growth were determined by a standard
bioluminescence measurements (see FIGs. 16A-16B). In addition, the mice were monitored for
development of GvHD by measuring weight at days 0, 9, 12, and 15, after administration of
PBMC and/or the CD4!L-10antiCDI9 CAR colig (see FIG. 17).

[00628] As shown in FIGs. 16A-16B, although the PBMC inhibited NALMS6 cell
growth (FIGs. 16A-16B), modeling the graft-versus-leukemia effect of an allo-HSCT in human
patients, they induced xeno-GvHD in the mice (FIG. 17), analogous to the GVHD seen in human
allo-HSCT therapy. In contrast, the CD41L-10antCDI9CAR cellg inhibited NALMBG6 cell growth
(FIGs. 16A-16B) and did not cause any signs of xeno-GvHD (FIG. 17) as determined by weight
loss. Treatment with PBMC + CD41%CAR T cells had greatest anti-leukemia effect (FIG. 16A-
16B) and greatest anti-tumor effect (FIG. 17).

[00629] These data indicate that CD4-10antCDI CAR T cellg are strongly cytotoxic and

selectively kill CD19* target cells in vivo. In addition, they do not interfere with the protective
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GvL effects of the PBMC; indeed, they work synergistically. In contrast to the PBMC, treatment
with the CD4L-10atiCDI CAR T ceig alone, or in conjunction with PBMC, did not induce xeno-

GvHD.

6.9.6. Example 5: CD4'1-10antiCD19 CAR ce]]g suppressive activity in vivo and
effectively prevent severe xeno-GvHD

[00630] An additional study described in FIG. 18 A was used to assess whether single

donor or polydonor CD4!L-10antiCD19 CAR

cells induced GvHD and whether they protected from
GvHD induced by PBMC. In particular, humanized NSG mice were sub-lethally irradiated and
GvHD was induced by allogeneic PBMC. Mice were treated according to FIG. 18A. On day 3
mice were dosed intravenously with (i) PBMC (2.5E6 cells/mouse), (ii) single donor (BC26.3)
CD4L-10antiCDI9 CAR co]g (2.5E6 cells/mouse), (iii) polydonor (BC-26.1, BC26.2, and BC26.3)
CD4L-10antCDI9 CAR ol (2. 5E6 cells/mouse), (iv) PBMC (2.5E6 cells/mouse) and single donor
(BC26.3) CD4L-10antiCDI9 CAR co11q (2 SE6 cells/mouse), or (v) PBMC (2.5E6 cells/mouse) and
polydonor (BC-26.1, BC26.2, and BC26.3) CD4L-10antiCDI9 CAR ¢ellg (2 5e6 cells/mouse) (see
FIG. 18A). GvHD was determined using a composite score of weight loss, fur appearance, skin
appearance, hunch, and activity (Bondanza et al. 2006). Mice with a combined score > 6 and / or
a weight loss > 20% were euthanized for humane reasons. The donor of the PBMC was

4 IL-10anti-CD19CAR

unrelated to the donors used to generate the single donor CD and polydonor

CD4]L— 10antiCD19 CAR.

[00631] As shown in FIG. 18B and FIG. 18C, the injection of 2.5E6 PBMC cells
induced fulminant and rapidly lethal xeno-GvHD by day 16, whereas mice that received 2.5E6
single donor CD411-10antCDIY CAR ¢elig (FIG. 18B) or 2.5E6 polydonor CD41L-10antiCDI9 CAR ¢elig
(FIG. 18C) did not develop any signs of xeno-GvHD. Furthermore, when mice received both
2.5E6 PBMC and 2.5E6 single donor CD4!L-10antiCDI9 CAR cellg (FIG. 18B) or 2.5E6 PBMC and
2.5E6 polydonor CD4L-10atiCPI9 CAR cellg (FIG. 18C), the co-administration of PBMC and single
donor CD4L-10antiCDI9 CAR cellg or polydonor CD4-10antCDIY CAR protected the mice against

PBMC-induced xeno-GvHD.

[00632] These results indicate that single donor CD41-10antCPIY CAR ¢ellg and polydonor
CD4L-10antiCDI9 CAR 46 pot induce xeno-GvHD in vivo. In addition, single donor CD4!L-10antCD19
CAR cells and polydonor CD4L-10antiCPI9 CAR e ffectively prevent severe xeno-GvHD induced by

PBMC, demonstrating that they have suppressive activity in vivo.
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Other experiments

[00633] The mice in the treatment groups are monitored for additional periods to
determine effects of the CD4-1 CAR ¢ells on long term survival.

[00634] The amount and localization of the CD4-1% CAR cells are also monitored in

AIL-10/ CAR collg are

peripheral blood and tissues after administration. Specifically, presence of CD
monitored in peripheral blood and at sites of inflammation: lymph nodes, spleen, gut, and bone
marrow. The mice in the treatment group(s) are monitored for an additional 3 weeks to

determine long-term survival.

[00635] The results demonstrate reduction and prevention of xeno-GvHD persists.

6.9.7. Example 6: Treatment of chronic inflammatory and autoimmune diseases
using CD41-1V CAR celg

[00636] Activation of the NLPR3 inflammasome has been implicated in many chronic
inflammatory and autoimmune diseases. The NLPR3 inflammasome can be activated by
“danger signals” which lead to caspasel-mediated production of the pro-inflammatory cytokines
IL-1p and IL-18 by monocytes/macrophages. A series of in vitro experiments are performed to
investigate the effects of CD4-10/ani-CDI9 CAR cellg on the NLPR3 inflammasome and IL-1 B/IL-

18 production by human monocytes.

[00637] First, human PBMC are isolated from peripheral blood by standard density
centrifugation on Ficoll/Paque (Sigma-Aldrich). Monocytes are isolated from the human PBMC
by negative selection using monocyte isolation kit II (Miltenyi) according to the manufacturer’s
instructions. Negative selection is preferred because positive selection or adherence can lead to
undesired activation of the cells. Isolated monocytes are plated at 5x10* cells/200 pl in the
presence of various dilutions of supernatants from CD4L-10/at-CDIY CAR ¢alig 200 pl per well in

96-well microtiter plates in culture medium containing 3% toxin free human AB serum.

[00638] Table 1 summarizes treatment conditions applied to different sets of monocytes,
each set including 6 wells of cells. Monocytes are activated by LPS in combination with the
NLPR3 inflammasome activator nigericin. The caspase 1 inhibitor Z-YVADfmk and the specific
NLPR3 inhibitor MC950 are added as indicated as controls.

Table 1
Group # Monocytes CD4 YVADfmk* | LPS** plus Other
cells/supernatant nigericin
Medium control
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Incubation time: 1 hour; followed by activation by LPS for 4 hours
1 Monocytes No No No
2 Monocytes No No LPS + Nig
3 Monocytes No Z-YVADfmk | LPS + Nig
4 Monocytes No MCC950 LPS + Nig
Culture of monocytes in the presence of supernatants*** obtained from single donor or
polydonor CD4-1VCAR ¢e]l- or from CD45F? cell-culture
5 Monocytes 50% supernatant No LPS + Nig
of single donor
CD4L-1VCAR celg
6 Monocytes 25% supernatant No LPS + Nig
of single donor
CD4L-1VCAR celg
7 Monocytes 12.5%supernatant No LPS + Nig
of single donor
CD4L-1VCAR celg
8 Monocytes 50% supernatant No LPS + Nig Anti-1L-10
of single donor receptor
CD4IL-VCAR cellg antibody
9 Monocytes 50% supernatant No LPS + Nig
of poly donor
CD4IL-VCAR cellg
10 Monocytes 25% supernatant No LPS + Nig
of poly donor
CD4IL-VCAR cellg
11 Monocytes 12.5%supernatant No LPS + Nig
of poly donor
CD4L-1VCAR celg
12 Monocytes 50% supernatant No LPS + Nig Anti-1L-10
of poly donor receptor
CD4L-1VCAR celg antibody
13 Monocytes 50% supernatant No LPS + Nig
of CD4°™ cells

* Z-YVADIfmk is an inhibitor specific to caspase 1. 20 uM Z-YVADfmk (Biovision, Enzo Life
Sciences, or Axxora Life Sciences) dissolved in DMSO is used.
** LPS (Sigma-Aldrich) 100ng/mL plus nigericin (Nig, Invivogen) 10 uM added during the last
30min of LPS incubation, MCC950 (Invivogen) 10 uM.
##% Supernatants of CD41% and CD4 GFP or NGFR cultures are obtained by incubating CD4™
10 or CD4 GFP cells at 1X10%mL for 3days and collecting the supernatants. IL-10 production
levels are measured by IL-10 specific ELISA. Anti-IL-10R antibody (Biolegend) 30pg/mL.

[00639]

After treatments outlined in Table 1, supernatants are collected from 6 wells for

each group and IL-1 B/IL-18 production is measured by ELISA specific for mature IL-13 or IL-

18 (Biolegend). Cells collected from selected groups are analyzed by Western Blot to determine

levels of activated caspase 1.
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[00640] Data from the experiments show that autologous single-donor, allogeneic
single-donor, and allogeneic polydonor CD4L-1%anti-CDI9 CAR ¢ellg down-regulate IL-1B and IL-18
production by activated monocytes. They further show that autologous single-donor, allogeneic
single-donor, and allogeneic polydonor CD4L-10/ant-CD19 CAR ¢e]ig down-regulate mature caspase-
1 production in activated monocytes. Additionally, autologous single-donor, allogeneic single-
donor, and allogeneic polydonor CD4L-10/ant-CPI9 CAR 4 [T -10 produced by the polydonor

CD4%19 down-regulate inflammasome.

[00641] Similar experiments are performed with human macrophages or dendritic cells
instead of monocytes. Results from the experiments demonstrate that CD411-10/ant-CDI9 CAR geq)g
further down-regulate IL-1f3, IL-18, and mature caspase-1 production from activated

macrophages and dendritic cells.

[00642] These data indicate that autologous single-donor, allogeneic single-donor, and

4]L— 10/anti-CD19 CAR

allogeneic polydonor CD cells can be used to treat diseases or disorders

involving hyperactivation of NLPR3 inflammasome. In particular, autologous single-donor,

AIL-10/ant-CDI9 CAR (alg can be used to treat

allogeneic single-donor, and allogeneic polydonor CD
chronic inflammatory and autoimmune diseases. The NLPR3 inflammasome can be activated by
exogenous or endogenous “danger signals”, such as Pathogen Associated Molecular Patterns
(PAMPs), silica, asbestos, Danger Associated Molecular Patterns (DAMPSs) like products from

damaged mitochondria, necrotic and stressed cells, and uremic acid crystals.

6.9.8. Example 7: Generation of polydonor CD4'-1° cells

Vector production

[00643] Polydonor CD4™1° cells were produced by transduction with a lentiviral vector
containing coding sequences of both the human IL-10 and a truncated form of the NGFR
(ANGFR) (FIGs. 3A-3B), as described in WO2016/146542, incorporated by reference in its
entirety herein. The sequence of the vector is provided as SEQ ID NO:5. In short, the lentiviral
vector was generating by ligating the coding sequence of human IL-10 from 549 bp fragment of
pH15C (ATCC 68192)) into plasmid #1074.1071. hPGK.GFP.WPRE.mhCMV .dNGFR.SV40PA.
The presence of the bidirectional promoter (human PGK promoter plus minimal core element of
the CMV promoter in the opposite direction) allows co-expression of the two transgenes. The
plasmid further contains a coding sequence of an antibiotic resistance gene (e.g., ampicillin or

kanamycin).
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[00644] The lentiviral vectors were produced by Ca3;POs transient four-plasmid co-
transfection into 293T cells and concentrated by ultracentrifugation: 1 uM sodium butyrate was
added to the cultures for vector collection. Titer was estimated on 293T cells by limiting
dilution, and vector particles were measured by HIV-1 Gag p24 antigen immune capture (NEN
Life Science Products; Waltham, MA). Vector infectivity was calculated as the ratio between
titer and particle. For concentrated vectors, titers ranged from 5x108 to 6x10° transducing

units/mL, and infectivity from 5x10* to 5x10° transducing units/ng.

Production of CD41L-10 cells

41010 eells.

[00645] FIG. 19 is a schematic representation of the production process of CD
CD47* T cells from healthy donors were purified. Human CD4* T cells were activated with
soluble anti-CD3, soluble anti-CD28 mAbs, and rhIL-2 (50 U/mL) for 48 hours before
transduction with a bidirectional lentiviral vector encoding for human IL-10 and a truncated form

the human NGF receptor (LV-IL-10/ANGFR) at multiplicity of infection (MOI) of 20.

[00646] After 11 days, transduced cells were analyzed by FACS for the expression of
ANGFR, and the vector copy number (VCN) was quantified by digital droplet PCR (ddPCR).

[00647] The mean transduction efficiency of CD4* T cells from 10 different donors was
45 + 17% with VCN of 2.7 £ 0.6%. FIG. 20A shows percentages of CD4*ANGFR* cells
(mean# SD, n=10 left bar) and vector copy numbers (VCN, mean + SD, n=10 right bar) in
human CD4" T cells transduced with LV-IL-10/ANGFR (a bidirectional lentiviral vector
encoding for human IL-10 and a truncated form the human NGF receptor). The frequency of
CD4*ANGFR* cells and the vector copy numbers were quantified by digital droplet PCR
(ddPCR) in CD4™10 cells.

[00648] ANGFR™ T cells were purified using anti-CD271 mAb-coated microbeads and
resulted in > 95% pure CD4™1% cells populations. After purification, cells were stained with
markers for CD4 and ANGFR and analyzed by FACS. The data showed purity resulting from the
purification step was over 98%. FIG. 20B shows FACS data from two representative donors
(Donor B and Donor C) out of 10 donors tested. The purified CD4™1% cells were restimulated 3
times at 14 day intervals and their in vitro and in vivo functions were tested after the second

(TF2) and or third restimulation (TF3) functions.

[00649] Resting CD4™1% cells produced IL-10 constitutively. Upon activation, the level of

IL-10 produced was strongly enhanced.
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CD4-19 cells have a cytokine production profile which is comparable to that of naturally

derived Tr1 cells.

[00650] Cytokine production profiles of single donor CD4™--10

cells were analyzed after
the second (TF2) and third (TF3) restimulation and the results are provided in FIG. 21.
Specifically, CD4™10 cells (2x10° cells in 200 pl) were restimulated as previously described
(Andolfi et al. Mol Ther. 2012;20(9):1778-1790 and Locafaro et al. Mol Ther.
2017;25(10):2254-2269). At day 14, after the 2" round (TF2) and 3™ round (TF3) of
restimulation, CD410 cells were left unstimulated (orange bar) or stimulated with immobilized
anti-CD3 and soluble anti-CD28 mAbs (grey bars) for 48hrs. Culture supernatants were collected
and levels of IL-10, IL-4, IL-5, IFN-y, and 1L.-22 were determined by ELISA. All samples were
tested in triplicate. Mean® SD, n=8 donors tested are presented. The results provided in FIG. 21
show that CD4™10 cells stimulated with immobilized anti-CD3 and soluble anti-CD28 mAbs

show a Trl cell cytokine production profile.

[00651] Although considerable variations between the different donors were observed, the
overall cytokine production profiles after the second (TF2) or the third (TF3) restimulation were
comparable and reflected those of Tr1 cells (Roncarolo et al., Immunity, 2018). Like Trl cells,
the CD4%1% cells produced high levels of IL-10, IL-5, IFN-v, and IL-22, but low levels of IL-4

and undetectable levels of IL-2.

CD4-19 cells express high levels of Granzyme B and selectively kill myeloid leukemia cells

[00652] The CD4™19 cells were further analyzed after the 2" round (TF2) of
restimulation for expression of granzyme B (GzB). The data in FIG. 22A show that most of the
CD4%-10 cells expressed GzB. More than 95 % of all CD4™1° cells derived from 7 different

donors expressed high levels of Granzyme B.

[00653] The CD4™19 cells from the 2™ round (TF2) of restimulation were further
analyzed for their cytotoxic effects against myeloid leukemia cells (ALL-CM) and an erythroid
leukemia cell line (K562). CD4%10 cells (10°/well) were co-cultured with K562 and ALL-CM
cells (10°/well) at 1:1 ratio for 3 days. Residual leukemic cell lines (CD45°¥CD33") were
counted by FACS for each target cell.

[00654] The CD4-10 cells selectively killed the myeloid leukemia cells (ALL-CM) as
shown in FIG. 22B. The % of killed ALL-CM cells varied between 62% and 100%, whereas the
killing of the erythroid leukemia cell line K562 (which are highly sensitive for nonspecific
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cytotoxic activities) varied between 0 and 27% (4 different donors tested). Taken together, these
data confirm that CD4™™1° cells express Granzyme B and efficiently kill myeloid leukemia cells.
As expected, some variations in the killing capacity of the CD4™19 cells from individual donors

was observed.

CD4!-19 cells suppress the proliferative responses of both allogeneic CD4* and CD8" T cells

[00655] The CD4-10 cells were also analyzed for their effects on allogeneic CD4™ T cells
or CD8* T cells. Specifically, allogeneic PBMC cells were labeled with eFluor® 670 (10°
cells/well) and stimulated with allogeneic mature dendritic (DC) cells (5x10* cells/well) and
soluble anti-CD3 mAbs in the absence or presence of CD410 cells (10° cells/well) at a 1:1
Responder:Suppressor ratio. After 4 days of culture, the percentages of proliferating responder
cells were determined by eFluor® 670 dilution with flow cytometry after gating on
CD4*ANGFR™ T cells or CD8*ANGFR™ T cells. FIGs. 23A and 23B show effects of CD4-1°
cells from six different, unpooled, donors (Donor-C, Donor-E, and Donor-F in FIG. 23A and
Donor-H, Donor-1, and Donor-L in FIG. 23B) on CD4* T cells with percentages of proliferation
and suppression. FIGs. 24A and 24B show effects of CD4™1? cells from six different, unpooled,
donors (Donor -C, Donor-E, and Donor-F in FIG. 24A and Donor-H, Donor-I, and Donor-L in
FIG. 24B) on CD8" T cells.

[00656] The results demonstrated that CD410 cells from 6 different donors, unpooled
and tested separately, downregulated the proliferative responses of both allogeneic CD4" and
CD8" T cells. The suppressive effects on the CD4* T-cells varied between 51% and 96%, while
the suppressive effects on the CD8" T-cells varied between 62% and 73 %.

Production and characterization of polydonor CD4"-!° cells

[00657] CD4M10 cells were generated as described above and FIG. 19 using CD4* cells

from multiple donors. CD4™-1°

cells from each donor were stimulated by the second (TF2) and
third (TF3) restimulation. After the third stimulation, CD4"1° cells from the three donors were
pooled at a 1:1:1 ratio and stimulated with immobilized anti-CD3 and soluble anti-CD28 mAbs

for 48hrs.

Polvdonor CD4!'-1 cells have a cytokine production profile which is comparable to that of

CD41"10 cells of individual donors and Tr1 cells.

[00658] Culture supernatants were collected and levels of IL-10, IL-4, IL-5, IFN-y and IL-
22 were determined by ELISA. The results provided in FIG. 25 show that the cytokine
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production of polydonor CD4™10 cells pooled from 3 different allogeneic donors (pooled 1:1:1)
(red dot) was comparable to that of CD4-10 cells from individual donor (n=8) derived CD4-10
cells (gray bars). The polydonor CD4™1° cells produced high levels of IL-10, IL-5, IFN-y and
IL-22 and low levels of IL-4 and undetectable levels of IL-2 (not shown). These data indicate
that it is feasible to pool CD4™1? cells and that these polydonor CD41 cells maintain the

cytokine production signature of single donor derived CD4"-10

cells and Trl cells. Importantly,
the pooled allogeneic cell populations contained > 95% viable cells indicating that they did not

kill each other.

Polydonor CD4-10 cells express high levels of Granzyme B and kill myeloid leukemia cell

lines.

[00659] The polydonor CD4™1° cells were further analyzed after 3™ round (TF3) of

restimulation for expression of granzyme B (GzB). The data in FIG. 26A show that most of the

4]L—10 4]L—10

polydonor CD cells express GzB. Over 95 % of the polydonor CD cells expressed

4]L—10

Granzyme B, comparable to the GzB expression of single donor derived CD cells.

[00660] The CD4™19 cells from 3™ round (TF3) of restimulation were further analyzed for
their cytotoxic effects on myeloid leukemia cells (ALL-CM cell line) or K562. The polydonor
CD410 cells (10°/well) were co-cultured with K562 and ALL-CM cells (10°/well) at 1:1 ratio
for 3 days. Residual leukemic cell lines (CD45'°¥CD33") were counted by FACS for each target
cell. The results provided in FIG. 26B show that some level of cytotoxicity against K562 cells,
which are highly sensitive for nonspecific cytotoxicity and NK cell cytotoxicity. Nevertheless, a
level of selectivity towards myeloid leukemia cells (ALL-CM) was obtained which is

4]L—10

comparable to that of single donor derived CD cells.

Polvdonor CD4!'-1 cells suppress the proliferative responses of both allogeneic CD4+ and

CDS8+ T cells.

[00661] The polydonor CD4-10 cells were also analyzed for their effects on allogeneic
CD4" T cells or CD8* T cells. Specifically, allogeneic PBMC cells were labeled with eFluor®
670 (10° cells/well) and stimulated with allogeneic mature dendritic (DC) cells (5x10* cells/well)
and soluble anti-CD3 mAbs in the absence or presence of polydonor CD4"10 cells (10°
cells/well) at a 1:1 Responder:Suppressor ratio. After 4 days of culture, the percentages of
proliferating responder cells were determined by eFluor® 670 dilution with flow cytometry after
gating on CD4*ANGFR" T cells and CD8*ANGFR"™ T cells. FIG. 27A shows results from
polydonor CD4"10 cells containing CD4™1? cells from Donor-C, Donor-E, and Donor-F. FIG.
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27B shows results from polydonor CD4™1 cells containing CD4™!0 cells from Donor-H,

Donor-1, and Donor-L, which had been frozen, stored and thawed prior to testing.

[00662] FIG. 27A shows that the polydonor CD419 cells (from 3 different donors)
suppress CD4" and CD8" T-cell responses by 96% and 74 %, respectively. Comparable results

41-10 cells which was tested after

were obtained with a second, different batch of polydonor CD
the cells had been frozen, stored and thawed prior to testing (FIG. 27B). Suppression of CD4*
and CD8" T cell proliferation was 68% and 75 %, respectively. These data indicate that

polydonor CD4-10 cells can be frozen and stored without loss of function.

[00663] Collectively the data obtained with polydonor CD4™1° cells indicate that these
cell preparations can be pooled without any problems. They contain > 95 % viable cells and
maintain all the relevant functions (cytokine production, cytotoxic capacity, and suppression of

4IL—10

allogeneic T cell responses) of single donor CD cells. The use of larger pools of polydonor

4]L—10

CD4™19 cells should reduce the natural variations observed between CD cell lots originating

from different individual donors, and should provide a large quantity of off-the-shelf CD4--1°

cells for human therapy.

[00664] A polydonor CD4™10 cell product will have significant advantages in terms of a
more homogeneous product which will allow the determination of well defined, less lot-to-lot
variation, potency, and release criteria. In addition, it will enable the development of a

continuous large-scale cell production process.

Other methods for production of polvdonor CD41L10 cells

[00665] Before the lentiviral transduction, buffy coats from minimally 3-5 different
donors were pooled. CD4" cells were isolated from buffy coats by positive selection using anti-
CD4 antibody. Purity of the pooled CD4" cells was checked by FACS. Alternatively, frozen
human CD4" cells were obtained from minimally 3-5 normal healthy donors. The frozen human
CD4" cells were thawed before use. CD4" cells from buffy coats or frozen stocks were activated
for 24-48 hours by a combination of CD3 and CD28 antibodies or CD3- and CD28 antibody
coated beads in the presence of IL-2. In some cases, CD4" cells from buffy coats or frozen
stocks were activated with soluble anti-CD3, soluble anti-CD28 mAbs, and rhIL-2 (50 U/mL) for
48 hours and transduced with a bidirectional lentiviral vector encoding for human IL-10 as

described above for production of CD410 cells.
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[00666] In some cases, the HLA haplotype of the T cell donors (or CD4* cells isolated
from the donors) were first determined and CD4" cells having desired HL A haplotypes are

selectively pooled and used.

[00667] Polydonor CD4™1% cells were generated by transducing the activated CD4* cells
described above with the lentiviral vector containing human IL-10 and ANGFR coding

sequences described above.

[00668] On Day 7-11, which is 5-9 days after the transduction, the cells were harvested
and successfully transduced T cells purified utilizing an anti-NGFR antibody. This process

4]L—10

generally results in 95% pure populations of polydonor CD cells.

[00669] The purified polydonor CD419 cells were counted and re-stimulated by a
mixture of CD3- and CD28 antibodies, CD3- and CD28 antibody coated beads, optionally in the
presence of feeder cells for another 8-10 days in the presence of IL-2. In some cases, the purified

polydonor CD410 cells were re-stimulated in the presence of feeder cells.

[00670] After a total culture period of 14-18 days, CD41? cells were harvested, counted
and tested for their capacity to produce IL-10 spontaneously or following activation with CD3
and CD28 antibodies or CD3 and CD28 antibody coated beads. Additionally, the levels of GrzB
and perforin were measured. Their capacity to suppress human T cell (PBMC) and purified

CD4* and CD8* T cell proliferation are also tested.

[00671] In addition, the production of IL-22 is measured both constitutively and following
activation of 200,000 CD4™1? cells in a volume of 200 microliter using a combination of CD3
and CD28 antibodies as described previously for the production of other cytokines such as IFN-
v, IL-10, IL-4 and IL-5. The pooled CD4™ 10 cells were frozen before storage.

6.9.9. Example 8:Treatment or prevention of GYHD using polydonor CD4-1¢

cells

Effects of polydonor CD4L-1? cells in vivo.

[00672] A population of polydonor CD4-10 cells were tested in a humanized xeno GvHD
disease model, an NSG mouse model, for their effect on xeno-GvHD induced by human PBMC
as illustrated in FIG. 28. NSG mice were sub-lethally irradiated and intravenously injected with
human PBMC (5x10° cells/mouse), with polydonor (three donors) CD4™10 cells (5x10°

cells/mouse), or with human PBMC (5x10° cells/mouse) in combination with polydonor CD4-10
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cells (BC-C/E/F) (5x10° cells/mouse). Xeno-GvHD was evaluated as previously described
(Bondanza et al. Blood 2006) based on weight loss (>20% weight loss), skin lesions, fur

condition, activity, and hunch.

[00673] FIG. 29 shows % of NSG mice demonstrating xeno-GvHD on each day after
injection. Administration of 5x 10®human PBMC to irradiated NSG mice resulted unexpectedly
in an unusually fulminant GvHD. All mice died at day 10 which reflects very lethal xeno-
GvHD. Co-administration of 5x10° polydonor CD4™1? cells delayed this fulminant GvHD, but
the mice were sacrificed at day 14 because they reached the prespecified humane 20 % body
weight loss criterion for sacrifice (FIG. 29). Nevertheless, these results indicate that polydonor
CD4"'%can delay very severe xeno-GvHD. Importantly, polydonor CD4™!° cells administered

alone at the same dose as the PBMC (5x10° cells) failed to induce any sign of xeno-GvHD.

[00674] The presence of human CD410 cells were also tested in the spleen (FIG. 30, left
panels) and bone marrow (FIG. 30, right panels) of the NSG mice injected with human PBMC
(5x10° cells/mouse), polydonor (three donors; BC-C/E/F) CD4%19 cells (5x10° cells/mouse), or

41-10 cells (three donors;

human PBMC (5x10° cells/mouse) in combination with polydonor CD
BC-C/E/F) (5x10° cells/mouse) at 14 days post injection. The results provided in FIG. 30 show
that polydonor CD419 cells migrated to spleen and bone marrow. Low percentages of these
cells were found to be present 14 days after infusion of the cells. These results indicate that
polydonor CD410 cells delayed fulminant xeno-GvHD induced by human PBMC and that they

do not themselves induce any xeno GvHD.

Polydonor CD4IL10 cells inhibit severe xeno GvHD by purified CD4™ cells.

[00675] Polydonor CD4%10 cells were tested in a humanized xeno GvHD model in which
GvHD disease was induced by administration of 2.5 X 10° purified human CD4+ T cells as
illustrated in FIG. 31. NSG mice were sub-lethally irradiated at day O and on day 3 were
intravenously injected with human CD4* T cells (2.5x10° cells/mouse) alone or in combination
with polydonor CD4™510 cells (three different donors; BC-H/I/L) (2.5x10° cells/mouse) or with
CD4%10 cells from a single donor (BC-H) from the pool (2.5x10° cells/mouse). Xeno-GvHD
was evaluated as previously described (Bondanza et al. Blood 2006) based on weight loss (>20%

weight loss), skin lesions, fur condition, activity, and hunch.

[00676] FIG. 32 shows % of NSG mice demonstrating GvHD on each day after injection.
The results show that polydonor CD4™1% (BC-H/I/L) cells can inhibit the xeno-GvHD mediated

by human allogeneic CD4* T cells. In this experiment, xeno GvHD was very severe, because all

115



WO 2023/129929 PCT/US2022/082431

mice in the control group which received CD4+ T cells were dead at day 20. In contrast, co-
administration of 2.5 x 10 ® polydonor CD4™'% inhibited GVHD by 75 %. Single-donor CD4-1°

cells were also protective but the effects were less potent.

Other experiments

[00677] Therapeutic effects of the polydonor CD419 cells are tested in four different

4]L—10

groups of mice: (i) mice receiving human PBMC from a donor unrelated to the CD cells

4]L—10

(xeno-GvHD positive control); (ii) mice receiving the polydonor CD cells (negative

control); (iii) mice receiving a combination of PBMC and the polydonor CD4™10 cells at 1:1
ratio; and (iv) mice receiving a combination of PBMC and the polydonor CD4™-1% cells at 2:1

ratio or at different ratios. Among animals receiving combination of PBMC and the polydonor

4]L—10

CD4™1% cells, some animals receive PBMC and the polydonor CD cells concurrently, some

4]L—10

animals receive polydonor CD cells several days (e.g., 5 days) after receiving PBMC, and

some animals receive polydonor CD4™1? cells several days (e.g., 5 days) before receiving
PBMC.
[00678] The mice are monitored for development of GvHD by measuring weight at weeks

1, 2, 3, 4, and if necessary week 5, after administration of PBMC and/or the polydonor CD4L-10
cells. In addition to weight loss, the mice will be inspected for skin lesions, fur condition and
activity. The mice in the treatment groups are monitored for additional periods to determine

4]L—10

effects of the polydonor CD cells on long term survival.

[00679] The amount and localization of the polydonor CD4™10 cells are also monitored in
peripheral blood and tissues after administration. Specifically, presence of polydonor CD41-10
cells are monitored in peripheral blood and at sites of inflammation: lymph nodes, spleen, gut,
and bone marrow. The mice in the treatment group(s) are monitored for an additional 3 weeks to

determine long-term survival.

[00680] The results demonstrate that polydonor CD4™1 cells are effective in reducing

and preventing xeno-GvHD.

6.9.10. Example 9: Inhibition of GvHD and treatment of cancer

[00681] A population of polydonor CD410 cells are tested in an NSG mouse model
transplanted with human PBMC and AML tumor cells for their effect on xeno-GvHD induced by
human PBMC and anti-tumor effects. AML cells (ALL-CM) are administered i.v. as described
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previously in WO 2016/146542. PBMC or polydonor CD410 cells or combinations thereof are

administered 3 days later.

[00682] Polydonor CD4™1% cells are obtained as described in Example 1. Therapeutic

effects of the polydonor CD4-10

received irradiation and 5x10% ALL-CM cells (AML mice) at day 0: (i) AML mice without

cells are tested in four different groups of mice, each having

additional treatment; (ii) AML mice receiving 5x10° human PBMC from a donor unrelated to the
polydonor CD4-10 cells — the PBMCs cause severe xeno-GvHD; (iii) AML mice receiving
2.5x10° polydonor CD4™™10 cells; and (iv) AML mice receiving combinations of PBMC and the
polydonor CD410 cells at 1:1 or 2:1 ratio or at different ratios. One additional group of mice do

not receive ALL-CML cells but receive 5x10° human PBMC at day 3 after irradiation.

[00683] Effects of the polydonor CD4™1% cells on xeno-GvHD induced by human PBMC
are tested based on weight loss, skin lesions, fur condition, activity, death rate and long-term

4]L—10

survival. Anti-tumor or graft versus leukemia (GvL) effects of the polydonor CD cells are

tested based on reduction of tumor cells in the circulation and long-term tumor free survival.

[00684] Some mice are monitored for up to 7 weeks in order to monitor long-term

survival and complete tumor remissions.

[00685] Results demonstrate that polydonor CD410 cells are effective in both inhibition

of xeno-GvHD and treatment of cancer.

4IL-10 calls

6.9.11. Example 10: Treatment of cancer using polydonor CD
[00686] A population of polydonor CD419 cells are tested in an ALL-CM leukemia

model of T cell therapy in NSG mice.

[00687] NSG mice were sub-lethally irradiated and intravenously injected with myeloid
leukemia cells (ALL-CM) (5x10°) at day O (See FIG. 33A). In the first group of animals,
PBMC (5x10°) or single donor (from donor BC-1 and donor BC-H) CD4™10 cells (2.5x10°) were
injected at day 3. In the second group of animals, PBMC (5x10°) or polydonor CD4™10 cells
(2.5x10%) were injected at day 3. Graft-versus-leukemia (GvL) effect was tested in the animals
based on reduction of circulating leukemia cells and long-term leukemia free survival. Leukemia

was measured as previously described (Locafaro G. et al Molecular Therapy 2017).

[00688] As provided in FIG. 33B and FIG. 33C, all of the mice injected with ALL-CM
myeloid leukemia cells had extensive leukemia progression at day 17. Administration of 5x10°

PBMC resulted in a strong inhibition of leukemia progression. Interestingly, a comparable level
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of inhibition of leukemia progression was obtained by lower number (2.5x10°) of single-donor
CD4™ (FIG. 33B) or polydonor CD4™? (FIG. 33C). These data indicate that single donor and

polydonor CD41% have strong direct anti myeloid leukemia effects.

[00689] Graft-versus-leukemia (GvL) effects of single-donor CD4™!® and polydonor
CD4™0 were further tested in combination with PBMC in mice injected with ALL-CM myeloid
leukemia cells (see FIG. 34A). Administration of 5x10° PBMC resulted in a strong inhibition of
leukemia progression and administration of 5x10° PBMC combined with single donors CD4-1
(2.5x10°) had synergistic effect (FIG. 34B). Interestingly, administration of 5x10° PBMC
combined with 2.5x10° polydonor CD4™? had a comparable synergistic GvL effect (FIG. 34C).
These data indicate that polydonor CD4™!? act in synergy with PBMC to mediate strong GvL

effects.

6.9.12. Example 11: Treatment of chronic inflammatory and autoimmune diseases
using polydonor CD4-10 cells

[00690] Activation of the NLPR3 inflammasome has been implicated in many chronic
inflammatory and autoimmune diseases. The NLPR3 inflammasome can be activated by “danger
signals” which lead to caspasel-mediated production of the pro-inflammatory cytokines IL-1p
and IL-18 by monocytes/macrophages. A series of in vitro experiments are performed to
investigate the effects of polydonor CD4™1? cells on the NLPR3 inflammasome and IL-1 B/IL-

18 production by human monocytes.

[00691] First, human PBMC are isolated from peripheral blood by standard density
centrifugation on Ficoll/Paque (Sigma-Aldrich). Monocytes are isolated from the human PBMC
by negative selection using monocyte isolation kit II (Miltenyi) according to the manufacturer’s
instructions. Negative selection is preferred because positive selection or adherence can lead to
undesired activation of the cells. Isolated monocytes are plated at 5x10* cells/200 ul in the
presence of 2x10° or 1x10° polydonor CD410 cells /200 ul per well in 96-well microtiter plates

in culture medium containing 3% toxin free human AB serum.

[00692] Table 2 summarizes treatment conditions applied to 17 sets of monocytes, each
set including 6 wells of cells. It is known that LPS alone can activate human monocytes without

a second signal provided by ATP.

Table 2

Group # Monocytes CD4 YVADfmk#* LPS** Other
cells/supernatant
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Medium control
Incubation time: 1.5 hour; followed by activation by LPS for 4 hours

1 Monocytes No No No
2 Monocytes No No LPS
3 Monocytes No YVADfmk LPS
Co cultivation of monocytes and polydonor CD41-1 cells
4 Monocytes CD4™10 cells No No
5 Monocytes CD4™10 cells No LPS
6 Monocytes CD4"10 cells YVADfmk LPS
Co cultivation of monocytes and control CD4 GFP+ cells
7 Monocytes CD4 GFP cells No No
8 Monocytes CD4 GFP cells No LPS
9 Monocytes CD4 GFP cells YVADfmk LPS
Cultivation of monocytes in the presence of supernatants®** of polydonor CD4-1° cell
or CD4 GFP+ cell culture
10 Monocytes 50% supernatant | No LPS
of CD4™19 cells
11 Monocytes 25% supernatant | No LPS
of CD4™10 cells
12 Monocytes 12.5% No LPS
supernatant of
CD45-10 cells
13 Monocytes 50% supernatant | No LPS Anti-1L-10
of CD4™10 cells antibody
14 Monocytes 50% supernatant | No LPS
of CD4 GFP cells
15 Monocytes 25% supernatant | No LPS
of CD4 GFP cells
16 Monocytes 12.5% No LPS
supernatant of
CD4 GFP cells
17 Monocytes 50% supernatant | No LPS Anti-1L-10
of CD4 GFP cells antibody

* YVADfmKk is an inhibitor specific to caspase 1. 20 mM Z-YVADfmk (Biovision, Enzo Life
Sciences, or Axxora Life Sciences) dissolved in DMSO is used.

** LPS (Signa-Aldrich) 100ng/mL

##% Supernatants of CD4-1% and CD4 GFP or NGFR cultures are obtained by incubating CD4
10 or CD4 GFP cells at 1X10%mL for 3days and collecting the supernatants. IL-10 production
levels are measured by IL-10 specific ELISA.

[00693]
each group and IL-1 B/IL-18 production is measured by ELISA specific for mature IL-13 or IL-
18 (Biolegend). Cells collected from 6 wells for Group #3, 10, 13, 14, and 17 are analyzed by

After treatments outlined in Table 2, supernatants are collected from 6 wells for

Western Blot to determine levels of activated caspase 1.
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[00694] Data from the experiments show that polydonor CD4™1° cells down-regulate IL-
1P and IL-18 production by activated monocytes. They further show that polydonor CD410
cells down-regulate mature caspase-1 production in activated monocytes. Additionally,
polydonor CD4™1% and IL-10 produced by the polydonor CD4%10 down-regulate

inflammasome.

[00695] Similar experiments are performed with human macrophages or dendritic cells
instead of monocytes. Results from the experiments demonstrate that polydonor CD410 cells
further down-regulate IL-1p, IL-18, and mature caspase-1 production from activated
macrophages and dendritic cells.

[00696] These suggest that polydonor CD419 cells can be used to treat diseases or
disorders involving hyperactivation of NLPR3 inflammasome. In particular, polydonor CD4"-10
cells can be used to treat chronic inflammatory and autoimmune diseases. The NLPR3
inflammasome can be activated by exogenous or endogenous “danger signals”, such as Pathogen
Associated Molecular Patterns (PAMPs), silica, asbestos, Danger Associated Molecular Patterns

(DAMPs) like products from damaged mitochondria, necrotic and stressed cells, and uremic acid

crystals.

6.9.13. Example 12:Supernatant of polydonor CD4'-1? cells inhibit NLPR3
Inflammasome activation and IL-1§ and IL-18 production by human
monocytes

[00697] CD14* monocytes were isolated from PBMC using a pan monocyte isolation kit
(Miltenyi Biotec, Bergisch Gladbach, Germany) and plated in 96 flat microtiter wells at
2x10°/200uL per well and cultured in the presence of LPS. The cells were cultured further in the
presence of Z-YVADfmk (20 puM), MMC950 (10 uM), IL-10 (10ng/mL) or various
concentrations of single- or pooled donor CD4%10 cell supernatants as summarized in Table 1.

4110 cells

[00698] The supernatants were obtained from single- or pooled donor CD
activated for 72 hours with a combination of CD3 and CD28 antibodies as described previously.
(Andolfi et al. 2012, Mol. Therapy Vol. 20, 1778-1790, Locafaro et al. Mol Ther 2017, 25, 2254)
In some cases (FIG. 35C and 35D), the monocytes were incubated with LPS in combination with
the NLPR3 inflammasome activator nigericin (“NIG”) which was added during the last 30

minutes of the LPS activation.

[00699] The NLPR3 inflammasome was activated by LPS, resulting in the production of

mature caspase 1 and the biologically active forms of IL-1f3 and IL-18. Monocytes plated in the
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absence of LPS activation did not produce detectable levels of IL-10 during the incubation

period (not shown).

[00700] Addition of the supernatant of single donor derived CD4™!° cells (containing
1769 pg IL-10/mL) inhibited IL-1 production by LPS activated monocytes from donor #1 and
#2 at concentrations of 50%, 25% and 12.5 % respectively, in a dose dependent fashion (FIG.
35A and FIG. 35B). Supernatant of CD4+ cells transduced with GFP was used as a control.
Complete inhibition of IL-1 production is observed at concentrations of 50% and 25%, whereas

supernatants of GFP transduced control CD4+ cells at concentrations of 50% were ineffective.

[00701] Various concentrations of CD4™!9 T cell supernatant (50%, 25% or 12.5%), Z-
YVADfmk or MCC950 were further tested on monocytes activated with LPS and nigericin
(“NIG”). Supernatants from single donor (BC-E) or pooled donor CD410 cells contained 5295

41L-10 cells were also very

or 3532 pg IL-10/mL respectively. Supernatants of single donor CD
effective in inhibiting LPS induced IL-1f production enhanced by the NLPR3 inflammasome

activator nigericin (FIG. 35C and FIG. 35D).

[00702] The data demonstrate that the supernatants from CD4™1 cells at concentrations
of 50% were as effective as the irreversible caspase 1 inhibitor Z-YVADfmk (Guo et al. 2015,
Nature Med 21, 677), the selective NLPR3 inflammasome inhibitor MCC950 (Coll et al. 2019,
Nature Chem. Biol 15,556) and recombinant IL-10, indicating that IL-10 containing supernatants
inhibit NLPR3 inflammasome activation and mature caspasel production resulting in strong

inhibition of the production of the proinflammatory cytokine IL-1p (FIG. 35A-35D).

[00703] Comparable results were obtained in second series of experiments with
supernatants of single donor (BC-E) and pooled CD410 cells from 2 different donors (BC-C/E).
The CD4-10 cells were activated by a combination of CD3 and CD28 antibodies as described
(Andolfi et al. 2012). After 3 days the supernatants from the CD410 cells were collected. These
supernatants contained 5295 and 3532 pg IL-10/mL respectively, and inhibited LPS induced IL-
1B production by monocytes from donor #3 in a dose dependent fashion (FIG. 35E).
Supernatants at concentrations of 50% were as effective as Z-YVADfmk and MCC950. The
inhibitory effects of the supernatants of the pooled CD4™1° cells were completely neutralized by
an anti-IL-10 receptor antibody. Similarly, supernatants pooled from 3 different donors
containing 2589 pglL-10/mL, dose dependently inhibited IL-1f production by monocytes from
donor #4 (FIG. 35F). The inhibitory effects of the supernatants are completely neutralized by an
IL-10 receptor antibody demonstrating that NLPR3 activation is mediated by IL-10. The results
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indicate that production of the pro inflammatory cytokine IL-1f is strongly inhibited by IL-10
produced by the polydonor CD410 T cells. As expected, the anti-IL-10 receptor antibody had
no effect of the inhibition of IL-1f} production mediated by Z-VADfmk and MCC950 (FIG.
35E).

[00704] CD4™10 T cells were further tested on monocytes from donor #4 activated by
LPS and nigericin. Various concentrations of single donor (BC-V) or polydonor (three donors;
BC-T/U/V) CD4™1° cell supernatants containing 2583 or 2589pg IL-10/mL respectively,

ZYV ADfmk or MCC950 were tested. Data provided in FIG. 35G show that pooled supernatants
of 3 different donors (BC T-U-V) down regulate IL-18 production induced by LPS in

combination with nigericin.

[00705] Collectively, these data indicate that IL-10 produced by single- and poly donor
CD4™10 cells strongly down regulates the NLPR3 inflammasome resulting in strong inhibition

of the pro inflammatory cytokines IL-1f and IL-18.

6.9.14. Example 13: Single-donor and polydonor CD4'~1° cells inhibit xeno GYHD
and myeloid tumor growth in vivo

[00706] Functional properties and quality of the single donor (BC-T,BC-V, and BC-E)
or polydonor (BC-V/T/E) CD4™19 cells were tested as described in Andolfi et al. Mol Ther
2012, 20, 177 and Locafaro et al. Mol Ther 2017, 25, 2254. Both single donor- and polydonor
CD4™10 cells produced high levels of IL-10, variable levels of IFN-gamma, very low levels of
IL-4 and no detectable IL.-2 (the latter not shown), reflecting the characteristic cytokine

production profile of Tr1 cells (FIG. 37).

[00707] Further, the suppressive capacity of the single donor (BC-T,BC-V, and BC-E)
or polydonor (BC-V/T/E) CD4™!° cells on CD4+ and CD8+ T cell proliferation was measured
in vitro on allogeneic PBMC. PBMC were labeled with eFLuor670 (Invitrogen). Labeled
PBMC (1x10°) were activated with immobilized CD3 (10mg/mL) and soluble CD28 antibodies
(Img/mL). Single and polydonor CD4™10 cells were added at a 1:1 ratio in a final volume of
0.2mL in 96 well round bottom plates. After 4 days of co-culture, their suppressive effects on the
proliferation of eFluor670 labeled responder cells was determined by eFluor670 dilution using
flow cytometry as described (Locafaro et al. Mol Ther 2017, 25, 2254). FIG. 38 provides results
from the flow cytometry. Single- and polydonor CD4™1° cells strongly inhibited in vitro
proliferation of both allogeneic CD4+ and CD8+ T cells by more than 80% (FIG. 38).
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[00708] The CD4-19 cells were further analyzed for their cytotoxic effects against
myeloid leukemia cells (ALL-CM) and an erythroid leukemia cell line (K562). Single (BC-E and
BC-V) or polydonor (BC-V/T/E) CD4"1° cells were co-cultured at a 1:1 ratio with ALL-CM or
K562 cells. After 3 days the cells were harvested and surviving CD45low, CD3- target cells
were counted and analyzed by FACS as described ((Locafaro et al. Mol Ther 2017, 25, 2254).
The single donor and poly donor CD4-19 cells also mediated strong direct cytotoxic effects on
ALL-CM myeloid tumor cells, whereas they failed to kill the sensitive K562 cells, which lack
Class I MHC expression required for their cytotoxic activity (FIG. 39). Single (BC-E and BC-V)
or polydonor (BC-V/T/E) CD4™1? cells had comparable cytotoxic activities against these two
target cell lines (ALL-CM and K562).

[00709] Cytotoxic effects of single-donor (BC-E) and polydonor (BC-V/T/E) CD4™-1°
cells were also tested in vivo, using a humanized xeno GvHD disease model - an NSG mouse
intravenously injected with ALL-CM cells (2.5x10). Their effect on GvHD induced by human
PBMC from an allogeneic donor as well as their effect on the growth of acute myeloid leukemia

in cell line ALL CM in a therapeutic setting were tested as illustrated in FIG. 36.

[00710] Eight to ten-week-old female NOD scid gamma, (NSG) mice were obtained
from Charles-River Italia (Calco, Italy). The experimental protocol was approved by the internal
committee for animal studies of the Ospedale San Raffaele (Institutional Animal Care and Use
Committee (IACUC). At day 0, the mice received total body irradiation from a linear accelerator.
ALL-CM cells (2.5x10°) were injected at day 0. On day 0, different groups of mice were injected
with nothing, allogeneic PBMC (2.5 x10°), single donor (BC-E, 2.5 x10) or polydonor CD41-10
cells pooled at 1:1:1 ratio from 3 different donors (BC-V/T/E, 2.5 x10°) in combination with
allogeneic PBMC (2.5x10°) or polydonor CD410 cells (2.5x10°) on day 3. All cells were
administered i.v. in volumes of 250 pL of Iscove’s modified Dulbecco’s medium. Mice were

monitored 3-4 times per week.

[00711] The NSG mice were divided into five cohorts of 5 mice and each group was
treated on day O with (i) none as a control; (ii) allogeneic mononuclear cells (PBMC); (iii)
allogeneic PBMC and polydonor CD410 cells (BC-V/T/E); (iv) allogeneic PBMC and single-
donor CD4™1° cells (BC-E); or (v) polydonor (BC-V/T/E) CD410 cells administered at day 3
Myeloid leukemia progression was measured as previously described ((Locafaro et al. Mol Ther

2017, 25, 2254).
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[00712] Administration of ALL-CM cells to NSG mice resulted in a rapid expansion of
these cells and all the mice died or had to be sacrificed on day 20. Injection of PBMC prevented
leukemia progression as expected. Both single- and poly- donor CD4™0 cells given in
combination with allogeneic PBMC did not interfere with anti myeloid leukemia effects of the

PBMC.

[00713] Injection of polydonor CD4™1% (BC-V/T/E) cells 3 days after administration of
the ALL-CM cells (when already massive expansion of these cells is ongoing) resulted in
inhibition of tumor growth. These results indicate that polydonor CD4™1 cells have direct

therapeutic anti myeloid leukemia effects in vivo (FIG. 40).

[00714] However, despite their beneficial anti myeloid leukemia effects, the PBMC
induced a very severe form of xeno-GvHD and all mice died by day 24 (FIG. 41). In the study,
single-donor (BC-E) and polydonor (BC-V/T/E) CD4™10 cells were tested on their capacity to
inhibit xeno-GvHD induced by PBMC following administration in NSG mice. On day 0, the
NSG mice were injected with ALL-CM cells (2.5x10°). The mice were divided into five groups
and each group was treated with (i) none as a control; (ii) allogeneic mononuclear cells (PBMC);
(iii) allogeneic PBMC and polydonor (BC-V/T/E) CD4%10 cells (BC-E, BC-V, BC-T); (iv)
allogeneic PBMC and single-donor CD4™10 cells (BC-E) or polydonor (BC-V/T/E) CD4-10
cells injected at day 3. In the animals, xeno-GvHD was measured by survival and weight loss. In
addition, hunching, fur condition and skin integrity were monitored as described (Bondanza et al,
Blood, 2006, 107, 1828). If weight loss reached more than 20%, the mice were sacrificed for
ethical reasons. FIG. 41 shows % of NSG mice free of GvHD in each day following day 1
injection with ALL-CM cells (2.5x10°) and subsequent treatment with PBMC with or without

single-donor or polydonor CD4™10 cells.

[00715] The results show that polydonor CD4™? cells did not induce xeno-GvHD, and
down regulated xeno-GvHD induced by allogeneic PBMC. Collectively these results indicate
that polydonor CD419 cells downregulate severe xeno-GvHD, have direct anti myeloid
leukemia effects in a therapeutic setting and do not interfere with the protective anti myeloid

leukemia effects of the PBMC.

6.9.15. Example 14: Adoptive transfer of polydonor CD4IL-10 cells derived from
four different donors

[00716] Adoptive transfer of polydonor CD4™10 cells derived from four different
donors was tested for the transfer’s ability to inhibit PBMC-induced xeno-GvHD.
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[00717] In these experiments, single-donor CD4™%1? cells (donor C; lot C) and
polydonor CD4™10 cells derived from 4 different donors(donors C, E, F, and H; lot CEFH) were
tested in a humanized mouse model of GVHD induced by allogeneic PBMC. In this model, NSG
mice were sub-lethally irradiated at day O and injected at day 3 (slow bolus i.v.) with (i) 2.5E+06
allogeneic PBMC, (ii) 2.5E+06 allogeneic PBMC in combination with 2.5E+06 single-donor
CD*10 cells (lot C), (iii) 2.5E+06 allogeneic PBMC in combination with 2.5E+06 cells
polydonor CD4%10 cells (lot CEFH), or (iv) 2.5E+06 cells polydonor CD410 cells (lot CEFH)
alone. GvHD was determined using a composite score of weight loss, fur appearance, skin
appearance, hunch, and activity (see Bondanza A, et al. Blood 2006;107:1828-36 ]. As shown in
FIG. 42, only mice administered with the polydonor CD419 cells were 100% free of GvHD at
the end of the study.

[00718] In summary, this data demonstrated that adoptive transfer of polydonor CD4%L-10
cells derived from four different donors inhibits PBMC-induced xeno-GvHD and does not

induce xeno GvHD.

6.9.16. Example 15: Generation of a variant of IL-10

[00719] Variants of human IL-10 are generated by introducing amino acid
modification(s) (e.g., substitution, insertion, deletion) in view of IL-10 sequences of other
species. Modification sites are determined by sequence alignment as provided in FIG. 43A.
Amino acid positions having different amino acids among species are identified from the

alignment and modified by introducing substitution, insertion, or deletion of amino acids.

[00720] Two examples of the variant of human IL-10 are provided in FIG. 43B.
Possible hulL-10 HYBRID #1 (SEQ ID NO: 21) is generated by substituting three amino acids
(D, I and A) of human IL-10 with three different amino acids (E, A, and D) of viral IL-10
(EBVBY) at the corresponding positions. Possible hull.-10 HYBRID #2 (SEQ ID NO: 22) is
generated by substituting one amino acid (I105) of human IL-10 with another amino acid (A105)
of viral IL-10 (EBVB9) at the corresponding position. FIG. 43C shows alignment of human IL-
10 (SEQ ID NO: 1) with IL10 EBVB9 (SEQ ID NO: 18) with “*”indicating the one or more
amino acid positions that are substituted in IL-10 hybrid #1 and “#’indicating the preferred 1105
to A105 amino acid substitution for IL-10 hybrid #2.

[00721] The variants of human IL-10 are cloned into an expression vector as described

in the above section and tested for the expression and function of the variant proteins. Selected
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variants of human IL-10 are used to generate CD4™'% cells. Efficiency of CD410 cells are

tested as provided herein.

6.9.17. Additional Experimental methods and materials for Examples 1-11

[00722] Cell preparation and cell lines. Peripheral blood mononuclear cells (PBMC)
were prepared by centrifugation over Ficoll-Hypaque gradients. CD4* T cells were purified with
a CD4 T cell isolation kit (Miltenyi Biotec, Bergisch Gladbach, Germany) with a resulting purity
of >95%. Mature dendritic cells (DC) were generated from peripheral blood CD14* monocytes
positively selected using CD14" MicroBeads (Miltenyi Biotech, Germany) according to the
manufacturer’s instructions and cultured in RPMI 1640 (Lonza, Italy) supplemented with 10%
fetal bovine serum (FBS; Lonza, Italy), 100 U/mL penicillin/streptomycin (Lonza, Italy), 2 mM
L-glutamine (Lonza, Italy), at 37°C in the presence of 10 ng/mL recombinant human (rh) IL-4
(R&D Systems, Minneapolis MN, USA) and 100 ng/mL rhGM-CSF (Genzyme, Seattle, WA,
USA) for 5 days and matured with 1 mg/mL of lipopolysaccharide (LPS, Sigma, CA, USA) for

an additional two days.

[00723] Plasmid construction. The coding sequence of human IL-10 was excised from
pH15C (ATCC n° 68192), and the 549bp fragment was cloned into the multiple cloning site of
pBIluKSM (Invitrogen) to obtain pBluKSM-hIL-10. A fragment of 555bp was obtained by
excision of hIL-10 from pBluKSM-hIL-10 and ligation to
1074.1071.hPGK.GFP.WPRE.mhCMV.dNGFR.SV40PA (here named LV-ANGFR), to obtain
LV-IL-10/ANGEFR. The presence of the bidirectional promoter (human PGK promoter plus
minimal core element of the CMV promoter in opposite direction) allows co-expression of the
two transgenes (Locafaro et al. Mol Ther. 2017;25(10):2254-2269). The sequence of LV-IL-
10/ANGFR was verified by pyrosequencing (Primm).

[00724] Vector production and titration. VSV-G-pseudotyped third generation
bidirectional lentiviral vectors were produced by Cas;POs transient four-plasmid co-transfection
into 293T cells and concentrated by ultracentrifugation as described (Locafaro et al. Mol Ther.
2017;25(10):2254-2269). Titer was estimated by limiting dilution, vector particles were
measured by HIV-1 Gag p24 antigen immune capture (NEN Life Science Products; Waltham,
MA), and vector infectivity was calculated as the ratio between titer and particle. Titers ranged
from 5x10® to 6x10° transducing units/mL, and infectivity from 5x10* to 10° transducing

units/ng of p24.
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[00725] Generation of CD4'1 cell lines. Polyclonal CD4-transduced cells were
obtained as previously described (Andolfi et al. Mol Ther. 2012;20(9):1778-1790). Briefly, CD4
purified T cells were activated for 48 hours with soluble anti-CD3 monoclonal antibody (mAb,
30 ng/mL, OKT3, Janssen-Cilag, Raritan, NJ, USA), anti-CD28 mAb (1 ug/mL, BD) and rhIL-2
(50 U/mL, PROLEUKIN, Novartis, Italy). T cells were transduced with LV-IL-10/ANGFR
(CD4™1%) with multiplicity of infection (MOI) of 20. At day 11, CD4*ANGFR* cells were
beads-sorted using CD271* Microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) and
expanded in X-VIVO15 medium with 5% human serum (BioWhittaker-Lonza, Washington),
100 U/mL penicillin—streptomycin (BioWhittaker), and 50 U/mL rhIL-2 (PROLEUKIN,
Novartis, Italy). Atday 7 and 10, medium was replaced by fresh medium supplemented with
S0U/mL of rhIL-2. At day 14, cells were collected, washed, and restimulated with allogeneic
feeder mixture as previously described (Andolfi et al. Mol Ther. 2012;20(9):1778-1790). After

411-10 cells were restimulated and after the

14 days, cells were collected and frozen. Thawed CD
2" and 3™ re-stimulation and expansion were functionally characterized in vitro and used for in

vivo experiments.

[00726] Vector Copy Number Analysis. Cells were cultured for at 11 days after
transduction in order to get rid of non-integrated vector forms. Genomic DNA was isolated with
QIAamp DNA Blood Mini Kit (QIAGEN, 51106), according to the manufacturer’s instructions.
Vector integrations were quantified by QX200 Droplet Digital PCR System (Bio-Rad),

according to the manufacturer’s instructions.

[00727] Cytokine determination. To measure cytokine production, after 2°¢ and 3™ re-
stimulation single donor and polydonor CD410 cells were left unstimulated or stimulated with
immobilized anti-CD3 (10 pg/mL) and soluble anti-CD28 (1pg/mL) mAbs in a final volume of
200 uL of medium (96 well round-bottom plates, 2x10°/well). Supernatants were harvested after
48 hours of culture and levels of IL-10, IL-4, IL-5, IFN-v, and IL.-22 were determined by ELISA

according to the manufacturer's instructions (BD Biosciences).

[00728] Flow cytometry analysis. For the expression of Granzyme B (clone MHGBO04,
Invitrogen, USA) after surface staining with CD4, CD4-10 cells were fixed, permeabilized, and
stained using the BD Cytofix/Cytoperm™ Kit according to the manufacturer’s instructions (Cat.
No. 554714, Biolegend, USA). Stained cells were washed two times with PBS supplemented
with 1% FBS and analysed with a BD LSRFortessa analysed utilizing FlowJo 10 software.
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[00729] Killing assays. After 2" and 3" re-stimulation, cytotoxicity of single-donor and
polydonor CD410 cells was analysed in co-culture experiments. Briefly, non-myeloid leukemia
and a myeloid leukemia cell lines, K562 and ALL-CM respectively, were used as target cells and
plated with CD4™19 cells at 1:1 ratio (10° target cells and 103 CD4-10 cells) for 3 days. At the
end of co-culture, cells were harvested and K562 and ALL-CM cells were analysed and counted

by FACS.

[00730] Suppression assays. To measure the suppressive capacity of single donor and
polydonor CD4-10 cells, allogeneic PBMC were labeled with Cell Proliferation Dye eFluor®
670 (Invitrogen, CA, USA), according to manufacturer’s instructions prior to stimulation with
allogeneic mature DC (5x10* cells/well) and soluble anti-CD3 (50 ng/mL) mAb. PBMC and
suppressor cells were added at a 1:1 ratio (10° PBMC and 10° CD410 cells). After 3 days of
culture, proliferation of responder cells was determined by analyzing the eFluor670 dilution of

CD4*ANGFR™ or CD8*ANGFR" T cells by FACS.

[00731] Graft-versus Host Disease models: In all experiments 6/8 week-old female NSG
mice were used. On day 0 mice received total body irradiation with a single dose of 175-200 cGy
from a linear accelerator according to the weight of the mice, and were intravenously with
PBMC cells (5x10°), or CD4™1 cells (single-donors or polydonor - pool of three donors - 5x10°
or 2.5x10°), or with PBMC (5x10°) in combination with CD4™19 cells (5x10° or 2.5x10°).
Survival, weight loss, activity, fur, skin, and hunch were monitored at least 3 times per week as
previously described (Bondanza et al. Blood. 2006;107(5):1828-1836). Mice were euthanized for

ethical reasons when their loss of bodyweight was 20%.

[00732] Alternatively, on day 0 mice received total body irradiation as above. On day 3
mice were injected with CD4™ T cells (5x10° or 2.5x10°), single and polydonor (pool of three
donors) CD4™19 cells (5x10° or 2.5x10%), or CD4* T cells 5x10° or 2.5x10°) in combination with
single and polydonor (pool of three donors) CD4™1% cells (5x10° or 2.5x10%). GVHD induction

was monitored as indicated above.

7. INCORPORATION BY REFERENCE

[00733] All publications, patents, patent applications and other documents cited in this
application are hereby incorporated by reference in their entireties for all purposes to the same
extent as if each individual publication, patent, patent application or other document were

individually indicated to be incorporated by reference for all purposes.
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8. EQUIVALENTS

[00734] While various specific embodiments have been illustrated and described, the
above specification is not restrictive. It will be appreciated that various changes can be made
without departing from the spirit and scope of the invention(s). Many variations will become

apparent to those skilled in the art upon review of this specification.

9. SEQUENCES

SEQ ID NO: 1 (Human IL-10 amino acid sequence-- Protein Sequence: Ref P22301)

MHSSALLCCLVLLTGVRASPGOGTQSENSCTHEFPGNLPNMLRDLRDAF SRVKTEFQMKDOLDNL
LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOQAENQDPDIKAHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN

SEQ ID NO: 2 (Human IL-10 exemplary polynucleotide sequence)

ATGCACAGCTCAGCACTGCTCTGTTGCCTGGTCCTCCTGACTGGGGTGAGGGCCAGCCCAGGCC
AGGGCACCCAGTCTGAGAACAGCTGCACCCACTTCCCAGGCAACCTGCCTAACATGCTTCGAGA
TCTCCGAGATGCCTTCAGCAGAGTGAAGACTTTCTTTCAAATGAAGGATCAGCTGGACAACTTG
TTGTTAAAGGAGTCCTTGCTGGAGGACTTTAAGGGTTACCTGGGTTGCCAAGCCTTGTCTGAGA
TGATCCAGTTTTACCTGGAGGAGGTGATGCCCCAAGCTGAGAACCAAGACCCAGACATCAAGGC
GCATGTGAACTCCCTGGGGGAGAACCTGAAGACCCTCAGGCTGAGGCTACGGCGCTGTCATCGA
TTTCTTCCCTGTGAAAACAAGAGCAAGGCCGTGGAGCAGGTGAAGAATGCCTTTAATAAGCTCC
AAGAGAAAGGCATCTACAAAGCCATGAGTGAGTTITGACATCTTCATCAACTACATAGAAGCCTA
CATGACAATGAAGATACGAAACTGA

SEQ ID NO: 3 (ANGFR amino acid sequence)

MGAGATGRAMDGPRLLLLLLLGVSLGGAKEACPTGLYTHSGECCKACNLGEGVAQPCGANQTVC
EPCLDSVTIFSDVVSATEPCKPCTECVGLOSMSAPCVEADDAVCRCAYGYYQDETTGRCEACRVC
EAGSGLVFSCODKONTVCEECPDGTYSDEANHVDPCLPCTVCEDTERQLRECTRWADAECEETP
GRWITRSTPPEGSDSTAPSTQEPEAPPEQDLIASTVAGVVTTVMGSSQPVVTRGTTIDNLIPVYC
SILAAVVVGLVAYIAFKRWNRGIL

SEQ ID NO: 4 (ANGFR exemplary polynucleotide sequence )

ATGGGGGCAGGTGCCACCGGCCGCGCCATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGG
GGGTGTCCCTTGGAGGTGCCAAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTG
CTGCAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACCGTGTGT
GAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCGACCGAGCCGTGCAAGCCGT
GCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTGCGTGGAGGCCGACGACGCCGTGTG
CCGCTGCGCCTACGGCTACTACCAGGATGAGACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGC
GAGGCGGGCTCGGGCCTCGTGTTCTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCC
CCGACGGCACGTATTCCGACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGA
GGACACCGAGCGCCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCT
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GGCCGTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGACAGCACAGCCCCCAGCACCCAGG
AGCCTGAGGCACCTCCAGAACAAGACCTCATAGCCAGCACGGTGGCAGGTGTGGTGACCACAGT
GATGGGCAGCTCCCAGCCCGTGGTGACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGC
TCCATCCTGGCTGCTGTGGTTGTGGGCCTTGTGGCCTACATAGCCTTCAAGAGGTGGAACAGGG
GGATCCTCTAG

SEQ ID NO: 5 (nucleotide sequence of pLV-ILlO)'

TGGCCATTGCATA (,Lu TGTATCCATATCATAATATGTACATTTATATTGGEC ":"'i,.’,'f STCCAACAT
TACCGCCATCTTGACATTGATTATT Cf‘f"i AGTTATTAATAGTAATCAATTACGGGGTCATTAGT
TCATAGCCL? fATATSC AGTTCCGCGTTACATAA CGGTARATGGCCCGCCTGGCTGACCG
CCCAACGACCCCCGUCCATTGACGTCAATAN "‘Gz\(,(j TATGTTCCCATAGTAACGCCAATAGGGA
CTTTCCATTG ALU"C AATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATC TnT SCCAAGTACGCCCCCTATTCACGTCAATGACGGTAAATCGUCCGCCTGECATTAT
GCCCAG] Gr\(‘( TTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTA
TTACCA “C(f-'i GATG "C‘T'I"i GGCAGTACATCAATGGGUGTGCGATAGCGETTTGACTCACGGGE
ATTTCCAAGTCTCCACCCCATTGCACGTCAATGCGAGTTTGTTTTGGCACCAAAATCAACGGGAC
TTTCCAARATGTCGT? J’SC!’S/ WCTCCGCCCCATTGACGCAAATGEGUGETAGGCGTGTACGGETEGE

AGGTCTATATAAGCAGAG ,T(”C TTTAGT n\z\(,( SGEGTCTCTCTGET TAGACCAGATCT
TGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAACCTTGC ”TTF'AGT -C
TTCAAGTAGTGTGTGCCCGTCTGTTETGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTA
G GAp TCTGGAAAATCTCTAGCAGTGGLCGLUCGAACAGGGACTTGCAAAGUGAAAGGGAAACCAG
AGGAGCTCTCTCGACGC ’&GG/\C [COGCTTGCTCGAAGCGCGCACGGCAAGA bC-LCnAG'jG'jCGCCC
ACTGGTCAGTACGCCAAAAATTTTGACTACCCGAGGCTAGAAGGAGAGAGATGGETGCGAGAGT
GTCAG [ TTAAGCGGGGGAGAATTAGATCGUGATGGGAAARAAATTCGGETTAAGGCCAGGGGGAA
AAAT D_TAAAT'I'J"U VACATATACGTATCGGCAAGCAGGGAGCTACAACGATTCGCAGTTAA
TCCTGGCCTGTTAGAAACH *\/ACAAw\fTw”P\CP\ AAATACTGGGACAGCTACA r‘”‘?L"CCCTT

1
C
CAGACA CGAT(‘:&G AGRACTTAGATCATTATA Z.AT CAGTAGCAACCCTCTATTIGTIGTGCATC
Al
C?

(e
SAGCT

AAAGGATAGAGATAARAAGACACT &;_ ACAAGATAGAGCGAAGAGCARAAATCAARAG

TAAGACCACCGCACAGU! ;AGCC G SACCTGGAGGAGGAGA GAGGGACAA

TTGGAGAAGTGAATTATATA TaThAAGTﬁG TAARARTTGAACCATTALG G“GT, GC”HC\,CnCC
Z‘%A(«U(ﬂ\Anm\bAé\Gz\ B GG"C'C(TA SAGAGAAARALGAGC ]\( TGGGEAATAGGAGC TCCTTG
CGTTCTTGGGAGCA \;GAAGL:&\ TATGCGCGCAGCGTCAATGACGT \,P\L,G T“C“G ;'“C"’-&'ﬂ
ACAATTATTGTCTL uG TATAGTGCAGCAGCA u/—\ﬁ(‘n/ .LTTTGCTGAGGG(' TATTGAGGCGCAACAG
CATCTGTT GCAALJ"L ]\K_,]\( STCTGGEGECATCAAGCAGCTCCAGGCAAGRATCCTGLCTGETGGAAA
CATACCTAAAGGAT CHA AGCTCCTGEGEATTTIGGOGTTGCTCTGGAAAACTCATTTGCACCAL
TGCTGTGCCTTGGAATGCTAGTTGGAG TAh TRAAATCTCTGGAACAGA TTTG SAATCAC ?%CC.’\ ”,C

TGGATGGAGT GGGA( ]\( SAGAAATTAACAATTACACAAGCTTAATACACTCCTTAATT
CGUAAAACCAGCAAGAAAAGAATOE LL\CP«__?\_\(?:;AT’I‘Ai TGGAATTAGAT f‘_\nr GGGCAAG'Z'T'I’G'I’G
GARATTGGTTTAACATAACAALTTGGCTCTGGTATATARAATTATTCATAATGAT

AGT !—SG GAGGEC

TTGETAGCTT TAAGAATAGT TTTTGCTGTACTT TCTATAGTGAATAGAGTTY 'SC ]\( ]\] TT
CACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCE
ACAAGAAGGTGCACAGAGAGACAGAGACAGATCCATTCCGATTACTGAACGGAT
i “C'TT AACTTTTARARAGRAARAGGGGEGATTGLGLGGTACAGTGCAGGGLGARAAL

b
vy

AA

AATAGCAACAGACATACAAACTAAAGAAT TACAAAAACAAATTACAARAATT
CCATCACCAGACTAGCCTCGAGAGATCTGATCATAATCAGCCATACCACATT
T&'\,TT'\:\,TTTAZA‘\/M&A“ CCTCCCACACCTCCCCCT ?AHCCTSAnA\,ATAhAhTC’
STTGTTAACTTGTTTATTGCAGCTTATAA AAGGCAATA
CAAATAAGGCATTTTITICACTGCATTCT ”\_\C'JG TTGTCCAAACTCA
TCATGCTCTGGATCTCAAATCCCTCGGAAGCTY u(‘(uC‘CTSTCTTAuuTTCGAGW

TCACTTTTAC TEGATTAGGCAGTAGCTCTGACGGCCCTCCTGETCTT A G‘i

P

~ 1\ ~

.(\’)’1;

TAGTGAA
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TTCGGECC CCAGCGGACCTTCCTTCCCGCHGUCTGCTGCCGEUTCTGCGGCCTCTTICS

COTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTITGLGCCGCCTCCCCGCCTGLAATTC
CAGCTCGGTACCTTTAAGACCAATGACTTACAAGGCAGCTS “7“ThTThG CCACTTTTTAARAA
GRAARAGGGGGGACTGGAAGGGCTAATTC CMCFCATCGAﬂ;ﬂ CAAGATCTGCTTTTIGCTTGTA
ClC””I”I”INm’”MT"LTQ”R”7IC“CAC‘NMGC3 SQiLlL"””” FAACTAGGGAACCCACT
GCCTTAAGCCTCARTAAAGCTTCCCTTGAGTGCTTCAACTAGTCTCTGCCCGTICTGTTGTGTCAL
TCTGGTAACTAGAGATCC Ci‘“GnCC?TTTTA(TA“J¢GTGCA ALATCTCTAGCAGTAGTAGTT
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CATGTCATCTTAT
CTTGTTTATTGCAGL

GCA

]

GTATTTATAACTT CALACAH-TGAATATCAGAGAGTGAGAﬂCA“
TATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAA
TTTTTTCACTCGCATICTAGTTCTCGGTTTGTCCAAACTCATCA i‘IATCTmATYZT”I”l
GGCTCTAGCTATCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGLCCAGTTCCGCLCCAT

TCTCCGUCCCATGGUTGACTAATTTTITTITTATTTATGCAGAGGCCGAGGCLGLCTCGGLCTCTG

3
AGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGCGAGLCCTAGGCT TTTGCGTCGAGACGTACCC
AATTCGCCCTATACGTGAGTCOTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACT
GGGAAAACCCTGLCGTTACCCAACTTAATCGUCTTGCAGCACATCCCCOTT (G CCAGCTGGECG
TAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAAGTGLCLCGLACGUTCAGTGLCAACGAALA

CACGTTAAGGGATTTTIGGTCATGCAACAATAAALACTGTICTGCTTACATAAACAGTAATACAAG
GGGTGTTATGAGUCATATTCAACGGGAAR CTTGCTCTAGGCCGUGATTAAATTCCAACATG
GATGCTGATTTATATGGGTATAMATGGEUTCGUGATARTGTCGGECAATCAGGTGLGACAATCT
ATCCATTCTATGGCAAGCCCOCATGUCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTLC
CAATGATGTTACAGATGAGATGGTCAC AVTAﬁAVﬁ“G“ﬁGACGCAhTTTh GFC CTTCCGACC
ATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACT GCC
CAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAACATTCGTTG
CTTCCTGCGCCGETTGCATTCLATTCT ﬁT”TFT?ATTPTCCTTTTAA\AF
CETCTCGUTCAGGUGCAATCACGAATGAATAACGLTTTGGTTGAT GCGZGT_
AGCCTAATGECTGGCCTGTTCAACAACTC TGCAARGAAATGUATAA ”'I”W’CCATTCTCACC
CGATTCAGTCGTCA CTCAL'C GATTTCTCACTTGATAACCTTATTTITTGACCAGGGGARAATTA
ATAGGTTGTATTGATGTTGL TT”CGAﬁ CGUAGACCGATACCAGGATCTTGCCATCCTAT
AACTGCC 3GGTGACT." ATTACAGAARACGGCTTTTTCARARATATGGE!
TAATCCTGATATGA A”ZA’”'””A”III”D”TTL \VTGCTCGATG A”IIII“NTAA AATTAATT
CATGAGCGGATACATATTTIGAATGTATTTAGAARARATRARCAAATAGGGGTTCCGCGACTATGET

CTTTGATAATCTY "GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGALCCC
GTAGAAAAGATCAAAG ’TF“II”II”,CfICCmmmTlF*‘"”CCCC'AATCTGCTGC:TSCAAA
CAARARAAACCACCGCTACCAGCGETGGTTTGLTTIGCCGGATCAAGAGUTACCAACTCTTTTTCC
GAAGGTAACTGGC CAGCAGAGCGTAGAT STCCTTCTAGTGTAGCCGTAGTTA
GGUCACCACTTCAAGAACTCTCTAGCACCECCTA CATACC"CGC"C“””IAATC‘”””T“””RS
TCGCTCCTGCCAGTGGCGATAAGTCGTECTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGA
TAAGGCGCAGUGLTCGGGEUTGAACGGEEEETTCHTGCACACAGCCCAGUTTGHAGCGAACGACC
TACACCCAACTGAGATACCTACAGCCCTCACCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAA
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GGGAAACGCCT TTATAGTCCTCTCGGGTTTCGCCACCTCTCGACTTGAGCGTCGATTT
II”I””“””ICGlC VWGGHGGLECEGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTITTACGET
TCCTVHVVTT”TCCTCCC'MT TTCCC CATTCTIGTGGATAACCGTATTACCGCCTTITGAGTGA
pATAC7C"TLGCCGCA1CCCAa ACCGAGCGCAGCGAGTCAGTGAGCGAGGRAGUGGAAG
l&(«'(l(‘«'(l(‘ CAATE SCGCT [\,ﬁ'CC‘ CCGCGCGET TGCTTCCGGCTCETATL G
AATTGTGAGCG A*-HAV-AMTTCAC“ AGGRAACAGCTATGACCATGATTACGCCAAGCCGAAT

TAACCCTCACTARAGGGAACAGCTAGC

SEQ ID NO: 6 (Viral interleukin-10 homolog aka interleukin-10 BCRF1 aka
IL10H_EBVBY) Protein Sequence: Ref: PO3180

MERRLVVTLOQCLVLLYLAPECGGTDQCDNFPOMLRDLRDAFSRVKTFFQTKDEVDNLLLKESLL
EDFKGYLGCQALSEMIQFYLEEVMPQAENQDPEAKDHVNSLGENLKTLRLRLRRCHREFLPCENK
SKAVEQIKNAFNKLOEKGIYKAMSEFDIFINYIEAYMTIKAR

SEQ ID NO: 7 (Viral interleukin-10 homolog cDNA sequence)
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Nucleotide sequence (cDNA): Ref: NC_007605.1

5" ATGGAGCGAAGGTTAGTGGTCACTCTGCAGTGCCTGGTGCTGCTTTACCTGGCACCTGAGT
GTGGAGGTACAGACCAATGTGACAATTTTCCCCAAATGTTGAGGGACCTAAGAGATGCCTTCAG
TCGTGTTAAAACCTTTTTCCAGACAAAGGACGAGGTAGATAACCTTTTGCTCAAGGAGTCTCTG
CTAGAGGACTTTAAGGGCTACCTTGGATGCCAGGCCCTGTCAGAAATGATCCAATTCTACCTGG
AGGAAGTCATGCCACAGGCTGAAAACCAGGACCCTGAAGCCAAAGACCATGTCAATTCTTTGGG
TGAAAATCTAAAGACCCTACGGCTCCGCCTGCGCAGGTGCCACAGGTTCCTGCCGTGTGAGAAC
AAGAGTAAAGCTGTGGAACAGATAAAAAATGCCTTTAACAAGCTGCAGGAAAAAGGAATTTACA
AAGCCATGAGTGAATTTGACATTTTTATTAACTACATAGAAGCATACATGACAATTAAAGCCAG
GTGA_3’

SEQ ID NO: 9 (anti-CD19 CAR amino acid sequence)

MLLLVTSLLLCELPHPAFLLIPDIOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG
TVKLLIYHTSRLHSGVPSRFSGSGSGTIDYSLTISNLEQEDIATYFCQOGNTLPYTEFGGGTKLET
TGGGGSGGGESGGEGGSEVKLOQESGPGLVAP SQSLSVICTVSGVSLPDYGVSWIRQPPRKGLEWL
GVIWGSETTYYNSALKSRLTIIKDNSKSQVELKMNSLOQTDDTAIYYCAKHYYYGGSYAMDYWGQ
GTSVIVSSAAAPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFDTALAAVICSALAT
VLILALLILCVIYCKRQPRRKKLLYIFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCELRVKE SRS
ADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 10 (anti-CD19 CAR polynucleotide sequence)

ATGCTGCTGCTGGTCACCAGCCTGCTGCTGTGCGAGCTCCCTCACCCCGCCTTTCTGCTTATCC
CGGACATTCAGATGACACAGACCACCTCGAGCTTGTCCGCGTCGCTGGGCGATCGCGTGACCAT
CTCCTGCCGGGCCTCCCAAGACATTTCAAAGTATCTCAACTGGTACCAGCAGAAGCCGGACGGA
ACCGTGAAACTGCTGATCTACCATACCAGCCGCCTGCACTCCGGCGTGCCGTCCCGCTTCTCCG
GATCGGGTTCCGGAACTGACTACTCACTGACTATCTCCAACTTGGAACAAGAGGACATCGCCAC
TTACTTCTGTCAACAAGGAAATACCCTTCCCTACACCTTCGGGGGGGGTACCAAGCTGGAGATC
ACTGGGGGCGGAGGCTCCGGTGGAGGCGGATCCGGCGETGGAGGGAGCGAAGTCAAGCTGCAGG
AATCAGGACCAGGACTCGTGGCGCCATCCCAGTCCCTGTCGGTGACCTGTACTGTCTCCGGAGT
CAGCCTCCCCGATTACGGAGTGTCATGGATTAGGCAACCCCCAAGAAAAGGGCTGGAATGGCTC
GGAGTGATCTGGGGCTCCGAAACCACCTACTACAACTCGGCGCTGAAGTCCCGGCTGACCATCA
TCAAGGACAACTCCAAGAGCCAAGTGTTCTTGAAGATGAACAGCTTGCAGACCGACGATACCGC
AATCTACTACTGTGCCAAGCACTATTACTACGGGGGGTCTTACGCCATGGACTACTGGGGACAG
GGCACCTCCGTGACTGTGTCGTCCGLCGGCCGCGCCCGCCCCTCGGCCCCCGACTCCTGCCCCGA
CGATCGCTTCCCAACCTCTCTCGCTGCGCCCGGAAGCATGCCGGCCCGCCGCCGETGGCGCTGT
CCACACTCGCGGACTGGACTTTGATACCGCACTGGCGGCCGTGATCTGTAGCGCCCTGGCCALCC
GTGCTGCTGGCGCTGCTCATCCTTTGCGTGATCTACTGCAAGCGGCAGCCTAGGCGAAAGAAGC
TCCTCTACATTTTCAAGCAACCCTTCATGCGCCCCGTGCARACCACCCAGGAGGAGGATGGATG
CTCATGCCGGTTCCCTGAGGAAGAAGAGGGCGGTTGCGAGCTCAGAGTGAAATTCAGCCGGTCG
GCTGACGCCCCGGCGTACCAGCAGGGCCAGAACCAGCTGTACAATGAGCTCAACCTGGGGCGLC
GCGAAGAGTACGACGTGCTGGACAAGAGGAGAGGCAGAGATCCGGAAATGGGCGGAAAGCCAAG
GCGGAAGAACCCGCAGGAAGGTCTTTACAACGAACTGCAGAAGGACAAGATGGCCGAGGCCTAC
TCCGAGATTGGGATGAAGGGAGAAAGACGGAGGGGAAAGGGACATGACGGACTTTACCAGGGCC
TGAGCACTGCCACGAAGGACACCTATGATGCCCTGCACATGCAGGCGCTGCCGCCTCGE

SEQ ID NO: 11 (anti-CD19 scFV amino acid sequence for FM(C63)
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MLLLVTSLLLCELPHPAFLLIPDIOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG
TVKLLIYHTSRLHSGVPSRFSGSGSGTIDYSLTISNLEQEDIATYFCQOGNTLPYTEFGGGTKLET
TGGGGSGGGESGGEGGSEVKLOQESGPGLVAP SQSLSVICTVSGVSLPDYGVSWIRQPPRKGLEWL
GVIWGSETTYYNSALKSRLTIIKDNSKSQVELKMNSLOQTDDTAIYYCAKHYYYGGSYAMDYWGQ
GTSVIVSS

SEQ ID NO: 12 (anti-CD19 scFV polynucleotide sequence)

ATGCTTCTCCTGGTCACCTCCCTGCTCCTCTGCGAACTGCCTCACCCTGCCTTCCTTCTGATTC
CTGACATTCAGATGACTCAGACCACCTCTTCCTTGTCCGCGTCACTGGGAGACAGAGTGACCAT
CTCGTGTCGCGCAAGCCAGGATATCTCCAAGTACCTGAACTGGTACCAACAGAAGCCCGACGGG
ACTGTGAAGCTGCTGATCTACCACACCTCACGCCTGCACAGCGGAGTGCCAAGCAGATTCTCCG
GCTCCGGCTCGGGAACCGATTACTCGCTTACCATTAGCAACCTCGAGCAGGAGGACATCGCTAC
CTACTTCTGCCAGCAAGGAAATACCCTGCCCTACACCTTCGGCGGAGGAACCAAATTGGAAATC
ACCGGCGGAGGAGGCTCCGGGEGAGGAGGTTCCGGGGECEGEEGETTCCGAAGTGAAGCTCCAGG
AGTCCGGCCCCGGCCTGGTGGCGCCGTCGCAATCACTCTCTGTGACCTGTACCGTGTCGGGAGT
GTCCCTGCCTGATTACGGCGTGAGCTGGATTCGGCAGCCGCCGCGGAAGGGCCTGGAATGGCTG
GGTGTCATCTGGGGATCCGAGACTACCTACTACAACTCGGCCCTGAAGTCCCGCCTGACTATCA
TCAAAGACAACTCGAAGTCCCAGGTCTTTCTGAAGATGAACTCCCTGCAAACTGACGACACCGC
CATCTATTACTGTGCTAAGCACTACTACTACGGTGGAAGCTATGCTATGGACTACTGGGGGCAA
GGCACTTCGGTGACTGTGTCAAGCGCGGCCGCAACTACCACCCCTGCCCCTCGGCCGCCGACTC
CGGCCCCAACCATCGCAAGCCAACCCCTICTCCTTGCGCCCCGAAGCTTGCCGCCCGGCCGCEGE
TGGAGCCGTGCATACCCGGGGGCTGGACTTTGCCTGCGATATCTACATTTGGGCCCCGCTGGCC
GGCACTTGCGGCGTGCTCCTGCTGTCGCTGGTCATCACCCTTTACTGCAAGAGGGGCCGGAAGA
AGCTGCTTTACATCTTCAAGCAGCCGTTCATGCGGCCCGTGCAGACGACTCAGGAAGAGGACGEG
ATGCTCGTGCAGATTCCCTGAGGAGGAAGAGGGGGGATGCGAACTGCGCGTCAAGTTCTCACGG
TCCGCCGACGCCCCCGCATATCAACAGGGCCAGAATCAGCTCTACAACGAGCTGAACCTGGGAA
GGAGAGAGGAGTACGACGTGCTGGACAAGCGACGCGGACGCGACCCGGAGATGGGGGGGAAALCC
ACGGCGGAAAAACCCTCAGGAAGGACTGTACAACGAACTCCAGAAAGACAAGATGGCGGAAGCC
TACTCAGAAATCGGGATGAAGGGAGAGCGGAGGAGGGGAAAGGGTCACGACGGGCTGTACCAGG
GACTGAGCACCGCCACTAAGGATACCTACGATGCCTTGCATATGCAAGCACTCCCACCCCGG

SEQ ID NO: 13 (anti-CD19 scFV VH for FMC63)

MLLLVTSLLLCELPHPAFLLIPDIOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG
TVKLLIYHTSRLHSGVPSRFSGSGSGTIDYSLTISNLEQEDIATYFCQOGNTLPYTEFGGGTKLET
T

SEQ ID NO: 14 (anti-CD19 scFV VL for FMC63)
EVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALK
SRLTIIKDNSKSQVFLKMNSLOTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVIVSS

SEQ ID NO: 16 (anti-CD20 CAR amino acid sequence)

MLLLVTSLLLCELPHPAFLLIPEVQLOQSGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPG
QGLEWIGAIYPGNGDTSYNQKEFKGKATLTADKSSSTAYMOLSSLTSEDSADYYCARSNYYGSSY
WEEFDVWGAGTTVIVSSGGGGSGGGGSGGGGSDIVLTQSPAILSASPGEKVTMTCRASSSVNYMD
WYQKKPGSSPKPWIYATSNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQQWSEFNPPTE
GGGTKLEIKAAATTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPL
AGTCGVLLLSLVITLYCKRGRKKLLYIFKQPEFMRPVQTITQEEDGCSCRFPEEEEGGCELRVKE'S
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RSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 17 (anti-CD20 CAR polynucleotide sequence)

ATGCTCCTTCTCGTGACCTCCCTGCTTCTCTGCGAACTGCCCCATCCTGCCTTCCTGCTGATTC
CCGAGGTGCAGTTGCAACAGTCAGGAGCTGAACTGGTCAAGCCAGGAGCCAGCGTGAAGATGAG
CTGCAAGGCCTCCGGTTACACCTTCACCTCCTACAACATGCACTGGGTGAAACAGACCCCGGGA
CAAGGGCTCGAATGGATTGGCGCCATCTACCCCGGGAATGGCGATACTTCGTACAACCAGAAGT
TCAAGGGAAAGGCCACCCTGACCGCCGACAAGAGCTCCTCCACCGCGTATATGCAGTTGAGCTC
CCTGACCTCCGAGGACTCCGCCGACTACTACTGCGCACGGTCCAACTACTATGGAAGCTCGTAC
TGGTTCTTCGATGTCTGGGGGGCCGGCACCACTGTGACCGTCAGCTCCGGGGGCGGAGGATCCG
GTGGAGGCGGAAGCGGGGEGETGGAGGATCCGACATTGTGCTGACTCAGTCCCCGGCAATCCTGTC
GGCCTCACCGGGCGAAAAGGTCACGATGACTTGTAGAGCGTCGTCCAGCGTGAACTACATGGAT
TGGTACCAAAAGAAGCCTGGATCGTCACCCAAGCCTTGGATCTACGCTACATCTAACCTGGCCT
CCGGCGTGCCAGCGCGGTTCAGCGGGTCCGGCTCGGGCACCTCATACTCGCTGACCATCTCCCG
CGTGGAGGCTGAGGACGCCGCGACCTACTACTGCCAGCAGTGGTCCTTCAACCCGCCGACTTTT
GGAGGCGGTACTAAGCTGGAGATCAAAGCGGCCGCAACTACCACCCCTGCCCCTCGGCCGCCGA
CTCCGGCCCCAACCATCGCAAGCCAACCCCTCTCCTTGCGCCCCGAAGCTTGCCGCCCGGCCGL
GGGTGGAGCCGTGCATACCCGGGGGCTGGACTTTGCCTGCGATATCTACATTTGGGCCCCGLTG
GCCGGCACTTGCGGCGTGCTCCTGCTGTCGCTGGTCATCACCCTTTACTGCAAGAGGGGCCGGA
AGAAGCTGCTTTACATCTTCAAGCAGCCGTTCATGCGGCCCGTGCAGACGACTCAGGAAGAGGA
CGGATGCTCGTGCAGATTCCCTGAGGAGGAAGAGGGGGGATGCGAACTGCGCGTCAAGTTCTCA
CGGTCCGCCGACGCCCCCGCATATCAACAGGGCCAGAATCAGCTCTACAACGAGCTGAACCTGG
GAAGGAGAGAGGAGTACGACGTGCTGGACAAGCGACGCGGACGCGACCCGGAGATGGGGEGGAA
ACCACGGCGGAAAAACCCTCAGGAAGGACTGTACAACGAACTCCAGAAAGACAAGATGGCGGAA
GCCTACTCAGAAATCGGGATGAAGGGAGAGCGGAGGAGGGGAAAGGGTCACGACGGGCTGTACC
AGGGACTGAGCACCGCCACTAAGGATACCTACGATGCCTTGCATATGCAAGCACTCCCACCCCG
G

SEQ ID NO: 18 (anti-CD20 scFV amino acid sequence)

EVOLOOSGAELVKPGASVKMSCKASGYTFTSYNME IWVKQTPGQGLEWIGATYPGNGDTSYNQK
FKGKATLTADKSSSTAYMOLSSLTSEDSADYYCARSNYYGSSYWEEFDVWGAGTTIVTIVSSGGGGS
GGGGSGGGGSDIVLTOQSPAILSASPGEKVIMTCRASSSVNYMDWYQKKPGSSPKPWIYATSNLA
SGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQQWSENPPTFGGGTKLETK

SEQ ID NO: 19 (anti-CD20 scFV polynucleotide sequence)

GAGGTGCAGTTGCAACAGTCAGGAGCTGAACTGGTCAAGCCAGGAGCCAGCGTGAAGATGAGCT
GCAAGGCCTCCGGTTACACCTTCACCTCCTACAACATGCACTGGGTGAAACAGACCCCGGGACA
AGGGCTCGAATGGATTGGCGCCATCTACCCCGGGAATGGCGATACTTCGTACAACCAGAAGTTC
AAGGGAAAGGCCACCCTGACCGCCGACAAGAGCTCCTCCACCGCGTATATGCAGTTGAGCTCCC
TGACCTCCGAGGACTCCGCCGACTACTACTGCGCACGGTCCAACTACTATGGAAGCTCGTACTG
GTTCTTCGATGTCTGGGGGGCCGGCACCACTGTGACCGTCAGCTCCGGGGEGCGGAGGATCCGGT
GGAGGCGGAAGCGGGGGTGGAGGATCCGACATTGTGCTGACTCAGTCCCCGGCAATCCTGTCGG
CCTCACCGGGCGAAAAGGTCACGATGACTTGTAGAGCGTCGTCCAGCGTGAACTACATGGATTG
GTACCAAAAGAAGCCTGGATCGTCACCCAAGCCTTGGATCTACGCTACATCTAACCTGGCCTCC
GGCGTGCCAGCGCGGTTCAGCGGGTCCGGCTCGGGCACCTCATACTCGCTGACCATCTCCCGLG
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TGGAGGCTGAGGACGCCGCGACCTACTACTGCCAGCAGTGGTCCTTCAACCCGCCGACTTTTGG
AGGCGGTACTAAGCTGGAGATCAAA

SEQ ID NO: 20 (anti-CD20 scFV VH)

EVOLOOSGAELVKPGASVKMSCKASGYTFTSYNME IWVKQTPGQGLEWIGATYPGNGDTSYNQK
FKGKATLTADKSSSTAYMOLSSLTSEDSADYYCARSNYYGSSYWEEFDVWGAGTTIVTIVSS

SEQ ID NO: 21 (anti-CD20 scFV VL)

DIVILTQSPAILSASPGEKVIMTCRASSSVNYMDWYQKKPGSSPKPWIYATSNLASGVPARESGS
GSGTSYSLTISRVEAEDAATYYCQOQWSENPPTFGGGTKLETIK

SEQ ID NO: 22 (anti-CD22 CAR amino acid sequence)

MLLLVTSLLLCELPHPAFLLIPQOVQLOQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIROS
PSRGLEWLGRTYYRSKWYNDYAVSVKSRITINPDTSKNQEFSLOLNSVTPEDTAVYYCAREVTGD
LEDAFDIWGQGTMVIVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQTIWS
YLNWYQQORPGKAPNLLIYAASSIQSGVPSRESGRGSGTDFTLTISSLOAEDFATYYCQQOSYSIP
QTFGQGTKLEIKAAATTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIW
APLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDK
MAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR

SEQ ID NO: 23 (anti-CD22 CAR polynucleotide sequence)

ATGCTTCTTTTGGTGACTTCCCTITTTGCTGTGCGAGTTGCCACACCCCGCCTTCCTGCTTATTC
CCCAGGTACAGCTCCAGCAGAGTGGCCCAGGGCTCGTGAAGCCAAGCCAGACGCTGTCCCTGAC
TTGTGCAATTTCAGGGGATTCAGTITTCATCAAATAGCGCGGCGTGGAATTGGATTCGACAATCT
CCTTCCCGAGGGTTGGAATGGCTTGGACGAACATATTACAGATCCAAATGGTATAACGACTATG
CGGTATCAGTAAAGTCAAGAATAACCATTAACCCCGACACAAGCAAGAACCAATTCTCTTTGCA
GCTTAACTCTGTCACGCCAGAAGACACGGCAGTCTATTATTGCGCTCGCGAGGTAACGGGTGAC
CTGGAAGACGCTTTTGACATTTGGGGGCAGGGTACGATGGTGACAGTCAGTTCAGGGGGCGETG
GGAGTGGGGGAGGGGGTAGCGGEGEGEGEEGAGGGTCAGACATTCAGATGACCCAGTCCCCTTCATC
CTTGTCTGCCTCCGTCGGTGACAGGGTGACAATAACATGCAGAGCAAGCCAAACAATCTGGAGC
TATCTCAACTGGTACCAGCAGCGACCAGGAAAAGCGCCAAACCTGCTGATTTACGCTGCTTCCT
CCCTCCAATCAGGCGTGCCTAGTAGATTTAGCGGTAGGGGCTCCGGCACCGATTTTACGCTCAC
TATAAGCTCTCTTCAAGCAGAAGATTTTGCGACTTATTACTGCCAGCAGTCCTATAGTATACCT
CAGACTTTCGGACAGGGTACCAAGTTGGAGATTAAGGCGGCCGCAACTACCACCCCTGCCCCTC
GGCCGCCGACTCCGGCCCCAACCATCGCAAGCCAACCCCTCTCCTTGCGCCCCGAAGCTTGCCG
CCCGGCCGCGGEGETGGAGCCGTGCATACCCGGGGEGCTGGACTTTGCCTGCGATATCTACATTTGG
GCCCCGCTGGCCGGCACTTGCGGCGTGCTCCTGCTGTCGCTGGTCATCACCCTTTACTGCAAGA
GGGGCCGGAAGAAGCTGCTTTACATCTTCAAGCAGCCGTTCATGCGGCCCGTGCAGACGACTCA
GGAAGAGGACGGATGCTCGTGCAGATTCCCTGAGGAGGAAGAGGGGGGATGCGAACTGCGCGTC
AAGTTCTCACGGTCCGCCGACGCCCCCGCATATCAACAGGGCCAGAATCAGCTCTACAACGAGC
TGAACCTGGGAAGGAGAGAGGAGTACGACGTGCTGGACAAGCGACGCGGACGCGACCCGGAGAT
GGGGGGGAAACCACGGCGGAAAAACCCTCAGGAAGGACTGTACAACGAACTCCAGAAAGACAAG
ATGGCGGAAGCCTACTCAGAAATCGGGATGAAGGGAGAGCGGAGGAGGGGAAAGGGTCACGACG
GGCTGTACCAGGGACTGAGCACCGCCACTAAGGATACCTACGATGCCTTGCATATGCAAGCACT
CCCACCCCGG
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SEQ ID NO: 24 (anti-CD22 scFV amino acid sequence)

QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSK
WYNDYAVSVKSRITINPDTSKNQFSLQLNSVTPEDTAVYYCAREVTGDLEDAFDIWGQ
GTMVTVSSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQTIWSYLNW
YQQRPGKAPNLLIYAASSLQSGVPSRFSGRGSGTDFTLTISSLQAEDFATYYCQQSYSIPQ
TFGQGTKLEIKAAA

SEQ ID NO: 25 (anti-CD22 scFV polynucleotide sequence)

CAGGTACAGCTCCAGCAGAGTGGCCCAGGGCTCGTGAAGCCAAGCCAGACGCTGTCCCTGACTT
GTGCAATTTCAGGGGATTCAGTITTCATCAAATAGCGCGGCGTGGAATTGGATTCGACAATCTCC
TTCCCGAGGGTTGGAATGGCTTGGACGAACATATTACAGATCCAAATGGTATAACGACTATGCG
GTATCAGTAAAGTCAAGAATAACCATTAACCCCGACACAAGCAAGAACCAATTCTCTTITGCAGC
TTAACTCTGTCACGCCAGAAGACACGGCAGTCTATTATTGCGCTCGCGAGGTAACGGGTGACCT
GGAAGACGCTTTTGACATTTGGGGGCAGGGTACGATGGTGACAGTCAGTTCAGGGGGCGGTGGE
AGTGGGGGAGGGGETAGCGGGEEGEEGAGGGTCAGACATTCAGATGACCCAGTCCCCTTCATCCT
TGTCTGCCTCCGTCGGTGACAGGGTGACAATAACATGCAGAGCAAGCCAAACAATCTGGAGCTA
TCTCAACTGGTACCAGCAGCGACCAGGAAAAGCGCCAAACCTGCTGATTTACGCTGCTTCCTCC
CTCCAATCAGGCGTGCCTAGTAGATTTAGCGGTAGGGGCTCCGGCACCGATTTTACGCTCACTA
TAAGCTCTCTTCAAGCAGAAGATTTTGCGACTTATTACTGCCAGCAGTCCTATAGTATACCTCA
GACTTTCGGACAGGGTACCAAGTTGGAGATTAAGGCGGCCGCA

SEQ ID NO: 26 anti-CD22 scFV VH)

QVOLOOSGPGLVKPSQTLSLTCATISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSKWYNDYA
VSVKSRITINPDTSKNQESLOINSVIPEDTAVYYCAREVTGDLEDAFDIWGQGTMVTVSS

SEQ ID NO: 27 (anti-CD22 scFV VL)

DIOMTQOSPSSLSASVGDRVTITCRASQTIWSYLNWYQORPGKAPNLLIYAASSLOSGVPSRESG
RGSGTDFTLTISSLQAEDFATYYCQQSYSIPOTFGQGTKLEIKAAA

SEQ ID NO: 28 (human CD8 hinge region)

AAATTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLL
SLVITLYC

SEQ ID NO: 29 (TNFRSF 19 transmembrane domain)
DTALAAVICSALATVLLALLILCVIYCKRQ
SEQ ID NO: 30 (CD3zeta)

RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 31 (4-1BB co-stimulatory domain)
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KRGRKKLLYIFKQPFMRPVOTTQEEDGCSCREPEEEEGGCEL

SEQ ID NO: 32 (CD28 co-stimulatory domain)

RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

SEQ ID NO: 33 (2A sequence)

RAKRGSGATNEFSLLKQAGDVEENPGPRAKR

SEQ ID NO: 34 (anti-B7-H3 CAR amino acid sequence)

MLLLVTSLLLCELPHPAFLLIPQVOLOQSGAEVKKPGSSVKVSCKASGGTEFSSYAISWVROAPG
QGLEWMGGIIPILGIANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARGGAGGSGS
YYPLIWGQGTTVTIVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGERATLSCGASQSVSSSY
LAWYQOKPGQAPRLLIYDASSRATGIPARFSGSGSGIDFTLTISSLEPEDFAVYYCQQRSSWPP
TWIFGOGTKLEIKRAAATEVMYPPPYLDNEKSNGTITHVKGKHLCPSPLEFPGPSKPEFWVLVVVG
GVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDEFAAYRSRVKE
SRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 35 (anti-B7-H3 CAR polynucleotide sequence)

ATGCTGCTGCTGGTGACCAGCCTGCTGCTGTGCGAACTGCCGCATCCGGCGTTTCTGCTGATTC
CGCAGGTGCAGCTGCAGCAGAGCGGCGCGGAAGTGAAAAAACCGGGCAGCAGCGTGAAAGTGAG
CTGCAAAGCGAGCGGCGGCACCTTTAGCAGCTATGCGATTAGCTGGGTGCGCCAGGCGCCGEGGE
CAGGGCCTGGAATGGATGGGCGGCATTATTCCGATTCTGGGCATTGCGAACTATGCGCAGAAAT
TTCAGGGCCGCGTGACCATTACCGCGGATGAAAGCACCAGCACCGCGTATATGGAACTGAGCAG
CCTGCGCAGCGAAGATACCGCGGTGTATTATTGCGCGCGCGGCGEGCGECEEGCGGECAGCGGCAGC
TATTATCCGCTGATTTGGGGCCAGGGCACCACCGTGACCGTGAGCAGCGGCGGCGGCGGCAGCE
GCGGCGGCGGCAGCGGCEGCEGCEGCAGCGAAATTGTGCTGACCCAGAGCCCGGCGACCCTGAG
CCTGAGCCCGGGCGAACGCGCGACCCTGAGCTGCGGCGCGAGCCAGAGCGTGAGCAGCAGCTAT
CTGGCGTGGTATCAGCAGAAACCGGGCCAGGCGCCGCGCCTGCTGATTTATGATGCGAGCAGCC
GCGCGACCGGCATTCCGGCGCGCTTTAGCGGCAGCGGCAGCGGCACCGATTTTACCCTGACCAT
TAGCAGCCTGGAACCGGAAGATTTTGCGGTGTATTATTGCCAGCAGCGCAGCAGCTGGCCGCCG
ACCTGGACCTTTGGCCAGGGCACCAAACTGGAAATTAAACGCGCGGCGGCGATTGAAGTGATGT
ATCCGCCGCCGTATCTGGATAACGAAAAAAGCAACGGCACCATTATTCATGTGAAAGGCAAACA
TCTGTGCCCGAGCCCGCTGTTTCCGGGCCCGAGCAAACCGTTTTGGGTGCTGGTGGTGGTGGGC
GGCGTGCTGGCGTGCTATAGCCTGCTGGTGACCGTGGCGTTTATTATTTTTTGGGTGCGCAGCA
AACGCAGCCGCCTGCTGCATAGCGATTATATGAACATGACCCCGCGCCGLCCCGGGCCCGALCCCE
CAAACATTATCAGCCGTATGCGCCGCCGCGCGATTTTGCGGCGTATCGCAGCCGCGTGAAATTT
AGCCGCAGCGCGGATGCGCCGGCGTATCAGCAGGGCCAGAACCAGCTGTATAACGAACTGAACC
TGGGCCGCCGCGAAGAATATGATGTGCTGGATAAACGCCGCGGCCGCGATCCGGAAATGGGLGE
CAAACCGCGCCGCAAAAACCCGCAGGAAGGCCTGTATAACGAACTGCAGAAAGATAAAATGGCG
GAAGCGTATAGCGAAATTGGCATGAAAGGCGAACGCCGCCGCGGCAAAGGCCATGATGGCCTGT
ATCAGGGCCTGAGCACCGCGACCAAAGATACCTATGATGCGCTGCATATGCAGGCGCTGCCGCC
GCGC

SEQ ID NO: 36 (anti-B7-H3 scFV amino acid sequence)
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QVOLOOSGAEVKKPGSSVKVSCKASGGTESSYAISWVROAPGOGLEWMGGITIPILGIANYAQKE
QGRVTITADESTSTAYMELSSLRSEDTAVYYCARGGAGGSGSYYPLIWGQGTTVTVSSGGGGSG
GGGSGGGGSEIVLTQSPATLSLSPGERATLSCGASQSVSSSYLAWYQOKPGOQAPRLLIYDASSR
ATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSSWPPTWTEFGQGTKLEIKRAAA

SEQ ID NO: 37 (anti-B7-H3 scFV polynucleotide sequence)

CAGGTGCAGCTGCAGCAGAGCGGCGCGGAAGTGAAAAAACCGGGCAGCAGCGTGAAAGTGAGCT
GCAAAGCGAGCGGCGGCACCTTTAGCAGCTATGCGATTAGCTGGGTGCGCCAGGCGCCGGGCCA
GGGCCTGGAATGGATGGGCGGCATTATTCCGATTCTGGGCATTGCGAACTATGCGCAGAAATTT
CAGGGCCGCGTGACCATTACCGCGGATGAAAGCACCAGCACCGCGTATATGGAACTGAGCAGCC
TGCGCAGCGAAGATACCGCGGTGTATTATTGCGCGCGCGGCEGCGCEEGCEGCAGCGGCAGCTA
TTATCCGCTGATTTGGGGCCAGGGCACCACCGTGACCGTGAGCAGCGGLCGGCGGCGGCAGCGGL
GGCGGCGGCAGCGGCGGECEGECEGCAGCGAAATTGTGCTGACCCAGAGCCCGGCGACCCTGAGCC
TGAGCCCGGGCGAACGCGCGACCCTGAGCTGCGGCGCGAGCCAGAGCGTGAGCAGCAGCTATCT
GGCGTGGTATCAGCAGAAACCGGGCCAGGCGCCGCGCCTGCTGATTTATGATGCGAGCAGCCGC
GCGACCGGCATTCCGGCGCGCTTTAGCGGCAGCGGCAGCGGCACCGATTTTACCCTGACCATTA
GCAGCCTGGAACCGGAAGATTTTGCGGTGTATTATTGCCAGCAGCGCAGCAGCTGGCCGCCGAC
CTGGACCTTTGGCCAGGGCACCAAACTGGAAATTAAACGCGCGGCGGLG

SEQ ID NO: 38 (anti-B7-H3 scFV VH)

QVOLOOSGAEVKKPGSSVKVSCKASGGTESSYAISWVROAPGOGLEWMGGITIPILGIANYAQKE
QGRVTITADESTSTAYMELSSLRSEDTAVYYCARGGAGGSGSYYPLIWGQGTTVTVSS

SEQ ID NO: 39 (anti-B7-H3 scFV VL)

EIVILTOSPATLSLSPGERATLSCGASQSVSSSYLAWYQOKPGQAPRLLIYDASSRATGIPARE'S
GSGSGTDFTLTISSLEPEDFAVYYCQQRSSWPPTWIFGOGTKLETIKRAAA

SEQ ID NO: 40 (CD8a transmembrane region)
IYTWARPLAGTCGVLLLELVITIYC
SEQ ID NO: 41 (anti-BCMA CAR amino acid sequence)

MALPVTALLLPLALLLHAARPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIYWYQOK
PGOPPTLLIQLASNVQTGVPARFSGSGSRTDEFTLTIDPVEEDDVAVYYCLOSRTIPRTEFGGGTK
LETKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTEFRHYSMNWVKQAPG
KGLKWMGRINTESGVPIYADDFKGRFAFSVETSASTAYLVINNLKDEDTASYFCSNDYLY SLDF
WGQGTALTVSSEVPVFLPAKPTTITPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDEA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKEFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR

SEQ ID NO: 42 (anti-BCMA CAR amino acid sequence)
MALPVTALLLPLALLLHAARPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQQK

PGOPPTLLIQLASNVQTGVPARFSGSGSRTDEFTLTIDPVEEDDVAVYYCLOSRTIPRTEFGGGTK
LETKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTETDYSINWVKRAPG
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KGLKWMGWINTETREPAYAYDFRGRFAFSLETSASTAYLOINNLKYEDTATYFCALDYSYAMDY
WGQGTSVIVSSEFVPVFLPAKPTTITPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDEA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKEFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR

SEQ ID NO: 43 (anti-BCMA CAR amino acid sequence)

MALPVTALLLPLALLLHAARPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIYWYQQOK
PGOPPTLLIQLASNVQTGVPARFSGSGSRTDEFTLTIDPVEEDDVAVYYCLOSRTIPRTEFGGGTK
LETKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTETHY SMNWVKQAPG
KGLKWMGRINTETGEPLYADDEFKGRFAFSLETSASTAYLVINNLKNEDTATFFCSNDYLYSCDY
WGQGTTLTVSSEVPVFLPAKPTTITPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDEA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKEFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR

SEQ ID NO: 44 (anti-BCMA CAR amino acid sequence)

MLLLVTSLLLCELPHPAFLLIPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQQ
KPGQPPTLLIQLASNVQTGVPARFSGSGSRTDFTLTIDPVEEDDVAVYYCLOSRTIPRTEGGGT
KLEIKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTEFTDY SINWVKRAP
GKGLKWMGWINTETREPAYAYDFRGRFAFSLETSASTAYLQINNLKYEDTATYFCALDY SYAMD
YWGQGTSVIVSSAAAFVPVELPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG
IDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPY
APPRDFAAYRSRVKEFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
POEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR

SEQ ID NO: 45 (anti-BCMA CAR amino acid sequence)

MALPVTALLLPLALLLHAARPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQQOK
PGOPPTLLIQLASNVQTGVPARFSGSGSRTDEFTLTIDPVEEDDVAVYYCLOSRTIPRTEFGGGTK
LETKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTETDYSINWVKRAPG
KGLKWMGWINTETREPAYAYDFRGRFAFSLETSASTAYLOINNLKYEDTATYFCALDYSYAMDY
WGQGTSVIVSSAAAFPVPVELPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL
DFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYA
PPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP
QEGLYNELQKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

SEQ ID NO: 46 (anti-BCMA CAR amino acid sequence)

MALPVTALLLPLALLLHAARPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQQOK
PGOPPTLLIQLASNVQTGVPARFSGSGSRTDEFTLTIDPVEEDDVAVYYCLOSRTIPRTEFGGGTK
LETKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTETDYSINWVKRAPG
KGLKWMGWINTETREPAYAYDFRGRFAFSLETSASTAYLOINNLKYEDTATYFCALDYSYAMDY
WGQGTSVIVSSAAAFPVPVELPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL
DFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNREFSVVKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKEFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK
PRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
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SEQ ID NO: 47 (anti-BCMA CAR amino acid sequence)

MALPVTALLLPLALLLHAARPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQQOK
PGOPPTLLIQLASNVQTGVPARFSGSGSRTDEFTLTIDPVEEDDVAVYYCLOSRTIPRTEFGGGTK
LETKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTETDYSINWVKRAPG
KGLKWMGWINTETREPAYAYDFRGRFAFSLETSASTAYLOINNLKYEDTATYFCALDYSYAMDY
WGQGTSVIVSSAAAFPVPVELPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL
DFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRRDOQRLPPDAHKPPGGGSFRTPIQEEQADAH
STLAKIRVKEFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 48 (anti-BCMA CAR amino acid sequence)

MALPVTALLLPLALLLHAARPDIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQQOK
PGOPPTLLIQLASNVQTGVPARFSGSGSRTDEFTLTIDPVEEDDVAVYYCLOSRTIPRTEFGGGTK
LETKGSTSGSGKPGSGEGSTKGQIQLVOSGPELKKPGETVKISCKASGYTETDYSINWVKRAPG
KGLKWMGWINTETREPAYAYDFRGRFAFSLETSASTAYLOINNLKYEDTATYFCALDYSYAMDY
WGQGTSVIVSSAAAFPVPVELPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL
DFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNREFSVVKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRRDQRLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKIRVKESRSADAP
AYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSETG
MKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR

SEQ ID NO: 49 (anti-BCMA CAR amino acid sequence)

DIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQOKPGOPPTLLIQLASNVQTGVPA
RFSGSGSRTDFTLTIDPVEEDDVAVYYCLQSRTIPRTFGGGTKLEIKGSTSGSGKPGSGEGSTK
GOIQLVQSGPELKKPGETVKISCKASGYTEFTDYSINWVKRAPGKGLKWMGWINTETREPAYAYD
FRGREFAFSLETSASTAYLOQINNLKYEDTATYFCALDYSYAMDYWGQGTSVIVSSAAATTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKR
GRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKESRSADAPAYQQGONQLYNEL
NLGRREEYDVILDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSETGMKGERRRGKGHDG
LYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 50 (anti-BCMA Heavy Chain amino acid sequence)

QLOLOESGPGLVKPSETLSLTCTVSGGSISSGSYFWGWIRQPPGKGLEWIGSIYYSGITYYNPS
LKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARHDGAVAGLEDYWGQGTLVIVSSASTKGPS
VEFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIV
PSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEAAGGPSVEFLEFPPKPKDTLMISR
TPEVICVVVDVSQEDPEVQEFNWYVDGVEVHNAKTKPREEQEFNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKGLPSSIEKTISKAKGOQPREPQVYTLPPSQEEMTKNQVSLTCLVKGEYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSEFFLYSRLTVDKSRWQEGNVE SCSVMHEATLHNHYTQKSLSLSLGK

SEQ ID NO: 51 (anti-BCMA Light Chain amino acid sequence)

SYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQOPPGOAPVVVVYDDSDRPSGIPERESGS
NSGNTATLTISRVEAGDEAVYYCQVWDSSSDHVVEGGGTKLTVLGQPKAAPSVTLFPPSSEELQ
ANKATLVCLISDFYPGAVIVAWKGDSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRS
YSCQVTHEGSTVEKTVAPTECS

141



WO 2023/129929 PCT/US2022/082431

SEQ ID NO: 52 (anti-BCMA CAR Heavy Chain amino acid sequence)

QVOQLVOSGAEVKKPGSSVKVSCKASGGTESNYWMHWVRQAPGOQGLEWMGATYRGHSDTYYNQKE
KGRVTITADKSTSTAYMELSSLRSEDTAVYYCARGAIYDGYDVLDNWGQGTLVIVSSASTKGPS
VEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIV
PSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP SVELEFPPKPKDTLM
ISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNG
KEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSEFFLYSKLTVDKSRWOQQGNVESCSVMHEALHNHYTQKSLSLS
PGK

SEQ ID NO: 53 (anti-BCMA Light Chain amino acid sequence)

DIOMTQOSPSSLSASVGDRVTITCSASQDISNYLNWYQOKPGKAPKLLIYYTSNLHSGVPSRESG
SGSGTDFTLTISSLOPEDFATYYCQQYRKLPWTEFGQGTKLEIKRTVAAPSVEIFPPSDEQLKSG
TASVVCLLNNEYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 54 (anti-BCMA CAR amino acid sequence)

MALPVTALLLPLALLLHAARPQVKLEESGGGLVQAGRSLRLSCAASEHTE SSHVMGWEFRQAPGK
ERESVAVIGWRDISTSYADSVKGREFTISRDNAKKTLYLOMNSLKPEDTAVYYCAARRIDAADED
SWGOGTQVIVSSGGGGSEVQLVESGGGLVQAGGSLRLSCAASGRTFTMGWEFRQAPGKEREEFVAA
ISLSPTLAYYAESVKGRETISRDNAKNTVVLOMNSLKPEDTALYYCAADRKSVMSIRPDYWGOG
TOVIVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGT
CGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKEF SRSA
DAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOQEGLYNELOQKDKMAEAY S
EIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 55 (nucleic acid sequence comprising anti-BCMA CAR coding sequence)

TGTAGTCTTATGCAATACTCTTIGTAGTCTTGCAACATGGTAACGATGAGTTAGCAACATGCCTT
ACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTA
TTAGGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTGCCGCATTGCAGAG
ATATTGTATTTAAGTGCCTAGCTCGATACATAAACGGGTCTCTCTGGTTAGACCAGATCTGAGC
CTGGGAGCTCICTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTG
CTTCAAGTAGTGTGTGCCCGTICTGTTIGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTT
AGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTGAAAGCGAAAGGGAAACCA
GAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGC
GACTGGTGAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAG
CGTCAGTATTAAGCGGGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGA
AAGAAAAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTA
ATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCT
TCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTGCAT
CAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAARLA
GTAAGACCACCGCACAGCAAGCGGCCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGG
GACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCAC
CCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTT
CCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAG
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GCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGC
AACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGT
GGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGC
ACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCACA
CGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAATACACTCCTTAATTGA
AGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTGGAATTAGATAAATGGGCAAGT
TTGTGGAATTGGTTTAACATAACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTAG
GAGGCTTGGTAGGTTTAAGAATAGTITITGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGG
ATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAGGA
ATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCTCGAC
GGTATCGCCTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGARAAGAATAGTAGACA
TAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCG
GGTTTATTACAGGGACAGCAGAGATCCAGTTTATCGATGAGTAATTCATACAAAAGGACTCGCC
CCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACTCCCACTAACGTAGAACCCAGAGATCGCT
GCGTTCCCGCCCCCTCACCCGCCCGCTCTCGTCATCACTGAGGTGGAGAAGAGCATGCGTGAGG
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGE
GTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGT
ACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAA
CGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGE
CCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCACGCCCCTGGCTGCAG
TACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTT
AAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCTTGGGCGCTGGGGCCGCCGCGTGLG
AATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTT
TGATGACCTGCTGCGACGCTTITITICTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTGC
ACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGACGEGGECCCETGCGTCCCAGCGCACATG
TTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGC
CGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGG
CCCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTC
AAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGETGAGTCACCCACACAAAGGAAAAGGGCC
TTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCG
ATTAGTTCTCGAGCTTITGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTITATGCGATGGA
GTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCC
TTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCARAA
GITTTTTTCTTCCATTTCAGGTGTCGTGAGGATCGCTAGCGCTACCGGACTCAGATCTCGAGCT
CAAGCTTCGAATTCGCCGCCACCATGGCTCTGCCCGTCACCGCTCTGCTGCTGCCTCTGGCTCT
GCTGCTGCACGCTGCTCGCCCTCAGGTCAAACTGGAAGAATCTGGCGGAGGCCTGGTGCAGGCA
GGACGGAGCCTGCGCCTGAGCTGCGCAGCATCCGAGCACACCTTCAGCTCCCACGTGATGGGLT
GGTTTCGGCAGGCCCCAGGCAAGGAGAGAGAGAGCGTGGCCGTGATCGGCTGGAGGGACATCTC
CACATCTTACGCCGATTCCGTGAAGGGCCGGTTCACCATCAGCCGGGACAACGCCAAGAAGACA
CTGTATCTGCAGATGAACAGCCTGAAGCCCGAGGACACCGCCGTGTACTATTGCGCAGCAAGGA
GAATCGACGCAGCAGACTTTGATTCCTGGGGCCAGGGCACCCAGGTGACAGTGTCTAGCGGAGG
AGGAGGATCTGAGGTGCAGCTGGTGGAGAGCGGAGGCGGCCTGGTGCAGGCCGGAGGCTCTCTG
AGGCTGAGCTGTGCAGCATCCGGAAGAACCTTCACAATGGGCTGGTTTAGGCAGGCACCAGGAA
AGGAGAGGGAGTTCGTGGCAGCAATCAGCCTGTCCCCTACCCTGGCCTACTATGCCGAGAGCGT
GAAGGGCAGGTTTACCATCTCCCGCGATAACGCCAAGAATACAGTGGTGCTGCAGATGAACTCC
CTGAAACCTGAGGACACAGCCCTGTACTATTGTGCCGCCGATCGGAAGAGCGTGATGAGCATTA
GACCAGACTATTGGGGGCAGGGAACACAGGTGACCGTGAGCAGCACTAGTACCACGACGCCAGC
GCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAGGLG
TGCCGGCCAGCGGCGGGEEGGCGECAGTGCACACGAGGGGGCTGGACTTCGCCTGTGATATCTACA
TCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGGTTATCACCCTTTACTG
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CAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACT
ACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGA
GAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAA
CGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCT
GAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAG
ATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCA
CGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAG
GCCCTGCCCCCTCGCTAATCTAGATCCGCGTCTGGAACAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTITITACGCTATGTGGATACGCTGCTTTA
ATGCCTTTGTATCATGCTATTIGCTTCCCGTATGGCTTTCATTTTICTCCTCCTTGTATAAATCCT
GGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGT
GTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACT
TTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGA
CAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCC
ATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTICTGCTACGTCCCTTCG
GCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTC
TTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAATTAATTC
TGCAGTCGAGACCTAGAAAAACATGGAGCAATCACAAGTAGCAATACAGCAGCTACCAATGCTG
ATTGTGCCTGGCTAGAAGCACAAGAGGAGGAGGAGGTGGGTTTTCCAGTCACACCTCAGGTACC
TTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGAGGGGA
CTGGAAGGGCTAATTATCTGAGCCTGGGAGCTCTCTCTGCTTTTTGCTTGTACTGGGTCTCTCT
GGTTAGACCAGCACTCCCAACGAAGACAAGATGGCTAACTAGGGAACCCACTGCTTAAGCCTCA
ATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAG
AGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGT

SEQ ID NO: 56 (exemplary human IL-10 variant substitutions based on viral IL-10)

MHSSALLCCLVLLTGVRASPGQGTQSENSCTHFPGNLPNMLRDLRDAF SRVKTEFFQTKDEVDNL
LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOQAENQDPEAKDHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQIKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN

SEQ ID NO: 57 (exemplary human IL-10 variant with amino acid substitutions based on
viral IL-10)

MHSSALLCCLVLLTGVRASPGQGTQSENSCTHFPGNLPNMLRDLRDAF SRVKTEFFQOMKDQLDNL
LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOQAENQDPDAKAHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN

MPGSALLCCLLLLTGMRISRGQYSREDNNCTHFPVGQOSHMLLELRTAFSQVKTFFQTKDQLDNI
LLTDSIMODFKGYLGCQALSEMIQFYLVEVMPOAEKHGPETIKEHLNSLGEKLKTLRMRLRRCHR
FLPCENKSKAVEQVKSDEFNKLODQGVYKAMNEFDIFINCIEAYMMIKMKS

SEQ ID NO: 59 (Rattus norvegicus; “RAT”)
MPGSALLCCLLLLAGVKTSKGHSIRGDNNCTHFPVSQTHMLRELRAAFSQVKTFFQKKDQLDNI

LLTDSLLODFKGYLGCQALSEMIKFYLVEVMPOAENHGPETIKEHLNSLGEKLKTLWIQLRRCHR
FLPCENKSKAVEQVKNDENKLODKGVYKAMNEFDIFINCIEAYVTLKMKN
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SEQ ID NO: 60 (Macaca mulatta; “MACMU”)
MHSSALLCCLVLLTGVRASPGQGTQSENSCTRFPGNLPHMLRDLRDAFSRVKTFFOMKDQLDNI

LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOAENHDPDIKEHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFSKLQEKGVYKAMSEFDIFINYIEAYMTMKIQON

SEQ ID NO: 61 (Gorilla gorilla; “GORILLA”)
MHSSALLCCLVLLTGVRASPGHGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTFFQMKDQLDNL

LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOQAENQDPDIKAHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFNKLQEKGVYKAMSEFDIFINYIEAYMTMKIRN

SEQ ID NO: 62 (Macaca fascicularis; “CYNO”)
MHSSALLCCLVLLTGVRASPGQGTQSENSCTRFPGNLPHMLRDLRDAFSRVKTFFOMKDQLDNI

LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOAENHDPDIKEHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFSKLQEKGVYKAMSEFDIFINYIEAYMTMKIQON

SEQ ID NO: 63 (Papio Anubis; “OLIVE BABOON”)
MHSSALLCCLVVLTGVRASPGQGTQSENSCTRFPGNLPHMLRDLRDAFSRVKTFFQMKDQLDNI

LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOAENHDPDIKEHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFSKLQEKGVYKAMSEFDIFINYIEAYMTMKIQON

SEQ ID NO: 64 (Pan paniscus; “BONOBO™)
MHSSALLCCLVLLTGVRASPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTEFFQMKDQLDNL

LLKESLLEDFKGYLGCQALSEMIQFYLEEVMPOQAENQDPDIKVHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN

SEQ ID NO: 65 (Pan troglodytes; “CHIMP”)
MHSSALLCCLVLLTGVRASPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTEFFQMKDQLDNL

LLKESLLEDFKGYLGCQALXEMIQFYLEEVMPOQAENQDPDIKVHVNSLGENLKTLRLRLRRCHR
FLPCENKSKAVEQVKNAFNKLQEKGIVKAMSEFDIFINYIEAYMTMKIRN

SEQ ID NO: 66 (EBVBY)
MERRLVVTLQCLVLLYLAPECGGTDQCDNFPOMLRDLRDAFSRVKTFFQTKDEVDNLLLKESLL

EDFKGYLGCQALSEMIQFYLEEVMPQAENQDPEAKDHVNSLGENLKTLRLRLRRCHREFLPCENK
SKAVEQIKNAFNKLOEKGIYKAMSEFDIFINYIEAYMTIKAR

SEQ ID NO: 67 hulL-10 HYBRID#1
MHSSALLCCLVLLTGRASPGOQGTQSENSCTHEPGNIPNMLRDIRDAFSRVKTEFQTKDEVDNLL
LKESLLEDEKGYLGCQALSEMIQFYLEEVMPOQAENQDPEAKDHVNSLGENLKTLRLRIRRCHRE
LPCENKSKAVEQIKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN

SEQ ID NO: 68 hulL-10 HYBRID#2
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MHSSALLCCLVLLTGRASPGOQGTQSENSCTHEPGNIPNMLRDIRDAFSRVKTEFQMKDQLDNLL
LKESLLEDEKGYLGCQALSEMIQFYLEEVMPQAENQDPDAKAHVNSLGENLKTLRLRIRRCHRE
LPCENKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN
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WHAT IS CLAIMED IS:

1. A genetically modified CD4" T cell (CD4™1CAR)y comprising:
(a) a first exogenous polynucleotide segment encoding a chimeric antigen receptor
(CAR); and

(b) a second exogenous polynucleotide segment encoding interleukin-10 (IL-10).

2. The genetically modified CD4* T cell of claim 1, wherein the first exogenous polynucleotide
segment comprises a first regulatory element operably linked to a coding sequence of the

CAR.

3. The genetically modified CD4* T cell of claim 2, wherein the regulatory element drives

constitutive expression of the CAR.

4. The genetically modified CD4* T cell of any one of claims 1-3, wherein the CAR comprises
an antigen-binding domain, a hinge region, a transmembrane domain, and an intracellular

signaling domain.

5. The genetically modified CD4* T cell of claim 4, wherein the antigen-binding domain is a

single chain antibody fragment.

6. The genetically modified CD4* T cell of claim 5, wherein the single chain antibody fragment

comprises a single chain Fv (scFv).

7. The genetically modified CD4* T cell of any one of claims 4-6, wherein the antigen-binding
domain targets an antigen associated with an autoimmune disease, inflammatory disorder, or

cancer.

8. The genetically modified CD4" T cell of claim 7, wherein the antigen is selected from the
group consisting of: CD19, CD20, CD22, CD27, CD38, B7-H3, CD23, Lyml, Lym2,
CLECSA, CDH179b, FLT3, GCC, Muc, BCMA, CSF2RA, GFRa4, CD32, CD33, CEA,
IL11Ra, IL13Ra, NYBRI, SLea, CD200R, TGFBetaR2, CD276, TROP2, LAMP1, PTK7,
DLL3, CDH1, CDH6, CDH17, CDH19, TSHR, tyrosinase, HLA-A*02, HLA-A*24 or
citrullinated peptides, insulin, MOG, GAD65, [A2, gliadin, and desmoglein.

9. The genetically modified CD4* T cell of any one of claims 4-8, wherein the antigen-binding

domain comprises an anti-CD19 antigen-binding domain.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The genetically modified CD4* T cell of claim 9, wherein the anti-CD19 antigen-binding
domain has the sequence of SEQ ID NO: 11.

The genetically modified CD4* T cell of any one of claims 4-8, wherein antigen-binding

domain is an anti-BCMA antigen-binding domain.

The genetically modified CD4* T cell of claim 10, wherein the anti-BCMA antigen-binding
domain comprises the sequence of SEQ ID NOs: 50-53.

The genetically modified CD4* T cell of any one of claims 1-12, wherein the hinge region is
selected from a human CD8q hinge region, a human CD28 hinge region, a I[gG1 hinge

region, or a IgG4 hinge region.

The genetically modified CD4* T cell of claim 13, wherein the hinge region is derived from

human CDS8a.

The genetically modified CD4* T cell of any one of claims 1-14, wherein the transmembrane
domain is selected from a TNFRSF 19 transmembrane domain, a CD3zeta transmembrane
domain, a CD80 transmembrane domain, a CD4 transmembrane domain, a CD28
transmembrane domain, or an B7-family inducible costimulatory (ICOS) transmembrane

domain.

The genetically modified CD4* T cell of claim 15, wherein the transmembrane domain is

derived from CDS&o.

The genetically modified CD4* T cell of any one of claims 1-16, wherein the CAR further

comprises one or more co-stimulatory domains.

The genetically modified CD4* T cell of any claim 17, wherein the CAR comprises two co-

stimulatory domains.

The genetically modified CD4* T cell of any one of claims 1-18, wherein the one or more co-
stimulatory domains are selected from the group consisting of 4-1BB, CD28, 0X40, ICOS,
CD27, MYDB88-CD40, and KIR2DS2.

The genetically modified CD4* T cell of claim 19, wherein one of the one or more co-

stimulatory domain is derived from CD28.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The genetically modified CD4* T cell of any one of claims 18-20, wherein a second co-

stimulatory domain is derived from 4-1BB.

The genetically modified CD4* T cell of any one of claims 1-21, wherein the intracellular

signaling domain comprises an immunoreceptor tyrosine-based activation motif (ITAM).

The genetically modified CD4* T cell of any one of claims 1-22, the immunoreceptor

tyrosine-based activation motif (ITAM) is derived from CD3zeta.

The genetically modified CD4* T cell of any one of claims 1-23, wherein the CAR
comprises:

an anti-CD19 antigen binding domain, an anti-BCMA antigen binding domain, or an
anti-CD20 antigen binding domain;

a human CD8a hinge region;

a human CD8o transmembrane region;

a CD28 co-stimulatory domain; and

a CD3zeta chain intracellular signaling domain.

The genetically modified CD4* T cell of any one of claims 1-24, wherein the CAR comprises
the sequence of SEQ ID NOs: 9, 16, 22, 34, 41-49, or 54.

The genetically modified CD4* T cell of claim 25, wherein the first exogenous

polynucleotide segment comprises the sequence of SEQ ID NOs: 10, 17, 23, 35, or 55.

The genetically modified CD4* T cell of any one of claims 1-26, wherein the first exogenous

polynucleotide segment is integrated into the T cell nuclear genome.

The genetically modified CD4* T cell of any one of claims 1-27, wherein the first exogenous

polynucleotide segment is not integrated into the T cell nuclear genome.

The genetically modified CD4* T cell of claim 27 or 28, wherein the first exogenous

polynucleotide segment is in a vector.

The genetically modified CD4* T cell of any one of claims 1-29, wherein the second
exogenous polynucleotide segment comprises a second regulatory element operably linked to

the coding sequence of 1L-10.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

The genetically modified CD4* T cell of any one of claims 1-30, wherein the IL-10 is a
human IL-10.

The genetically modified CD4* T cell of any one of claims 1-30, wherein the IL-10 is a viral
IL-10.

The genetically modified CD4* T cell of any one of claims 1-30, wherein the IL-10 is a
protein having the sequence of SEQ ID NO: 1.

The genetically modified CD4* T cell of claim 33, wherein the second exogenous

polynucleotide segment having the sequence of SEQ ID NO: 2.

The genetically modified CD4* T cell of any one of claims 30-34, wherein the second

regulatory element drives constitutive or inducible expression of the IL-10.

The genetically modified CD4* T cell of any one of claims 1-35, wherein the second

exogenous polynucleotide segment is integrated into the T cell nuclear genome.

The genetically modified CD4* T cell of any one of claims 1-35, wherein the second

exogenous polynucleotide segment is not integrated into the T cell nuclear genome.

The genetically modified CD4* T cell of claim 36 or 37, wherein the second exogenous

polynucleotide segment is in a vector.

The genetically modified CD4* T cell of any one of claims 1-38, wherein the first exogenous
polynucleotide segment and the second exogenous polynucleotide segment are in the same

vector.

The genetically modified CD4* T cell of any claim 29, 38 or 39, wherein the vector is a viral

vector.
The genetically modified CD4* T cell of claim 40, wherein the vector is a lentiviral vector.

The genetically modified CD4* T cell of any one claim 1-41, wherein the CD4" T cell
constitutively expresses at least 100pg IL-10 per 10° of the CD4* T cells/mL of culture

medium.
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43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

The genetically modified CD4* T cell of claim 42, wherein the CD4" T cell constitutively
expresses at least 100 pg, 200 pg, 500pg, 1ng, Sng, 10ng, or 50ng IL-10 per 10° of the CD4*
T cells/mL.

The genetically modified CD4* T cell of any one of claims 1-43, wherein the CD4* T cell
expresses at least 1ng IL-10 per 10° of the CD4* T cells/mL after activation with anti-CD3
and anti-CD28 antibodies.

The genetically modified CD4* T cell of claim 44, wherein the CD4" T cells expresses at
least 2ng, Sng, 10ng, 100ng, 200ng, or 500ng IL-10 per 10° of the CD4" T cells/mL after

activation with anti-CD3 and anti-CD28 antibodies.

The genetically modified CD4* T cell of any one of claims 1-45, wherein the CD4* T cell
expresses [L-10 at a level at least 5-fold higher than unmodified CD4* T cells.

The genetically modified CD4* T cell of claim 46, wherein the CD4" T cell expresses I1L-10
at a level at least 10-fold higher than unmodified CD4* T cells.

The genetically modified CD4* T cell of any one of claims 1-47, wherein the first exogenous
polynucleotide segment, second exogenous polynucleotide segment, or both, further

comprises a sequence encoding a selection marker.
The genetically modified CD4* T cell of claim 48, wherein the selection marker is ANGFR.

The genetically modified CD4* T cell of claim 49, wherein the ANGFR has the sequence of
SEQ ID NO: 3.

The genetically modified CD4" T cell of claim 50, wherein the second exogenous

polynucleotide segment comprises a sequence of SEQ ID NO: 4.

The genetically modified CD4" T cell of claim 48, wherein the selection marker is a

truncated form of an EGFR polypeptide.

The genetically modified CD4* T cell of any one of claims 9-10, or 13-52 as dependent from

claim 9, wherein the CD4"* T cell is capable of in vitro cytotoxicity to a CD197 target cell.

The genetically modified CD4* T cell of any one of claims 9-10, or 13-52 as dependent from

claim 9, wherein the CD4* T cell is capable of in vivo cytotoxicity to a CD19" target cell.
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55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

The genetically modified CD4* T cell of claim 53 or 54, wherein the CD19* target cell is an

autoantibody producing B cell.

The genetically modified CD4* T cell of claim 53 or 54, wherein the CD19* target cell is a
CD19" cancer cell.

The genetically modified CD4* T cell of any one of claims 1-56, wherein the CD4" T cell is

capable of in vitro cytotoxicity to a myeloid target cell.

The genetically modified CD4* T cell of any one of claims 1-56, wherein the CD4* T cell is

capable of in vivo cytotoxicity to a myeloid target cell.

The genetically modified CD4* T cell of any one of claims 53-58, wherein the CD4" T cell is

capable of cytotoxicity to a CD197 target cell and a myeloid target cell.

The genetically modified CD4* T cell of any one of claims 57-59, wherein the myeloid target
cell express one or more of Class [ MHC, CD13, CD54 and CD112.

The genetically modified CD4* T cell of any one of claims 53-60, wherein the cytotoxicity to

a CD19* target cell is maintained after one or more in vitro restimulations.

The genetically modified CD4" T cell of any one of claims 53-60, wherein the cytotoxicity to

a myeloid target cell is maintained after one or more in vitro restimulations.

The genetically modified CD4* T cell of any one of claims 1-62, wherein the CD4" T cell is

capable of suppressing allogeneic CD4* T cell proliferation.

The genetically modified CD4* T cell of any one of claims 1-63, wherein the CD4" T cell is

capable of suppressing allogeneic CD8" T cell proliferation.

The genetically modified CD4* T cell of any one of claims 1-64, wherein the CD4* T cell is
capable of suppressing allogeneic CD4™ T cell proliferation, allogenic CD8* T cell
proliferation, and allogenic PBMC.

The genetically modified CD4* T cell of any one of claims 63-65, wherein the suppressive

property is maintained after one or more in vitro restimulations.
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67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

A population of CD4" T cells comprising the genetically modified CD4" cell of any one of

claims 1-66.

The population CD4* T cells of claim 67, wherein the CD4" T cells before the genetic
modification were obtained from one, two, three, four, five, six, seven, eight, nine, or ten T

cell donors and pooled.

The population of CD4* T cells claim 68, wherein the CD4" T cells in the population
collectively have six, seven, eight, nine, ten, eleven, twelve, or more different HLA

haplotypes.

The population of CD4* T cells of any one of claims 67-69, wherein all the CD4" T cells in
the population have at least 1/10, 2/10, 3/10, 4/10, 5/10, 6/10, 7/10, 8/10, or 9/10 match at the
HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-DQB1 loci to each other.

The population of CD4" T cells of any one of claims 67-70, wherein all the CD4" T cells in
the population have at least 1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-
B, HLA-C, and HLA-DRBI1 loci to each other.

The population of CD4" T cells of any one of claims 67-71, wherein all the CD4" T cells in
the population have 2/2 match at the HLA-A locus to each other.

The population of CD4* T cells of any one of claims 67-72, wherein all the CD4" T cell in
the population have 2/2 match at the HLA-B locus to each other.

The population of CD4* T cells of any one of claims 67-73, wherein all the CD4" T cell in
the population have 2/2 match at the HLA-C locus to each other.

The population of CD4* T cells of any one of claims 67-74, wherein all the CD4* T cells in
the population have at least 3/4 or 4/4 match at the HLA-DRB1 and HLA-DQB1 loci with

each other.

The population of CD4* T cells of any one of claims 67-69, wherein all the CD4* T cells in
the population have less than 5/10, 6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B,
HLA C, HLA-DRBI1, and HLA-DQB/1 loci to each other.
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TI.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

The population of CD4* T cells of claim 76, wherein all the CD4" T cells in the population
have less than 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA C, and HLA
DRB1 loci to each other.

The population of CD4* T cells of any one of claims 76-77, wherein all the CD4* T cells in
the population have less than 2/2 match at the HLA-A locus to each other.

The population of CD4* T cells of any one of claims 76-78, wherein all the CD4" T cell in
the population have less than 2/2 match at the HLA-B locus to each other.

The population of CD4* T cells of any one of claims 76-79, wherein all the CD4" T cell in
the population have less than 2/2 match at the HLA-C locus to each other.

The population of CD4* T cells of any one of claims 76-80, wherein all the CD4" T cells in
the population have less than 2/4, 3/4 or 4/4 match at the HLA-DRB1 and HLA DQB1 loci

with each other.

The population of CD4* T cells of any one of the above claims 67-81, wherein all the CD4*

T cells in the population have an A*02 allele or are all A*02 negative.

The population of CD4* T cells of any one of the above claims 67-81, wherein all the CD4*

T cells in the population have an A*24 allele or are all A*24 negative

The population of CD4* T cells of any one of claims 67-83, wherein at least 30% of the
CD4* T cells within the population of NGFR* cells express the CAR.

The population of CD4* T cells of claim 84, wherein at least 60% of the CD4" T cells within
the population of NGFR* cells express the CAR.

The population CD4* T cells of claim 85, wherein at least 90% of the CD4* T cells within
the population of NGFR* cells express the CAR.

The population CD4* T cells of any one of claims 67-86, wherein the CD4" T cells are in a

frozen suspension.

The population CD4* T cells of any one of claims 67-86, wherein the CD4" T cells are in a

liquid suspension.
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89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

The population CD4* T cells of claim 88, wherein the liquid suspension has previously been

frozen.

A pharmaceutical composition comprising the genetically modified CD4" T cell of any one

of claims 1-66 or the population of CD4* T cells of any one of claims 67-89.

A method of making genetically modified CD4" T cell (CD4-19CARY cells, comprising the
steps of:
(a) obtaining primary CD4" T cells from one or more T cell donors; and
(b) modifying the CD4* T cells by introducing
(1) a first exogenous polynucleotide segment encoding a chimeric antigen receptor
(CAR), and

(i1) a second exogenous polynucleotide segment encoding IL-10.

The method of claim 91, wherein in step (a), the primary CD4* T cells are obtained from

two, three, four, five, six, seven, eight, nine, or ten different T cell donors.

The method of claim 92, further comprising pooling the genetically modified CD4* T cells
from step (b).

The method of claim 91, wherein in step (a), the primary CD4* T cells are autologous to a

patient.

The method of any one of claims 91-94, further comprising the step, after step (a) and before
step (b), or after step (b) of:

incubating the CD4* T cells in the presence of an anti-CD3 antibody, and anti-CD28
antibody or anti-CD3 antibody and CD28 antibody coated beads or a polymeric nanomatrix
reagent to activate and expand human T cells via CD3 and CD28 or in the presence of other

T-cell specific immune cell culture media, activators, and supplements.
The method of claim 95, incubating the CD4* T cells further in the presence of 1L-2.

The method of any one of claims 91-96, wherein the first exogenous polynucleotide segment,
second exogenous polynucleotide segment, or both are introduced into the primary CD4* T

cells using one or more viral vectors.

The method of claim 97, wherein the viral vector is a lentiviral vector.
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99. The method of any one of claims 91-98, wherein the CAR is specific to a target antigen

associated with an autoimmune disease, inflammatory disorder or cancer.

100. The method of claim 99, wherein the target antigen is associated with an autoimmune

disease, inflammatory disorder or cancer.

101.  The method of any one of claims 91-100, wherein the CAR is an anti-CD19 CAR, an
anti-CD20 CAR, an anti-CD22 CAR, an anti BCMA CAR, an anti-B7-H3 CAR, an anti-
CD27 CAR, or an anti-CD38 CAR.

102.  The method of any one of claims 91-101, wherein the CAR has the sequence of SEQ ID
NOs: 9, 16, 22, 34, 41-49, or 54.

103.  The method of any one of claims 91-102, wherein the first exogenous polynucleotide

segment has the sequence of SEQ ID NOs: 10, 17, 23, 35, or 55.

104. The method of any one of claims 91-103, wherein the IL-10 has the sequence of SEQ ID
NO: 1.

105.  The method of any one of claims 91-104, wherein the second exogenous polynucleotide

segment has the sequence of SEQ ID NO: 2.

106. The method of any one of claims 91-105, wherein the first exogenous polynucleotide
segment, second exogenous polynucleotide segment, or both further comprise a segment

encoding a selection marker.
107. The method of claim 106, wherein the encoded selection marker is ANGFR.

108.  The method of claim 107, wherein the encoded selection marker has the sequence of SEQ

ID NO: 3.

109. The method of claim 106, wherein the selection marker is a truncated form of EGFR

polypeptide.

110.  The method of any one of claims 91-109, further comprising the step, after step (b), of:
(c) isolating the genetically-modified CD4" T cells expressing the selection marker,

thereby generating an enriched population of genetically-modified CD4* T cells.
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111.  The method of claim 110, wherein at least 30% or at least 60% of the genetically-
modified CD4" T cells in the enriched population express IL-10 and the CAR.

112.  The method of claim 111, wherein at least 90% of the genetically-modified CD4* T cells
in the enriched population express IL-10 and the CAR.

113.  The method of any one of claims 110-112, wherein at least 75% of the genetically-

modified CD4* T cells in the enriched population express the selection marker.

114.  The method of claim 113, wherein at least 90% of the genetically-modified CD4* T cells

in the enriched population express the selection marker.

115.  The method of any one of claims 110-114, further comprising, after step (c), the step of

incubating the enriched population of genetically-modified CD4* T cells.

116. The method of claim 115, wherein the step of incubating the enriched population of
genetically-modified CD4* T cells is performed in the presence (i) anti-CD3 antibody and
anti-CD28 antibody or (ii) beads coated with anti-CD3 antibody and anti-CD28 antibody in
the presence of IL.-2 or a polymeric nanomatrix reagent to activate and expand human T cells
via CD3 and CD28 or (iii) in the presence of other T-cell specific immune cell culture media,

activators, and supplements.

117.  The method of any one of claims 91-116, further comprising the later step of freezing the

genetically-modified CD4* T cells.

118.  The method of any one of claim 92-117, wherein the at least two T cell donors have at
least 1/10, 2/10, 3/10, 4/10, 5/10, 6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B,
HLA-C, HLA-DRBI1, and HLA-DQBI1 loci to each other.

119.  The method of any one of claims 92-118, wherein the at least two T cell donors have at
least 1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA-C, and HLA-
DRB1 loci to each other.

120.  The method of any one of claims 92-119, wherein the at least two T cell donors have 2/2
match at the HLA-A locus to each other.
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121.  The method of any one of claims 92-120, wherein the at least two T cell donors have 2/2

match at the HLA-B locus to each other.

122.  The method of any one of claims 92-121, wherein the at least two T cell donors have 2/2
match at the HLA-C locus to each other.

123.  The method of any one of claims 92-122, wherein the at least two T cell donors have at

least 3/4 or 4/4 match at the HLA-DRB1 and HLA-DQB1 loci to each other.

124.  The method of any one of claims 92-117, wherein the at least two T cell donors have less
than 5/10, 6/10, 7/10, 8/10, or 9/10 match at the HLA-A, HLA-B, HLA C, HLA-DRBI1, and
HLA-DQBI loci to each other.

125. The method of claim 124, wherein the at least two T cell donors have less than 4/8, 5/8,
6/8, 7/8, or 8/8 match at the HLA-A, HLA-B, HLA C, and HLA DRB1 loci to each other.

126.  The method of any one of claims 124-125, wherein the at least two T cell donors have

less than 2/2 match at the HLLA-A locus to each other.

127.  The method of any one of claims 124-126, wherein the at least two T cell donors have

less than 2/2 match at the HLA-B locus to each other.

128.  The method of any one of claims 124-127, wherein the at least two T cell donors have

less than 2/2 match at the HLA-C locus to each other.

129.  The method of any one of claims 124-128, wherein the at least two T cell donors have

less than 4/2, 3/4 or 4/4 match at the HLA-DRB1 and HLA DQB1 loci with each other.

130.  The method of any one of claims 92-129, wherein each of the at least two T cell donors

has an A*02 allele or are A*(02 negative.

131.  The method of any one of claims 92-129, wherein each of the at least two T cell donors

has an A*24 allele or are A*24 negative.

132.  The method of any one of claims 92-131, wherein in step (a), the primary CD4* T cells

are obtained from one or more frozen stocks.
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133.  The method of any one of claims 92-132, wherein in step (a), the primary CD4" T cells
are obtained from unfrozen peripheral blood mononuclear cells of the at least two different T

cell donors.

134.  The method of claim 133, further comprising the step of isolating CD4* T cells from the

peripheral blood mononuclear cells.

135. A method for treating a hematological cancer, comprising:
administering to a hematological cancer patient a therapeutically effective amount of
CD4L-VCAR cells of any one of claims 1-66, population of CD4-1%CAR cells of any one of
claims 67-89, or the pharmaceutical composition of claim 90 sufficient to induce anti-cancer

effect.

136.  The method of claim 135, further comprising the step of administering allo-HSCT graft

to the patient prior to or subsequent to administration of the CD4-19CAR

137. A method of treating a patient with a malignancy, comprising:
administering an allo-HSCT graft to the patient, and
administering a therapeutically effective amount of CD4-19CAR cells of any one of
claims 1-66, population of CD4™1%CAR cells of any one of claims 67-89, or the

pharmaceutical composition of claim 90.

138.  The method of claim 137, wherein the amount of CD4-1¥CAR ¢elg is further sufficient to
suppress or prevent graft versus host disease (GvHD) without suppressing graft versus

leukemia (GvL) or graft versus tumor (GvT) efficacy of the allo-HSCT.

139.  The method of any one of claims 135-138, wherein the malignancy or hematological

cancer is a myeloid leukemia.

140. The method of any one of claims 135-139, wherein the CD4™-1%CAR cels target and kill

cancer cells that express CD13.

141.  The method of any one of claims 135-140, wherein the CD4™-1%CAR cels target and kill

cancer cells that express HLA-class 1.

142.  The method of any one of claims 135-141, wherein the myeloid leukemia is acute

myeloid leukemia (AML).
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143.  The method of any one of claims 135-138, wherein the malignancy or hematological

cancer is a CD19*, CD20*, CD22*, BCMA*, CD27*, CD38%or B7-H3" hematological cancer.

144.  The method of claim 143, wherein the CD19*, CD20", CD22*, BCMA*, CD27" CD38",
or B7-H3* hematological cancer is selected from chronic lymphocytic leukemia, acute

Iymphoblastic leukemia (ALL), and non-Hodgkin's lymphomas.

145.  The method of any one of claims 136-144, wherein the allo-HSCT graft is obtained from

arelated or unrelated donor with respect to the patient.

146. The method of any one of claims 135-144, wherein the CD4-1¥CAR cell5 are non-

autologous to the patient.

147.  The method of any one of claims 135-144, wherein the CD4-1%CAR ce]ls are autologous

to the patient.

148.  The method of any one of claims 135-144, wherein the CD4-1%CAR ¢e]ls are allogeneic

to the patient.

149.  The method of any one of claims 135-144, wherein the CD4-1¥CAR cells are not

anergized to host allo-antigens prior to administration to the patient.

150.  The method of any one of claims 135-144, wherein the CD419CAR cells are Trl-like

cells.
151. The method of any one of claims 135-144, wherein the CD4-1%CAR ¢e]ls are polyclonal.

152. The method of any one of claims 135-144, wherein the CD4L-1%CAR ce]ls are polyclonal

and non-autologous to the patient.

153. The method of any one of claims 135-144, wherein the CD4-10CAR ¢e]ls are polyclonal

and autologous to the patient.

154.  The method of any one of claims 135-144, wherein the CD4™-1%CAR cels are isolated

from at least two donors prior to being genetically modified.

155. The method of claim 154, wherein none of the at least two donors is the same donor as

the allo-HSCT donor.
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156.  The method of any one of claims 135-155, wherein the allo-HSCT graft is obtained from

a matched or mismatched donor with respect to the patient.

157.  The method of any one of claims 135-156, wherein the CD419CAR cels target and kill
cells that express CD19, CD20 or BCMA.

158.  The method of any one of claims 135-157, wherein the CD4™-1%CAR cels target and kill

cells that express CD54.

159. The method of any one of claims 135-158, wherein the CD4-10CAR ce]s target and kill

cancer cells that express HLA-class [ and CD54.

160. The method of any one of claims 135-159, wherein the CD4™-1%CAR cels target and kill
cancer cells that express CD112 and CD155.

161.  The method of any one of claims 135-160, wherein the CD4™-1%CAR cels target and kill

cancer cells that express CD58.

162.  The method of any one of claims 135-161, wherein the CD4™-1%CAR cels target and kill

cancer cells in the patient.

163.  The method of any one of claims 135-162, wherein the CD4™-1%CAR cels target and kill

solid tumor cells in the patient.

164. The method of any one of claims 136-163, wherein the CD4™-1%CAR cells suppress

allogeneic CD4* T cell proliferation.

165. The method of any one of claims 136-164, wherein the CD4™-1%CAR cells suppress

allogeneic CD8" T cell proliferation.

166. The method of any one of claims 136-163, wherein the CD4-10CAR ¢ells suppress

allogeneic CD4" T cell proliferation, allogeneic CD8" T cell proliferation, and PBMC.

167. A method of treating a hematological cancer by allogeneic hematopoietic stem cell
transplant (allo-HSCT), comprising:

administering allo-HSCT graft to a patient;
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administering to the patient an amount of CD4™-1¥CAR ce]ls optionally wherein the amount is
sufficient to suppress or prevent graft-versus-host disease (GvHD) without suppressing graft-
versus-leukemia (GvL) or graft-versus-tumor (GvT) efficacy of the allo-HSCT graft,

wherein the CD419CAR cells comprise CD4* T cells genetically modified by vector-mediated
gene transfer of the coding sequence of human IL-10 under control of a constitutive or
inducible promoter and vector-mediated gene transfer of the coding sequence of a CAR
under control of a constitutive or inducible promoter;

wherein the CD4L-1%CAR cels target and kill cancer cells in the patient;

wherein the wherein the CD4-10/CAR

cells are not anergized to host allo-antigens prior to
administration to the patient; and

wherein the CD4L-1%CAR cellg are non-autologous to the patient, and are Trl-like.

168. A method of treating a hematological cancer by allogeneic hematopoietic stem cell
transplant (allo-HSCT), comprising:
administering allo-HSCT graft to a patient;

administering to the patient an amount of CD4-1%CAR

cells, optionally wherein the amount is
sufficient to suppress or prevent graft-versus-host disease (GvHD) without suppressing graft-
versus-leukemia (GvL) or graft-versus-tumor (GvT) efficacy of the allo-HSCT graft,

wherein the CD419CAR cells comprise CD4* T cells genetically modified by vector-mediated
gene transfer of the coding sequence of human IL-10 under control of a constitutive or
inducible promoter and vector-mediated gene transfer of the coding sequence of a CAR
under control of a constitutive or inducible promoter;

wherein the CD4L-1%CAR cels target and kill cancer cells in the patient;

wherein the wherein the CD41%CAR ce]ls are not anergized to host allo-antigens prior to

administration to the patient; and

wherein the CD4--19CAR cells are autologous to the patient, and are Trl-like.

169. A method for preventing relapse of a CD19* or CD20*, CD22*, BCMA*, CD27*, CD38",
or B7-H3* hematological cancer in a patient, comprising:
administering to a patient, identified as being at risk of having a relapse of a CD19*, CD20",

CD22*, BCMA™*, CD27" CD38", or B7-H3* hematological cancer, a therapeutically effective

4]L—10/CAR 4]L—10/CAR

amount of CD cells of any one of claims 1-66, population of CD cells of any
one of claims 67-89, or the pharmaceutical composition of claim 90, wherein the therapeutically

effective amount is sufficient to induce anti-cancer effect.
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170. A method for preventing relapse of a B7-H3™ cancer in a patient, comprising:

administering to a patient, identified as having had a B7-H3* cancer, a therapeutically

f CDA4IL-10/CAR 4]L—10/CAR

effective amount o cells of any one of claims 1-66, population of CD cells
of any one of claims 67-89, or the pharmaceutical composition of claim 90 sufficient to induce

anti-cancer effect.
171.  The method of claim 170, wherein the B7-H3* cancer is solid tumor.

172.  The method of claim 171, wherein the solid tumor is selected from the group consisting
of: breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer,
colon cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer,

head cancer, neck cancer, sarcomas, neuroblastomas and ovarian cancer.

173. A method for treating a cancer patient with minimal residual disease, comprising:
administering to a patient, identified as having minimal residual disease or at risk of having

minimal residual disease, a therapeutically effective amount of CD4-10/CAR

cells of any one of
claims 1-66, population of CD4-1%CAR cells of any one of claims 67-89, or the pharmaceutical
composition of claim 90, wherein the therapeutically effective amount is sufficient to induce

anti-cancer effect.

174. A method of treating a patient, comprising:
administering a therapeutically effective amount of CD41%CAR cells of any one of
claims 1-66, the population of CD4-10CAR of any one of claims 67-89, or the pharmaceutical

composition of claim 90, to a patient in need of immune tolerization.

175.  The method of claim 174, further comprising the preceding step of thawing a frozen

suspension of CD4I-10CAR cells or the population of CD4L-1VCAR ceg,

176.  The method of claim 174 or 175, wherein the patient has an inflammatory or autoimmune

disease.

177.  The method of claim 176, wherein the inflammatory or autoimmune disease is selected
from the group consisting of: type-1 diabetes, autoimmune uveitis, autoimmune hepatitis,
rheumatoid arthritis, psoriasis, psoriatic arthritis, vitiligo, alopecia areata ,multiple sclerosis,

systemic lupus, inflammatory bowel disease, Addison’s disease, Graves’ disease, Sjogren’s
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syndrome, Hashimoto’s thyroiditis, myasthenia gravis, autoimmune vasculitis, pernicious

anemia, ulcerative colitis, bullous diseases, scleroderma, and celiac disease.

178.  The method of claim 177, wherein the inflammatory or autoimmune disease is Crohn’s
disease, ulcerative colitis, celiac disease, type-1 diabetes, lupus, psoriasis, psoriatic arthritis,

ankylosing spondylitis, or rheumatoid arthritis.

179.  The method of claim 174, wherein the patient has a disease or disorder involving

hyperactivity of NLPR3 inflammasome.

180. The method of claim 174, wherein the patient has type 2 diabetes, neurodegenerative

disease, cardiovascular disease or inflammatory bowel disease.

181.  The method of claim 174, wherein the patient has a disease or disorder involving

increased [L-1p production by activated monocytes, macrophages or dendritic cells.

182.  The method of claim 174, wherein the patient has a disease or disorder involving

increased IL-18 production by activated monocytes, macrophages or dendritic cells.

183.  The method of claim 174, wherein the patient has a disease or disorder involving
increased mature caspase 1 production by activated monocytes, macrophages or dendritic

cells.
184.  The method of claim 174, wherein the patient has an allergic or atopic disease.

185.  The method of claim 184, wherein the allergic or atopic disease is selected from the

group consisting of: asthma, atopic dermatitis, and rhinitis.
186. The method of claim 174, wherein the patient has a food allergy.
187.  The method of claim 174, wherein the patient has a solid tumor.

188.  The method of claim 187, wherein the solid tumor is selected from the group consisting
of: breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer,
colon cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer,

head cancer, neck cancer, sarcomas, neuroblastomas and ovarian cancer.
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189.  The method of claim 174, further comprising the step of organ transplantation to the
patient, either prior to or subsequent to administration of the CD4-19CAR ce]is, the

population of CD4-1VCAR cells or the pharmaceutical composition.

190. The method of claim 189, wherein the CD4L-19CAR cels, the population of CD41L-1¥CAR
cells, or the pharmaceutical composition prevents or reduces severity of host rejection of the

organ transplantation.

191.  The method of claim 174, further comprising the step of transplanting iPS cell-derived
cells or tissues to the patient, either prior to or subsequent to administration of the CD4™

I0/CAR cells, the population of CD4-19CAR cells, or the pharmaceutical composition.

192.  The method of claim 191, wherein the CD419CAR ce]ls, the population of CD4L-10CAR
cells, or the pharmaceutical composition prevents or reduces severity of host rejection of the

cell transplantation.

193.  The method of claim 174, further comprising the step of administering a recombinant

4]L—10/CAR

AAYV to the patient, either prior to or subsequent to administration of the CD cells,

4]L— 10/CAR

the population of CD cells, or the pharmaceutical composition.

194.  The method of claim 193, wherein the CD41%CAR cels, the population of CPHL-1VCAR
cells, or the pharmaceutical composition reduces immune responses against the recombinant

AAV.

195.  The method of claim 174, further comprising the step of administering a recombinant
viral vector other than AAV to the patient, either prior to or subsequent to administration of

the CD4L-1YCAR celg, the population of CD4L-1YCAR el or the pharmaceutical

composition.

196. The method of claim 195, wherein the CD41CAR cels, the population of CPHL-1VCAR
cells, or the pharmaceutical composition reduces immune responses against the recombinant

viral vector other than AAV.

197.  The method of claim 196, further comprising administering an immunogenic therapeutic
protein to the patient, either prior to or subsequent to administration of the CD4-1VCAR ce]is,

the population of CD4™-1%CAR ¢ells, or the pharmaceutical composition.
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198.  The method of claim 197, wherein the CD419CAR cels, the population of CD4L-10CAR
cells, or the pharmaceutical composition reduces immune responses against the immunogenic

therapeutic protein.

199.  The method of claims 197 or 198, wherein the immunogenic therapeutic protein is
selected from a therapeutic antibody, a factor VIII replacement, a cytokine, and a cytokine

mutein.

200. The method of claim 174, wherein the patient has an excessive immune response against

viral or bacterial infection.
201.  The method of claim 200, wherein the patient has a coronavirus infection.

202. The method of claim 174, further comprising the step of detecting a selection marker in a
biological sample obtained from the patient, thereby detecting presence or absence of CD4™

10/CAR cells.

203.  The method of claim 202, wherein the biological sample is a biopsy or blood from the

patient.

204. A method of treating or inhibiting autoimmune disease, allergic disease, or inflammatory
disease in a patient, comprising:
administering to a patient, identified as having autoimmune disease, allergic disease, or

JIL-10/CAR cells of any one of

inflammatory disease, a therapeutically effective amount of CD
claims 1-66, population of CD4L-1%CAR cells of any one of claims 67-89, or the
pharmaceutical composition of claim 90 sufficient to treat or inhibit the autoimmune disease,

allergic disease, or inflammatory disease.

205. A method for reducing transplant rejection in a patient transplanted with hematopoietic
stem cells, bone marrow cells, cord blood cells, tissue stem cells, or a solid organ,
comprising:

administering to a patient, identified as having rejection of transplanted hematopoietic
stem cells, bone marrow cells, or a solid organ, a therapeutically effective amount of CDh4
I0/CAR cells of any one of claims 1-66, population of CD4™-1%CAR cells of any one of claims
67-89, or the pharmaceutical composition of claim 90 sufficient to reduce transplant

rejection.
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206. A method for treating graft-versus-host disease (GvHD) in a patient, comprising:
administering to a patient, identified as having graft-versus-host disease (GvHD) or at
risk of having graft-versus-host disease (GvHD), a therapeutically effective amount of
CD4IL-LVCAR cells of any one of claims 1-66, population of CD4-19%CAR cells of any one of
claims 67-89, or the pharmaceutical composition of claim 90 sufficient to suppress or prevent

GvHD.

207. The method of claim 206, wherein the graft-versus-host disease (GvHD) comprises acute

GvHD.

208. The method of claim 206, wherein the graft-versus-host disease (GvHD) comprises
chronic GvHD.

209. A method for treating tissue or organ damage in a patient, comprising:
administering to a patient, identified as having tissue or organ damage or at risk of having
tissue or organ damage, a therapeutically effective amount of CD4-19CAR cells of any one of
claims 1-66, population of CD4™1%CAR cells of any one of claims 67-89, or the
pharmaceutical composition of claim 90 sufficient to induce repair of tissue or organ

damage.

210. A polynucleotide construct comprising:
(a) a first polynucleotide segment encoding a chimeric antigen receptor (CAR); and

(b) a second polynucleotide segment encoding interleukin-10 (IL-10).

211.  The polynucleotide construct of claim 210, wherein the first polynucleotide segment

comprises a first regulatory element operably linked to a coding sequence of the CAR.

212.  The polynucleotide construct of claim 211, wherein the first regulatory element drives

constitutive expression of the CAR.

213.  The polynucleotide construct of any one of claims 210-212, wherein the second
polynucleotide segment comprises a second regulatory element operably linked to a coding

sequence of the 1L-10.

214. The polynucleotide construct of claim 213, wherein the second regulatory element drives

constitutive expression of the IL-10.
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215.  The polynucleotide construct of any one of claims 210-214, further comprising an
internal ribosome entry site (IRES) or a self-cleaving peptide between the first

polynucleotide segment and the second polynucleotide segment.

216. The polynucleotide construct of claim 215, wherein the self-cleaving peptide is selected

from the group consisting of F2A, P2A, T2A and E2A.

217.  The polynucleotide construct of any one of claims 210-216, wherein the CAR comprises
an antigen-binding domain, a hinge region, a transmembrane domain, and an intracellular

signaling domain.

218. The polynucleotide construct of claim 217, wherein the antigen-binding domain

comprises a single chain antibody fragment.

219. The polynucleotide construct of claim 218, wherein the single chain antibody fragment

comprises a single chain Fv (scFv).

220. The polynucleotide construct of any one of claims 210-219, wherein the antigen-binding
domain targets an antigen associated with an autoimmune disease, inflammatory disorder, or

cancer.

221. The polynucleotide construct of claim 220, wherein the antigen is selected from the
group consisting of: CD19, CD20, CD22, BCMA, CD27, CD38, CEA, B7-H3, CD23, Lyml,
Lym?2, CLEC5A, CDH179b, FLT3, GCC, Muc, CSF2RA, GFRa4, CD32, CD33, IL11Ra,
IL13Ra, NYBRI, SLea, CD200R, TGFBetaR2, CD276, TROP2, LAMP1, PTK7, DLL3,
CDH1, CDH6, CDH17, CDH19, TSHR, tyrosinase, HLA-A*02,HLA-A*24 citrullinated
peptides, insulin, MOG, GAD635, [A2, gliadin, and desmoglein.

222.  The polynucleotide construct of any one of claims 210-221, wherein the antigen-binding

domain is an anti-CD19 antigen binding domain.

223.  The polynucleotide construct of claim 222, wherein the anti-CD19 antigen-binding
domain has the sequence of SEQ ID NO: 11.

224.  The polynucleotide construct of any one of claims 210-221, wherein the antigen-binding

domain is an anti-BCMA antigen binding domain.
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225.  The polynucleotide construct of claim 224, wherein the anti-BCMA antigen-binding
domain has the sequence of any one of SEQ ID NOs: 50-53.

226. The polynucleotide construct of any one of claims 210-225, wherein the hinge region is
selected from a human CD8q hinge region, a human CD28 hinge region, a I[gG1 hinge

region, or a IgG4 hinge region.

227. The polynucleotide construct of claim 226, wherein the hinge region is derived from

human CDS8a.

228. The polynucleotide construct of any one of claims 210-227, wherein the transmembrane
domain is selected from a TNFRSF 19 transmembrane domain, a CD3zeta transmembrane
domain, CD8a transmembrane domain, a CD4 transmembrane domain, a CD28
transmembrane domain, or an B7-family inducible costimulatory (ICOS) transmembrane

domain.

229.  The polynucleotide construct of claim 228, wherein the transmembrane domain is

derived from C CD8q..

230. The polynucleotide construct of any one of claims 210-229, wherein the CAR further

comprises one or more co-stimulatory domains.

231. The polynucleotide construct of any claim 230, wherein the CAR comprises two co-

stimulatory domains.

232.  The polynucleotide construct of any one of claims 210-231, wherein the one or more co-
stimulatory domains are selected from the group consisting of 4-1BB, CD28, 0X40, ICOS,
CD27, MYD88-CD40, and KIR2DS2.

233.  The polynucleotide construct of claim 232, wherein one of the one or more co-

stimulatory domain is derived from CD28.

234.  The polynucleotide construct of any one of claims 231-233, wherein a second co-

stimulatory domain is derived from 4-1BB.

235.  The polynucleotide construct of any one of claims 210-234, wherein the intracellular

signaling domain comprises an immunoreceptor tyrosine-based activation motif (ITAM).

169



WO 2023/129929 PCT/US2022/082431

236. The polynucleotide construct of any one of claims 210-235, the immunoreceptor

tyrosine-based activation motif (ITAM) is derived from CD3zeta.

237. The polynucleotide construct of any one of claims 210-236, wherein the CAR comprises:
an anti-CD19 antigen binding domain, an anti-BCMA antigen binding domain, or an
anti-CD20 antigen-binding;
a human CDS hinge region;
a CD8 transmembrane region;
a CD28 co-stimulatory domain; and

a CD3zeta chain intracellular signaling domain.

238.  The polynucleotide construct of any one of claims 210-237, wherein the CAR comprises

the sequence of SEQ ID NOs: 9, 16, 22, 34, 41-49, or 54.

239. The polynucleotide construct of claim 238, wherein the first polynucleotide segment

comprises the sequence of SEQ ID NOs: 10, 17, 23, 35, or 55.

240. The polynucleotide construct of any one of claims 210-239, wherein the IL-10 is a human

IL-10.

241.  The polynucleotide construct of any one of claims 210-239, wherein the IL-10 is a viral

IL-10.

242.  The polynucleotide construct of any one of claims 210-239, wherein the IL-10 is a

protein having the sequence of SEQ ID NO: 1.

243.  The polynucleotide construct of claim 242, wherein the second polynucleotide segment

having the sequence of SEQ ID NO: 2.

244.  The polynucleotide construct of any one of claims 210-243, wherein the first
polynucleotide segment or the second polynucleotide segment further comprises a sequence

encoding a selection marker.
245.  The polynucleotide construct of claim 244, wherein the selection marker is ANGFR.
246. The polynucleotide construct of claim 245, wherein the ANGFR has the sequence of SEQ

ID NO: 3.
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247.  The polynucleotide construct of claim 245, wherein the polynucleotide construct

comprises the sequence of SEQ ID NO: 4.

248.  The polynucleotide construct of any one of claims 244-247, wherein the selection marker

is a truncated form of an EGFR polypeptide.

249.  The polynucleotide construct of any one of claims 210-248, wherein the construct is a
vector.

250. The polynucleotide construct of claim 249, wherein the vector is a viral vector.
251.  The polynucleotide construct of claim 250, wherein the vector is a lentiviral vector.

252. A polynucleotide construct, comprising:
(a) a first polynucleotide segment having the sequence of SEQ ID NOs: 10, 17, 23,
35, or 55; and
(b) a second polynucleotide segment having the sequence of SEQ ID NO: 2.

253. A polynucleotide construct, comprising:
(a) afirst polynucleotide segment having the sequence of SEQ ID NOs: 10, 17, 23,
35, or 55;
(b) a second polynucleotide segment having the sequence of SEQ ID NO: 2; and
(c) athird polynucleotide segment having the sequence of SEQ ID NO: 33 in

between the first polynucleotide segment and the second polynucleotide segment.

254. A polynucleotide construct, comprising:
(a) afirst polynucleotide segment having the sequence of SEQ ID NOs: 10, 17, 23,
35, or 55;
(b) a second polynucleotide segment having the sequence of SEQ ID NO: 2;
(c) athird polynucleotide segment having the sequence of SEQ ID NO: 27 in
between the first polynucleotide segment and the second polynucleotide segment; and

(d) a fourth polynucleotide segment having the sequence of SEQ ID NO: 4.

171



PCT/US2022/082431

WO 2023/129929

1172

/

—

T 'Ol4
4 0€dd N
orajd
DV1
€-NIL
SO2I \
Y-44v9 EH/G-1Nuy
€-OVv1 VINDG-1Iuy
v-v1.D ¢¢do-1uy
q991-v 0¢ddo-1uy
Iﬁ 9€ad Q./ 8¢AD \.ﬁ 08d) ﬁ 08a) Ql/ 6100-Uv
ulewop urewop urewop ulewop urewop
uoneAldY Aojeinwns-0) suelquiawsued | abuIH Buipuig



PCT/US2022/082431

WO 2023/129929

2[72

3ulleusis 2 €ad

Mvm.mu.

aueiquidwisuel] 8AD

_

V¢ 'Ol

93UIH 08aD

€9JINA

W§\\mmmmmmmmmmm\§§uﬂﬁ._mmmwm§§§\§\&@@%&w§\§

Soeess

19pes| Y4SIIND

_

ferser pug

Aisolejnwis-0d gzad

& sw3s



PCT/US2022/082431

WO 2023/129929

3/72

34y a¢ "'Old

SeSw/y1s Jajowoud y9dy

€2115/54d 6TAD-13UB YYDy

SNy
¢4dAusp

woJad/|-31/AND T44AUDp

34d

[SNUIA

g si3ieday
/Adnyspoom
paieinin

43INpP

SNYEYP
|leugis\yAjod

leudis (v)Ajod

uigiio/T498eyd 41o/vAod OVAS



PCT/US2022/082431
4/72

WO 2023/129929

VE 'Ol

|leusis (v)Ajod AS Jaoueyua AND
Ja1owoud AIND

91INWIYdM Jo30Woid Yody leusis (v)Ajod As (po1e0Unal) Y171 .9
(Env) ¥l € 0T-1INH SIO/Llddd 3wy T-AIH

ewiu N_H_OZG
_ _

(1169} a:m (). aess



PCT/US2022/082431

WO 2023/129929

572

leudis (v)Ajod ovAS

g€ "5l

AWD [EWIUNAN
445N

Jal0woud )ody
OT-1INH

91NWIHdM

(env) ¥l £
S1J/1ddd

|leusis (v)Ajod AS
110 OVAS

oG 5460
oT-1IA

quey)

$ T-AIH
(pe1e2UNJY) Y11 .S
Ja1owoud AIND

Jaaueyus AIND

oo DB
Z AR

P

i
i
"
e rrnnn SRR

Jojesado oe



PCT/US2022/082431

WO 2023/129929

I’A]E

Asayduad pue moliew aUoq Ul UoeURIaYIP |]99-g SuLNp YIADE PUe ‘8EaD ‘£zadD ‘22dd ‘0zad ‘6TAD 1o uoissaidx3

6/72

uolssaidxa YIADYg

uoissaJtdxa 8€aD

algenieA

uoissaJdxa /zad

uoissaJdxa zzad

uoissaJtdxa gzad

uoissaJtdxa 6TAD

[|20 ewse|d

}se|qowse|d

199 4 11929 4 199 4
AJOWBIN J21UDD [BUIWIRY BAIBN

[19° d
|euoljisues] |92 g-9.d

|92 g-04d




PCT/US2022/082431

WO 2023/129929

VS 'Ol

uojsuedxa uolsuedxa pue UoIeANDY uolesiling avo-61adAAT YIim uononpsued |

1202 Ajng 4o
uolsuedxa pue uoi1eAldy

wion-or-IAAT YHM UORONpsuUed | uoI3BAIIDY sisaJaydeynan

*

¢

*

»,
$
‘ o
o

Fa

B
»
e
‘ <
¥

£
S|192 1L 4+¥AD
woN-01- AT uvo-61a0/\A1 uoneaylnd sjj93 +7ad



PCT/US2022/082431

WO 2023/129929

8/72

-
&Hﬁ

1
ole
o

pue

uolsuedxa
UOIIBAIIDY

49s "5l

uojsuedxa pue UOIIBAIIDY uolesyling

uojsuedxa pue UOIIeAIIDY

wion-o7-IAAT M uononpsued |

wvr-61aAAT YUM Uonanpsuel | uoneADY

% wion-oT- AT

wvo-6Ta A\

1202 Ajng 4o
sisaJaydeynan

n

5]

S(1°9 L+¥AdD

uoesiynd sjj92 +£a)



PCT/US2022/082431

WO 2023/129929

972

uolsuedxa

”&N«%i pue UolIeAIDY

79 B 4 :
i 2 .

uojsuedxa pue UOIIBAIIDY
uojsuedxa pue UOIIBAIIDY

JS 'Ol

uoj3eolling

wion-o7-IAAT M uononpsued |
B
wvo-61adN\AT YHM UOIIdNpsue. |

£ 4

wvr-etaMT  ¥4onN-01-11ANT

1200 AjJng Jo

uoI1RAIDY sisaJaydeyna

]
S[192 1L 4+¥AD
uoesiynd sjj92 +£a)



WO 2023/129929 PCT/US2022/082431

10/72

#
C D4IL-10antiCD19CAR
L0719 UAR

2 by LV

2

FIG. 6A

WION

¥ %

AR

i

#3124

Control

%

4

LYY R follow

N

Ee RS B
ey B S
S >~ SN

BN



PCT/US2022/082431

11/72

499 'Ol

W x GRS

L4t i ok
v 7 v
% P e 7 2l

794 gre " o . sgpl

WO 2023/129929

yvoetadnueot-17dD |0J3u0)

s AL PEMOEOE iy AN



WO 2023/129929 PCT/US2022/082431

12172

12220

L% UAR

.

z.

CD4IL—10antiCD19CAR

£
o

 simultaneously

&
FIG. 6C

D23

Control
535% (AR

e Py P
) Y =
i 8 B
N SR B

¥I0N



PCT/US2022/082431

WO 2023/129929

13/72

D BIG0

L9l

s
%

413

HIBN

>
o

s,

B B

1741

a26]

HIBN

L1

HY2 5102

6%

T

BN

wvoetadnueor-17AD

174 4

L'T6

AN

2°'9¢ Jouoq

1°97 JouoQ



PCT/US2022/082431

WO 2023/129929

14/72

o@D [}

87 JOUQC 7 G¢ BO

V8 ‘Old

4vI6T1aonueQT

B el |

L D7 JOUOT

i i ¥ }

HE B YN

uoI12423s OT-1I

age
80g

- 000G

- D00 0

o (100G}

“uyBd



PCT/US2022/082431

WO 2023/129929

15/72

498 'Ol

o?@ [ wwostaonveor7@D K
pggouog  ZrgZioun Lgganucd

1. [ . -0}
[T TTH TTNE=
- 308
L L -
- —300'5
e GO0 G

- 300°G1

UO181085 /~ N

-y Bd



PCT/US2022/082431

WO 2023/129929

16/72

J8 'S4

or-uvAD D wvoeTadnuepr-17AdD l
gazacuoy  Zozaoun g aousg

™ [T “MT..

- Q%

- 0005

“puisd

0000

- 000°5 1
Uo18I09s -



PCT/US2022/082431

WO 2023/129929

17172

or-uvdD
08 MU

as ‘o

D wvaeTadnueor-u7AD .

L G7 S

Z'9E 0Uog

uonRBITes G-

pez
0%

- 300G

- (0001

- B0 G 1

B



PCT/US2022/082431
18/72

WO 2023/129929

6 "'9Old
yvostaonuepr-u7dI ¢ 40U0(Q ot-u7AD T JouoQ
I i
- 0G W = 005
= 0001 f/ - 0001
_ | P 1,
6-NdI EE3 e . e
BETIE N au...._ - s
S T NN mm:mnu - 000 - - 300%
o | . —
011 R
- 008 - (3008

juyBd



WO 2023/129929 PCT/US2022/082431

19/72

[ K562
NN ALL-CM
Hl NALM6

7 g
6z > | o
7% ~ | ©

ol ©

Bully %



PCT/US2022/082431

WO 2023/129929

20172

€ 9¢ 10Uo(

wvosTadnuegr-1 74D

Vi1 'Ol

¢ 9¢ WU

wvostadnueor-17dID

L 9¢ JoUc(

wvostadnueor-17AD




PCT/US2022/082431

WO 2023/129929

21172

a11 "Old
€°9¢ Jouo( ¢ '9¢ Jouoq | 9¢ Jouo(
O
O
R
) &
& oo% & oo%
\.//p Oez \.//o 001
N NS
| | |
014 014
9NTVN I =-0002
=005¢

¢ Aep je Aesse Bul||1y Jo Juejeusadns ul gL-T|



PCT/US2022/082431

WO 2023/129929

2272

%19

kS K R s
e Rsb i b .
W o

et
8'LT pepiAd
g b= 0O
V'8 papiaipun

m Pt

€'9¢ iouog
or-u7AJD +

\M L TT pepiAa

€'L8 PSpIAIPUN

m ke

€'9¢ Jouod
wvostadnuepr-17AdID +

iy

S8'8 papiAld

€'06 PSpIAIPUN L
3 X

¢'9¢ Jouoqg
or-u7dD +

| ataanasannas |
T’z papiald oot

€794 PapIAlpun

f

¢'9¢ Jouod
wvostadnuegr-17AdID +

waz

¢T "9id

%ES uoissaaddns o

| | .
TL'L pSpIAld

ey

L°T6 PapiAlpun

{

1'9¢ 4ouog

oD +
%8L uolissauddns o
.
T&. repopiva L M,
€68 PapIApUN e et
w 002
T°9¢ Jouo(

wvostadnuegr-17AdD +

ot

e

& 9'vy papinld

v'bS papipun

{

0/9g40N[42

-0

S|199 1+ ¥#AD
Japuodsay

\\ v
N
9'vv paping
=

v'vS paplalpun

i

(129 L+¥#AD
Japuodsay

SIUN0D



PCT/US2022/082431

WO 2023/129929

23/72

%89

o

gt@\ \ %;:

T'€E papind
T\‘mw\:|;
S'¥3 PSpIAIPUN

>

€'9¢ iouoqg
or-n7AD +
%Y

o 5 2 "
3

-,

F

“ v'8T papiala

S'6L P3PIAIPUN

€'9¢ ouod
wvostaonuegr-17dI +

wney

10y

o2

96T papinld

U " :
0'8L papialpun Lo

<

beox

¢’'9¢ Jouoqd
or-u7AJ +
%TY

K

;@\W\\ i

9vE PapNG

C'EG P3pIAIPUN

7’97 JouoQ
wvoeTaonuepr-17dI +

WAz

€T '9Old

%Ll

W b o
w S'ET PepIAIg
" " I~ o2

ey

uolssasddns 9

m 0'8s papinld
L

E'v8 papinipun 6'8€ PapINPUN Lo

$ v 3
1'9¢ iouog S22 L +80D
or-ad + Japuodsay

%/L°9/ uolissaiddns g
TE'8 papiald m

o o : e

7°68 papialpun 6°8E PapINPUN osspepNG L,
3¢ toued s|122 1,800
wvosTaonuepr-17dd + Japuodsay

0£9¢40N[43

SIUN0D



PCT/US2022/082431

WO 2023/129929

24[72

uoissaiddns
%C 69

—
%8'0¢ 51|90 dA1eI341|04d

p~ 367
p~ 365
- QT

a2 d

wvostadnueor-117AD +

¥1 "9Old

uoissaiddns
%C 09

b
%6°9¢ S|13) BANEIBSI|04d

e

or-uAD +

b 1577

0/9e¢40N[4°

SOINgGd Jopuodsay

b D537

S3UN0)



PCT/US2022/082431

WO 2023/129929

25/72

sheq

ST "Sid

(@snow/935°) yyrstaonuegr-17dD + (@SNOW/995°7) DINGd + (@SNOW/GaT) asetapian|-gTIAVN (Al)
(8SN0W/935°7) yyagrasnuegr-udD + (9SNOW/GIT) BseIa41IN|-9TAVN (1)

(9snow/935°7) DINGd + (9Snow/GaT) asesa4an|-9TIAVYN (1)

(9snow/SaT) asessyan|-9TIAVN (1)

gl Aeg O Aep

_
& T)) oSN

pajepel Ajeyis|-gng /I




PCT/US2022/082431

WO 2023/129929

26172

V9T 'Ol

K%

avostaonueor-1?AD
+JWNEGd  ywietaonueor-uAD JINgd 3UON

¢ AEp



PCT/US2022/082431

WO 2023/129929

27172

991

Gl

Ol

uonoaful 9-NTVN 3sod Aep

— 'l ']
(9WYN 'sA) 6710 =d
(9NN 'sA) €700 =d

(9INTVN 'sA) 65TO0=d

(9=U) yyosLaomeor-17AD + ONGd + INTYN %
(9=U) wyosiaomeo-1¥dD + INTYN -

(G=U) ONGd + 9NTVYN @

(G=U) 9NIVN B

L 0Lx]
_ 01T
L 0LxE
_ 0L xp
L .0LxG
- s0LX0'S
=0,0Lx0°L
=0, 0LxG7L

~0,0Lx0°¢C

-0, 0LxG°¢C

[s/d] xn|4 jejor



PCT/US2022/082431
28/72

WO 2023/129929

JARDE

uopoalul 9-WTVN Isod Aep

Gl 0l S

(9=U) yvosLaomueo,17AD + IWTVYN —A-
(=u) DINGd + 9'IWTVN @
(G=U) 9NTYN &

(B) 3yBram

H—H

dHADS Jo uonesipul ue se sso| YBIapA




PCT/US2022/082431

WO 2023/129929

oF

2972

V8T 'Ol

wwostaonueor- 170D JOUOPAOd (€'92/2°97/T°92-08) 995°C + JINEd 995°C (A)
wvastanuegr-17dD Jouop 3|3uls (T°92-29) 995°C + DINGd 995°C (A1)
wwstaonueor-uydD (€°9¢/2°9¢/1°9¢-08) JouopAjod 935z (1) g
ywostaonueor-17@D (€792-08) JOUOp 3|8uls 93577 (1) mmwmw MMM MMM
JINEd 995°C (1) uonelpe|

14 ¢ Aep 0 Aep

SAVA AdNLS A_ _ _ _ _ &
<)

poerpeu Areyarans VY

94095 QHAD




PCT/US2022/082431

WO 2023/129929

30/72

98T 'Ol

(G=U) yvos1gonuegy-7 ¥AD (€'92-04) Jouop djbuls + JINGd A
(2=U) yvosLaonueg-7 ¥AD (€'92-08) Jouop sibuls £}

(F=U) oINad X
sAep
T4 02 Gl 0l G 0
1 ] ] ] ] O
- G2
- 0G
-G/
ry, 00l
HADS ouax

991} QHAD 921W JO 9%



PCT/US2022/082431

WO 2023/129929

31/72

J8T Ol

(G=U) yyos1gonueg, A (€92/2°92/1'92-049) JouopAjod + DINGd Y-
(€=) wyosLaonueo;-11¥AD (€°92/2°92/1°92-09) Jouophiod &)

(=u) OINdd ¢
sAep
T4 04 Gl ol S 0

L | | | | 0
~ G2
— 05
—G/

® 00}

HAS oudXx

991} QHAD) 921w JO 9%,



PCT/US2022/082431

WO 2023/129929

32/72

S2IpNIS
DAL U]
CUHA U UD
IRZUBIRIEYD
UG U

aaA

SAED p-f AISAS
{1W/n o) 77
VICIIENULES3Y

SRIPIS OM Uf
L4 UCITEZIIBIBRIBYD
|2U0UN

SARD - AJSAD

{1/ oS} 2

LOLERIISSY
shep 1

6T 'Ol

(MOA)
sBouwinn AJoT s0yes
ADUSIDLE UOIIONPSURI]
11-6 A&

SAED p-¢ AIBAS

B/ 06} 270

OIS OY
shep y1-8

SHaS L.p03 OWEd iRl

Aep 1 shepz-0 g
%\V\

(1/nos) 271

0 UOHEDLLING gz iow (/BT gzan-nue  uoile|os
AT (rw/dugg) £ao-nue |99 L.pad



WO 2023/129929 PCT/US2022/082431

33/72

FIG. 20A

! t t {
- O [ 2 <
©w ¥ N

${192 LY4ONV.PAD 10 %

100 -
8



PCT/US2022/082431

WO 2023/129929

34/72

90¢ 'S4

Sk,

sy ¥

g ¢0T

%y

whggreey
o -

¥
o
—

) Jouo(

S
0T

v
0]

€
0]

$ 0y 5 Yovos iz s o o L TP R &\x‘&w\
e, o b
Pis %




PCT/US2022/082431

WO 2023/129929

35/72

T¢ 'Sl

[ \
Z2H NS SH PR OH G
$ {

uolleAllde o
Jnoy-gy Joyje - (07
b OO
- (09 -
snoauejuods =008 @
3
wf “DOQ.? -
i -(008
- 0002
{e41) oD
snoauejuods

[

ZZH ANGE &0 U 0N O
} ) !

|

{(z41) 5,pQD

- 302
- 30%
~ 309
-~ 008

~ 000y

~ (008

~-Bi0ZY

snoauejuods

jwbd



PCT/US2022/082431

WO 2023/129929

36/72

|-Jouo
H-Jouo(
9-Jouo
4-Jouo
3-Jouod
0O-louod
g-Jouo

>e<«monje

g¢¢ 'oid

NO-T11V 99
_

Z41 Buiy

|
(o}
AN

|
o
(o)

|
(e
N~

—001

S[192 peap Jo %

Ve 'Ol

8429

ey

¢41 %829

I
(o}
(Q\]

|
o
()

|
O
N~

—001

S1199 929 J0 %



PCT/US2022/082431

WO 2023/129929

37172

Jl04d =2 v-Ddy-dwo)

0T 30T 0L 9

udassaaddns %4z°s6
ugnesayjord %L1

o
(o}
Uno)

4-40U0(Q 474700 +

J]0dd 1 y-2dv-dwo)
0T 40T 0T O

onesdyjosd %S¢

Uno)

S[[92 1 .+¥aD J9puodsay

VEC 'Ol

Jljoid i1 y-Ddy-dwo)
0T 0T 0T 0

NUVSRES: 17725 RSV

nesdjjoid %L1

s \ttii.ﬂg&i:%\:,_

mmmm._nnsm %2°S6

J-iouod QH;.:.?DU +

Jljodd 1 y-Ddv-dwo)
mOH .qO._“ . mOH ‘ 0

ughissasddns %¢g'96 -08
nesayijord %1 |

J-louod o;47dD +

€@D-1ue qw/3uQs + JQu-oj|e ,0TXS
0T

¥dd p21ed
shep ¢

01- iwn_u

ONgd



PCT/US2022/082431

WO 2023/129929

38/72

Jljo4d :: Y-Odvy-dwo)
0T +0T 0T 0

252424 o),

uoissaaddns %69 |
uonesajijord T IT -09

1-40U0d 1P 0O +

jj0dd :: ¥-2dv-dwo)
sOT +0T (0T 0T o

ss\rec TSRS TVTS WIS s TIVC FI Iy 1I7s ey 5%

A L

0O

uoljesdyijord %8 €

-08
S[|92 1 .¥@aD J9puodsay

g€¢ ‘5N

Jlj04d @ ¥-Odv-dwo)
sOT qu 01 0

RS 5Sr AARA  5. B,

uoissaaddns %6°£29

uonjesdyijosd %G 1T &

[-40uU0Q ¢747A0 +

J1104d i ¥-Ddv-dwo)
0T qu 0T 0T O

m uoissaaddns %1 1S
uonesdijosd %5 /1

%ﬁs\»»g

H Jouod gr47AdJ +

€@D-1ue qw/3uQS+ DQW-of|e 0TXS

¥Add paied

shep ¢




PCT/US2022/082431

WO 2023/129929

39/72

Jljodd i y-Ddv-dwo)
0T 40T 0T 0

....... b&(.;.r..::bw ~.....WW[.L.LL m..o
¥
£ : 2
) -GT 3
:o._ aiddns y¢z/ W.ON
dozs1 &
uongiRI0Id %T LT |
JI0UOq oA F
J1[04d 1 y-Ddv-dwo)
sOT +0T ¢OT 0
«%&%&?ﬂ%&&&&%\ ; P ?r.(.«o
_M 0T
-0C &
: c
>
A L0€ -
u ,_um._m,__o._n_ %Z9 wO#

5]192 1,840 1epuodsay

Vv 'Ol
J104d 1 ¥-Ddv-dwo) Jjodd 1 ¥-2dv-dwo)
0T 0T L 0O 0L ;0T 0L 0
L s b
ot m | -0T
o — 9
m ..%.\mewﬁ :mH m
EE ”.ON ~ 47 S L5 “ -
1ssasddns %z9 :cmmm._nn_:m %S°TL HsON
uonpsayiord %9'cz  ~0€ uotjesdjijold %8 LT LG
J-10uo(Q oﬂ-._lwﬁ_u + J-40U0(g oﬂ-.:%OU +
€aD-1ue qw/3uQs + JqW-o||e ,0TXS
shep
8dd ﬁmu.mmv A|m




PCT/US2022/082431

WO 2023/129929

40/72

av¢ "Old

Jljoid i ¥-Ddv-dwo) Jljoid i1 y-Ddv-dwo)

QLOTOL 0 OLOLOL 0
-0¢ “ 0€
0 i 0
. o T&m o ©
uoissaiddns %599 -09 W uoissaiddns %g'c/ -06

~ uonedsayjold %891
[-10U0Q ¢147A0 +

uollesadjljosd %I'TC

7-10u0Q 443D +
J1jodd  ¥-2dv-dwo)

0O

S
S gad paren

-09

S[{53 17805 i5plicdssy

Jjodd it y-Ddv-dwo)

......

0T O

oLy g R

Ter

piteiy
m uoissasddns %€ €9
uolnesdjljosd %I €T

oA

ONdd

€@D-1ue qw/3uQS+ DQuW-of|e .0TXS



PCT/US2022/082431

WO 2023/129929

41172

siouop g=u ‘sq F uesn
S|192 g1-yAD JouOpA|od

S¢ 5N

Zzw BNl s U o

.

(€4L) g, ¥AD




WO 2023/129929 PCT/US2022/082431

42[72

=
2
a
O
)
[ o
o
©
=
o)
[a
o
&
4
Fy 3
o; é
S o)
© T}
© ~
m .
= o4 O
< o | g =
Z b
{ ] s T
o 0 < Ty <
& - re! Ry
b S
SHe0 PEaR JO %
o)
2 g
(1]
= -5 8
c © O
© L
O
NS T I I I
o 0 o 0 o
o N~ sy Y
o

SII®2 929 J0 %



PCT/US2022/082431

WO 2023/129929

43/72

Jljodd i1 y-Ddv-dwo)
0L 40T L O

=t

AR

uo w.mm._nn:m % L

(4-3-2) gr-w@D JouopAjod +

Jljodd i y-Ddv-dwo)

0T 0T 0T 0
Semrs B torn b5 Y :..:r»...eo

-0T
-0¢
15V -0¢

*N A
-0t

onesdjijoid %29 *

S[[83 1,80 18puodsay
80D po{led

ubnesapjosd %91 LGT

VLC 'O

Jljoid i1 y-Ddy-dwo)
0T 40T 0T 0

..v....bt\.“.ru:»:.:@.\ ..:h.h.\.%,%:r.r?ﬂ' O
" ’
. :
-0¢
““““““ -0¢g
33 ]
MO R i
ugjssaaddns %4696 -0y
ugneJsajijold %T'T L 0S
(4-3-D) o17AD JOUOPA|OA +
ji[o4d i Y-Odv-dwo)
0T 0T 0T 0
ISTI 77X RIS Y W f&\ . _ et .50 S«.{.O
‘ -0€
Lk ‘
,;om
. +06
, -0CT
uénesayjold %S

S[[95 1 F a7y Tspucdssy
vdd paien

O
O
c
>
~+

€@D-1ue qw/3uQg + Dquw-ojje ,0TXg

4
> 3 %
; \u .\. R

:\m\u-um

or-7A@D JouopAjod onad



PCT/US2022/082431

WO 2023/129929

44/72

Jljodd it y-Ddv-dwo)
0T +0T 0L 0

ssizin bbb, O

o “
-0¢
. 2414

wt\g
m uoissasddns %4g°s/
uonesapoid %S'ST [ng

(7-1-H) gr-u7@D 10uopAjod +

Jl04d :: y-Ddv-dwo)
sOT +0T 0T 0T O

...... %\\%\

Mo i
~09
onesdjljoid %879 ¢

S[E 17865 ‘.wncoammm
8D paieH

9.¢ "5l

J1j01d =2 ¥-DdV-dwo)
0T 0T O 0

pivic]

uoissaaddns %t'89
uonesayjosd %4 1T | 0S

(1-I-H) o1-1¥AD Lo:ou>_og +

Jlodd :: v-Ddv-dwo)

wm

uoinjesdyijoid %8'G€

S[ENNK ) Lm_ocoammmom

Qa2 p=i1ey

-
P

WO

€@D-1ue qw/3uQs + Dgqw-oj|e ,0TXS

0T 0T
_m>m_o €
(1/1/H-29
or-17@D JouopAjod onad



PCT/US2022/082431

WO 2023/129929

45/72

younH
uIs

in4

Aunnoy

SSO| 1Y319/M\
|[EAIAINS
:3400S AHAD

A

8¢ 'Ol

(8=U) (4/3/2-29) ¢1-17AD 10UOPA|Od 40TXS
(8=U) (4/3/2-29) ¢1-17@D J0uopAjod 40TXS + DINDd o0TXS

(8=U) DINGd s0TXS
uolalul ‘Al

0 Aep

H

%, 4
palelpe.lt Ajjleyis|-gns



PCT/US2022/082431

WO 2023/129929

46/72

(8=U) (4/3/2-09) o111 J0UOpAjod
(8=u) (4/3/2-29) o117 JouopAjod + JNGd
(8=u) oINgd

6¢C Old

uonssiu Jaye shep

02 B 8L PL 2V O

g 8 % < 0
WS N

e .
or-1@D JouopAjod+INgd [ '
JINdd
- YOI NG 00!
ﬁ or-17dD JouopAjod

PaoIILIoeS 8Jam 82IW | Aeq

dHAD JO 99J} 221U 9,



WO 2023/129929 PCT/US2022/082431

47172

:
t : 3 *t S
= 3
v ' - (:"; 0@'
c L
o Q&
o0 . o 9
@@ Q, v
g
i ! s ! P ! s ¥ "{3’;‘,'},
oo o o N oo o e
S O < o o) o) X
SHAE0 +M4ONYV, AT I0 % é’(},
o
oM
)
L.
3 T « -4 o.,.\)
c N
@ | %)
] - *ﬂ. I
a A-’/z; &0
» TR
t’ X T @
o i fed A
A x %
T e T e JE =N L S
S B & o9 S o ®
A N b,
SHOO #MADNV A IO %% &



PCT/US2022/082431

WO 2023/129929

48/72

T€ 'Old

(9=U) o1 (H-DG) Jouop 3|8UIS 4OTXS T + S[192 1 +¥AD 90TXS'C
(£=u) s[192 (1/1/H-29) ¢1-17AD JouopAjod 4OTXS T + S[199 1 +#AD 40TXS'C
(9=u) |12 1 +#AD 40TXS'T

younH € Aep
uRys
ng H
AUADY
SYJRUEIENTY @
[BAIAINS
:340JS AHAD pa3eipelt Ajjeyis|-qns

&

OSN



PCT/US2022/082431

WO 2023/129929

49/72

(9=u) (H-09) 1A Jouop 3|8uUIS + ¥AD  -FE-
(£=U) (1/1/H-29) o1-1¥AD JouopAjod + yAD %~

(9=u)vady -¥

¢€ Ol

uonoslul jeye shep
g 74 Gi

S

dHAD JO 99l} 221U %



PCT/US2022/082431

WO 2023/129929

50/72

|EAIAINS
93J)-elWNI|
wJal 8uo
S||22 el NI
dune|noan

ul uolnNpay

VEE Ol

(7=u) (H-29) 1A Jouop 3[3uls 4OTXG"T +
(=u) (1I-09) gr-47AD J0u0p 3|3UIS LOTXS'T +

(=u) (H/1-29) or7AD JouopAjod 4OTXS'T +
(=U) DINGd (OTXS'T +

(9=u) Suiyou +

(ze=v)
s0TXS' T WI-1TV

chep  0Aep

b

A

palelpeutt Ajjleyis|-gns

OSN

@@\\

7




PCT/US2022/082431

WO 2023/129929

51172

g€€ "ol

(v=u) (H-29) ¢r-¥AD Jouop 3|3uls + ND-TTV G-
(v=u) (1-08) or-uAD JouOp 33UIS + ND-TTV B~
(v=u) DNEd + WD-1IV {}

(9=U) ND-T1IV -4~

uondaful ND-11V 43ye sheq

ve <¢ 0 84 91 vi ¢l Ol
i i Py .,’s L 5. i

g8 9 v & 0

Py i L O

e e
Pt =t g
(26} @04 BIWONNDT]

<2
o

<&
<2
—




PCT/US2022/082431

WO 2023/129929

52/72

JEE 'Ol

(7=U) gD (H/1-08) JouopAjod + NI-TTV -
(P=u) JNEd + WO-TTY  {}
(9=U) N1V -#~

uondaful ND-11V 4ae sheg

pe 2c 02 8L QL vl 2L 0L €8 9 ¥ 2 O

e 2

i

n’.

r

1

5

N

o o
<r N8
(%) 294} elUSNNS™

<
w3

L]
[oo]

o
<
—




PCT/US2022/082431

WO 2023/129929

53/72

vvE ‘Old

(7=u) (H-29) or-u7AD J0u0p 3BUIS OTXS'C + INGd OTXS'T +
(7=u) (1-09) g1AD JoUOP B[BUIS sOTXS'T + JINDd s0TXS T +
(7=u) (H/1-29) ¢117QD JouopAjod 40TXS T + DINGd s0TXS"C +

(7=U) DINGd 40TXS'C +
(9=u) Suiyiou +

|eAIAINS
CEFIRIVIENTSE]
wJal 3uo
S[|92 elW NI
3unenau

ul uolonpay

(ze=u)
90TXS T WD-1TV

chep  0Aep

_

_

A

9

OSSN

palelpe.t Ajleyis|-gns §




PCT/US2022/082431

WO 2023/129929

54/72

ave "Oid

(€=U) I-09 oA JouOp 3[3UIS + NG + IND-TTV
(7=U) H-29 o4¥dD J0ouop 3|3UlS + JINGd + IND-TTV
(7=u) JINEd + IND-TTV

(9=u) WO-1TV

R

uondaful ND-T1V 48ye sheg

Y2 2¢ 02 8L 91
s % 9 h*a

L2y 0L 8 9 v £ 0
P SVSVIUI SUSVOTIE SOUTURT SUUTUR. VOUUPPPIY 3 Q

F 3¢

- OF

- 00

- (8

004

{25) 994} eRUNNST



PCT/US2022/082431

WO 2023/129929

55/72

e ‘Ol

(t=u) (H/1-29) ¢r-17AD JouopAjod + JINGd + ND-TTV %
(=u) DINGd + ND- 1TV {7}
(9=U) WDV  -¢-

uondaful ND-11V 4ae sheg

$2 22 DZ 8L of ¥l 21 O

g 9 ¢ 2 0

&

-*1

0

- 02
{y+]
=

OV
3,

- (39 mue
fote ]
D
o

.oww

ool



WO 2023/129929 PCT/US2022/082431

56/72

A A

(o)
+ LPS
FIG. 35A

L

(B} gy



WO 2023/129929 PCT/US2022/082431

57172

FIG. 35B

+ LPS

{(u/6d) g



WO 2023/129929 PCT/US2022/082431

58/72

e Fa
N e

@e
+ LPS + NIG
FIG. 35C

4000~
3506

(rw/Bd) g1



WO 2023/129929 PCT/US2022/082431

59/72

- L 4
““““ ‘ f%s:”%
A /%0:%,:% % ﬁ
‘ . C ‘)/:bx g 9

(w/Bd) di-1



PCT/US2022/082431

WO 2023/129929

60/72

H0L-11 hue +
suoly

15¢€ 'Ol4

— 002

~ 00V

— 009

- 008
- 0001

—~ 0002

—000¢€

— 000V

- 000§

Jwy/bd qi-T|



PCT/US2022/082431

WO 2023/129929

61/72

HOL-T1 hue +
suoly Il

4S¢€ 'Ol

Sd

=002
=00V
=009

= 008
= 0001

— 0002

=—000€

—000¥%

==000G

Jwybd qi-Ti



WO 2023/129929 PCT/US2022/082431

62/72

LPS + NIG
FIG. 35G




PCT/US2022/082431

WO 2023/129929

63/72

9€ 'Ol

(G=U) (3/1L/A-29) ¢r-7@D JouopAjod 40TXS'T +

(G=U) 3-29 or47AD J0U0p 3|UIS OTXS T + JINDd 9OTXS'T +
(G=u) (3/1L/A-29) o172 JouopAjod 40TXS T + JINDd o0TXST +
(G=U) DINGd 40TXS'T +

(g=u) Suiyiou +

(gz=u)
s0TXS'Z WD-1TV

chep  0Aep

_

h

A

<Y

OSN

™,
pateipet Ajleyial-ans ¥4




WO 2023/129929

64/72

% I
A)/
2
*
%, I
01. A)/
7
N
2
o D
Y
*
%
B
. %y
6 6 o o o o o
S £ § 8 2 8
g}- 5“.’3 3 3 4 o

Tuybd

Polydonor
CD4'"10 (BC-V/T/E)

Single donor
CD4'-10 (BC-E)

Single donor

CD410 (BC-V)

Single donor
CD4'-10 (BC-T)

PCT/US2022/082431

FIG. 37



PCT/US2022/082431

WO 2023/129929

65/72

ad

2L f~ 008

(3/1/A-09) o100
JouopAjod +

(3/1/A-09) o100
JouopAjod +

&&&&w& Lt o
b 554
(3-09) or-u¥QAD
Jouop 3|8uls +
%88
9 p
5 ; ? %.Xﬁ%h:r&.i 4

............................. 4 .( %

‘.t ey

- f950

8€ 'Ol

(3-29) o@D
Jouop 9|3uiIs +

WD

%18

o o o 13
L....F.:I..Lw..o.w\\\.rn;w.ifn. ... I m
% UT?.*

(A-089) o110
Jouop 93uis +

(A-29) or-¥QD
Jouop 98uIs +

o
e T3
5
H
O TR
o S

uoissasddns jJo Juadiad

58 o e 1
Tu i A wa
DR STTVISPNE VIS SURRE TRVE IR -
.m.x\\ &.\
g
-5
- 555

S|1°3 L .8AJ
Japuodsay

uoissasddns jo Juadiad

P

%

e
T

8
S

S|1®2 1L +¥#AD
Japuodsay

KDY



PCT/US2022/082431

WO 2023/129929

66/72

6€ Ol

29GM
{

WO-T11V

(3/1/A-29) g baD Jouophiod @
(A-29) or-baD Jouop 38uis [}
(3-29) gr-ur@d Jouop 3;8uis O

~- Gl

—- 001

iV 10 %

S}{a2 oAl



PCT/US2022/082431

WO 2023/129929

67172

o 'Old
uonaaful WI-11V 493e sheq
0c  sZ 0z 51 ol G 0
4 } @ } i H O
- G2
(G=u) € Aep (3/L/A-29) ¢17QD JouopAjod + ND-TTV  —g- ‘ )

(S=u) (3-09) or-@D J0u0p 3|3UIS + JINEd + IND-TTV £ _ ..... ° - 08

(§=u) (3/L/A-09) gr¥AD J0ouopAjod + JNGd + IND-T1TV - Y
(=u) DINGd + ND-TTV -

(5=u) WOV @~ 004

[EAININS 921} BIUDYNS] JO 9,



PCT/US2022/082431

WO 2023/129929

68/72

(5=u) € Aep (3/1/A-29) or-uAD JouopAjod + ND-TTV

(5=u) (3/1/A-29) or-i7aD JouopAjod + JINEd + ND-TTV %~

¥ 'Ol
uo13ful ND-TTV 491k sheq
ge 52 02 st @b 8 ¢
H “w 3 i i H o
o
“ -5z
- 0%
£ .
b § 1474
(S=u) JNgEd + WO-TTV %
(S=u) ND-T1V -4 G .e 004
uo13ful ND-TTV 491k sheq
or G oe *17 117 g £y
{ ww ] { i § b
§ ¢z
(S=u) (3-2) o117 JouOp B|SUIS + DINEGd + IND-TTV “#& N% 3 - 0%
............ m“ imh
(§=U) JNEd + WD-TTV .. % \\\\\\ L
(G=u) WDV - Py o 001

GHAD JO 981} DI %

dHAD JO 934} 91U %



PCT/US2022/082431

WO 2023/129929

69/72

(470 | E
(€=U) H43D 10| g14¥@D JouopAjod 90+35°C [}
(§=U) H43D 30] gr0D J0uopAjod 90+35°C + DINEd 90+3ST &>
(7=U) 3 10| g1 7@D J0UOP 3|3UIS 90+3S°C + JINDd 90+31S'C @
(G=U) DINGd 90+3S'T &
sAep Apnig
oy Ge 0¢ T4 0c Gl ol G 0
_______________________________________ o
—0¢
-0
—09
8 ® <P -08
[ 001

dHAD JO 934} 321W JuUaIdd



PCT/US2022/082431

WO 2023/129929

70/72

INAVATANTIATAAH SN A A
INAVATANTIATAAH SN A X
INAVATANTIATAAH SN A X
INAVATANTIATAAH SN A X
INAVATANTIATAAHSIWNYH X
WINAVATANTIATAAHSINYH X
INAVATANTIATAAHSINYH X

VEY ‘Ol

VISMNIDd TATHONI T T T LM TNIO TSNA
VISMNIDd TATHONI T T T LM TNIO TSNA
VISMNIDd TATHONI TA T TIM INIO TS NAH
VISMNIDd TATHONI T T T LM TNIO TSNA
VISMNIDd TATHONI T T T LM TNIO TSNA
VISMNIDd TATHONI T T T LM TNIO TSNA
VISMNIDd TATHONI T T T IM TNID TSNA
VISMNAD I TITHOIETE g

WISMNADd TATHONIT

AVOANATETAID INE STYOODTADMIATTTS
AVOANATETAID INE STYOODTADMIATTTS
NIVOdWATITAIO INASTYOOOTADNAAITIS
INAVOdWATETAIO INASTYOOOTADNAAITIS
INIVOAWATATAIR TNISTVOOOTADNATHTIS

AALAAT S AV TATT
AALAAT S AV TATT

TATODTIVS
AATOOTTIVS
TATODTIVS
TATODTIVS
TATODTIVS

TETO0TIVS
TATODTIVS

HOIAIMAG SIVAITAIT

ceT
6ET
6ET
6ET
6ET
6ET
6ET
6ET
6ET
6ET

B B B e I e A A e B B |

6dAGHE HOT-TI
dWIHO-0T-TI
0dONOg-0T-TI
Noodvd HAITO 0T-TI
ONXD 0T-TI
VITIH09 0T-TI
AWOWYW 0T-TI

Ivd 0T-T1I

ISAOW 0T-TI

NYWNH 0T-TI

6aAgdd HOT-TI
dWIHO-0T-TI
0dONOg-0T-TI
Noodvd HAITO 0T-TI
ONXD 0T-TI

VITIH09 0T-TI
AWOWYW 0T-TI

Ivd 0T-T1I

ISAOW 0T-TI

NYWNH 0T-TI

6aAgdd HOT-TI
dWIHO-0T-TI
0dONOg-0T-TI
Noodvd HAITO 0T-TI
ONXD 0T-TI
VITIH09 0T-TI
AWOWYW 0T-TI

Ivd 0T-T1I

ISAOW 0T-TI

NYWNH 0T-TI

(99
(99
(¥9
(€9
(29
(19
(09
(6G
(8g

(T

+ON
+ON
+ON
+ON
+ON
+ON
+ON
+ON
+ON
+ON

art
art
art
art
art
art
art
art
art
art



PCT/US2022/082431

WO 2023/129929

71172

gev "Old

# NI ITHMHIHAYITANTATAIASHYMA

TOMADTENIYNAADAAYESMNEDE TAYH Y T TH T I TN TS NAHYYZAadONIVOARAZATRAD INESIVO 29T
AOVAQETISEITTINGIOOINCA A LA S VAT IO TRNA INSd AR IO S NESOLO0Dd SYHdAD L TIATO D TIVE S HR
(#) spe oujwe Jjoa8uey) LLY W L1 abueyo we wﬁmﬁﬁm peIIsisildg

(89 :ON Q1 D3S) ZHATHLAR OT-T1INY STYTSSOJ

* v xx  NITARLWAVHTANTATAQZASHYHEA
IONHDTANAVNA ZOHAYAS ANE D TATHO M TA T T LA TNED TS NAHMYZdA0NIVOdRAZE T AZDINASTR0ODT
AOMAQETIS AT TINGAZ I 404 AIAG S AVAATOITHNAINS dARLOSNESOL00Dd SYAAD L TIANTODTIVS S

o () spoe oulwe jo a8ueyy Fo uOTIBUTOWOD Auw
(£9:ON a1 D3S) THATEEAH QT-IINY STYISSOd



PCT/US2022/082431

WO 2023/129929

JEV 'Ol

72172

\\\

A T AT AL AN T I HS NN A ITOMAD TARAYNS OHAA

T T (22 Nmﬂ

NATIWNILKAYE MM?M;HﬂfmwameHmeOQw?uﬂ?wW@m cEl
%

GONZYOINAZTTRADIWESTYOODTADHIAETIS 729

69

mm mziuaﬂmmmUmMTwimeMAdm qm?m%&%ﬁ@m3321&0m2>ﬂ@&>m3H&ﬁmﬁﬁwbwiﬁJ&MQM?@

AR

. * ;
mwa@gzgwwm SIALINESAVOETOI T~ -~ A3 0~~~ '3 aalNe .
EATTING 008 2 LEAY S AV IO THNG INDAZHIDSNESDLO00d STEAD ITIATOD TTESSHA -~
% % %

b
-

69A8E HOTII
NYWOH 0171

6dAgE HOTTII
NYWOH 0TTI

69A9E HOTTI99 ‘ON a1 D3S)
KYWOH 01711 :ON alo3s)



	Abstract
	Description
	Claims
	Drawings

