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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 September 2023 (07.09.2023)

(10) International Publication Number

WO 2023/167973 Al

WIPO I PCT

(51) International Patent Classification:
AG61K 39/00 (2006.01) A61P 35/00 (2006.01)

(21) International Application Number:
PCT/US2023/014337

(22) International Filing Date:
02 March 2023 (02.03.2023)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
63/316,251 03 March 2022 (03.03.2022) Us
63/415,475 12 October 2022 (12.10.2022)  US
(71) Applicant: BRIACELL THERAPEUTICS CORP.
[US/US], 2929 Arch Street, 3rd Floor, Philadelphia, Penn-
sylvania 19104 (US).
(72) Inventors: WILLIAMS, William V.; c/o BriaCell Ther-

apeutics Corp., 2929 Arch Street, 3rd Floor, Philadelphia,
Pennsylvania 19104 (US). LOPEZ-LAGO, Miguel; c/o
BriaCell Therapeutics Corp., 2929 Arch Street, 3rd Floor,
Philadelphia, Pennsylvania 9104 (US). LACHER, Markus

Daniel; c/o BriaCell Therapeutics Corp., 2929 Arch Street,
3rd Floor, Philadelphia, California 19104 (US).

Agent: HAO, Joe C.; Kilpatrick Townsend Stockton LLP,
Mailstop: [P Docketing — 22, 1100 Peachtree Street NE,
Suite 2800, Atlanta, 30309-4528 (GE).

(74)

(81) 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.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST,

SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,

(54) Title: CANCER VACCINES AND METHODS OF USE THEREOF

4. Bria-OTS™ directly stimulates cancer
fighting CD4+ and CD8+T cells
(further boosts the response) using

Genetically Engineered HLA
molecules T ~

5. Bria-OTS™
efficacy enhanced ki
by HLA matching AT HA
of Bria-OTS™
and the patient

1. Bria-OTS™ produces breast cancer antigens
(proteins made by breast cancer cells)

3. Breast cancer
antigens are taken
up by dendritic cells
and “presented” to
CD4+and CD8+T
cells implicated in
tumor destruction.

2. Bria-OTS™ secretes GM-CSF which further
promotes dendritic cell-based antigen presentation

(boosts the response)

FIG. 6

wo 2023/167973 A1 |0 0000 AP0 000 0 00

(57) Abstract: The present disclosure provides modified human cancer cells that express exogenous human leukocyte antigen (HLA)
alleles. The present disclosure also provides expression vectors for simultaneous expression of one or more HL A alleles. Methods for
using the modified human cancer cells of the present disclosure as a whole-cell cancer vaccine for treating a cancer in a subject are
provided.

[Continued on next page]



WO 2023/167973 A [N 1000000 00RO 0O

RU, 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,
S, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

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))



WO 2023/167973 PCT/US2023/014337

CANCER VACCINES AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application No. 63/316,251, filed
March 3, 2022, and U.S. Provisional Application No. 63/415,475, filed October 12, 2022, the

disclosures of which are herein incorporated by reference in their entirety for all purposes.

BACKGROUND
[0002] Developing effective immune responses is essential in developing vaccines as well
as in cancer immunotherapy. Adaptive immune responses start with antigen presentation by a
professional antigen-presenting cell (APC). These cells typically express Class II major
histocompatibility complex (MHC) proteins along with co-stimulatory molecules such as
CD80 and CD86. It is generally assumed that to be effective, a whole-cell immunotherapy
needs to express immunogenic antigens which are the target of the immune response, and
following uptake of immunogenic proteins, APCs such as dendritic cells (DCs) need to present
such antigens to T cells. Thus, there is also a need for improved active immunotherapies for
cancer and related diseases. The present disclosure satisfies these needs and provides related

advantages as well.

SUMMARY
[0003] In one aspect, the present disclosure provides a modified human cancer cell
comprising: (a) one or more recombinant polynucleotides each encoding an allele of a human
leukocyte antigen (HLA) class I gene; and (b) one or more recombinant polynucleotides each
encoding an allele of an HLA class II gene, wherein one or more HLA alleles endogenous to

the cell have been inactivated.

[0004] In a related aspect, the present disclosure provides a modified human cancer cell that
expresses class I and I MHC proteins, wherein the modified human cancer cell comprises: (a)
one or more recombinant polynucleotides each encoding an allele of an HLA class I gene (e.g.,
for expression of recombinant class I MHC proteins in the cell); and (b) one or more
recombinant polynucleotides each encoding an allele of an HLA class II gene (e.g., for
expression of recombinant class Il MHC proteins in the cell), wherein one or more HLA alleles

endogenous to the cell have been inactivated.
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[0005] In some embodiments, the modified human cancer cell comprises (a) a first
recombinant polynucleotide encoding a first allele of an HLA class I gene and a second
recombinant polynucleotide encoding a second allele of the HLA class I gene, or (a) a first
recombinant polynucleotide encoding a first allele of an HLA class I gene and a second
recombinant polynucleotide encoding an allele of a second HLA class I gene. In some
embodiments, the modified human cancer cell further comprises (b) a first recombinant
polynucleotide encoding an allele of a first HLA class II gene and a second recombinant
polynucleotide encoding an allele of a second HLA class II gene, or (b) a first recombinant
polynucleotide encoding a first allele of an HLA class II gene and a second recombinant

polynucleotide encoding a second allele of the HLA class II gene.

[0006] In some embodiments, the HLA class I gene comprises an HLA-A gene, an HLA-B
gene, an HLA-C gene, an HLA-E gene, an HLA-F gene, an HLA-G gene, a beta-2-
microglobulin (B2M) gene, or a combination thereof. In some embodiments, the allele of the
HLA-A gene comprises an HLA-A*01:01 allele, an HLA-A*02:01 allele, an HLA-A*02:06
allele, an HLA-A*03:01 allele, an HLA-A*11:01 allele, an HLA-A*23:01 allele, an HLA-
A*24:02 allele, an HLA-A*26:01 allele, an HLA-A*29:02 allele, an HLA-A*31:01 allele, an
HLA-A*32:01 allele, an HLA-A*33:03 allele, an HLA-A*68:01 allele, or a combination
thereof.

[0007] In some embodiments, the allele of the HLA-A gene comprises: (1) an HLA-A*01:01
allele and an HLA-A*68:01 allele; (i1) an HLA-A*02:01 allele and an HLA-A*11:01 allele;
(1i1) an HLA-A*03:01 allele and an HLA-A*23:01 allele; or (iv) an HLA-A*33:03 allele and
optionally an HLA-A*24:02 allele.

[0008] In various embodiments, the HLA class II gene comprises an HLA class II alpha
subunit gene, an HLA class II beta subunit gene, or a combination thereof. In some
embodiments, the HLA class II gene comprises an HLA-DP gene, an HLA-DM gene, an HLA-
DO gene, an HLA-DQ gene, an HLA-DR gene, or a combination thereof. In some
embodiments, the HLA-DM gene comprises an HLA-DMA gene, an HLA-DMB gene, or a
combination thereof. In some embodiments, the HLA-DR gene comprises an HLA-DRA gene,
an HLA-DRB1 gene, an HLA-DRB3 gene, an HLA-DRB4 gene, an HLA-DRBS gene, or a

combination thereof.

[0009] In some embodiments, the HLA-DR gene is an HLA-DRB3 gene comprising an
HLA-DRB3*01:01 allele, an HLA-DRB3*02:02 allele, an HLA-DRB3*03:01 allele, or a
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combination thereof. In some embodiments, the HLA-DR gene is an HLA-DRB4 gene
comprising an HLA-DRB4*01:01 allele, an HLA-DRB4*01:03 allele, or a combination
thereof. In some embodiments, the HLA-DR gene is an HLA-DRBS5 gene comprising an HLA-
DRB5*01:01 allele, an HLA-DRB5*01:02 allele, an HLA-DRB5*02:02 allele, or a

combination thereof.

[0010] In certain embodiments, the allele of the HLA-DR gene comprises: (i) an HLA-
DRB3%*02:02 allele and an HLA-DRB5*01:01 allele; (i1) an HLA-DRB4*01:01 allele and an
HLA-DRB3*01:01 allele; (iii)) an HLA-DRB3*03:01 allele and an HLA-DRB5*01:02 allele;
or (iv) an HLA-DRB5*02:02 allele and an HLA-DRB3*01:01 allele.

[0011] In certain other embodiments, the allele of the HLA-DR gene comprises: (i) an HLA-
DRB3%*02:02 allele and an HLA-DRB4*01:01 allele; (i1) an HLA-DRB4*01:01 allele and an
HLA-DRB3*03:01 allele; (iii)) an HLA-DRB3*01:01 allele and an HLA-DRB5*01:02 allele;
or (iv) an HLA-DRB5*01:01 allele and an HLA-DRB5*02:02 allele.

[0012] In particular embodiments, the modified human cancer cell comprises one or more
recombinant polynucleotides each encoding an allele of a human leukocyte antigen (HLA)
class I gene having at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to a polynucleotide sequence of any one of SEQ ID NOS:22-29.
In particular embodiments, the modified human cancer cell comprises one or more recombinant
polynucleotides each encoding an allele of a human leukocyte antigen (HLA) class II gene
having at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% 1identity to a polynucleotide sequence of any one of SEQ ID NOS:30-35. In
particular embodiments, the modified human cancer cell comprises (a) one or more
recombinant polynucleotides each encoding an allele of a human leukocyte antigen (HLA)
class I gene having at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to a polynucleotide sequence of any one of SEQ ID NOS:22-29,
and (b) one or more recombinant polynucleotides each encoding an allele of a human leukocyte
antigen (HLA) class II gene having at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identity to a polynucleotide sequence of any one any

of SEQ ID NOS:30-35.

[0013] In particular embodiments, the modified human cancer cell comprises one or more
recombinant polynucleotides each encoding an allele of a human leukocyte antigen (HLA)

class I gene having a polynucleotide sequence of any one of SEQ ID NOS:22-29. In particular
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embodiments, the modified human cancer cell comprises one or more recombinant
polynucleotides each encoding an allele of a human leukocyte antigen (HLA) class II gene
having a polynucleotide sequence of any one of SEQ ID NOS:30-35. In particular
embodiments, the modified human cancer cell comprises (a) one or more recombinant
polynucleotides each encoding an allele of a human leukocyte antigen (HLA) class I gene
having a polynucleotide sequence of any one of SEQ ID NOS:22-29, and (b) one or more
recombinant polynucleotides each encoding an allele of a human leukocyte antigen (HLA)

class II gene having a polynucleotide sequence of any one any of SEQ ID NOS:30-35.

[0014] In another aspect, the present disclosure provides a modified human cancer cell
comprising: (a) a recombinant polynucleotide encoding at least one of an HLA-A*01:01 allele,
an HLA-A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB5*01:01 allele; (b) a
recombinant polynucleotide encoding at least one of encoding an HLA-A*02:01 allele, an
HLA-A*11:01 allele, an HLA-DRB4*01:01 allele, and an HLA-DRB3*01:01 allele; (c) a
recombinant polynucleotide encoding at least one of an HLA-A*03:01 allele, an HLA-A*23:01
allele, an HLA-DRB3*03:01 allele, and an HLA-DRB5*01:02 allele; and/or (d) a recombinant
polynucleotide encoding at least one of an HLA-A*24:02 allele, an HLA-A*33:03 allele, an
HLA-DRB5%*02:02 allele, and an HLA-DRB3*01:01 allele, wherein one or more HLA alleles
endogenous to the cell have been inactivated. In some embodiments, the modified human
cancer cell comprises: (a) a recombinant polynucleotide encoding an HLA-A*01:01 allele, an
HLA-A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB5*01:01 allele; (b) a
recombinant polynucleotide encoding an HLA-A*02:01 allele, an HLA-A*11:01 allele, an
HLA-DRB4*01:01 allele, and an HLA-DRB3*01:01 allele; (c) a recombinant polynucleotide
encoding an HLA-A*03:01 allele, an HLA-A*23:01 allele, an HLA-DRB3*03:01 allele, and
an HLA-DRB5*01:02 allele; and/or (d) a recombinant polynucleotide encoding an HLA-
A*24:02 allele, an HLA-A*33:03 allele, an HLA-DRB5*02:02 allele, and an HLA-
DRB3*01:01 allele, wherein one or more HLA alleles endogenous to the cell have been
inactivated. In particular embodiments, the recombinant polynucleotide comprises one or more

codon optimized sequences encoding the alleles described herein (e.g., SEQ ID NOS:22-35).

[0015] In yet another aspect, the present disclosure provides a modified human cancer cell
comprising: (a) a recombinant polynucleotide encoding at least one of an HLA-A*01:01 allele,
an HLA-A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB4*01:01 allele; (b) a
recombinant polynucleotide encoding at least one of an HLA-A*02:01 allele, an HLA-A*11:01
allele, an HLA-DRB4%01:01 allele, and an HLA-DRB3*03:01 allele; (c) a recombinant
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polynucleotide encoding at least one of an HLA-A*03:01 allele, an HLA-A*23:01 allele, an
HLA-DRB3*01:01 allele, and an HLA-DRB5*01:02 allele; and/or (d) a recombinant
polynucleotide encoding at least one of an HLA-A*33:03 allele, an HLA-DRB5*01:01 allele,
and an HLA-DRB5*02:02 allele, wherein one or more HLA alleles endogenous to the cell have
been inactivated. In some embodiments, the modified human cancer cell comprises: (a) a
recombinant polynucleotide encoding an HLA-A*01:01 allele, an HLA-A*68:01 allele, an
HLA-DRB3*02:02 allele, and an HLA-DRB4*01:01 allele; (b) a recombinant polynucleotide
encoding an HLA-A*02:01 allele, an HLA-A*11:01 allele, an HLA-DRB4*01:01 allele, and
an HLA-DRB3*03:01 allele; (c) a recombinant polynucleotide encoding an HLA-A*03:01
allele, an HLA-A*23:01 allele, an HLA-DRB3*01:01 allele, and an HLA-DRB5*01:02 allele;
and/or (d) a recombinant polynucleotide encoding an HLA-A*33:03 allele, an HLA-
DRB5*01:01 allele, and an HLA-DRB5*02:02 allele, wherein one or more HLA alleles
endogenous to the cell have been inactivated. The modified human cancer cell of (d) may
further comprise an HLA-A*24:02 allele. In particular embodiments, the recombinant
polynucleotide comprises one or more codon optimized sequences encoding the alleles

described herein (e.g., SEQ ID NOS:22-35).

[0016] In various embodiments, the modified human cancer cell further comprises a
recombinant polynucleotide encoding a cytokine. In some embodiments, the cytokine
comprises a chemokine, an interferon, an interleukin, a tumor necrosis factor, or a combination
thereof. In some embodiments, the recombinant polynucleotide encoding the cytokine
comprises a recombinant polynucleotide encoding an early T cell activation antigen-1 (ETA-
1), a lymphocyte-activating factor (LAF), an interleukin-1 family member (IL-1a, IL-B, IL-
1Ra, IL-18, IL-33, IL-36Ra, IL-360, IL-36B, IL-36Y, IL-37, IL-38), an interleukin-2 (IL-2),
an interleukin-3 (IL-3), an interleukin-4 (IL-4), an interleukin-5 (IL-5), an interleukin-6 (IL-6),
an interleukin-7 (IL-7), an interleukin-8 (IL-8), an interleukin-9 (IL-9), an interleukin-10 (IL-
10), an interleukin-12 (IL-12), an interleukin-13 (IL-13), an interleukin-15 (IL-15), an
interleukin-17 (IL-17), an interleukin-18 (IL-18), an interleukin-21 (IL-21), an interleukin-23
(IL-23), an interleukin-25 (IL-25), an interleukin-33 (IL-33), an interferon alpha (IFN-a), an
interferon lambda 1 (IFNA1 (I1L.-29}), an interferon lambda 2 (IFNAZ (1L-28A)}), an interferon
lambda 3 (IFNA3 (IL-28B}), an interferon lambda 4 (IFNX4), a granulocyte-macrophage
colony-stimulating factor (GM-CSF), a macrophage CSF (CSF-1), a macrophage migration
inhibitory factor (MIF), a CD40L molecule (CD40L), a RANTES molecule (RANTES), a
monocyte chemoattractant protein (MCP-1), a monocyte inflammatory protein (MIP-10, MIP-
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1B), a lymphotactin, a fractalkine, or a combination thereof. In some embodiments, the
cytokine comprises a granulocyte-macrophage colony-stimulating factor (GM-CSF). In some
embodiments, the cytokine comprises an interferon alpha (IFN-o), such as e.g., IFN-02a or
IFN-a2b. In some embodiments, the cytokine comprises a GM-CSF and an (IFN-a), preferably
IFN-a2a or IFN-a2b. In some embodiments, the IFN-a is an exogenous protein comprising a

pegylated IFN-a2a.

[0017] In some embodiments, the cytokine comprises a granulocyte-macrophage colony-
stimulating factor (GM-CSF) encoded by a polynucleotide having at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID
NO:39. In some embodiments, the cytokine comprises an interferon alpha (IFN-a) encoded by
a polynucleotide having at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identity to SEQ ID NO:40. In some embodiments, the cytokine
comprises a GM-CSF and an IFN-q, such as e.g., IFN-02a or IFN-a2b. In some embodiments,
the recombinant polynucleotide encoding the CM-CSF comprises SEQ ID NO:39. In some
embodiments, the recombinant polynucleotide encoding the IFN-o comprises SEQ ID NO:40.
In some embodiments, the cytokine comprises an interleukin-7 (IL-7). In some embodiments,
the cytokine comprises an IL-7 encoded by a polynucleotide having at least 65%, at least 70%,
at least 75%, at least 80%, at least 90%, at least 95%, or at least 99% identity to SEQ ID
NO:41. In some embodiments, the recombinant polynucleotide encoding the IL-7 comprises
SEQ ID NO:41. In some embodiments, the cytokine comprises an IL-7 encoded by a
polynucleotide having at least 65%, at least 70%, at least 75%, at least 80%, at least 90%, at
least 95%, or at least 99% identity to SEQ ID NO:42. In some embodiments, the recombinant
polynucleotide encoding the IL-7 comprises SEQ ID NO:42. In some embodiments, the
cytokine comprises an interleukin-12 (IL-12). In some embodiments, the cytokine comprises a
bioactive form of IL-12 containing subunits p40 and p35. In some embodiments, the cytokine
comprises an IL-12 encoded by a polynucleotide having at least 65%, at least 70%, at least
75%, at least 80%, at least 90%, at least 95%, or at least 99% identity to SEQ ID NO:44. In
some embodiments, the recombinant polynucleotide encoding the IL-12 comprises SEQ ID

NO:44.

[0018] In various embodiments, the modified human cancer cell further comprises a
recombinant polynucleotide encoding a co-stimulatory molecule. In some embodiments, the
recombinant polynucleotide encoding the co-stimulatory molecule comprises a recombinant

polynucleotide encoding a CD86 molecule (CD86), CD80 molecule (CD80), 4-1BB ligand
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molecule (4-1BBL, also known as TNFSF9 or CD137L), ICOS ligand molecule (ICOS-L),
CD70 molecule (CD70 ak.a. CD27L), CD40 molecule (CD40), OX40 ligand molecule
(OX40L), GITR ligand molecule (GITRL), TIM-4 molecule (TIM-4), LIGHT molecule
(LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule (LFA3), a CD30 molecule (CD30), or

a combination thereof.

[0019] In some embodiments, the modified human cancer cell further comprises a
recombinant polynucleotide encoding an antigen of a pathogen, a tumor-associated antigen, a
neo-antigen, an allergen, an antigen that is the target of an autoimmune response, a fragment

thereof, or a combination thereof.

[0020] In some embodiments, one or more HLA-A and/or HLA-DR alleles endogenous to
the modified human cancer cell have been inactivated. In some embodiments, the one or more
HLA-A alleles comprises an HLA-A*24:02 allele and/or an HLA-A*11:01 allele. In some
embodiments, the one or more HLA-DR alleles comprises one or more HLA-DRB3 alleles. In
some embodiments, the one or more HLA-DRB3 alleles comprises an HLA-DRB3*01:01
allele and/or an HLA-DRB3*02:02 allele.

[0021] In any of the above embodiments, one or more of the recombinant polynucleotides
present in the modified human cancer cell is present on a vector in the cell. In some
embodiments, the one or more recombinant polynucleotides each encoding an allele of an HLA
class I gene and the one or more recombinant polynucleotides each encoding an allele of an
HLA class II gene are present on the same vector in the cell. In some embodiments, the vector
comprises two recombinant polynucleotides each encoding an allele of an HLA class I gene.
In other embodiments, the vector comprises two recombinant polynucleotides each encoding
an allele of an HLA class II gene. In other embodiments, the vector comprises two recombinant
polynucleotides each encoding an allele of an HLA class I gene and two recombinant
polynucleotides each encoding an allele of an HL A class II gene. In yet other embodiments,
the one or more recombinant polynucleotides each encoding an allele of an HLA class I gene
and the one or more recombinant polynucleotides each encoding an allele of an HLA class II
gene are present on separate vectors in the cell. In yet other embodiments, the one or more
recombinant polynucleotides each encoding two alleles of HLA class I genes and the one or
more recombinant polynucleotides each encoding two alleles of HL A class II genes are present

on separate vectors in the cell.



WO 2023/167973 PCT/US2023/014337

[0022] In some embodiments, the one or more of the recombinant polynucleotides present in
the modified human cancer cell comprises a sequence having at least 85% identity to any one
of SEQ ID NOS:22-35. In some embodiments, the one or more of the recombinant
polynucleotides present in the modified human cancer cell comprises a sequence encoding a
polypeptide having at least 85% identity to a polypeptide encoded by any one of SEQ ID
NOS:22-35. In some embodiments, the one or more of the recombinant polynucleotides
present in the modified human cancer cell comprises the sequence of any one of SEQ ID

NOS:22-35.

[0023] In some embodiments, the human cancer cell is a human cancer cell line. In certain
embodiments, the human cancer cell line is a breast cancer (e.g., SV-BR-1), prostate cancer

(e.g., PC-3, LNCaP), melanoma (e.g., SK-MEL-24), or lung cancer (e.g., NCI-H2228) cell line.

[0024] In various embodiments, the one or more recombinant polynucleotides present in the
modified human cancer cell each comprises a heterologous polynucleotide sequence between
the polynucleotide sequence encoding a first HLA allele and a second HLA allele. In some
embodiments,the heterologous polynucleotide sequence encodes one or more self-cleaving
peptides. In some embodiments, the self-cleaving peptide is positioned at the 3° end of the first
HLA allele and at the 5” end of the second HLA allele. In some embodiments, the self-cleaving
peptide comprises T2A, P2A, E2A, and/or a combination thereof. In some embodiments, the

heterologous polynucleotide sequence is a non-conding sequence.

[0025] In another aspect, the present disclosure provides a modified human cancer cell
comprising: (a) one or more vectors each comprising a recombinant polynucleotide encoding
at least one gene selected from GM-CSF, IFN-a, CD86, IL-12, CD80, HLA-DRA, IL-7, and
4-1BBL; (b) one or more vectors each comprising a recombinant polynucleotide encoding at
least one HLA-A allele selected from an HLA-A*01:01 allele, an HLA-A*68:01 allele, an
HLA-A*02:01 allele, an HLA-A*11:01 allele, an HLA-A*03:01 allele, an HLA-A*23:01
allele, an HLA-A*24:02, and an HLA-A*33:03 allele; and/or (c¢) one or more vectors each
comprising a recombinant polynucleotide encoding at least one HLA-DR allele selected from
an HLA-DRB3*02:02, HLA-DRB5*01:01, HLA-DRB4*01:01, HLA-DRB3*01:01, HLA-
DRB3*03:01, HLA-DRB5*01:02, and/or HLA-DRB5*02:02, wherein one or more HLA

alleles endogenous to the cell have been inactivated.

[0026] In certain embodiments, the modified human cancer cell comprises: (a) four vectors

each comprising a recombinant polynucleotide encoding two different genes selected from
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GM-CSF, IFN-a, CD86, IL-12, CD80, HLA-DRA, IL-7, and 4-1BBL. In certain other
embodiments, the modified human cancer cell comprises: (b) one vector comprising a
recombinant polynucleotide encoding an HLA-A*01:01 allele and an HLA-A*68:01 allele, or
an HLA-A*02:01 allele and an HLA-A*11:01 allele, or an HLA-A*03:01 allele and an HLA-
A*23:01 allele, or an HLA-A*24:02 allele and an HLA-A*33:03 allele; and/or (c) one vector
comprising a recombinant polynucleotide encoding an HLA-DRB3*02:02 allele and an HLA-
DRB5*01:01 allele, or an HLA-DRB4*01:01 allele and an HLA-DRB3*01:01 allele, or an
HLA-DRB3*03:01 allele and an HLA-DRB5*01:02 allele, or an HLA-DRB5*02:02 allele and
an HLA-DRB3*01:01 allele.

[0027] In particular embodiments, the modified human cancer cell comprises: (a) four
vectors each comprising a recombinant polynucleotide encoding two different genes selected
from GM-CSF, IFN-a, CD86, 1L-12, CD80, HLA-DRA, IL-7, and 4-1BBL; (b) one vector
comprising a recombinant polynucleotide encoding an HLA-A*01:01 allele and an HLA-
A*68:01 allele; and (¢) one vector comprising a recombinant polynucleotide encoding an HL A-

DRB3*02:02 allele and an HLA-DRB5*01:01 allele.

[0028] In particular embodiments, the modified human cancer cell comprises: (a) four
vectors each comprising a recombinant polynucleotide encoding two different genes selected
from GM-CSF, IFN-a, CD86, 1L-12, CD80, HLA-DRA, IL-7, and 4-1BBL; (b) one vector
comprising a recombinant polynucleotide encoding an HLA-A*02:01 allele and an HLA-
A*11:01 allele; and (¢) one vector comprising a recombinant polynucleotide encoding an HL A-

DRB4*01:01 allele and an HLA-DRB3*01:01 allele.

[0029] In particular embodiments, the modified human cancer cell comprises: (a) four
vectors each comprising a recombinant polynucleotide encoding two different genes selected
from GM-CSF, IFN-a, CD86, 1L-12, CD80, HLA-DRA, IL-7, and 4-1BBL; (b) one vector
comprising a recombinant polynucleotide encoding an HLA-A*03:01 allele and an HLA-
A*23:01 allele; and (¢) one vector comprising a recombinant polynucleotide encoding an HL A-

DRB3*03:01 allele and an HLA-DRB5*01:02 allele.

[0030] In particular embodiments, the modified human cancer cell comprises: (a) four
vectors each comprising a recombinant polynucleotide encoding two different genes selected
from GM-CSF, IFN-a, CD86, 1L-12, CD80, HLA-DRA, IL-7, and 4-1BBL; (b) one vector
comprising a recombinant polynucleotide encoding an HLA-A*24:02 allele and an HLA-
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A*33:03 allele; and (¢) one vector comprising a recombinant polynucleotide encoding an HLA-

DRB5*02:02 allele and an HLA-DRB3*01:01 allele.

[0031] In various embodiments, one or more HLA-A and/or HLA-DR alleles endogenous to
the cell have been inactivated. In some embodiments, the one or more inactivated endogenous
HLA-A alleles in the modified human cancer cell comprises an HLA-A*24:02 allele and/or an
HLA-A*11:01 allele. In some embodiments, the one or more inactivated endogenous HLA-
DR alleles in the modified human cancer cell comprises one or more HLA-DRB3 alleles. In
some embodiments, the one or more inactivated endogenous HLA-DRB3 alleles comprises an

HLA-DRB3*01:01 allele and/or an HLA-DRB3*02:02 allele.

[0032] In some embodiments, one or more of the recombinant polynucleotides comprises a
sequence having at least 85% identity to any one of SEQ ID NOS:22-44. In some
embodiments, one or more of the recombinant polynucleotides comprises the sequence of any

one of SEQ ID NOS:22-44.

[0033] In some embodiments, the human cancer cell is a human cancer cell line. In certain
embodiments, the human cancer cell line is a breast cancer (e.g., SV-BR-1), prostate cancer

(e.g., PC-3, LNCaP), melanoma (e.g., SK-MEL-24), or lung cancer (e.g., NCI-H2228) cell line.

[0034] Insome embodiments, a modified human cancer cell described herein is a replication-
incompetent modified human cancer cell. In some embodiments, the modified human cancer
cell is rendered replication incompetent by irradiation, freeze-thawing, and/or mitomycin C
treatment. In some embodiments, the modified human cancer cell is a human cancer cell line.
In some embodiments, the modified human cancer cell further comprises an inactivated CD47
molecule. In some embodiments, the modified human cancer cell further comprises an

inactivated li(CD74) molecule.

[0035] In another aspect, the present disclosure provides a composition comprising a
modified human cancer cell described herein. In some embodiments, the composition
comprises at least 1,000,000 cells. In some embodiments, the composition comprising the
modified human cancer cell described herein is formulated as a pharmaceutical composition
and further comprising a pharmaceutically acceptable carrier. In some embodiments, the

pharmaceutical composition further comprises a cryoprotectant.

[0036] In another aspect, the present disclosure provides a method for treating cancer in a

subject, the method comprising administering to the subject a therapeutically effective amount
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of a pharmaceutical composition described herein. In some embodiments, the pharmaceutical
composition is administered every week. In some embodiments, the pharmaceutical
composition is administered at a dose of at least 1,000,000 cells. In some embodiments, the
pharmaceutical composition is administered intradermally in the upper back or thighs of the
subject. In some embodiments, the method further comprises administering to the subject a
therapeutically effective amount of cyclophosphamide at least 2 days prior to the administering
of the pharmaceutical composition. In some embodiments, the method further comprises
administering to the subject a therapeutically effective amount of IFN-a2a, pegylated I[FN-a2a,
or IFN-a2b at least 1 hour after and at least 1 day following the administering of the

pharmaceutical composition.

[0037] In another aspect, the present disclosure provides a kit for treating a subject in need
thereof with cancer comprising a pharmaceutical composition described herein. In some
embodiments, the kit further comprises a therapeutically effective amount of IFN-a2b. The kit

may comprise instructions for treating the subject using any of the methods described herein.

[0038] In another aspect, the present disclosure provides a vector comprising: (a) a
recombinant polynucleotide encoding an HLA-A*02:01 allele, an HLA-A*11:01 allele, an
HLA-DRB4*01:01 allele, and an HLA-DRB3*03:01 allele; (b) a recombinant polynucleotide
encoding an HLA-A*01:01 allele, an HLA-A*68:01 allele, an HLA-DRB3*02:02 allele, and
an HLA-DRB4*01:01 allele; (c) a recombinant polynucleotide encoding an HLA-A*03:01
allele, an HLA-A*23:01 allele, an HLA-DRB3*01:01 allele, and an HLA-DRB5*01:02 allele;
and/or (d) a recombinant polynucleotide encoding an HLA-A*33:03 allele, an HLA-
DRB5*01:01 allele, and an HLA-DRB5*02:02 allele, wherein each recombinant
polynucleotide in (a)-(d) further comprises a polynucleotide encoding a self-cleaving peptide
between two HLA alleles. In some embodiments, the vector in (d) further comprises a
recombinant polynucleotide encoding an HLA-A*24:02 allele. In some embodiments, the
polynucleotide encoding the self-cleaving peptide is positioned at the 3’ end of a first HLA
allele and atthe 5” end of a second HL A allele. In some embodiments, the self-cleaving peptide

comprises T2A, P2A, E2A, and/or a combination thereof.

[0039] In various embodiments, the recombinant polynucleotide present in any of (a)-(d) in
the vector described herein comprises at least one of a sequence having at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to any one
of SEQ ID NOS:22-35. In some embodiments, the recombinant polynucleotide present in any

11



WO 2023/167973 PCT/US2023/014337

of (a)-(d) in the vector comprises a sequence encoding a polypeptide having at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to a
polypeptide encoded by any one of SEQ ID NOS:22-35. In some embodiments, the
recombinant polynucleotide comprises at least one of any one of SEQ ID NOS:22-35. In some

embodiments, the recombinant polynucleotide comprises a MNDU3 promoter.

[0040] Insome embodiments, the recombinant polynucleotide present in any of (a)-(d) in the
vector described herein comprises a HLA class I gene having at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to any one of SEQ
ID NOS:22-29. In some embodiments, the recombinant polynucleotide present in any of (a)-
(d) in the vector described herein comprises a HLA class II gene having at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to any one
of SEQ ID NOS:30-35. In some embodiments, the recombinant polynucleotide present in any
of (a)-(d) in the vector described herein comprises a HLA class I gene having at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to any
one of SEQ ID NOS:22-29, and a HLA class II gene having at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to any one of SEQ ID
NOS:30-35.

[0041] Insome embodiments, the recombinant polynucleotide present in any of (a)-(d) in the
vector described herein comprises a HLA class I gene having a polynucleotide sequence of any
one of SEQ ID NOS:22-29. In some embodiments, the recombinant polynucleotide present in
any of (a)-(d) in the vector described herein comprises a HLA class II gene having a
polynucleotide sequence of any one of SEQ ID NOS:30-35. In some embodiments, the
recombinant polynucleotide present in any of (a)-(d) in the vector described herein comprises
a HLA class I gene having a polynucleotide sequence of any one of SEQ ID NOS:22-29, and
a HLA class II gene having a polynucleotide sequence of any one of SEQ ID NOS:30-35.

[0042] In various embodiments, the vector further comprises a recombinant polynucleotide
encoding a cytokine. In some embodiments, the cytokine comprises a chemokine, an
interferon, an interleukin, a tumor necrosis factor, or a combination thereof. In some
embodiments, the recombinant polynucleotide encoding the cytokine comprises a recombinant
polynucleotide encoding an early T cell activation antigen-1 (ETA-1), a lymphocyte-activating
factor (LAF), an interleukin-1 family member (IL-1q, IL-B3, IL-1Ra, IL-18, IL-33, IL-36Ra, IL-
36a, IL-36fB, IL-36Y, IL-37, IL-38), an interleukin-2 (IL-2), an interleukin-3 (IL-3), an
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interleukin-4 (IL-4), an interleukin-5 (IL-5), an interleukin-6 (IL-6), an interleukin-7 (IL-7), an
interleukin-8 (IL-8), an interleukin-9 (IL-9), an interleukin-10 (IL-10), an interleukin-12 (IL-
12), an interleukin-13 (IL-13), an interleukin-15 (IL-15), an interleukin-17 (IL-17), an
interleukin-18 (IL-18), an interleukin-21 (IL-21), an interleukin-23 (IL-23), an interleukin-25
(IL-25), an interleukin-33 (IL-33), an interferon alpha (IFN-a), an interferon lambda 1 (IFNAT
(IL-29)), an interferon lambda 2 (JFNAZ (1L-28A)), an interferon lambda 3 (IFNA3 (JL-28B)),
an interferon lambda 4 (IFNX4), a granulocyte-macrophage colony-stimulating factor (GM-
CSF), a macrophage CSF (CSF-1), a macrophage migration inhibitory factor (MIF), a CD40L
molecule (CD40L), a RANTES molecule (RANTES), a monocyte chemoattractant protein
(MCP-1), a monocyte inflammatory protein (MIP-10, MIP-18), a lymphotactin, a fractalkine,
or a combination thereof. In some embodiments, the cytokine comprises a granulocyte-
macrophage colony-stimulating factor (GM-CSF). In some embodiments, the cytokine
comprises an interferon alpha (IFN-a), such as e.g, IFN-a2a or IFN-02b. In some
embodiments, the cytokine comprises a GM-CSF and an IFN-o, preferably IFN-02a or IFN-
a2b.

[0043] In some embodiments, the vector further comprises a recombinant polynucleotide
encoding a co-stimulatory molecule. In some embodiments, the recombinant polynucleotide
encoding the co-stimulatory molecule comprises a recombinant polynucleotide encoding a
CD86 molecule (CD86), CD80 molecule (CD80), 4-1BB ligand molecule (4-1BBL ak.a
CD137L), ICOS ligand molecule (ICOS-L), CD70 molecule (CD70 ak.a. CD27L), CD40
molecule (CD40), OX40 ligand molecule (OX40L), GITR ligand molecule (GITRL), TIM-4
molecule (TIM-4), LIGHT molecule (LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule
(LFA3), a CD30 molecule (CD30), or a combination thereof.

[0044] In some embodiments, the vector further comprises a recombinant polynucleotide
encoding an antigen of a pathogen, a tumor-associated antigen, a neo-antigen, an allergen, an
antigen that is the target of an autoimmune response, a fragment thereof, or a combination

thereof.

[0045] In another aspect, the present disclosure provides a recombinant polynucleotide
comprising a sequence encoding an allele of an HLA class I gene having at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to any one
of SEQ ID NOS:22-29 and optionally at least one heterologous polynucleotide sequence. In
some embodiments, the recombinant polynucleotide comprises the sequence of any one of

SEQ ID NOS:22-29. In some embodiments, the recombinant polynucleotide comprises a
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sequence encoding a polypeptide having at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identity to a polypeptide encoded by any one of SEQ
ID NOS:22-29. In some embodiments, the recombinant polynucleotide encoding the allele of
the HLA class I gene comprises the sequence of any one of SEQ ID NOS:22-29. In some
embodiments, the recombinant polynucleotide further comprises a recombinant polynucleotide

encoding a second allele of the HL A class I gene or an allele of a second HLA class I gene.

[0046] In some embodiments, the recombinant polynucleotide further comprises a
recombinant polynucleotide encoding an allele of an HLA class II gene. In some embodiments,
the recombinant polynucleotide encoding the allele of the HLA class II gene has at least 85%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to
any one of SEQ ID NOS:30-35. In some embodiments, the recombinant polynucleotide
comprises the sequence of any one of SEQ ID NOS:30-35. In some embodiments, the
recombinant polynucleotide comprises a sequence encoding a polypeptide having at least 85%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to
a polypeptide encoded by any one of SEQ ID NOS:30-35. In some embodiments, the
recombinant polynucleotide encoding the allele of the HLA class I gene comprises the

sequence of any one of SEQ ID NOS:30-35.

[0047] In various embodiments, the recombinant polynucleotide comprises a heterologous
polynucleotide sequence encoding an amino acid sequence of a cytokine. In some
embodiments, the cytokine comprises a chemokine, an interferon, an interleukin, a tumor
necrosis factor, or a combination thereof. In some embodiments, the heterologous
polynucleotide sequence encoding the cytokine comprises a heterologous polynucleotide
sequence encoding an early T cell activation antigen-1 (ETA-1), alymphocyte-activating factor
(LAF), an interleukin-1 family member (IL-1a, IL-B, IL-1Ra, IL-18, IL.-33, IL-36Ra, IL-36q,
IL-36pB, IL-36Y, IL-37, IL-38), an interleukin-2 (IL-2), an interleukin-3 (IL-3), an interleukin-
4 (IL-4), an interleukin-5 (IL-5), an interleukin-6 (IL-6), an interleukin-7 (IL-7), an interleukin-
8 (IL-8), an interleukin-9 (IL-9), an interleukin-10 (IL-10), an interleukin-12 (IL-12), an
interleukin-13 (IL-13), an interleukin-15 (IL-15), an interleukin-17 (IL-17), an interleukin-18
(IL-18), an interleukin-21 (IL-21), an interleukin-23 (IL-23), an interleukin-25 (IL-25), an
interleukin-33 (IL-33), an interferon alpha (IFN-a), an interferon lambda 1 (JFNAY (1L-29)), an
wnterferon lambda 2 (JFNAZ (IL-28A)), an interferon lambda 3 (JIFNA3 (IL-28B)), an interferon
lambda 4 (IFNa4), a granulocyte-macrophage colony-stimulating factor (GM-CSF), a
macrophage CSF (CSF-1), a macrophage migration inhibitory factor (MIF), a CD40L molecule
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(CD40L), a RANTES molecule (RANTES), a monocyte chemoattractant protein (MCP-1), a
monocyte inflammatory protein (MIP-1a, MIP-1B), a lymphotactin, a fractalkine, or a
combination thereof. In some embodiments, the cytokine comprises a granulocyte-
macrophage colony-stimulating factor (GM-CSF). In some embodiments, the cytokine
comprises an interferon alpha (IFN-a), such as e.g, IFN-o2a or IFN-a2b. In some
embodiments, the cytokine comprises a GM-CSF and an IFN-q, preferably IFN-a2a or IFN-
a2b. In some embodiments, the IFN-a is an exogenous protein comprising a pegylated IFN-

o2a.

[0048] In various embodiments, the recombinant polynucleotide comprises a heterologous
polynucleotide sequence encoding one or more self-cleaving peptides between two HLA
alleles. In some embodiments, the recombinant polynucleotide comprises a heterologous
polynucleotide sequence encoding one or more self-cleaving peptides between an HLA allele
and another HLA allele, a cytokine, a co-stimulatory molecule, or a combination thereof. In
some embodiments, the self-cleaving peptide is positioned at the 3’ end of a first HLA allele
and at the 5’ end of a second HLA allele. In some embodiments, the self-cleaving peptide

comprises T2A, P2A, E2A, or a combination thereof.

[0049] In some embodiments, the recombinant polynucleotide comprises a heterologous
polynucleotide sequence comprising a promoter. In some embodiments, the promoter

comprises an MNDU3 promoter or an LF'[o promoter.

[0050] In various embodiments, the recombinant polynucleotide comprises a heterologous
polynucleotide sequence encoding an amino acid sequence of a co-stimulatory molecule. In
some embodiments, the co-stimulatory molecule comprises a CD86 molecule (CD86), CD80
molecule (CD80), 4-1BB ligand molecule (4-1BBL a.k.a CD137L), ICOS ligand molecule
(ICOS-L), CD70 molecule (CD70 ak.a. CD27L), CD40 molecule (CD40), OX40 ligand
molecule (OX40L), GITR ligand molecule (GITRL), TIM-4 molecule (TIM-4), LIGHT
molecule (LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule (LFA3), a CD30 molecule
(CD30), or a combination thereof.

[0051] In some embodiments, the recombinant polynucleotide comprises a heterologous
polynucleotide sequence comprising a sequence having at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identity to any one of SEQ ID NOS:36-
44. In some embodiments, the heterologous polynucleotide comprises a sequence encoding a

polypeptide having at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
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98%, or at least 99% identity to a polypeptide encoded by any one of SEQ ID NOS:36-44. In
some embodiments, the heterologous polynucleotide sequence comprises the sequence of any

one of SEQ ID NOS:36-44.

[0052] In some embodiments, the heterologous polynucleotide sequence encodes an amino
acid sequence of an antigen of a pathogen, a tumor-associated antigen, a neo-antigen, an
allergen, an antigen that is the target of an autoimmune response, a fragment thereof, or a

combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1 depicts a schematic drawing of BC1.68.3.4 (BC1). Shown is the plasmid
backbone, pCC1-c with inserts of four HLA alleles including HLA-A*01:01, HLA-A*68:01,
HLA-DRB3%*02:02 and HLA-DRB4*01:01. The plasmid contains a cytomegalovirus (CMV)
enhanced promoter on the 5” end (CMV enhanced 5° LTR). AMP: Ampicillin resistance gene.
PSI: packaging signal. RRE: Rev responsive element. cPPT: central polypurine tract. EFla:
EF1 alpha promoter. MNDU3: MNDU3 promoter. T2A, P2A, and E2A: 2A self-splicing
peptides.

[0054] FIG. 2 depicts a schematic drawing of BC2.11.4.3 (BC2). Shown is the plasmid
backbone, pCC1-c with inserts of four HLA alleles including HLA-A*02:01, HLA-A*11:01,
HLA-DRB4*01:01 and HLA-DRB3*03:01. The plasmid contains a cytomegalovirus (CMV)
enhanced promoter on the 5” end (CMV enhanced 5° LTR). AMP: Ampicillin resistance gene.
PSI: packaging signal. RRE: Rev responsive element. cPPT: central polypurine tract. EFla:
EF1 alpha promoter. MNDU3: MNDU3 promoter. T2A, P2A, and E2A: 2A self-splicing
peptides.

[0055] FIG. 3 depicts a schematic drawing of BC3.23.3.5 (BC3). Shown is the plasmid
backbone, pCC1-c with inserts of four HLA alleles including HLA-A*03:01, HLA-A*23:01,
HLA-DRB3*01:01 and HLA-DRB5*01:02. The plasmid contains a cytomegalovirus (CMV)
enhanced promoter on the 5” end (CMV enhanced 5° LTR). AMP: Ampicillin resistance gene.
PSI: packaging signal. RRE: Rev responsive element. cPPT: central polypurine tract. EFla:
EF1 alpha promoter. MNDU3: MNDU3 promoter. T2A, P2A, and E2A: 2A self-splicing
peptides.

[0056] FIG. 4 depicts a schematic drawing of BC24.33.5.5 (BC4). Shown is the plasmid
backbone, pCC1-c with inserts of four HLA alleles including HLA-A*24:02, HLA-A*33:03,
HLA-DRB5*01:01 and HLA-DRB5*02:02. The plasmid contains a cytomegalovirus (CMV)
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enhanced promoter on the 5” end (CMV enhanced 5° LTR). AMP: Ampicillin resistance gene.
PSI: packaging signal. RRE: Rev responsive element. cPPT: central polypurine tract. EFla:
EF1 alpha promoter. MNDU3: MNDU3 promoter. T2A, P2A, and E2A: 2A self-splicing
peptides.

[0057] FIG. 5 depicts common co-stimulatory molecules and their ligands presented on T

cells and dendritic cells (DC), respectively.

[0058] FIG. 6 depicts a dual mechanism of action of Bria-IMT and Bria-OTS therapeutics.
SV-BR-1-GM cells secrete GM-CSF that supports antigen presentation by DCs. Cancer cell
antigens, following degradation of cells, are taken up by DCs and presented to CD4" and CD8"
T cells, which induce a tumor-directed immune response. SV-BR-1-GM cells can also directly

activate T cells to stimulate cancer fighting, as an additional boost to the immune response.

[0059] FIG. 7 depicts an experimental strategy to develop Bria-OTS cell lines. (A)
Endogenous HLA-A/DRB genes are first KO by CRISPR/Cas9 to generate Bria-KO cells.
GM-CSF and other cytokines and co-stimulatory molecules are then overexpressed by
sequential lentiviral transduction of 4 unique constructs to generate Bria-APTC. Lastly, two
HLA-A and two HLA-DRB alleles are overexpressed by lentiviral transduction, to generate a
collection of 4 cell lines (Bria-OTS-1/2/3/4) for each parental tumor cell. (B) Lentiviral vectors
used to express two different genes from independent promoters. Cytokines and co-stimulatory
molecules (Left Table) used to generate Bria-APTC. HLA-A and HLA-DRB alleles (Right
Table) used to generate final Bria-OTS products.

[0060] FIG. 8 depicts the expression of GM-CSF and cytokines/co-stimulatory molecules in
SV-BR-1-APTC. SV-BR-1-KO Clone 17 was sequentially transduced with lentiviruses
expressing 8 different cytokines and co-stimulatory molecules and cloned. (A) Levels of
secreted GM-CSF, IFN-o, IL-12, and IL-7 were measured by ELISA. (B) Expression of
surface receptors CD86 and CD80 in SV-BR-1-APTC as measured by flow cytometry.

[0061] FIG. 9 depicts validation of SV-BR-1-APTC using a modified MLR assay. (A) Bria-
APTC or SV-BR-1KO cells are incubated with PMBCs at different ratios. At days 1, 2, 3, and
7, T cell proliferation and secretion of IFNy, IL-2, and IL-4 are measured to assess T cell
activation. (B) 10,000 SV-BR-1-KO or APTC per well were co-cultured in a 96 well plate
with PBMCs from healthy donors at the indicated ratios. After 24 hours of incubation, secreted
IFNy was measured by ELISA. N =3,
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[0062] FIG. 10 depicts the functional characterization of prostate-derived Bria-APTC. PC3-
APTC or PC3KO cells (10,000/well in a 96 well plate) were incubated alone or with PBMCs

at the indicated ratios for 24 hours. IFNy levels were measured in the supernatant by ELISA.

[0063] FIG. 11 depicts expression of GM-CSF and cytokines/co-stimulatory molecules in
PC3-APTC and expression of HLA-A alleles in PC3-Bria-OTS. PC3-KO Clone A4 was
sequentially transduced with lentiviruses expressing 8 different cytokines and co-stimulatory
molecules and cloned. (A) Expression of surface receptors CD86 and CD80 in PC3-APTC as
measured by flow cytometry. (B) Expression of HLA-A alleles in PC3-Bria-OTS cell lines as
measured by flow cytometry. (C) Levels of secreted IL-7, GM-CSF, and IL-12 in PC3-APTC
were measured by ELISA.

[0064] FIG. 12 depicts KO of HLA alleles in H2228 and SK-MEL-24 cells. Expression of
HLA-DR was measured in single clones of H2228-KO and SK-MEL-24-KO cells by flow
cytometry, in comparison with wild type (WT) cells.

[0065] FIG. 13 depicts validation of HL A functionality with TCR transgenic Jurkat cells.

[0066] FIG. 14 depicts validation of HLA functionality in PC3-Bria-OTS using a T Cell
Activation Bioassay (NFAT). The assay consists of a genetically engineered Jurkat T cell line
with endogenous TCR alpha and beta chains knocked out using clustered regularly interspaced
short palindromic repeats (CRISPR)-Cas9. These cells also express a luciferase reporter driven
by a TCR pathway-dependent promoter. (A) Jurkat cells were transduced with a TCR specific
for WT1 peptide (HLA-A*24 restricted) and incubated with the indicated cell lines and
appropriate WT1 peptides. After 6 hours, the bioluminescent signal was quantified using the
Bio-Glo-NL™ Luciferase Assay System and a standard luminometer such as the GloMax®
Discover System. Transgenic HLA induces T-cell activation at rates comparable to
endogenous HLAs. (B) Flow cytometry analysis showing HLA-A*24 expression in the
indicated cell lines. (C) Jurkat cells were transduced with a TCR specific for MAGE-A3
peptide (HLA-A*01 restricted) and incubated with the indicated cell lines and appropriate WT1
peptides. After 6 hours, the bioluminescent signal was quantified using the Bio-Glo-NL™
Luciferase Assay System and a standard luminometer such as the GloMax® Discover System.
Transgenic HLA induces cell activation at higher rates than endogenous HLAs. (D) Flow

cytometry analysis showing HLA-A*01 expression in the indicated cell lines.

[0067] FIG. 15 depicts validation of HLA functionality in SV-BR-1-Bria-OTS using a T
Cell Activation Bioassay (NFAT). The assay consists of a genetically engineered Jurkat T cell
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line with endogenous TCR alpha and beta chains knocked out using CRISPR-Cas9. These
cells also express a luciferase reporter driven by a TCR pathway-dependent promoter. Jurkat
cells were transduced with a TCR specific for WT1 peptide (HLA-A*24 restricted) and
incubated with the indicated cell lines and appropriate WT1 peptides. After 6 hours, the
bioluminescent signal was quantified using the Bio-Glo-NL™ Luciferase Assay System and a

standard luminometer such as the GloMax® Discover System.

DETAILED DESCRIPTION

L Introduction

[0068] Induction of effective immune responses with whole-cell immunotherapies is an
effective approach to treat and prevent diseases such as cancer. It is generally assumed that to
be effective, a cancer vaccine needs to express immunogenic antigens co-expressed in patient
tumor cells, and that antigen-presenting cells (APC) such as dendritic cells (DCs) need to cross-

present such antigens following uptake of vaccine cell fragments.

[0069] The transformational technology central to the present disclosure is the development
of a therapeutic strategy that addresses the current gap in safe and reliable treatments for
patients suffering from cancer. The whole-cell immunotherapies described herein significantly
improve upon previous attempts to develop whole-cell therapeutic vaccines, as the disclosed
approach works through two discrete, but complementary mechanisms, to stimulate a patient’s
immune system. In particular, the modified human cancer cells described herein have features
of both cancer cells (which express tumor associated antigens) and dendritic cells (which
present tumor-associated antigens to T cells). In certain aspects, the modified human cancer
cells described herein (e.g., Bria-OTS cell lines) express one or more immunomodulatory
cytokines, one or more co-stimulatory molecules, one or more human major histocompatibility
complex-I (MHC-I) (e.g., HLA-A, HLA-B, HLA-C) molecules, and one or more MHC-II (e.g.,
HLA-DRB3, HLA-DRB4, HLA-DRBS, HLA-DRA) molecules. The modified human cancer
cells described herein can directly activate CD4™ T-cells in an antigen-specific HLA-restricted
manner and function as APC. In certain aspects, the modified human cancer cells described
herein advantageously provide the following features: (a) dual mechanisms of action to achieve
strong clinical activity by both producing and presenting tumor-associated antigens for eliciting
an immune response in the subject; (b) precision therapy by matching therapies to patients
based upon HLA antigens; and (c) improved safety by reducing or eliminating the use of

current chemotherapeutic and hormone-based therapies that are associated with severe adverse

19



WO 2023/167973 PCT/US2023/014337

events that can be life threatening. Thus, the modified human cancer cells described herein can
provide rapid and cost-effective treatments of cancer. In some instances, the modified human
cancer cells can be used as “off-the-shelf” cell lines that do not require personalized
manufacturing and can be administered immediately either after patient HLA genotyping or as

a mixture of cells to cover about 70% to over 99% of the cancer patient population.

[0070] In certain aspects, the modified human cancer cells described herein are HER-2/neu
positive, allogeneic, whole cell breast cancer (BC) cell lines that secrete granulocyte-
macrophage colony stimulating factor (GM-CSF) in situ and augment dendritic cell activity for
breast cancer immunotherapy. In addition, the modified human cancer cells described herein
can be engineered to express multiple HLA alleles to match, for example, at least 90% or more
than 99% of the breast cancer patient population. For instance, HLA-A and HLA-DRB3/4/5
alleles are the least polymorphic HLA loci and can match the maximum number of patients

with the fewest number of alleles.

[0071] Described herein are compositions of modified human cancer cells or cell lines for
targeted immunotherapy of cancers. Additionally, kits containing the “off-the-shelf” cell lines

and methods for preventing or treating cancer in a subject in need thereof are provided.

II. Definitions

[0072] Unless specifically indicated otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by those of ordinary skill in the art to which
this disclosure belongs. In addition, any method or material similar or equivalent to a method
or material described herein can be used in the practice of the present disclosure. For purposes

of the present disclosure, the following terms are defined.

[0073] The terms “a,” “an,” or “the” as used herein not only include aspects with one

2

member, but also include aspects with more than one member. For instance, the singular forms
“a,” “an,” and “the” include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a cell” includes a plurality of such cells and reference to “the agent”

includes reference to one or more agents known to those skilled in the art, and so forth.

[0074] The terms “about” and “approximately” shall generally mean an acceptable degree of
error for the quantity measured given the nature or precision of the measurements. Typical,
exemplary degrees of error are within 20 percent (%), preferably within 10%, and more

preferably within 5% of a given value or range of values. Alternatively, and particularly in
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biological systems, the terms “about” and “approximately” may mean values that are within an
order of magnitude, preferably within 5-fold and more preferably within 2-fold of a given
value. Numerical quantities given herein are approximate unless stated otherwise, meaning

that the term “about” or “approximately” can be inferred when not expressly stated.

2% €

[0075] The terms “subject,” “individual,” and “patient” are used interchangeably herein to
refer to a vertebrate, preferably a mammal, more preferably a human. Mammals include, but
are not limited to, murines, rats, simians, humans, farm animals, sport animals, and pets.
Tissues, cells and their progeny of a biological entity obtained in vivo or cultured in vitro are

also encompassed.

[0076] Asused herein, the term “administering” includes oral administration, topical contact,
administration as a suppository, intravenous, intraperitoneal, intramuscular, intralesional,
intratumoral, intradermal, intralymphatic, intrathecal, intranasal, or subcutaneous
administration to a subject. Administration is by any route, including parenteral and
transmucosal (e.g., buccal, sublingual, palatal, gingival, nasal, vaginal, rectal, or transdermal).
Parenteral administration includes, e.g, intravenous, intramuscular, intra-arteriole,
intradermal, subcutaneous, intraperitoneal, intraventricular, and intracranial. Other modes of
delivery include, but are not limited to, the use of liposomal formulations, intravenous infusion,

transdermal patches, etc.

[0077] The term “treating” refers to an approach for obtaining beneficial or desired results
including, but not limited to, a therapeutic benefit and/or a prophylactic benefit. By therapeutic
benefit is meant any therapeutically relevant improvement in or effect on one or more diseases,
conditions, or symptoms under treatment. Therapeutic benefit can also mean to effect a cure

of one or more diseases, conditions, or symptoms under treatment.

[0078] The term “effective amount” or “sufficient amount” refers to the amount of a
modified cancer cell or other composition that is sufficient to effect beneficial or desired
results. The therapeutically effective amount may vary depending upon one or more of: the
subject and disease condition being treated, the weight and age of the subject, the severity of
the disease condition, the manner of administration and the like, which can readily be
determined by one of ordinary skill in the art. The specific amount may vary depending on
one or more of: the particular agent chosen, the target cell type, the location of the target cell

in the subject, the dosing regimen to be followed, whether it is administered in combination
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with other compounds, timing of administration, and the physical delivery system in which it

is carried.

[0079] For the purposes herein, an effective amount is determined by such considerations as
may be known in the art. The amount must be effective to achieve the desired therapeutic
effect in a subject suffering from cancer. The desired therapeutic effect may include, for
example, amelioration of undesired symptoms associated with cancer, prevention of the
manifestation of such symptoms before they occur, slowing down the progression of symptoms
associated with cancer, slowing down or limiting any irreversible damage caused by cancer,
lessening the severity of or curing a cancer, or improving the survival rate or providing more

rapid recovery from a cancer.

[0080] The effective amount depends, inter alia, on the type and severity of the disease to be
treated and the treatment regime. The effective amount is typically determined in appropriately
designed clinical trials (dose range studies) and the person versed in the art will know how to
properly conduct such trials in order to determine the effective amount. As generally known,
an effective amount depends on a variety of factors including the distribution profile of a
therapeutic agent (e.g., a whole-cell cancer vaccine) or composition within the body, the
relationship between a variety of pharmacological parameters (e.g., half-life in the body) and

undesired side effects, and other factors such as age and gender, efc.

[0081] The term “pharmaceutically acceptable carrier” refers to a substance that aids the
administration of an active agent to a cell, an organism, or a subject. “Pharmaceutically
acceptable carrier” refers to a carrier or excipient that can be included in the compositions of
the disclosure and that causes no significant adverse toxicological effect on the subject. Non-
limiting examples of pharmaceutically acceptable carriers include water, sodium chloride,
normal saline solutions, lactated Ringer’s, normal sucrose, normal glucose, binders, fillers,
disintegrants, lubricants, coatings, sweeteners, flavors and colors, liposomes, dispersion media,
microcapsules, cationic lipid carriers, isotonic and absorption delaying agents, and the like.
The carrier may also be substances for providing the formulation with stability, sterility and
isotonicity (e.g. antimicrobial preservatives, antioxidants, chelating agents and bufters), for
preventing the action of microorganisms (e.g. antimicrobial and antifungal agents, such as
parabens, chlorobutanol, sorbic acid and the like) or for providing the formulation with an

edible flavor efc. In some instances, the carrier is an agent that facilitates the delivery of a
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modified cancer cell to a target cell or tissue. One of skill in the art will recognize that other

pharmaceutical carriers are useful in the present disclosure.

[0082] The term “nucleic acid” or “nucleotide” as used herein refers to a polymer containing
at least two deoxyribonucleotides or ribonucleotides in either single- or double-stranded form
and includes DNA, RNA, and hybrids thereof. DNA may be in the form of, e.g., antisense
molecules, plasmid DNA, DNA-DNA duplexes, pre-condensed DNA, PCR products, vectors
(P1, PAC, BAC, YAC, artificial chromosomes), expression cassettes, chimeric sequences,
chromosomal DNA, or derivatives and combinations of these groups. RNA may be in the form
of small interfering RNA (siRNA), Dicer-substrate dsRNA, small hairpin RNA (shRNA),
asymmetrical interfering RNA (aiRNA), microRNA (miRNA), mRNA, tRNA, rRNA, tRNA,
viral RNA (vVRNA), and combinations thereof. Nucleic acids include nucleic acids containing
known nucleotide analogs or modified backbone residues or linkages, which are synthetic,
naturally occurring, and non-naturally occurring, and which have similar binding properties as
the reference nucleic acid. Examples of such analogs include, without limitation,
phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2’-
O-methyl ribonucleotides, and peptide-nucleic acids (PNAs). Unless specifically limited, the
term encompasses nucleic acids containing known analogues of natural nucleotides that have
similar binding properties as the reference nucleic acid. Unless otherwise indicated, a
particular nucleic acid sequence also implicitly encompasses conservatively modified variants
thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs, and complementary
sequences as well as the sequence explicitly indicated. Specifically, degenerate codon
substitutions may be achieved by generating sequences in which the third position of one or
more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res., 19:5081 (1991), Ohtsuka et al., J. Biol. Chem., 260:2605-
2608 (1985); Rossolini ef al., Mol. Cell. Probes, 8:91-98 (1994)). “Nucleotides” contain a
sugar deoxyribose (DNA) or ribose (RNA), a base, and a phosphate group. Nucleotides are
linked together through the phosphate groups. “Bases” include purines and pyrimidines, which
further include natural compounds adenine, thymine, guanine, cytosine, uracil, inosine, and
natural analogs, and synthetic derivatives of purines and pyrimidines, which include, but are
not limited to, modifications which place new reactive groups such as, but not limited to,

amines, alcohols, thiols, carboxylates, and alkylhalides.

[0083] The term “gene” means the segment of DNA involved in producing a polypeptide

chain. The DNA segment may include regions preceding and following the coding region
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(leader and trailer) involved in the transcription/translation of the gene product and the
regulation of the transcription/translation, as well as intervening sequences (introns) between

individual coding segments (exons).

[0084] The terms “vector” and “expression vector” refer to a nucleic acid construct,
generated recombinantly or synthetically, with a series of specified nucleic acid elements that
permit transcription of a particular polynucleotide sequence in a host cell. An expression vector
may be part of a plasmid, viral genome, or nucleic acid fragment. Typically, an expression
vector includes a polynucleotide to be transcribed, operably linked to a promoter. The term
“promoter” is used herein to refer to an array of nucleic acid control sequences that direct
transcription of a nucleic acid. As used herein, a promoter includes necessary nucleic acid
sequences near the start site of transcription, such as, in the case of a polymerase II type
promoter, a TATA element. A promoter also optionally includes distal enhancer or repressor
elements, which can be located as much as several thousand base pairs from the start site of
transcription. Other elements that may be present in an expression vector include those that
enhance transcription (e.g., enhancers) and terminate transcription (e.g., terminators). In the
context of the present disclosure, co-expression of multiple genes (e.g., polynucleotides ending
an HLA class I allele and/or an HLA class II allele) may be achieved by co-transfection of two
or more vectors, the use of multiple or bidirectional promoters, or the creation of bicistronic or
multicistronic vectors. Gene co-expression may be driven by using a plasmid with multiple,
individual expression cassettes. Generally, each promoter creates unique mRNA transcripts
for each gene that is expressed. Bicistronic or multicistronic vectors simultaneously express
two or more separate proteins from the same mRNA. Bicistronic vectors may contain an
Internal Ribosome Entry Site (IRES) to allow for initiation of translation from an internal
region of the mRNA. Multicistronic vectors containing one or more self-cleaving 2A peptides
are advantageous as they allow gene co-expression from the same cassette. In some instances,
multicistronic vectors are preferred when only a portion of the plasmid is packaged for viral

delivery, or the relative expression levels between two or more genes is important.

[0085] The terms “self-cleaving peptide” and “self-cleaving 2A peptide” refer to a short
peptide that can produce equimolar levels of multiple genes from the same mRNA. These
peptides were first discovered in picornaviruses. Self-cleaving peptides are thought to function
by making the ribosome skip the synthesis of a peptide bond at the C-terminus of a 2A element,
leading to separation between the end of the 2A sequence and the next peptide

downstream. The “cleavage” occurs between the glycine and proline residues found at the C-
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terminus, meaning the upstream cistron typically has a few additional residues added to the
end, while the downstream cistron typically starts with the proline. Non-limiting examples of

self-cleaving peptides include T2A, P2A, E2A, and F2A.

[0086] “Recombinant” refers to a genetically modified polynucleotide, polypeptide, cell,
tissue, or organism. For example, a recombinant polynucleotide (or a copy or complement of
a recombinant polynucleotide) is one that has been manipulated using well known methods. A
recombinant expression cassette comprising a promoter operably linked to a second
polynucleotide (e.g., a coding sequence) can include a promoter that is heterologous to the
second polynucleotide as the result of human manipulation (e.g., by methods described in
Sambrook et al., Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, New York, (1989) or Current Protocols in Molecular Biology Volumes
1-3, John Wiley & Sons, Inc. (1994-1998)). A recombinant expression cassette (or expression
vector) typically comprises polynucleotides in combinations that are not found in nature. For
instance, human manipulated restriction sites or plasmid vector sequences can flank or separate
the promoter from other sequences. A recombinant protein is one that is expressed from a
recombinant polynucleotide, and recombinant cells, tissues, and organisms are those that
comprise recombinant sequences (polynucleotide and/or polypeptide). A recombinant cell is
one that has been modified (e.g., transfected or transformed), with a recombinant nucleotide,

expression vector or cassette, or the like.

[0087] The term “amino acid” refers to any monomeric unit that can be incorporated into a
peptide, polypeptide, or protein. Amino acids include naturally-occurring a-amino acids and
their stereoisomers, as well as unnatural (non-naturally occurring) amino acids and their
stereoisomers. “Stereoisomers” of a given amino acid refer to isomers having the same
molecular formula and intramolecular bonds but different three-dimensional arrangements of

bonds and atoms (e.g., an L-amino acid and the corresponding D-amino acid).

[0088] Naturally-occurring amino acids are those encoded by the genetic code, as well as
those amino acids that are later modified, e.g., hydroxyproline, y-carboxyglutamate, and O-
phosphoserine. Naturally-occurring a-amino acids include, without limitation, alanine (Ala),
cysteine (Cys), aspartic acid (Asp), glutamic acid (Glu), phenylalanine (Phe), glycine (Gly),
histidine (His), isoleucine (Ile), arginine (Arg), lysine (Lys), leucine (Leu), methionine (Met),
asparagine (Asn), proline (Pro), glutamine (GlIn), serine (Ser), threonine (Thr), valine (Val),

tryptophan (Trp), tyrosine (Tyr), and their combinations. Stereoisomers of a naturally-
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occurring a-amino acids include, without limitation, D-alanine (D-Ala), D-cysteine (D-Cys),
D-aspartic acid (D-Asp), D-glutamic acid (D-Glu), D-phenylalanine (D-Phe), D-histidine (D-
His), D-isoleucine (D-lle), D-arginine (D-Arg), D-lysine (D-Lys), D-leucine (D-Leu), D-
methionine (D-Met), D-asparagine (D-Asn), D-proline (D-Pro), D-glutamine (D-Gln), D-
serine (D-Ser), D-threonine (D-Thr), D-valine (D-Val), D-tryptophan (D-Trp), D-tyrosine (D-

Tyr), and their combinations.

[0089] Unnatural (non-naturally occurring) amino acids include, without limitation, amino
acid analogs, amino acid mimetics, synthetic amino acids, N-substituted glycines, and N-
methyl amino acids in either the L- or D-configuration that function in a manner similar to the
naturally-occurring amino acids. For example, “amino acid analogs” can be unnatural amino
acids that have the same basic chemical structure as naturally-occurring amino acids (i.e., a
carbon that is bonded to a hydrogen, a carboxyl group, an amino group) but have modified
side-chain groups or modified peptide backbones, e.g., homoserine, norleucine, methionine
sulfoxide, methionine methyl sulfonium. “Amino acid mimetics” refer to chemical compounds
that have a structure that is different from the general chemical structure of an amino acid, but
that functions in a manner similar to a naturally-occurring amino acid. Amino acids may be
referred to by either the commonly known three letter symbols or by the one-letter symbols

recommended by the [UPAC-IUB Biochemical Nomenclature Commission.

2

[0090] The terms “identity,” “substantial identity,” “similarity,” “substantial similarity,”
“homology” and the related terms and expressions used in the context of describing amino acid
sequences refer to a sequence that has at least 60% sequence identity to a reference sequence.
Examples include at least: 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, sequence identity, as compared to a
reference sequence using the programs for comparison of amino acid sequences, such as
BLAST using standard parameters. For sequence comparison, typically one sequence acts as
a reference sequence to which test sequences are compared. When using a sequence
comparison algorithm, test and reference sequences are entered into a computer, subsequence
coordinates are designated, if necessary, and sequence algorithm program parameters are
designated. Default (standard) program parameters can be used, or alternative parameters can
be designated. The sequence comparison algorithm then calculates the percent sequence
identities for the test sequences relative to the reference sequence, based on the program

parameters. A “comparison window” includes reference to a segment of any one of the number

of contiguous positions (from 20 to 600, usually about 50 to about 200, more commonly about
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100 to about 150), in which a sequence may be compared to a reference sequence of the same
number of contiguous positions after the two sequences are optimally aligned. Methods of
alignment of sequences for comparison are well-known. Optimal alignment of sequences for
comparison may be conducted, for example, by the local homology algorithm of Smith and
Waterman, 1981, by the homology alignment algorithm of Needleman and Wunsch, 1970, by
the search for similarity method of Pearson and Lipman, 1988, by computerized
implementations of these algorithms (for example, BLAST), or by manual alignment and visual

inspection.

[0091] Algorithms that are suitable for determining percent sequence identity and sequence
similarity include BLAST and BLAST 2.0 algorithms, which are described in Altschul ez al.,
1990, and Altschul ef al., 1977, respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information (NCBI) web site.
The algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying
short words of length W in the query sequence, which either match or satisfy some positive-
valued threshold score T when aligned with a word of the same length in a database sequence.
T is referred to as the neighborhood word score threshold. These initial neighborhood word
hits acts as seeds for initiating searches to find longer HSPs containing them. The word hits
are then extended in both directions along each sequence for as far as the cumulative alignment
score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always >0) and N (penalty score
for mismatching residues; always <0). For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X from its maximum achieved value;
the cumulative score goes to zero or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN
program (for nucleotide sequences) uses as defaults a word size (W) of 28, an expectation (E)
of 10, M=1, N=-2, and a comparison of both strands. For amino acid sequences, the BLASTP
program uses as defaults a word size (W) of 3, an expectation (E) of 10, and the BLOSUM®62
scoring matrix (Henikoff and Henikoff, 1989). The BLAST algorithm also performs a

statistical analysis of the similarity between two sequences (Karlin and Altschul, 1993).

[0092] The terms “polypeptide,” “peptide,” and “protein” are used interchangeably herein to

refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which
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one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers and non-naturally
occurring amino acid polymers. As used herein, the terms encompass amino acid chains of
any length, including full-length proteins (i.e., alleles), wherein the amino acid residues are
linked by covalent peptide bonds. As used herein, the amino acid sequence of a polypeptide is
presented from the N-terminus to the C-terminus. In other words, when describing an amino
acid sequence of a polypeptide, the first amino acid at the N-terminus is referred to as the “first

amino acid.”

[0093] When used in the context of describing partners of a recombinant polypeptide, the
term “heterologous” refers to the relationship of one polynucleotide fusion partner to the other
polynucleotide fusion partner: the manner in which the fusion partners are present in the
recombinant polynucleotide is not one that can be found in a polynucleotide naturally occurs
or encoding a naturally occurring protein. For instance, a “heterologous polynucleotide” fused
with an HLA class I allele and/or an HLA class II allele to form a fusion polynucleotide may
be one that is originated from a protein other than an HLA class I protein or an HLA class II
protein, such as a granulocyte-macrophage colony-stimulating factor (GM-CSF), a co-
stimulatory molecule (e.g., CD80), or a 2A self-splicing peptide (e.g., T2A, P2A, E2A). On
the other hand, a “heterologous polynucleotide” may be one derived from another portion of
the HL A class I or HLA class II protein that is not immediately contiguous to the HLA class |
or HLA class II allele. A “heterologous polynucleotide” may encode a peptide containing
modifications of a naturally occurring protein sequence or a portion thereof, such as deletions,

additions, or substitutions of one or more amino acid residues.

29 (13
2

[0094] The terms “gene editing”, “genome editing

2

genome engineering”, and “genome
manipulation” are used interchangeably. These terms refer to a type of genetic engineering in
which DNA is inserted, deleted, modified or replaced in the genome of a living organism.
Genome editing can be site-specific. Non-limiting examples of genome editing techniques
include the use of nucleases such as clustered regularly interspaced short palindromic
repeats/Cas9 (CRISPR/Cas9) nucleases, meganucleases, transcription activator-like effector
nucleases (TALENSs), and zinc-finger nucleases (ZFNs). Viral vectors such as integrase-
defective lentiviral vectors (IDLVs), adenoviruses and adeno-associated viruses (AAVs) are
typically used to deliver DNA for genome editing. Delivery technologies for genome editing

are known in the art and any approach may be used for inactivating specific HLA alleles in the
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modified human cancer cells described herein. (See e.g., review by Yin et al., 2017. “Delivery

technologies for genome editing.” Nature Review Drug Discovery. 16, 387-399).

[0095] The term “cancer” is intended to include any member of a class of diseases
characterized by the uncontrolled growth of aberrant cells. The term includes all known
cancers and neoplastic conditions, whether characterized as malignant, benign, recurrent, soft
tissue, or solid, and cancers of all stages and grades including advanced, pre- and post-
metastatic cancers. Examples of different types of cancer include, but are not limited to,
gynecological cancers (e.g., ovarian, cervical, uterine, vaginal, and vulvar cancers); lung
cancers (e.g., non-small cell lung cancer, small cell lung cancer, mesothelioma, carcinoid
tumors, lung adenocarcinoma); breast cancers (e.g., triple-negative breast cancer, ductal
carcinoma in sifu, invasive ductal carcinoma, tubular carcinoma, medullary carcinoma,
mucinous carcinoma, papillary carcinoma, cribriform carcinoma, invasive lobular carcinoma,
inflammatory breast cancer, lobular carcinoma in sifu, Paget’s disease, Phyllodes tumors);
digestive and gastrointestinal cancers such as gastric cancer (e.g., stomach cancer), colorectal
cancer, gastrointestinal stromal tumors (GIST), gastrointestinal carcinoid tumors, colon cancer,
rectal cancer, anal cancer, bile duct cancer, small intestine cancer, and esophageal cancer;
thyroid cancer; gallbladder cancer; liver cancer; pancreatic cancer; appendix cancer, prostate
cancer (e.g., prostate adenocarcinoma); renal cancer (e.g., renal cell carcinoma); cancer of the
central nervous system (e.g., glioblastoma, neuroblastoma, medulloblastoma); skin cancer
(e.g., melanoma); bone and soft tissue sarcomas (e.g., Ewing’s sarcoma), lymphomas;
choriocarcinomas; urinary cancers (e.g., urothelial bladder cancer); head and neck cancers; and
bone marrow and blood cancers (e.g., acute leukemia, chronic leukemia (e.g., chronic
lymphocytic leukemia), lymphoma, multiple myeloma). As used herein, a “tumor” comprises

one or more cancerous cells.

[0096] The term “allele” refers to a particular form or variant of a gene. Alleles can result
from, for example, nucleotide substitutions, additions, or deletions, or can represent a variable
number of short nucleotide repeats. In the context of human leukocyte antigen (HLA) genes,
HLA alleles are named by the World Health Organization Naming Committee for Factors of
the HL A system. Under this system, an HLA gene name is followed by a series of numerical
fields. At a minimum, two numerical fields are included. As a non-limiting example, HLA-
A*02:101 denotes a specific allele of the HLLA-A gene. The first field, separated from the gene
name by an asterisk, denotes an allele group. The second field, separated from the first field

by a colon, denotes the specific HLA protein that is produced. In some instances, a longer
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name is used (e.g., HLA-A*02:101:01:02N). In this example, the third numerical field denotes
whether a synonymous DNA substitution is present within the coding region, and the fourth
numerical field denotes differences between alleles that exist in the non-coding region. In some
other instances, an HLA allele name is contains a letter at the end. Under the HLA allele
naming system, “N” denotes that the allele is a null allele (i.e., the allele produces a non-
functional protein), “L” denotes that the allele results in lower than normal cell surface
expression of the particular HLA protein, “S” denotes that the allele produces a soluble protein
not found on the cell surface, “Q” denotes a questionable allele (i.e., an allele that nay not affect
normal expression), “C” denotes that the allele produces a protein that is present in cell
cytoplasm but is not present at the cell surface, and “A” denotes an allele that results in aberrant
expression (i.e., it is uncertain whether the particular HLA protein is expressed). One of skill

in the art will be familiar with the various gene alleles and their naming conventions.

[0097] The term “allele profile” refers to a collection of alleles of one or more genes in a
particular sample. The sample may be obtained from a subject, a particular cell or cell type
(e.g., a breast cell or breast cancer cell), or from an engineered cell (e.g., a cancer cell that has
been engineered to express one or more proteins). In some instances, an allele profile describes
the alleles of a single gene that are present in a sample (e.g., in a cell obtained from a subject
or a cancer vaccine cell), or may describe the alleles that are present for two or more genes in
a sample. As a non-limiting example, an allele profile may list the alleles that are present for
the HLA-A gene in a particular sample. For a diploid cell, only one allele may be present (e.g.,
if both chromosomes contain the same allele, such as HLA-A*02:01). Alternatively, two
different alleles may be present (e.g., the allele profile contains HLA-A*02:01 and HLA-
A*24:02, or HLA-A*02:01 and HLA-A*03:01). In other instances, the allele profile
enumerates the alleles that are present for two or more genes. As a non-limiting example, an
allele profile may describe the alleles of the HLA-A and HLA-DRB3 genes that are present in

a patient sample.

[0098] For purposes of illustration only, an allele profile of a subject may indicate that the
HLA-A*02:01 and HLA-A*24:02 alleles of the HLA-A gene are present, and that the HLA-
DRB3*03:01 allele of the HLA-DRB3 gene is present. Furthermore, allele profiles can be
compared. As anon-limiting example, a subject can have an allele profile containing the HLA-
A*02:01 and HLA-A*24:02 alleles, while a cancer vaccine cell can have a profile containing
the HLA-A*02:01 and HLA-A*03:01 alleles. In this example, if the two allele profiles are
compared, then there is a partial match between the profiles (i.e., the HLA-A*02:01 allele is
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present in both profiles). As another non-limiting example, if the vaccine cell has an allele
profile containing HLA-A*02:01 and HLA-A*24:02, then the subject and vaccine cell profiles

are a complete match with respect to this particular gene.

[0099] The term “human leukocyte antigen (HLA)” refers to a gene complex that encodes
human major histocompatibility complex (MHC) proteins, which are a set of cell surface
proteins that are essential for recognition of foreign molecules by the adaptive immune system.
The HLA complex is found within a 3 Mbp stretch of chromosome 6p21. Class I MHC
proteins, which present peptides from inside the cell, are encoded by the HL.A-A, HLA-B, HLA-
C, HLA-E, HLA-F, and HLA-G genes. HILA-A, HLA-B, and HLA-C genes are more
polymorphic, while HLA-F, HLA-F, and HLA-G genes are less polymorphic. HLA-K and HLA-
L are also known to exist as pseudogenes. In addition, beta-2-microglobulin is an MHC class
I protein, encoded by the (B2M) gene. Non-limiting examples of HL.4-A nucleotide sequences
are set forth under GenBank reference numbers NM_ 001242758 and NM_002116. A non-
limiting example of an HLA-B nucleotide sequence is set forth under GenBank reference
number NM_005514. Non-limiting examples of HLA-C nucleotide sequences are set forth
under GenBank reference numbers NM_001243042 and NM_002117. A non-limiting example
of an HLA-FE nucleotide sequence is set forth under GenBank reference number NM_005516.
A non-limiting example of an HLA-F nucleotide sequence is set forth under GenBank reference
number NM_018950. A non-limiting example of an HLA-G nucleotide sequence is set forth
under GenBank reference number NM_002127. A non-limiting example of a B2M nucleotide
sequence is set forth under GenBank reference number NM_004048.

[0100] Class II MHC proteins, which present antigens from the outside of the cell to T
lymphocytes, are encoded by the HLA-DP, HLA-DM, HL.A-DO, HLA-DQ, and HLA-DR genes.
HLA-DM genes include HLA-DMA and HLA-DMB. HLA-DO genes include HLA-DOA and
HLA-DOB. HLA-DP genes include HLA-DPA I and HLA-DPB1. HLA-DQ genes include HL.A-
DQAIL, HLA-DQA2, HLA-DQBI, and HLA-DQB2. HLA-DR genes include HLA-DRA, HLA-
DRBI, HLA-DRB3, HLA-DRB4, and HLA-DRB5. Non-limiting examples of HL.A-DMA and
HLA-DMB nucleotide sequences are set forth under GenBank reference numbers NM_006120
and NM 002118, respectively. Non-limiting examples of HLA-DRA, HLA-DRB1, HLA-
DRB3, HLA-DRB4, and HLA-DRBS nucleotide sequences are set forth in GenBank reference
numbers NM_01911, NM_002124, NM_022555, NM_021983, NM_002125, respectively.
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[0101] The term “vaccine” refers to a biological composition that, when administered to a
subject, has the ability to produce an acquired immunity to a particular pathogen or disease in
the subject. Typically, one or more antigens, or fragments of antigens, that are associated with
the pathogen or disease of interest are administered to the subject. Vaccines can comprise, for
example, inactivated or attenuated organisms (e.g., bacteria or viruses), cells, proteins that are
expressed from or on cells (e.g., cell surface proteins), proteins that are produced by organisms
(e.g., toxins), or portions of organisms (e.g., viral envelope proteins). In some instances, cells
are engineered to express proteins such that, when administered as a vaccine, they enhance the
ability of a subject to acquire immunity to that particular cell type (e.g., enhance the ability of
a subject to acquire immunity to a cancer cell). As used herein, the term “vaccine” or “whole-
cell cancer vaccine” includes but is not limited to the modified cancer cell(s) of the present

disclosure.

[0102] The term “cytokine” refers to small proteins released by cells that have a specific
effect on the interactions and communications between cells. Cytokines are generally known
as lymphokines (e.g., cytokines made by lymphocytes), monokines (e.g., cytokines made by
monocytes), or chemokines (e.g., cytokines made by one leukocyte and acting on other
leukocytes). Cytokines may act on the cells that secrete them (e.g., autocrine action), on nearby
cells (e.g., paracrine action), or on distant cells (e.g., endocrine action). In the context of the
present disclosure, cytokines may comprise a chemokine, an interferon, an interleukin, and/or
a tumor necrosis factor (TNF). As an example, cytokines may comprise an early T cell
activation antigen-1 (ETA-1), a lymphocyte-activating factor (LAF), an interleukin-1 family
member (IL-1a, IL-B, IL-1Ra, IL-18, IL-33, IL-36Ra, IL-36a, IL-36f, IL-36Y, IL-37, IL-38),
an interleukin-2 (IL-2), an interleukin-3 (IL-3), an interleukin-4 (IL-4), an interleukin-5 (IL-5),
an interleukin-6 (IL-6), an interleukin-7 (IL-7), an interleukin-8 (IL-8), an interleukin-9 (IL-9),
an interleukin-10 (IL-10), an interleukin-12 (IL-12), an interleukin-13 (IL-13), an interleukin-
15 (IL-15), an interleukin-17 (IL-17), an interleukin-18 (IL-18), an interleukin-23 (IL-21), an
interleukin-23 (IL-23), an interleukin-25 (IL-25), an interleukin-33 (IL-33), a type I interferon
family member (IFN-a, IFNB, IFNe, IFNw, [IFNw), a type I interferon family member (IFNvy),
a type Hi interferon family member (IFNAT (11-29), IFNAZ (1L-28A), IFNAZ (IL-28B), IFN)M4),
a granulocyte-macrophage colony-stimulating factor (GM-CSF), a macrophage CSF (CSF-1),
a macrophage migration inhibitory factor (MIF), a CD40L molecule (CD40L), a RANTES
molecule (RANTES), a monocyte chemoattractant protein (MCP-1), a monocyte inflammatory

protein (MIP-1a, MIP-1p), a lymphotactin, and/or a fractalkine.
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[0103] The term “granulocyte macrophage colony-stimulating factor (GM-CSF)” refers to a
monomeric glycoprotein also known as “colony stimulating factor (CSF2)” that is secreted by
cells such as macrophages, T cells, mast cells, natural killer (NK) cells, endothelial cells, and
fibroblasts. GM-CSF functions as a cytokine that affects a number of cell types, in particular
macrophages and eosinophils. As part of the immune/inflammatory cascade, GM-CSF
stimulates stem cells to produce granulocytes (i.e., neutrophils, eosinophils, and basophils) and
monocytes. The monocytes subsequently mature into macrophages and dendritic cells after
tissue infiltration. A non-limiting example of a CSF2 nucleotide sequence (the gene that

encodes GM-CSF) in humans is set forth under GenBank reference number NM_000758.

[0104] The term “interferon” refers to a cytokine that is produced in response to infection or
other inflammatory stimuli. Interferons are signaling proteins that are synthesized and released
by host cells in response to a pathogen (e.g., viruses, bacteria, parasites, tumor cells).
lnterferons are classified into three subgroups: type 1 interferons, type I interferon (IFNv), and
type I interferons. Functionally, these cyvtokines modulate immune cell function. Although
type i interferons are structurally distincet from type | interferons, they have overlapping
tunctions, and both signal through the Janus kinase (JAK )—signal transducer and activator of
transcription (STAT) pathway to induce transcription of interferon-stimulated genes (ISGs)
and promote immune responses. {(See e.g, Goel et al. (2021). Interferon lambda in
inflammation and autoimmune rheumatic diseases. Nat Rev Rheumatol 17, 349-362). Type |
interferon proteins include IFN-a, IFN-B, IFN-¢, IFN-«, IFN-t, IFN-§, IFN-{ IFN-w, and IFN-
v. Interferon alpha proteins are produced by leukocytes and are mainly involved in the innate
immune response. Genes that encode IFN-a proteins include /FNA I, IFNA2, IFNA4, IFNAS,
IFNAG6, IFNA7, IFNAS, IFNA10, IFNAI13, IFNA14, IFNA16, IFNA17, and IFNA21. Non-
limiting examples of IFNAI, IFNA2, IFNA4, IFNAS, IFNA6, IFNA7, IFNAS, IFNA10, IFNA 13,
IFNAI4, IFNAIL6, IFNA17, and IFNA2I human nucleotide sequences are set forth in Gene
Bank reference numbers NM 024013, NM_000605, NM_021068, NM_002169, NM 021002,
NM 021057, NM 002170, NM 002171, NM 006900, NM 002172, NM 002173,
NM 021268, and NM_002175, respectively. As an example, the gene /FNA2 encodes IFN-
a2a, IFN-a2b, and IFN-a2c variants. As used herein, the terms “IFN-o”” and “IFN-02” are used
interchangeably, and they refer to interferon proteins IFN-a2a or IFN-a2b. Type III interferon
proteins include interferon lambda 1 (IFNA1 (IL.-29)}, interferon lambda 2 (JFNA2 (J1L-28A}),
interferon lambda 1 (IFNA3 (IL-28B)), and interferon lambda 4 (IFN#4). Interferon lambda

family members signal through the common IL-10 receptor subunit 2 (JL-10R2). Human
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interferon lambda proteins are enceded by four JFNL genes, JFNLJ (71.29), IFNL2 (1284},
TENL3 (IL288), and TFNI 4.

[0105] The term “co-stimulatory molecule” refers to a cell surface molecule that amplifies
or counteracts the initial activating signals provided to T cells from the T cell receptor (TCR)
following its interaction with an antigen/major histocompatibility complex (MHC). Co-
stimulatory molecules generally may influence T cell differentiation and fate. Co-stimulatory
molecules belong to three major families, namely the immunoglobulin (Ig) superfamily, the
tumor necrosis factor (TNF) — TNF receptor (TNFR) superfamily, and the T cell Ig and mucin
(TIM) domain family. (See e.g., Rodriguez-Manzanet, Roselynn et al. “The costimulatory role
of TIM molecules.” Immunological reviews vol. 229,1 (2009): 259-70.) Exemplary co-
stimulatory molecules and ligands include, but are not limited to, CD28 and ligands B7-1
(CD80), CTLA-4, PDL-1, or B7-2 (CD86), CTLA-4 and ligands B7-1 (CD80) or B7-2 (CD86),
ICOS and ligand ICOS-L, CD27 and ligand CD70, CD30 and ligand CD30L, CD40 and ligand
CD40L (a k.a. CD154), 0X40 and ligand OX40L, GITR and ligand GITRL, TIM-1 and ligands
TIM-1, TIM-4, IgA, or phosphatidylserine (PtdSer), TIM-2 and ligands H-ferritin or
semaphorin 4A (Sem4A), and TIM-4 and ligand phosphatidylserine (PtdSer). In the context of
the present disclosure, co-stimulatory molecules may comprise a CD86 molecule (CD86),
CD80 molecule (CD80), 4-1BB ligand molecule (4-1BBL ak.a CD137L), ICOS ligand
molecule (ICOS-L), CD70 molecule (CD70 a.k.a. CD27L), CD40 molecule (CD40), 0X40
ligand molecule (OX40L), GITR ligand molecule (GITRL), TIM-4 molecule (TIM-4), LIGHT
molecule (LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule (LFA3), CD30 molecule
(CD30), and combinations thereof (See e.g., FIG. 5).

[0106] The term “tumor antigen” refers to an antigenic substance produced in tumor cells
that may trigger an immune response in the host. Tumor antigens generally refer to tumor-
associated antigen (TAAs) or tumor-specific antigens (TSAs). Typically, TSAs are found in
cancer cells only and are not in healthy (e.g., non-cancerous) cells. TSAs may arise from
oncogenic driver mutations that generate novel peptide sequences (e.g., neoantigens). A non-
limiting example of a TSA is alphafetoprotein (AFP) expressed in germ cell tumors and
hepatocellular carcinoma. TAAs have elevated levels in tumor cells and may express at lower
levels in healthy cells. A non-limiting example of a TAA is melanoma-associated antigen

(MAGE) expressed in the testis along with malignant melanoma.
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[0107] The terms “CD47 molecule”, “integrin-associated protein (IAP)”, “MER6” and
“OA3” are used interchangeably herein. CD47 generally refers to a variably glycosylated
transmembrane protein of the immunoglobulin superfamily (IgSF). It contains an extracellular
domain (ECD) with a single Ig-like domain, five transmembrane domains with short
intervening loops and a 34 amino acid cytoplasmic tail at the C-terminus. CD47 is
overexpressed on the surface of many types of cancer cells. CD47 forms a signaling complex
with signal-regulatory protein o (SIRPa) on macrophages, neutrophils, and T lymphocytes,
enabling the escape of these cancer cells from macrophage-mediated phagocytosis. SIRPa is
expressed on myeloid cells, including macrophages and dendritic cells (DCs). Without being
bound by any particular theory, CD47 typically provides a “do not eat me” signal to
macrophages through binding to SIRPa to prevent phagocytosis. (See e.g., Li et al,
“Vaccination with CD47 deficient tumor cells elicits an antitumor immune response in mice.”
Nat Commun 11, 581 (2020)). Cells that lack CD47 are rapidly cleared from the bloodstream
by splenic red pulp macrophages. (See e.g., Oldenborg et al., “Role of CD47 as a marker of
self on red blood cells.” Science 288, 2051 (2000)). As an example in the context of a cancer
prophylactic or therapeutic, vaccination with CD47-deficient tumor cells may induce antitumor

immunity. (See Li et al., supra)

[0108] The terms “li(CD74) molecule”, “CD74 molecule”, “Cluster of Differentiation 747,
“major histocompatibility complex (MHC) class [I-associated Invariant chain (I1)”, “HLA class
IT histocompatibility antigen gamma chain”, and “HLA-DR antigen-associated invariant chain
(I)” refer to a protein that is encoded by the CD74 gene in humans. The Invariant chain (Ii) is
a polypeptide present in professional antigen presenting cells where it regulates peptide loading
onto MHC class II molecules and the peptidome presented to CD4* T lymphocytes. Generally,
activation of CD4" T cells requires delivery of a costimulatory signal plus an antigen-specific
signal consisting of peptide bound to an MHC II molecule. CD4™ T cells are typically activated
by professional antigen presenting cells (APC), which endocytose exogenously synthesized
antigen and process and present it in the context of their own MHC II molecules. This
processing and presentation process requires Invariant chain (Ii), a molecule that is
coordinately synthesized with MHC II molecules and prevents the binding and presentation of
APC-encoded endogenous peptides. Tumor-reactive CD4™ T cells are typically activated to
tumor peptides generated by the antigen processing machinery of professional APC, rather than
peptides generated by the tumor cells. Without being bound by any particular theory, tumor
cells lacking [i(CD74) may present a novel repertoire of MHC Il-restricted tumor peptides that
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are not presented by professional APC, and therefore may be highly immunogenic. Once
activated, CD4™ T cells produce IFNy and provide help to CD8" T cells and do not need to react
with native tumor cells. Therefore, the MHC 1II vaccines have the potential to activate
CD4" Thl cells that facilitate antitumor immunity. For instance, li(CD74)-negative breast
cancer cells are capable of presenting unique peptides that activate tumor specific T cells from
breast cancer patients. (See e.g., Chornoguz et al., 2012. “Major histocompatibility complex
class II+ invariant chain negative breast cancer cells present unique peptides that activate
tumor-specific T cells from breast cancer patients.” Molecular & Cellular Proteomics
(11)11:1457-67 (2012)). As an example in the context of a cancer prophylactic or therapeutic,
vaccination with Ii(CD74)-deficient tumor cells may induce antitumor immunity. (See

Chornoguz et al., supra)

[0109] The term “survival” refers to a length of time following the diagnosis of a disease
and/or beginning or completing a particular course of therapy for a disease (e.g., cancer). The
term “overall survival” includes the clinical endpoint describing patients who are alive for a
defined period of time after being diagnosed with or treated for a disease, such as cancer. The
term “disease-free survival” includes the length of time after treatment for a specific disease
(e.g., cancer) during which a patient survives with no sign of the disease (e.g., without known
recurrence). In certain embodiments, disease-free survival is a clinical parameter used to
evaluate the efficacy of a particular therapy, which is usually measured in units of 1 or 5 years.
The term “progression-free survival” includes the length of time during and after treatment for
a specific disease (e.g., cancer) in which a patient is living with the disease without additional
symptoms of the disease. In some embodiments, survival is expressed as a median or mean

value.

III.  Detailed Description of the Embodiments

[0110] The present disclosure is based, in part, on the inventors’ discovery that modified
human cancer cells (e.g., modified human cancer cell lines) containing selected HLA alleles
can elicit a robust immune response in the subject. Here, the inventors engineered targeting
constructs containing selected HLA-A and HLA-DRB3/4/5 alleles. To eliminate the
possibility of competition between endogenous HLA alleles and exogenous HLA alleles
introduced as part of the delivery construct in the modified cancer cells, the inventors
inactivated an endogenous HLA class I and/or HLA class II allele (e.g., a HLA-A and/or a
HLA-DRB3 allele) by genome editing. The engineered delivery construct containing the
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selected HLA alleles is transfected/electroporated or transduced with HLA knock-in constructs

into a human cancer cell to generate a clonal cell line.

[0111] In one aspect, the present disclosure provides a modified human cancer cell
comprising: (a) one or more recombinant polynucleotides each encoding an allele of a human
leukocyte antigen (HLA) class I gene; and (b) one or more recombinant polynucleotides each
encoding an allele of an HLA class II gene, wherein one or more HLA alleles endogenous to
the cell have been inactivated. In some embodiments, the modified human cancer cell expresses
at least one HLA class I allele and at least one HLA class II allele. Without being bound to any
theory, the presence of both an HLA class I allele and an HLA class II allele advantageously
allows the CD4+ T cells be activated by the class I molecules to provide help and boost the
activity of the CD8+ T cells being activated by the class  HLA molecules. It has also been
noted that CD8+ T cells can make cytokines which may provide help to CD4+ T cells, and
CD4+ T cells can be cytotoxic. The expression of both class I and class IT molecules on the
same modified cancer cell provides a self-sustaining feedback loop eliciting an immune

response in a subject receiving the modified cancer cell.

[0112] In some embodiments, the recombinant polynucleotides are integrated into the
genome of the cell. In other embodiments, the recombinant polynucleotides are present on one
or more vectors in the cell. In some instances, all of the recombinant polynucleotides can be
present on the same vector. In other instances, each recombinant polynucleotide can be present
on a separate vector. In yet other instances, two, three, four, five, six, or more recombinant
polynucleotides can be present on the same vector. Any number of combinations of
recombinant polynucleotides on a single vector and any number of vectors in a cell is permitted.
In certain instances, all of the recombinant polynucleotides encoding HLA class I alleles can
be present on one vector, and all of the recombinant polynucleotides encoding HLA class II
alleles can be present on another vector. In particular embodiments, each vector in the cell
comprises two recombinant polynucleotides. As a non-limiting example, recombinant
polynucleotides encoding two unique HLA class I alleles (e.g., HLA-A alleles) can be present
on the same vector. As another non-limiting example, recombinant polynucleotides encoding
two unique HLA class II alleles (e.g., HLA-DRB3, HLA-DRB4, and/or HLA-DRBS alleles)
can be present on the same vector. As a further non-limiting example, recombinant
polynucleotides encoding two unique cytokines and co-stimulatory molecules (e.g., pairwise
combinations of GM-CSF, IFN-qa, CD80, CD86, IL-12, IL-7, HLA-DRA, and 4-1BBL) can be

present on the same vector. In particular embodiments, the cell comprises: (a) a vector
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comprising recombinant polynucleotides encoding two unique HL A class I alleles (e.g., HLA-
A alleles); (b) a vector comprising recombinant polynucleotides encoding two unique HLA
class [T alleles (e.g., HLA-DRB3, HLA-DRB4, and/or HLA-DRBS alleles); and (c) one or more
vectors (e.g., one, two, three, four, or more vectors) each comprising recombinant
polynucleotides encoding two unique cytokines and co-stimulatory molecules (e.g., pairwise

combinations of GM-CSF, IFN-¢, CD80, CD86, IL-12, IL-7, HLA-DRA, and 4-1BBL).

[0113] The recombinant polynucleotide in the context of the present disclosure may
comprise polynucleotides encoding at least one HLA-A class I allele and at least one HLA-A
class IT allele. Generally, the HLA alleles are selected based on their profile. Without being
bound by any particular theory, HLA alleles are highly polymorphic. A less polymorphic HLA
allele may be present in a larger proportion of the population. In some embodiments, the HLA
(e.g., HLA-A and/or HLA-DRB) alleles selected for the modified human cancer cell described
herein have low polymorphism and have at least a single match in at least 50%, at least 55%,
at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, or at least 99% of the population. As a non-limiting example, the HLA-A alleles
selected for the modified human cancer cell described herein match the HLA-A alleles in about
92% of the population. As another non-limiting example, the HLA-DRB (e.g., HLA-DRB3,
HLA-DRB4, and/or HLA-DRB5) alleles selected for the modified human cancer cell described
herein match the HLA-DRB alleles in about 98% of the population. In some embodiments, the

population is a cancer patient population.

[0114] In some embodiments, the HLA class I gene is an HLA-A gene, an HLA-B gene, an
HLA-C gene, an HLA-E gene, an HLA-F gene, an HLA-G gene, or a B2ZM gene. In other
embodiments, the HLA class I gene is a combination of an HLA-A gene, an HLA-B gene, an
HLA-C gene, an HLA-E gene, an HLA-F gene, an HLA-G gene, and/or a B2M gene. In some
embodiments, the modified human cancer cell comprises recombinant polynucleotide(s)

encoding alleles of one or more (e.g., 1,2, 3,4,5,6,7, 8,9, 10, or more) HLA class I genes.

[0115] Examples of suitable HLA-A alleles include but are not limited to HLA-A*11:01,
HLA-A*01:01, HLA-A*02:01, HLA-A*03:01, HLA-A*26:01, HLA-A*29:02, HLA-
A*32:01, HLA-A*24:02, HLA-A*33:03, HLA-A*68:01, HLA-A*31:01, and HLA-A*02:06.
Modified human cancer cells of the present invention can comprise one or more (e.g., 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, or more) recombinant polynucleotides encoding HLA-A alleles. In

some embodiments, the one or more HLA-A alleles are each present at a median frequency of
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at least about 2% in a population. In other embodiments, the one or more HLA-A alleles are
each present at a maximum frequency of at least about 5% in a population. In still other
embodiments, the one or more HLLA-A alleles are each present at a median frequency of at least

about 2% and a maximum frequency of at least about 5% in a population.

[0116] Examples of suitable HLA-B alleles include but are not limited to HLA-B*13:02,
HLA-B*41:01, HLA-B*18:03, HLA-B*44:02, HLA-B*07:02, HLA-B*35:01, HLA-B*40:01,
HLA-B*35:08, HLA-B*55:01, HLA-B*51:01, HLA-B*44:03, HLA-B*58:01, HLA-B*08:01,
HLA-B*18:01, HLA-B*15:01, and HLA-B*52:01. Modified human cancer cells of the present
disclosure can comprise one or more (e.g., 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, or
more) recombinant polynucleotide(s) encoding HLA-B alleles. In some embodiments, the one
or more HLA-B alleles are each present at a median frequency of at least about 2% in a
population. In other embodiments, the one or more HLA-B alleles are each present at a
maximum frequency of at least about 5% in a population. In still other embodiments, the one
or more HLA-B alleles are each present at a median frequency of at least about 2% and a

maximum frequency of at least about 5% in a population.

[0117] Examples of suitable HLA-C alleles include but are not limited to HLA-C*04:01,
HLA-C*07:02, HLA-C*07:01, HLA-C*06:02, HLA-C*03:04, HLA-C*01:02, HLA-C*02:02,
HLA-C*08:02, HLA-C*15:02, HLA-C*03:03, HLA-C*05:01, HLA-C*08:01, HLA-C*16:01,
HLA-C*12:03, and HLA-C*14:02. Modified human cancer cells of the present disclosure can
comprise one or more (e.g., 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, or more) recombinant
polynucleotide(s) encoding HLA-C alleles. In some embodiments, the one or more HLA-C
alleles are each present at a median frequency of at least about 2% in a population. In other
embodiments, the one or more HLA-C alleles are each present at a maximum frequency of at
least about 5% in a population. In still other embodiments, the one or more HLA-C alleles are
each present at a median frequency of at least about 2% and a maximum frequency of at least

about 5% in a population.

[0118] In some embodiments, the HLA class II gene is an HLA class II alpha subunit gene.
In other embodiments, the HLA class II gene is an HLA class II beta subunit gene. In particular
embodiments, the HLA class II gene is a combination of HLA class II alpha subunit and HLA

class II beta subunit genes.

[0119] In other embodiments, the HLA class II gene is an HLA-DP gene, an HLA-DM gene,
an HLA-DO gene, an HLA-DQ gene, and/or an HLA-DR gene. In some instances, the HLA-
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DO gene is an HLA-DOA gene. In other instances, the HLA-DO gene is an HLA-DOB gene.
In particular instances, the modified human cancer cell comprises recombinant nucleotides
encoding both HLA-DOA and HLA-DOB gene alleles. In some instances, the HLA-DM gene
is an HLA-DMA gene. In other instances, the HLA-DM gene is an HLA-DMB gene. In
particular instances, the modified human cancer cell comprises recombinant nucleotides

encoding both HLA-DMA and HLA-DMB gene alleles.

[0120] In some embodiments, the HLA-DR gene is an HLA-DRA gene, an HLA-DRBI
gene, an HLA-DRB3 gene, an HLA-DRB4 gene, and/or an HLA-DRBS5 gene. In particular
embodiments, the modified human cancer cell comprises recombinant polynucleotides

encoding alleles of one or more (e.g., 1, 2, 3, 4, 5, or more) HLA-DR gene(s).

[0121] Examples of suitable HLA-DRB3 alleles include but are not limited to HLA-
DRB3*02:02, HLA-DRB3*01:01, and HLA-DRB3*03:01. Examples of suitable HLA-DRB4
alleles include but are not limited to HLA-DRB4*01:01 and HLA-DRB4*01:03. Examples of
suitable HLA-DRBS5 alleles include but are not limited to HLA-DRB5*01:02, HLA-
DRB5*01:01, and HLA-DRB5*02:02. Modified human cancer cells of the present disclosure
can comprise one or more (e.g, 1, 2, 3, 4, 5, or more) recombinant polynucleotide(s) encoding
HLA-DRB3/4/5 alleles. In some embodiments, the one or more HLA-DRB3/4/5 alleles are
each present at a median frequency of at least about 2% in a population. In other embodiments,
the one or more HLA-DRB3/4/5 alleles are each present at a maximum frequency of at least
about 5% in a population. In still other embodiments, the one or more HLA-DRB3/4/5 alleles
are each present at a median frequency of at least about 2% and a maximum frequency of at

least about 5% in a population.

[0122] In some embodiments, the modified human cancer cell comprises at least one
recombinant polynucleotide encoding one or more HLA class I genes selected from any one
class I gene, a codon optimized version, a variant thereof, or a fragment thereof listed in Table
1 (SEQ ID NOS:1-13, 22-29). For instance, the modified human cancer cell may comprise a
recombinant polynucleotide encoding 1, 2, 3, 4 or more HLA class I genes driven by one or
more promoters. In some embodiments, the modified human cancer cell further comprises at
least one recombinant polynucleotide encoding one or more HLA class II genes selected from
any one class Il gene, a codon optimized version, a variant, or a fragment thereof listed in Table
1 (SEQ ID NOS:14-21, 30-35). For instance, the modified human cancer cell may comprise

a recombinant polynucleotide encoding 1, 2, 3, 4 or more HLA class II genes driven by one or
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more promoters. [0123] In some embodiments, the modified human cancer cell
comprises at least two recombinant polynucleotides each encoding a HLA class I gene selected
from any one class I gene, a codon optimized version, a variant, or a fragment thereof listed in
Table 1 (SEQ ID NOS:1-13, 22-29). For instance, the modified human cancer cell may
comprise a first recombinant polynucleotide encoding a first HLA class I gene and a second
recombinant polynucleotide encoding a second HLA class I gene. In some embodiments, the
modified human cancer cell comprises at least two recombinant polynucleotides each encoding
a HLA class II gene selected from any class II gene, a codon optimized version, a variant
thereof, or a fragment thereof listed in Table 1 (SEQ ID NOS:14-21, 30-35). For instance,
the modified human cancer cell may comprise a recombinant polynucleotide encoding a first
HLA class II gene and a second recombinant polynucleotide encoding a second HLA class II

gene.

Table 1. Listing of SEQ ID NOS

POLYNUCLEOTIDES SEQID NO
HLA-A*01:01 SEQ ID NO:1
HLA-A*68:01 SEQ ID NO:2
HLA-A*02:01 SEQ ID NO:3
HLA-A*11:01 SEQ ID NO:4
HLA-A*03:01 SEQ ID NO:5
HLA-A*23:01 SEQ ID NO:6
HLA-A*33:03 SEQ ID NO:7
HLA-A*24:02 SEQ ID NO:8
HLA-A*02:06 SEQ ID NO:9
HLA-A*26:01 SEQ ID NO:10
HLA-A*29:02 SEQ ID NO:11
HLA-A*31:01 SEQ ID NO:12
HLA-A*32:01 SEQ ID NO:13
HLA-DRB3*02:02 SEQ ID NO:14
HLA-DRB4*01:01 SEQ ID NO:15
HLA-DRB3*03:01 SEQ ID NO:16
HLA-DRB3*01:01 SEQ ID NO:17
HLA-DRB5*01:02 SEQ ID NO:18
HLA-DRB5*01:01 SEQ ID NO:19
HLA-DRB5*02:02 SEQ ID NO:20
HLA-DRB4*01:03 SEQ ID NO:21
HLA-A*01:01 (codon optimized) SEQ ID NO:22
HLA-A*68:01 (codon optimized) SEQ ID NO:23
HLA-A*02:01 (codon optimized) SEQ ID NO:24
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POLYNUCLEOTIDES SEQID NO
HLA-A*11:01 (codon optimized) SEQ ID NO:25
HLA-A*03:01 (codon optimized) SEQ ID NO:26
HLA-A*23:01-79.6% (codon optimized) SEQ ID NO:27
HLA-A*23:01-80.05% (codon optimized) SEQ ID NO:28
HLA-A*33:03 (codon optimized) SEQ ID NO:29
HLA-DRB3*02:01 (codon optimized) SEQ ID NO:30
HLA-DRB5*01:01 (codon optimized) SEQ ID NO:31
HLA-DRB3*03:01 (codon optimized) SEQ ID NO:32
HLA-DRB5*01:02 (codon optimized) SEQ ID NO:33
HLA-DRB4*01:01-79.78% (codon optimized) SEQ ID NO:34
HLA-DRB4*01:01-80.27% (codon optimized) SEQ ID NO:35
HLA-DRA (codon optimized) SEQ ID NO:36
4-1BBL -77.85% (codon optimized) SEQ ID NO:37
4-1BBL -75.91% (codon optimized) SEQ ID NO:38
CSF2 (codon optimized) SEQ ID NO:39
IFNA2 (codon optimized) SEQ ID NO:40
IL7-72.64% (codon optimized) SEQ ID NO:41
IL7-77.32% (codon optimized) SEQ ID NO:42
CD80 (codon optimized) SEQ ID NO:43
IL-12 (bioactive form) SEQ ID NO:44

[0124] In some embodiments, the modified human cancer cell comprises one or more
recombinant polynucleotides encoding a combination of at least a cytokine, a co-stimulatory
molecule, a heterologous antigen (e.g., an antigen of a pathogen, a tumor-associated antigen, a
neo-antigen, an allergen, an antigen that is the target of an immune response), a variant thereof,
or a fragment thereof. The cytokine can be a chemokine, an interferon, an interleukin, or a
tumor necrosis factor. The cytokine can be selected from an early T cell activation antigen-1
(ETA-1), alymphocyte-activating factor (LAF), an interleukin-1 family member (IL-1a, IL-3,
IL-1Ra, IL-18, IL-33, IL-36Ra, IL-360, IL-36f, IL-36Y, IL-37, IL-38), an interleukin-2 (IL-
2), an interleukin-3 (IL-3), an interleukin-4 (IL-4), an interleukin-5 (IL-5), an interleukin-6 (IL-
6), an interleukin-7 (IL-7), an interleukin-8 (IL-8), an interleukin-9 (IL-9), an interleukin-10
(IL-10), an interleukin-12 (IL-12), an interleukin-13 (IL-13), an interleukin-15 (IL-15), an
interleukin-17 (IL-17), an interleukin-18 (IL-18), an interleukin-21 (IL-21), an interleukin-23
(IL-23), an interleukin-25 (IL-25), an interleukin-33 (IL-33), an interferon alpha (IFN-a), an
interferon lambda 1 (IFNA1 (IL-29}), an interferon lambda 2 (IFNAZ (IL-28A)), an interferon
lambda 3 (JFNA3 (IL-28B})), an wterferon lambda 4 (IFNX4), a granulocyte-macrophage
colony-stimulating factor (GM-CSF), a macrophage CSF (CSF-1), a macrophage migration
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inhibitory factor (MIF), a CD40L molecule (CD40L), a RANTES molecule (RANTES), a
monocyte chemoattractant protein (MCP-1), a monocyte inflammatory protein (MIP-10, MIP-
1B), a lymphotactin, or a fractalkine. The co-stimulatory molecule can be selected from at least
one of a CD86 molecule (CD86), CD80 molecule (CD80), 4-1BB ligand molecule (4-1BBL,
also known as TNFSF9 or CD137L), ICOS ligand molecule (ICOS-L), CD70 molecule (CD70
aka. CD27L), CD40 molecule (CD40), OX40 ligand molecule (OX40L), GITR ligand
molecule (GITRL), TIM-4 molecule (TIM-4), LIGHT molecule (LIGHT), ICAM1 molecule
(ICAM1), LFA3 molecule (LFA3), a CD30 molecule (CD30), and a combination thereof.

[0125] In some embodiments, the expression of the HLA alleles, heterologous antigens,
cytokines (e.g., GM-CSF, and/or IFN-a2), and co-stimulatory molecules are under the control
of two or more different promoters. In some instances, the expression of each HLA alleles,
heterologous antigens, cytokines (e.g., GM-CSF, and/or IFN-a2), and co-stimulatory
molecules is under the control of a separate promoter. In some embodiments, the expression
of the HLA alleles, heterologous antigens, cytokines (e.g., GM-CSF, and/or IFN-02), and co-
stimulatory molecules are under the control of a single promoter. In some instances, the HLA
alleles, heterologous antigens, cytokines (e.g., GM-CSF, and/or IFN-02), and co-stimulatory
molecules are expressed as a polycistronic mRNA in a multicistronic vector. In particular
instances, one or more cistrons are separated by internal ribosomal entry sites. In other
instances, one or more cistrons are separated by a self-cleaving peptide (e.g., a T2A, P2A, E2A,
F2A). The one or more recombinant polynucleotides may be introduced into an expression
vector for synthesizing the corresponding HLLA alleles. Exemplary vector construction is

discussed in detail in Section B, Example 1 and Example 5.

[0126] In some embodiments, the modified human cancer cell comprises (a) one or more
vectors each comprising a recombinant polynucleotide encoding at least one gene selected from
CSF2, IFN-02, CD86, IL-12, CD80, HLA-DRA, IL-7, and/or 4-1BBL (e.g., four vectors each
comprising a recombinant polynucleotide encoding two different genes); (b) one or more
vectors each comprising a recombinant polynucleotide encoding at least one gene selected from
HLA-A*01:01, HLA-A*68:01, HLA-A*02:01, HLA-A*11:01, HLA-A*03:01, HLA-
A*23:01, HLA-A*24:02, and/or HLA-A*33:03; and (¢) one or more vectors comprising a
recombinant polynucleotide encoding at least one gene selected from HLA-DRB3*02:02,
HLA-DRB5*01:01, HLA-DRB4*01:01, HLA-DRB3*01:01, HLA-DRB3*03:01, HLA-
DRB5*01:02, and/or HLA-DRB5*02:02.
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[0127] In some embodiments, the modified human cancer cell comprises (a) one or more
vectors each comprising a recombinant polynucleotide encoding at least one gene selected from
CSF2, IFN-02, CD86, IL-12, CD80, HLA-DRA, IL-7, and/or 4-1BBL (e.g., four vectors each
comprising a recombinant polynucleotide encoding two different genes), (b) a vector
comprising a recombinant polynucleotide encoding an HLA-A*01:01 allele and an HLA-
A*68:01 allele, or an HLA-A*02:01 allele and an HLA-A*11:01 allele, or an HLA-A*03:01
allele and an HLA-A*23:01 allele, or an HLA-A*24:02 allele and an HLA-A*33:03 allele; and
(c) a vector comprising a recombinant polynucleotide encoding an HLA-DRB3*02:02 allele
and an HLA-DRB5*01:01 allele, or an HLA-DRB4*01:01 allele and an HLA-DRB3*01:01
allele, or an HLA-DRB3*03:01 allele and an HLA-DRB5*01:02 allele, or an HLA-
DRB5*02:02 allele and an HLA-DRB3*01:01 allele.

[0128] In various embodiments, each vector comprises a recombinant polynucleotide
encoding one or more 2A splicing peptides selected from T2A, P2A, or E2A located between
polynucleotides encoding two of the genes, two of the HLA alleles, and/or a gene and an HLA

allele.

[0129] In some embodiments, the modified human cancer cell comprises one or more HLA-
A and/or HLA-DR alleles endogenous to the cell that have been inactivated. In some
embodiments, the human cancer cell further comprises an inactivated HLA-DRB3 allele, HLA-
DRB4 allele, and/or HLA-DRBS allele. In some embodiments, the one or more HLA alleles
that have been inactivated have a sequence of at least 85% identity to any one of SEQ ID NOS:
1-36 (Table 1), a variant thereof, or a fragment thereof. In some embodiments, the modified
human cancer cell comprises an inactivated HLA-A*24:02 allele and/or an HLA-A*11:01
allele, a variant thereof, or a fragment thereof. In some embodiments, the modified human
cancer cell further comprises an inactivated HLA-DRB3*01:01 allele and/or an HLA-
DRB3*02:02 allele, a variant thereof, or a fragment thereof. As a non-limiting example, the
modified human cancer cell may comprise at least one inactivated HLA-A allele and at least
one inactivated HLA-DRB3/3/5 allele. In some embodiments, the modified human cancer cell
comprises an inactivated HLA-A*24:02 allele, HLA-A*11:01 allele, DRB3*01:01 allele,
HLA-DRB3*02:02 allele, or a combination thereof. In some embodiments, the modified
human cancer cell further comprises an inactivated CD47 molecule, a variant thereof, or a
fragment thereof, such that cell surface expression of CD47 is reduced or eliminated. In certain
instances, the modified cancer cells described herein deficient in CD47 expression have

increased immunogenicity. In some embodiments, the modified human cancer cell further

44



WO 2023/167973 PCT/US2023/014337

comprises an inactivated [i(CD74) molecule, a variant thereof, or a fragment thereof. In some
embodiments, the modified cancer cells described herein (e.g., Bria-OTS cell lines) comprise
inactivated Ii (CD74), a variant, or a fragment thereof, such that cell surface expression of
[i(CD74) is reduced or eliminated. In certain instances, the modified cancer cells described
herein (e.g., Bria-OTS cell lines) that are deficient in Ii (CD74) expression have increased
immunogenicity. In some embodiments, the modified cancer cells described herein (e.g., Bria-
OTS cell lines) that overexpress HLA-DRA overcome the inhibitory effect of Ii on tumor cells.
In some embodiments, overexpression of HLA-DRA and deficiency in li(CD74) expression in
the modified cancer cells described herein (e.g., Bria-OTS cell lines) have a synergistic effect
on inducing antitumor immunity. As a non-limiting example, the modified human cancer cell
may comprise an inactivated HLA-A*24:02 allele, HLA-A*11:01 allele, DRB3*01:01 allele,
HLA-DRB3*02:02 allele, or a combination thereof, and an inactivated CD47 molecule, a
variant thereof, or a fragment thereof. As another non-limiting example, the modified human
cancer cell may comprise an inactivated HLA-A*24:02 allele, HLA-A*11:01 allele,
DRB3*01:01 allele, HLA-DRB3*02:02 allele, or a combination thereof, and an inactivated Ii
(CD74) molecule, a variant thereof, or a fragment thereof. As yet another non-limiting
example, the modified human cancer cell may comprise an inactivated HLA-A*24:02 allele,
HLA-A*11:01 allele, DRB3*01:01 allele, HLA-DRB3*02:02 allele, or a combination thereof,
an inactivated CD47 molecule, a variant thereof, or a fragment thereof, and an inactivated Ii

(CD74) molecule, a variant thereof, or a fragment thereof.

[0130] In some embodiments, the modified human cancer cell is derived from a human
cancer cell line. Any number of human cancer cells or cancer cell lines are suitable for use in
the compositions and methods described herein, including, for example, clonal or non-clonal
human cancer cells or cancer cell lines. Non-limiting examples of human cancer cell lines
include the following cell lines and subclones thereof: the SV-BR-1, SVCT, MDA-MB-231,
MDA-MB-157, ZR-75-30, ZR-75-1, Hs 578T, MCF7, T47D, MTSV1-7 CEl, 1-7HB2,
VP303, VP267, and VP229 breast cancer cell lines; the PC-3, LNCaP (e.g., clone FGC), Shmac
5, PAE6, and VCaP prostate cancer cell lines; the NCI-H2228, SHP-77, COR-L23/R, COR-
L23/5010, MOR/0.2R, NCI-H69/1.X20, ChaGo-K-1, and Meta 7 lung cancer cell lines; the
SK-MEL-24 melanoma cell line; the UM-UC-3, T24/83, ECV304, RT4, and HT 1197 bladder
cancer cell lines; the MDSTS8, C170, GP5d, GP2d, and LS 123 colon cancer cell lines; the
MFE-280 and MFE-296 endometrial cancer cell lines; the CAKI 2, A.704, G-402, ACHN, G-
401, UM-RC-7, and RCC4plusVHL renal cancer cell lines; the SK-HEP-1, Hep 3B,
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PLC/PRF/5, Hep G2, and Huh-7D12 liver cancer cell lines; the HL60, Eos-HL-60, JVM-13,
Sci-1, and Ri-1 leukemia cell lines; the BHL-89, COR-L24, U937(CD59+), My-La CD8+, and
HGC-27 lymphoma cell lines; the A375-C6, GR-M, VA-ES-BJ, MEWO, and COLO 818 skin
cancer cell lines; the AsPC-1, HuP-T4, HuP-T3, BxPC-3, and CFPAC-1 pancreatic cancer cell
lines; the 8505C, 8305C, FTC-238, TT, RO82-W-1, and K1 thyroid cancer cell lines; the HeLa
DH, HR5-CL11, HtTA-1, HR5, X1/5, HeLa, C-41, C-4 11, HeLa S3, Ca Ski, HeLa229, Hep2
(HeLa derivative), HeLa B, Bu25 TK- HeLa Ohio, and HeLa (AC-free) cervical cancer cell
lines; the NB69, BE(2)-C, BE(2)-M17, SK-N-BE(2), and SK-N-DZ brain cancer cell lines; the
OV7, OV17R, OV58, OV56, A2780ADR, A2780, COLO 720 E, SW 626, SK-OV-3, PA-1,
59M, OAW28, TO14, PEO23, and COV362 ovarian cancer cell lines; the IMR 32 abdominal
cancer cell line; the SW 13 adrenal cortex cancer cell line; the TR146 buccal mucosa cancer
cell line; the SK-GT-4 esophageal cancer cell line; the TE 671 embryonic cancer cell line; the
FLYRDI18 fibrosarcoma cell line; the 1411H germ cell tumor cell line; the MFM-223
mammary gland cancer cell line; the H-EMC-SS muscle cancer cell line; the Detroit 562
pharyngeal cancer cell line; the BeWo placental cancer cell line; the Mero-95 pleural cavity
cancer cell line, the SW 837, SW 1463, CMT 93, HRT-18, and HRA-19 rectal cancer cell lines;
the Y79, WERI, and RB247C retinal cancer cell line; the CHP-100 spinal cancer cell line; the
KARPAS 1718 splenic lymphoma cell line; the AGS and KATO-III stomach cancer cell lines;
the NTERA-2 clone D1 testicular cancer cell line; the SCC-9, H357, H103, BICR 56, and
PE/CA-PJ49 tongue cancer cell lines; the MES-SA/Dx-5, MES-SA, COLO 685, and COLO
684 uterine cancer cell lines; and the HMVII vaginal cancer cell line. In particular
embodiments, the human cancer cell line is a breast cancer (e.g., SV-BR-1), prostate cancer
(e.g., PC-3, LNCaP), melanoma (e.g., SK-MEL-24), or lung cancer (e.g., NCI-H2228) cell line.
The cell lines described herein and others are available, for example, from Sigma-Aldrich
(www sigmaaldrich.com). In other embodiments, the modified human cancer cell is derived
from a cancer cell obtained from a tumor biopsy, for example, from a subject who is to be

treated for cancer prior to modification of the cancer cell.

A. Selected HLA alleles

[0131] In one aspect, the modified human cancer cell described herein (e.g., Bria-OTS cell
line) may express combinations of HLA genes having a sequence of any one of SEQ ID NOS:
1-35 (Table 1), a variant thereof, or a fragment thereof. As an illustration, a modified human
cancer cell described herein (e.g., Bria-OTS cell line) may comprise: a combination of HLA-

A*01:01, HLA-A*68:01, HLA-DRB3*02:02 and/or HLA-DRB4*01:01 alleles; a combination
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of HLA-A*02:01, HLA-A*11:01, HLA-DRB4*01:01 and/or HLA-DRB3*03:01 alleles; a
combination of HLA-A*03:01, HLA-A*23:01, HLA-DRB3*01:01 and/or HLA-DRB5*01:02
alleles; or a combination of HLA-A*33:03, HLA-DRB5*01:01 and/or HLA-DRB5%*02:02
alleles, and optionally an HLA-A*24:02 allele. As another illustration, a modified human
cancer cell described herein (e.g., Bria-OTS cell line) may comprise: a combination of HLA-
A*01:01, HLA-A*68:01, HLA-DRB3*02:02 and/or HLA-DRB5*01:01 alleles; a combination
of HLA-A*02:01, HLA-A*11:01, HLA-DRB4*01:01 and/or HLA-DRB3*01:01 alleles; a
combination of HLA-A*03:01, HLA-A*23:01, HLA-DRB3*03:01 and/or HLA-DRB5*01:02
alleles; or a combination of HLA-A*24:02, HLA-A*33:03, HLA-DRB5*02:02 and/or HLA-
DRB3*01:01 alleles.

[0132] In another aspect, the modified human cancer cell described herein (e.g., Bria-OTS
cell line) may express: (a) at least one HLA gene having a sequence of any one of SEQ ID
NOS: 1-21 (Table 1), a variant thereof, or a fragment thereof; (b) at least one codon optimized
HLA gene (e.g., polynucleotides ending an HLA class I allele and/or an HLA class II allele)
having a sequence of any one of SEQ ID NOS: 22-35 (Table 1), a variant thereof, or a
fragment thereof, and/or (¢) at least one codon optimized co-stimulatory molecule having a
sequence of any one of SEQ ID NOS: 36-44 (Table 1), a variant, thereof or a fragment thereof.
For instance, a modified human cancer cell described herein (e.g., Bria-OTS cell line) may
comprise an HLA-A*68:01 allele, a variant thereof, or a fragment thereof;, a codon optimized
HLA-A*01:01 allele, a variant thereof, or a fragment thereof;, and a co-stimulatory molecule,

a variant thereof, or a fragment thereof.

[0133] In some aspects, any one of the HLA genes, variants thereof, or fragments thereof
may have a polynucleotide sequence having at least 70%, 75%, 80%, 85%, 90%, 95%, 99%,
or higher identity or similarity with its counterpart wild-type sequence. In some embodiments,
any one of the HLA genes, variants thereof, or fragments thereof may have a polynucleotide
sequence having at most 70%, 75%, 80%, 85%, 90%, 95%, or 99% identity or similarity with
its counterpart wild-type sequence. In some embodiments, a polynucleotide encoding the
modified HLA allele or codon-optimized HLA allele, a variant thereof, or a fragment thereof
has at least 70%, 75%, 80%, 85%, 90%, 95%, 99%, or higher identity or similarity with its
counterpart wild-type sequence. In some embodiments, a polynucleotide encoding the
modified HLA allele or codon-optimized HLA allele, a variant thereof, or a fragment thereof
has at most 70%, 75%, 80%, 85%, 90%, 95%, or 99% identity or similarity with its counterpart

wild-type sequence. In some embodiments, a polynucleotide encoding the modified HLA
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allele or codon-optimized HLA allele, a variant thereof, or a fragment thereof has about 10%
to 99%, about 30% to 80%, about 40% to 95%, about 60% to 85% identity or similarity with

its counterpart wild-type sequence.

B. Expression vectors for selected HLA alleles

[0134] In some embodiments, the modified human cancer cell described herein contains one
or more expression vectors for expressing the recombinant HLA alleles. A wide variety of
expression vectors may be used, such as retroviral vectors, lentiviral vectors, adenoviral
vectors, adeno-associated viral vectors, plasmids or transposons. Viral vectors that may be
used, for example, include vectors based on HIV, SV40, EBV, HSV or BPV. The expression
vectors may be replication-defective by design such that the viral vector is defective for one or
more functions that are essential for viral genome replication or synthesis and assembly of viral
particles. Many of the currently existing replication-defective viruses can carry large
therapeutic genes, effectively transduce various types of cells, and provide long-term and stable

expression of genes of interest.

[0135] Lentiviruses are a subset of retroviruses commonly used in research. Lentiviruses
can transduce both dividing and non-dividing cells without a significant immune response.
These viruses also integrate stably into the host genome, enabling long term transgene
expression. A common lentivirus is the human immunodeficiency virus (HIV), which uses the

envelope glycoproteins of other viruses to target a broad range of cell types.

[0136] One safety feature of lentiviruses is that the components necessary to produce an
infectious viral particle (a virion) are generally divided among multiple plasmids. For instance,
an infectious viral particle may comprise plasmids that components of the viral capsid and
envelope (typically called the packaging and envelope plasmids), and plasmid that encodes
the viral genome (typically called the transfer plasmid). Common lentiviral packaging and
envelope plasmids that can be used herein include, but are not limited to, pRSV-Rev,
pMDLg/pRRE, psPAX2, pCMV delta R8.2, pMD2.G, pCMV-VSV-G, pCMV-dR8.2 dvpr,
pCI-VSVG, pCPRDEnv, pLTR-RD114A, pLTR-G, pCD/NL-BH*DDD, psPAX2-D64V,
pCEP4-tat, pHEF-VSVG, pNHP, pCAG-Eco, and pCAG-VSVG. Common lentiviral transfer
plasmids that can be used herein include, but are not limited to, pLKO.1 puro, pLKO.1 — TRC
cloning plasmid, pLKO.3G, Tet-pLKO-puro, pSico, pLIMI1-EGFP, FUGW, pLVTHM,
pLVUT-tTR-KRAB, pLL3.7, pLB, pWPXL, pWPI, EF.CMV RFP, pLenti CMV Puro DEST,
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pLenti-puro, pLOVE, pULTRA, pLX301, plnducer20, pHIV-EGFP, Tet-pLKO-neo, pLV-
mCherry, pPCW57.1, pLionll, pSLIK-Hygro, and pInducer10-mir-RUP-PheS.

[0137] There are multiple approaches to produce lentiviral vectors. (See Logan et al.
“Factors influencing the titer and infectivity of lentiviral vectors.” Hum Gene Ther. 2004
Oct;15(10):976-88. doi: 10.1089/hum.2004.15.976. PMID: 15585113; Dull, T et al. “A third-
generation lentivirus vector with a conditional packaging system.” Journal of virology vol.
72,11 (1998): 8463-71. doi:10.1128/JV1.72.11.8463-8471.1998). Alternatively, lentiviral
vectors may be purchased from commercial providers. In general, production of lentiviral
vectors involves multiple steps including plasmid development and production, cell expansion,
plasmid transfection, viral vector production, purification, fill and finish. (See e.g.,
www.addgene .org/viral-vectors/lentivirus/; www.thermofisher.com/us/en/home/clinical/cell-

gene-therapy/gene-therapy/lv-production-workflow.html).

[0138] The lentiviral vector may be designed to express one or more genes of interest
simultaneously. Various molecular strategies are available, including the use of multiple
promoters, signals of splicing, fusion of genes, cleavage factors and multicistronic vectors. (See
e.g., review by Shaimardanova et al., “Production and application of multicistronic constructs

for various human disease therapies.” Pharmaceutics 2019, 11, 580.)

[0139] Multicistronic vectors generally contain sequences encoding the nucleotide
sequences of internal ribosome entry site (IRES) and self-cleaving 2A peptides. The use of
IRES and self-cleaving 2A peptides allows simultaneous expression of two or more separate

proteins from the same mRNA.

[0140] Self-cleaving 2A peptides are used for the production of multicistronic vectors due to
their small size and self-cleavage ability. 2A peptides are composed of 16-20 amino acids and
originate from viral RNA. Common 2A peptides used to produce multicistronic vectors are
F2A (2A peptide derived from the foot-and-mouth disease virus), E2A (2A peptide derived
from the equine rhinitis virus), P2A (2A peptide derived from the porcine teschovirus-1), and

T2A (2A peptide derived from the Thosea asigna virus).

[0141] In constructs with 2A peptide sequences, translation is initiated once and synthesis
along mRNA occurs continuously. During translation, the first peptide breaks from the second
peptide in the 2A region. 2A peptide cleavage site is located between glycine and proline. The
cleavage process occurs inside the ribosome during protein synthesis. The formation of a

normal peptide bond between the amino acids is inhibited only at the cleavage site, thus the
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cleavage does not affect the translation of the subsequent protein and synthesis continues
without the dissociation of ribosome. Thus, translation of multiple genes are dependent of each
other. The use of different 2A peptides may influence the expression levels of downstream
protein. Combinations of the order of 2A peptide sequence may prevent gradual decrease in
the gene expression from the first to the last in multicistronic constructs. For instance, the
combination of 2A peptide sequences in the following order, namely T2A, P2A, and E2A, is

optimal when creating multicistronic vectors containing four genes.

[0142] In some embodiments, the modified human cancer cells described herein are
expressed using non-viral approaches. Exemplary methods include, but are not limited to,
cationic lipids such as liposomes and lipoplexes, polymers or polyplexes and dendrimers,
naked plasmids for direct delivery, electroporation, ultrasound and micro bubbles,

magnetofections, inorganic molecules.

[0143] In one aspect, the present disclosure provides an expression vector for the modified
human cancer cell described herein. The vector may comprise one or more recombinant
polynucleotides encoding at least one HLA-A class I allele and at least one HLA-A class 11
allele (e.g., at least one HLA-DRB3 allele, at least one HLA-DRB4 allele, and/or at least one
HLA-DRBS allele) selected from any one of SEQ ID NOS: 1-35 (Table 1), a variant thereof,
or a fragment thereof. The recombinant polynucleotide may further comprise at least one co-
stimulatory molecule, and/or at least one HLA allele selected from any one of SEQ ID NOS:
36-44 (Table 1). In some embodiments, the HLA allele is a codon-optimized HLA allele (e.g.,
HLA-DRA). In some embodiments, the recombinant polynucleotide further comprises a
sequence encoding one or more cytokines (e.g., GM-CSF, IFN-02 including IFN-02a and IFN-
a2b). In some embodiments, the recombinant polynucleotide encoding the HLA-A class I
alleles and HLA-A class II alleles (e.g., HLA-DRB3 alleles, HLA-DRB4 alleles, and/or HLA-
DRBS alleles), co-stimulatory molecules, heterologous antigens, and/or cytokines, each has a
sequence having at least 70%, 75%, 80%, 85%, 90%, 95%, 99%, or higher identity or similarity
with their counterpart wild-type sequence; each has a sequence having at most 70%, 75%,
80%, 85%, 90%, 95%, or 99% identity or similarity with their counterpart wild-type sequence;
or each has a sequence having about 10% to 99%, about 30% to 80%, about 40% to 95%, about
60% to 85% identity or similarity with their counterpart wild-type sequence. In various
embodiments, the expression vector comprises one or more recombinant polynucleotides
encoding one or more promoters for driving expression of the selected HLA alleles, codon-

optimized HLA alleles, co-stimulatory molecules, or adjuvant. The expression vector may
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contain recombinant polynucleotides encoding a MNDU3 promoter, an EFla promoter, or
both. For example, the expression vector may contain a first recombinant polynucleotide
encoding a MNDUS3 promoter and a second recombinant polynucleotide encoding an EFla
promoter. In particular embodiments, the expression vector contains a recombinant

polynucleotide encoding a MNDU3 promoter and an EF la promoter.

[0144] Table 2 illustrates the construction of exemplary expression vectors using a
multicistronic lentiviral vector. Each lentiviral vector carries two cytokine genes and four HLA

alleles. GM-CSF is encoded by the CSF2 gene, while IFN-a2a and IFN-02b are variants

encoded by IFNA2.

Table 2: Constructs for generation of exemplary modified human cancer cell lines

F 1o Promoter IMNDU3 Promoter
Cell Line ID Cytokine 1 RA# Cytokine 2| HLA-A | 2A# 2A# HLA- 2A# HLA-
Allele 1 | HLA-A DRB3/4/5 DRB3/4/5
Allele 2 Allele 1 Allele 2
Bria-OTS01/Lenti-1 | CSF2 T2A# IFNA2 A*01:01 | T2A# P2A# E2A#
(BC1.68.3.4 (BC1)) A*68:01 | DRB3*02:02 | DRB4*01:01
Bria-OTS02/Lenti-2 | CSF2 T2A# IFNA2 A*02:01 | T2A# P2A# E2A#
(BC2.11.4.3 (BC2)) A*11:01 | DRB4*01:01 | DRB3*03:01
Bria-OTS03/Lenti-3 | CSF2 T2A# IFNA2 A*03:01 | T2A# P2A# E2A#
(BC3.23.3.5 (BC3)) A*23:01 | DRB3*01:01 | DRB5*01:02
Bria-OTS04/Lenti-4 | CSF2 T2A# IFNA2 A*24:02 | T2A# P2A# E2A#
(BC24.33.5.5 A*33:03 | DRB5*01:01 | DRB5*02:02
BCY)

# Self-splicing 2A peptides

[0145] In some illustrations, FIGS. 1-4 depict components of multicistronic lentiviral
vectors for expressing the selected HLA alleles in the human modified cancer cell.

Construction of the expression vector is described in Example 1.

[0146]
promoter, a GM-CSF (encoded by the CSF2 gene), a T2A splicing peptide, an IFN-ua2b
(encoded by the IFNA2 gene), a MNDU3 promoter, an HLA-A*01:01 allele, a T2A splicing
peptide, an HLA-A*68:01 allele, a P2A splicing peptide, an HLA-DRB3*02:02, an E2A
splicing peptide, and an HLA-DRB4*01:01 allele is inserted into the pCCLc backbone. As

Referring to FIG. 1, a recombinant polynucleotide encoding, from 5’ to 3°, an EFla

shown in FIG. 1, the EF 1o promoter is located at the 5’ end of a sequence encoding the GM-
CSF and IFN-a (e.g., IFN-a2a, or IFN-a2b). Thus, synthesis of both GM-CSF and IFN-q, is
driven by the EFlo promoter. The MNDU3 promoter is located at the 3° end of the sequence
encoding the GM-CSF and IFN-a and at the 5° end of the sequence encoding the four HLA
alleles and three 2 A splicing peptides. Each of the three 2A splicing peptides is located between
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polynucleotide sequences encoding two HLA alleles. In particular, three 2A splicing peptides
are present in the order of T2A, P2A, and E2A, for maximizing expression of all four HLA

genes.

[0147] Referring to FIG. 2, a recombinant polynucleotide encoding, from 5’ to 3°, an EFla
promoter, a GM-CSF (encoded by the CSF2 gene), a T2A splicing peptide, an IFN-o (such as
IFN-a2a or IFN-a2b encoded by the IFNA2 gene), a MNDU3 promoter, an HLA-A02:01
allele, a T2A splicing peptide, an HLA-A*11:01 allele, a P2A splicing peptide, a HLA-
DRB4*01:01 allele, an E2A peptide, and an HLA-DRB3*03:01 allele is inserted into the
pCCLc backbone. As shown in FIG. 2, the EF 1a promoter is located at the 5 end of a sequence
encoding the GM-CSF, T2A splicing peptide and IFN-a. Thus, synthesis of both GM-CSF and
IFN-a is driven by the EFla promoter. The MNDU3 promoter is located at the 3” end of the
sequence encoding the GM-CSF and IFN-a and at the 5° end of the sequence encoding the four
HLA alleles and three 2A splicing peptides. Each of the three 2A splicing peptides is located
between the polynucleotide sequences encoding two HLA alleles. In particular, three 2A
splicing peptides are present in the order of T2A, P2A, and E2A, for maximizing expression of

all four HL A genes.

[0148] FIG. 3 and FIG. 4 show similar construction of the expression vector in FIG. 2. In
particular, the expression vector in FIG. 3 is designed to express the HLA alleles (from 5’ to
3’); HLA-A*03:01, HLA-A*23:01, HLA-DRB3*01:01, and HLA-DRB5*01:02. The
expression vector in FIG. 4 is designed to express the HLA alleles (from 5 to 37): HLA-
A*24:02, HLA-A*33:03, HLA-DRB5*01:01, and HLA-DRB5*02:02. As shown in FIG. 3 and
FIG. 4, a 2A splicing peptide (in the order of T2A, P2A, and E2A) is located between
polynucleotide sequences encoding each two HLA alleles, two promoters, or an HLA allele

and a promoter.

[0149] In another embodiment, the expression vector is a multicistronic lentiviral vector
designed to express a combination of any one of the cytokines or HLA genes under the control
of an EF la promoter and/or a MNDU3 promoter. An exemplary construction of multicistronic
lentiviral vectors is illustrated in Table 3. As an illustration, the expression vector comprises:
(a) one or more recombinant polynucleotides each encoding at least one gene selected from
CSF2, IFNA2, CD86, IL-12, CD80, HLA-DRA, IL-7, and/or 4-1BBL (also known as TNFSF9
or CD137L), (b) one or more recombinant polynucleotides each encoding at least one gene

selected from HLA-A*01:01, HLA-A*68:01, HLA-A*02:01, HLA-A*11:01, HLA-A*03:01,
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HLA-A*23:01, HLA-A*24:02, and/or HLA-A*33:03; or (c) one or more recombinant
polynucleotides each encoding at least one gene selected from an HLA-DRB3*02:02 allele,
HLA-DRB5*01:01 allele, HLA-DRB3*03:01 allele, HLA-DRB4*01:01 allele, HLA-
DRB3*01:01 allele, HLA-DRB5*01:02 allele, and/or HLA-DRB5*02:02 allele. As an
example, the expression vector may comprise a recombinant polypeptide encoding a CD86
gene driven under the control of an EFla promoter and an IL-12 gene driven under the control
of a MDNU3 promoter. As another example, the expression vector may comprise a
recombinant polypeptide encoding a CD86 gene driven under the control of a MDNU3
promoter and an IL-12 gene driven under the control of an EF 1o promoter.

Table 3. Lentiviral constructs for generation of exemplary modified human cell lines
comprising a co-stimulatory molecule and an HLA allele

Lentiviral ID No. EF1a Promoter MNDU3 Promoter
GM-IFN CSF2 IFNA2

GM CSF2 -

CDg6-IL-12 CD86 IL-12
CD80-HLA-DRA CD80 HLA-DRA
IL-7-4-1BBL IL-7 4-1BBL (TNFSF9; CD137L)
A2-All HLA-A*02:01 HLA-A*11:01
Al-A68 HLA-A*01:01 HLA-A*68:01
A3-A23 HLA-A*03:01 HLA-A*23:01
A24-A33 HLA-A*24:02 HLA-A*33:03
DR401-301 HLA-DRB4%01:01 HLA-DRB3*01:01
DR302-501 HLA-DRB3*02:02 HLA-DRB5*01:01
DR303-502 HLA-DRB3*#03:01 HLA-DRB5*01:02
DR301-522 HLA-DRB5*02:02 HLA-DRB3*01:01

[0150] In some embodiments, the expression vector comprises one or more recombinant
polynucleotides each encoding at least one immunomodulatory molecule, co-stimulatory
molecule, or cytokine (e.g., two or more immunomodulatory molecules, co-stimulatory
molecules, or cytokines) including, but not limited to, CSF2, IFNA2, CD86, IL-12, CD8O0,
HLA-DRA, IL-7, and/or 4-1BBL (also known as TNFSF9 or CD137L). In some embodiments,
the expression vector comprises one or more recombinant polynucleotides each encoding at

least one immunomodulatory molecule, co-stimulatory molecule, or cytokine (e.g., two or
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more immunomodulatory molecules, co-stimulatory molecules, or cytokines) selected from
CSF2 and IFNA2; CSF2; CD86 and IL-12; CD80 and an HLA-DRA allele; or IL-7 and 4-
1BBL.

[0151] In some embodiments, the expression vector comprises one or more recombinant
polynucleotides each encoding at least one HLA class I allele (e.g., two or more HLA class |
alleles) including, but not limited to, an HLA-A*01:01 allele, HLA-A*68:01 allele, HLA-
A*02:01 allele, HLA-A*11:01 allele, HLA-A*03:01 allele, HLA-A*23:01 allele, HLA-
A*24:02 allele, and/or HLA-A*33:03 allele. In some embodiments, the expression vector
comprises one or more recombinant polynucleotides each encoding at least one HLA class I
allele (e.g., two or more HLA-A alleles) selected from an HLA-A*01:01 allele and an HLA-
A*68:01 allele, an HLA-A*02:01 allele and an HLA-A*11:01 allele, an HLA-A*03:01 allele
and an HLA-A*23:01 allele, and/or an HLA-A*24:02 allele and an HLA-A*33:03 allele.

[0152] In some embodiments, the expression vector comprises one or more recombinant
polynucleotides each encoding at least one HL A class II allele (e.g., two or more HLA class II
alleles) including, but not limited to, an HLA-DRB3*02:02 allele, HLA-DRB5*01:01 allele,
HLA-DRB4*01:01 allele, HLA-DRB3*01:01 allele, HLA-DRB3*03:01 allele, HLA-
DRB5*01:02 allele, and/or HLA-DRB5*02:02 allele. In some embodiments, the expression
vector comprises one or more recombinant polynucleotides each encoding at least one HLA
class IT allele (e.g., two or more HLA-DRB alleles) selected from an HLA-DRB3*02:02 allele
and an HLA-DRB5*01:01 allele, an HLA-DRB4*01:01 allele and an HLA-DRB3*01:01
allele, an HLA-DRB3*03:01 allele and an HLA-DRB5*01:02 allele, and/or an HLA-
DRB5*02:02 allele and an HLA-DRB3*01:01 allele.

[0153] In some embodiments, the expression vector is capable of expressing the at least one
immunomodulatory molecule, co-stimulatory molecule, or cytokine, the at least one HLA class
I allele (e.g., an HLA-A allele), and/or the at least one HLA class II allele (e.g., an HLA-DRB
allele) in a cancer cell line (e.g., a modified human cancer cell line). In some embodiments,
the expression vector is capable of expressing one or more (e.g., at least two)
immunomodulatory molecules, co-stimulatory molecules, or cytokines in a cancer cell line
(e.g., amodified human cancer cell line); or the expression vector is capable of expressing one
or more (e.g., at least two) HLA class I allele in a cancer cell line (e.g., a modified human
cancer cell line); or the expression vector is capable of expressing one or more (e.g., at least

two) HLA class II allele in a cancer cell line (e.g., a modified human cancer cell line). In
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various embodiments, one or more endogenous HLA-A and/or HLA-DR3 alleles in the cancer
cell line have been inactivated. In some embodiments, at least one of an endogenous HLA-
A*24:02 allele, an HLA-A*11:01 allele, an HLA-DRB3*01:01 allele, and/or an HLA-

DRB3*02:02 allele in the cancer cell line has been inactivated.

[0154] In various embodiments, each of the one or more recombinant polynucleotides
comprising a gene encoding an immunomodulatory molecule, co-stimulatory molecule, or
cytokine selected from CSF2, IFNA2, CD86, IL-12, CD80, HLA-DRA, IL-7, and/or 4-1BBL,
or any one of the HLA-A alleles, or any one of the HLA-DRB alleles (e.g., HLA-DRB3 alleles,
HLA-DRBA4 alleles, and HLA-DRBS alleles) further comprises a 2A splicing peptide located

between any of the two genes, any of the two HLA alleles, or a gene and an HLA allele.

[0155] Insome embodiments, the expression vector comprises a recombinant polynucleotide
encoding a cytokine, a chemokine, an interferon, an interleukin, and/or a tumor necrosis factor.
In some embodiments, the recombinant polynucleotide encodes one of the cytokines selected
from at least one of an early T cell activation antigen-1 (ETA-1), alymphocyte-activating factor
(LAF), an interleukin-1 family member (IL-1a, IL-B, IL-1Ra, IL-18, IL.-33, IL-36Ra, IL-36q,
IL-36pB, IL-36Y, IL-37, IL-38), an interleukin-2 (IL-2), an interleukin-3 (IL-3), an interleukin-
4 (IL-4), an interleukin-5 (IL-5), an interleukin-6 (IL-6), an interleukin-7 (IL-7), an interleukin-
8 (IL-8), an interleukin-9 (IL-9), an interleukin-10 (IL-10), an interleukin-12 (IL-12), an
interleukin-13 (IL-13), an interleukin-15 (IL-15), an interleukin-17 (IL-17), an interleukin-18
(IL-18), an interleukin-21 (IL-21), an interleukin-23 (IL-23), an interleukin-25 (IL-25), an
interleukin-33 (IL-33), an interferon alpha (IFN-a), an interferon lambda 1 (JFNAY (1L-29)), an
wnterferon lambda 2 (JFNAZ (IL-28A)), an interferon lambda 3 (JIFNA3 (IL-28B)), an interferon
iambda 4 (IFNA4), a granulocyte-macrophage colony-stimulating factor (GM-CSF), a
macrophage CSF (CSF-1), a macrophage migration inhibitory factor (MIF), a CD40L molecule
(CD40L), a RANTES molecule (RANTES), a monocyte chemoattractant protein (MCP-1), a
monocyte inflammatory protein (MIP-1a, MIP-1pB), a lymphotactin, and/or a fractalkine. In
some embodiments, the cytokine comprises a GM-CSF. In some embodiments, the cytokine

comprises an IFN-q, such as e.g., IFN-02a or IFN-a.2b.

[0156] In some embodiments, the expression vector further comprises a recombinant
polynucleotide encoding a co-stimulatory molecule selected from at least one of CD86
molecule (CD86), CD80 molecule (CD80), 4-1BB ligand molecule (4-1BBL a k.a CD137L),
ICOS ligand molecule (ICOS-L), CD70 molecule (CD70 ak.a. CD27L), CD40 molecule
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(CD40), OX40 ligand molecule (OX40L), GITR ligand molecule (GITRL), TIM-4 molecule
(TIM-4), LIGHT molecule (LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule (LFA3), a
CD30 molecule (CD30), and/or a combination thereof.

[0157] In some embodiments, the expression vector further comprises a recombinant
polynucleotide encoding a heterologous antigen (e.g., an antigen of a pathogen, a tumor-
associated antigen, a neo-antigen, an allergen, an antigen that is the target of an autoimmune

response, or a fragment thereof).

[0158] In one aspect, the present disclosure provides an expression vector comprising a
recombinant polynucleotide comprising a sequence encoding at least one allele of an HLA
class I gene having at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to any one of SEQ ID NOS: 22-29 (Table 1) and optionally at
least one heterologous polynucleotide sequence. In some embodiments, the present disclosure
provides an expression vector comprising a recombinant polynucleotide comprising a sequence
encoding at least one allele of an HLA class I gene having a polynucleotide of any one of SEQ
ID NOS: 22-29 (Table 1) and optionally at least one heterologous polynucleotide sequence.
In some embodiments, the recombinant polynucleotide further comprises a sequence encoding
a second allele of the HLA class I gene or an allele of a second HLA class I gene. In some
embodiments, the recombinant polynucleotide further comprises a sequence encoding an allele
of an HLA class II gene. The allele of the HLA class II gene has at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to any one of SEQ
ID NOS: 30-35 (Table 1). In some embodiments, the allele of the HLA class II gene has a
polynucleotide of any one of SEQ ID NOS: 30-35 (Table 1).

[0159] Invarious embodiments, the heterologous polynucleotide sequence encodes an amino
acid sequence of a cytokine, a chemokine, an interferon, an interleukin, or a tumor necrosis
factor. In some embodiments, the heterologous polynucleotide sequence encodes one of the
cytokines selected from at least one of an early T cell activation antigen-1 (ETA-1), a
lymphocyte-activating factor (LAF), an interleukin-1 family member (IL-1a, IL-B, IL-1Ra, IL-
18, IL-33, IL-36Ra, IL-360, IL-36B, IL-36Y, IL-37, IL-38), an interleukin-2 (IL-2), an
interleukin-3 (IL-3), an interleukin-4 (IL-4), an interleukin-5 (IL-5), an interleukin-6 (IL-6), an
interleukin-7 (IL-7), an interleukin-8 (IL-8), an interleukin-9 (IL-9), an interleukin-10 (IL-10),
an interleukin-12 (IL-12), an interleukin-13 (IL-13), an interleukin-15 (IL-15), an interleukin-
17 (IL-17), an interleukin-18 (IL-18), an interleukin-21 (IL-21), an interleukin-23 (IL-23), an
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interleukin-25 (IL-25), an interleukin-33 (IL-33), an interferon alpha (IFN-a), an interferon
lambda 1 (IFNAL (L-29)), an interferon lambda 2 (IFNA2 (IL-28A)), an interferon lambda 3
(IFNA3 (IL-28B}), an interferon lambda 4 (IFNA4), a granulocyte-macrophage colony-
stimulating factor (GM-CSF), a macrophage CSF (CSF-1), a macrophage migration inhibitory
factor (MIF), a CD40L molecule (CD40L), a RANTES molecule (RANTES), a monocyte
chemoattractant protein (MCP-1), a monocyte inflammatory protein (MIP-1la, MIP-1pB), a
lymphotactin, and/or a fractalkine. In some embodiments, the cytokine comprises a GM-CSF.

In some embodiments, the cytokine comprises an IFN-q, preferably IFN-o2a or [FN-a2b.

[0160] In some embodiments, the heterologous polynucleotide sequence encodes one of the
co-stimulatory molecules selected from at least one of a CD86 molecule (CD86), CD80
molecule (CD80), 4-1BB ligand molecule (4-1BBL a.k.a CD137L), ICOS ligand molecule
(ICOS-L), CD70 molecule (CD70 ak.a. CD27L), CD40 molecule (CD40), OX40 ligand
molecule (OX40L), GITR ligand molecule (GITRL), TIM-4 molecule (TIM-4), LIGHT
molecule (LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule (LFA3), a CD30 molecule
(CD30), and/or a combination thereof.

[0161] In various embodiments, the heterologous polynucleotide sequence is located
between sequences encoding two HLA class I genes, for example, the heterologous
polynucleotide sequence is located at the 3 end of the sequencing encoding a first HLA class
I gene and at the 5” end of the sequence encoding a second HLA class I gene. Similarly, the
heterologous polynucleotide sequence may be located between sequences encoding two
cytokines, two co-stimulatory molecules, or two heterologous antigens. In some embodiments,
the heterologous polynucleotide sequence may be located between sequences encoding an
HLA allele, a cytokine, a co-stimulatory molecule, and/or a heterologous antigen. In various
embodiments, the heterologous polynucleotide sequence encodes one of the 2A splicing

peptides selected from T2A, P2A, or E2A.

C. Compositions

[0162] In one aspect, the present disclosure provides a composition comprising a modified
human cancer cell as described herein, the modified human cancer comprising (a) one or more
recombinant polynucleotides each encoding an allele of a human leukocyte antigen (HLA)
class I gene; and/or (b) one or more recombinant polynucleotides each encoding an allele of an

HLA class II gene, wherein one or more HLA alleles endogenous to the cell have been
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inactivated. In some embodiments, the HLA class I gene(s) and HLA class II genes(s) are

selected from any of SEQ ID NOS:1-35 listed in Table 1.

[0163] In one aspect, the present disclosure provides a composition comprising a modified
human cancer cell as described herein, the modified human cancer cell comprising (A) one or
more vectors each comprising a recombinant polynucleotide encoding at least one gene
selected from CSF2, IFN-02, CD86, IL-12, CD80, HLA-DRA, IL-7, and/or 4-1BBL (also
known as TNFSF9 or CD137L); (B) (a) one or more vectors each comprising a recombinant
polynucleotide encoding at least one gene selected from HLA-A*01:01, HLA-A*68:01, HLA-
A*02:01, HLA-A*11:01, HLA-A*03:01, HLA-A*23:01, HLA-A*24:02, and/or HLA-
A*33:03, or (b) a vector comprising a recombinant polynucleotide encoding an HLA-A*01:01
allele and an HLA-A*68:01 allele, or an HLA-A*02:01 allele and an HLA-A*11:01 allele, or
an HLA-A*03:01 allele and an HLA-A*23:01 allele, or an HLA-A*24:02 allele and an HLA-
A*33:03 allele; and (C) (a) one or more vectors comprising a recombinant polynucleotide
encoding at least one gene selected from HLA-DRB3*02:02, HLA-DRB5*01:01, HLA-
DRB4*01:01, HLA-DRB3*01:01, HLA-DRB3*03:01, HLA-DRB5*01:02, and/or HLA-
DRB5*02:02, or (b) a vector comprising a recombinant polynucleotide encoding an HLA-
DRB3%*02:02 allele and an HLA-DRB5*01:01 allele, or an HLA-DRB4*01:01 allele and an
HLA-DRB3*01:01 allele, or an HLA-DRB3*03:01 allele and an HLA-DRB5*01:02 allele, or
an HLA-DRB5*02:02 allele and an HLA-DRB3*01:01 allele. In some embodiments, one or
more HLA-A and/or HLA-DR3 (e.g., HLA-DRB3) alleles endogenous to the human cancer
cell have been inactivated. In some embodiments, at least one of an endogenous HLA-A*24:02
allele, an HLA-A*11:01 allele, an HLA-DRB3*01:01 allele, and/or an HLA-DRB3*02:02

allele endogenous to the human cancer cell has been inactivated.

[0164] In some embodiments, the composition comprises at least 10,000 cells, at least
100,000 cells, at least 1,000,000 cells, at least 1,250,000 cells, at least 1,500,000 cells, at least
2,000,000 cells, at least 2,500,000 cells, at least 3,000,000 cells, at least 3,500,000 cells, at least
4,000,000 cells, at least 4,500,000 cells, at least 5,000,000 cells, at least 10,000,000 cells, at
least 12,500,000 cells, at least 15,000,000 cells, at least 20,000,000 cells, at least 25,000,000
cells, at least 30,000,000 cells, at least 35,000,000 cells, at least 40,000,000 cells, at least
45,000,000 cells, or at least 50,000,000 cells. In some embodiments, the composition comprises
at least 1,000,000 cells. In some embodiments, the composition comprises at least 20,000,000

cells.
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[0165] In some embodiments, the composition comprises at most 10,000 cells, at most
100,000 cells, at most 1,000,000 cells, at most 1,250,000 cells, at most 1,500,000 cells, at most
2,000,000 cells, at most 2,500,000 cells, at most 3,000,000 cells, at most 3,500,000 cells, at
most 4,000,000 cells, at most 4,500,000 cells, at most 5,000,000 cells, at most 10,000,000
cells, at most 12,500,000 cells, at most 15,000,000 cells, at most 20,000,000 cells, at most
25,000,000 cells, at most 30,000,000 cells, at most 35,000,000 cells, at most 40,000,000 cells,
at most 45,000,000 cells, or at most 50,000,000 cells. In some embodiments, the composition
comprises at most 20,000,000 cells. In some embodiments, the composition comprises at most

40,000,000 cells.

[0166] In some embodiments, the composition comprises about 1,000,000 to about
50,000,000 cells, about 5,000,000 to about 35,000,000 cells, about 10,000,000 to about
25,000,000 cells, about 15,000,000 to about 20,000,000 cells, or about 35,000,000 to about
40,000,000 cells. In some embodiments, the composition comprises about 1,000,000 cells. In
some embodiments, the composition comprises about 20,000,000 cells. In some embodiments,

the composition comprises about 40,000,000 cells.

[0167] In another aspect, the present disclosure provides a pharmaceutical composition. In
some embodiments, the pharmaceutical composition comprises any of the compositions
described herein and a pharmaceutically acceptable carrier. For example, the pharmaceutical
composition may comprise a modified human cancer cell or cell line comprising at least 1, 2,
3, 4, 5, or more recombinant polynucleotides encoding at least one HLA class I allele having
SEQ ID NOS:1-13, 22-29 in Table 1 and at least one HLA class II allele having SEQ ID
NOS: 14-21, 30-35 in Table 1, and one or more endogenous HLA alleles have been
inactivated. Additionally, the CD47 molecule and/or Ii(CD74) molecule endogenous to the
modified human cancer cell or cell line may be inactivated. Further, the modified human
cancer cell or cell line may comprise one or more co-stimulatory molecules, heterologous
antigens, and/or cytokine described herein (e.g., Table 3, FIG. 5). The atleast 1, 2, 3,4, 5, or
more recombinant polynucleotides may comprise a heterologous sequence encoding, e.g., a co-
stimulatory molecule, a heterologous antigen, a cytokine, or a 2A splicing peptide. Thus, the
recombinant polynucleotide encoding the one or more HLA alleles, co-stimulatory molecule,
heterologous antigen, and/or cytokine may be separated by a sequencing encoding a 2A
splicing peptide (e.g., T2A, P2A, E2A). Generally, at least 1, 2, 3, 4, 5, or more recombinant
polynucleotides are cloned into an expression vector (e.g., a replication defective lentiviral

vector) for synthesis of the HL A alleles, co-stimulatory molecule, heterologous antigen, and/or
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cytokine, and introduced into the modified human cancer cell or cell line. Accordingly, the
modified human cancer cell or cell line provided in the pharmaceutical composition may have
at least 1, 2, 3, 4, 5, or more expression vectors, each comprising at least 1, 2, 3, 4, 5 or more
recombinant polynucleotides encoding the HLA alleles, co-stimulatory molecule, heterologous

antigen, and/or cytokine.

[0168] In some embodiments, the pharmaceutical composition further comprises a
cryoprotectant, an interferon alpha (e.g., IFN-a2a or IFN-a2b), and/or an interferon lambda
family member (e.g., an interferon lambda 1 (IFNA1 (IL-29)), an interferon lambda 2 (IFNA2
(IL-28A)), an interferon lambda 3 (IFNA1 (IL-28B)), an interferon lambda 4 (IFNA4)). In some
embodiments, the interferon alpha (e.g., IFN-02a or IFN-a2b) is expressed by a vector
comprising a polynucleotide sequence of the IFNA2 gene in the modified cancer cell as
described herein. In some embodiments, the interferon alpha is a pegylated IFN-o2a provided
exogenously. In some embodiments, the pharmaceutical composition further comprises one or
more excipients. In some embodiments, the pharmaceutical composition further comprises
CryoStor CS10, CryoStor CS2, or CryoStor CS5 cryopreservation media. In particular
embodiments, the pharmaceutical composition comprises cells cryopreserved in CryoStor

CS10, CryoStor CS2, or CryoStor CSS5 cryopreservation media.

[0169] In some embodiments, the pharmaceutical composition is formulated in a dosage
form comprising a total number of modified cancer cell per dose for administration to a subject
in need therefor. In some embodiments, the pharmaceutical composition is formulated as an
“off-the-shelf” product for self-administration to a subject in need thereof. In some
embodiments, the pharmaceutical composition may have at least at least 10,000 cells, at least
100,000 cells, at least 1,000,000 cells, at least 1,250,000 cells, at least 1,500,000 cells, at least
2,000,000 cells, at least 2,500,000 cells, at least 3,000,000 cells, at least 3,500,000 cells, at least
4,000,000 cells, at least 4,500,000 cells, at least 5,000,000 cells, at least 10,000,000 cells, at
least 12,500,000 cells, at least 15,000,000 cells, at least 20,000,000 cells, at least 25,000,000
cells, at least 30,000,000 cells, at least 35,000,000 cells, at least 40,000,000 cells, at least
45,000,000 cells, or at least 50,000,000 cells. In some embodiments, the pharmaceutical
composition comprises at least 1,000,000 cells. In some embodiments, the pharmaceutical

composition comprises at least 20,000,000 cells.

[0170] In some embodiments, the pharmaceutical composition comprises at most 10,000

cells, at most 100,000 cells, at most 1,000,000 cells, at most 1,250,000 cells, at most 1,500,000
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cells, at most 2,000,000 cells, at most 2,500,000 cells, at most 3,000,000 cells, at most
3,500,000 cells, at most 4,000,000 cells, at most 4,500,000 cells, at most 5,000,000 cells, at
most 10,000,000 cells, at most 12,500,000 cells, at most 15,000,000 cells, at most 20,000,000
cells, at most 25,000,000 cells, at most 30,000,000 cells, at most 35,000,000 cells, at most
40,000,000 cells, at most 45,000,000 cells, or at most 50,000,000 cells. In some embodiments,
the pharmaceutical composition comprises at most 20,000,000 cells. In some embodiments,

the pharmaceutical composition comprises at most 40,000,000 cells.

[0171] Insome embodiments, the pharmaceutical composition comprises about 1,000,000 to
about 50,000,000 cells, about 5,000,000 to about 35,000,000 cells, about 10,000,000 to about
25,000,000 cells, about 15,000,000 to about 20,000,000 cells, or about 35,000,000 to about
40,000,000 cells. In some embodiments, the pharmaceutical composition comprises about
1,000,000 cells. In some embodiments, the pharmaceutical composition comprises about
20,000,000 cells. In some embodiments, the pharmaceutical composition comprises about

40,000,000 cells.

[0172] In some embodiments, the pharmaceutical composition is formulated in the form of
a suspension. The formulation of pharmaceutical compositions is generally known in the art
(see, e.g., REMINGTON 'S PHARMACEUTICAL SCIENCES, 18TH ED., Mack Publishing Co., Easton, PA
(1990)). Prevention against microorganism contamination can be achieved through the
addition of one or more of various antibacterial and antifungal agents. In particular
embodiments, the pharmaceutical composition is a liquid formulation comprising cells

resuspended in Lactated Ringer’s solution.

[0173] Pharmaceutical forms suitable for administration include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersions. Typical carriers include a solvent or dispersion medium containing,
for example, water-buffered aqueous solutions (i.e., biocompatible buffers, non-limiting
examples of which include Lactated Ringer’s solution and CryoStor cryopreservation media
(e.g., CS2, CSS5, and CS10, containing 2%, 5%, and 10%, respectively of DMSO; available
from BioLife Solutions, Bothell, WA)), ethanol, polyols such as glycerol, propylene glycol,

polyethylene glycol, suitable mixtures thereof, surfactants, or vegetable oils.

[0174] Sterilization can be accomplished by an art-recognized technique, including but not

limited to addition of antibacterial or antifungal agents, for example, paraben, chlorobutanol,
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sorbic acid or thimerosal. Further, isotonic agents such as sugars or sodium chloride may be

incorporated in the subject compositions.

[0175] Production of sterile injectable solutions containing modified cancer cell(s), and/or
other composition(s) of the present disclosure can be accomplished by incorporating the
compound(s) in the required amount(s) in the appropriate solvent with various ingredients
enumerated above, as required, followed by sterilization. To obtain a sterile powder, the above

sterile solutions can be vacuum-dried or freeze-dried as necessary.

[0176] In some embodiments, the modified cancer cell(s), and/or other composition(s)
provided herein are formulated for administration, e.g., intradermal injection, intralymphatic
injection, oral, nasal, topical, or parental administration in unit dosage form for ease of
administration and uniformity of dosage. Unit dosage forms, as used herein, refers to
physically discrete units suited as unitary dosages for the subjects, e.g., humans or other
mammals to be treated, each unit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. In some instances, more concentrated dosage forms may be prepared,
from which the more dilute unit dosage forms may then be produced. The more concentrated
dosage forms thus will contain substantially more than, e.g., atleast 1,2, 3,4,5,6,7, 8,9, 10,

or more times the amount of the modified cancer cell(s), and/or other composition(s).

[0177] In some embodiments, the modified cancer cell(s), and/or other composition(s)
provided herein are formulated for administration e.g., one or more doses over a period of time.
In some embodiments, the modified cancer cell(s), and/or other composition(s) are formulated
for administration every week, every 2 weeks, every 3 weeks, every 4 weeks, every 5 weeks,
or every 6 weeks. In some embodiments, the modified cancer cell(s), and/or other
composition(s) are formulated for administration every month, every 2 months, every 3
months, every 4 months, every 5 months, every 6 months, every 12 months, every 18 months,

or every 24 months.

[0178] A dose may include, for example, about 50,000 to 50,000,000 (e.g., about 50,000,
60,000, 70,000, 80,000, 90,000, 100,000, 110,000, 120,000, 130,000, 140,000, 150,000,
160,000, 170,000, 180,000, 190,000, 200,000, 250,000, 300,000, 350,000, 400,000, 450,000,
500,000, 550,000, 600,000, 650,000, 700,000, 750,000, 800,000, 850,000, 900,000, 950,000,
1,000,000, 1,500,000, 2,000,000, 2,500,000, 3,000,000, 3,500,000, 4,000,000, 4,500,000,
5,000,000, 5,500,000, 6,000,000, 6,500,000, 7,000,000, 7,500,000, 8,000,000, 8,500,000,
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9,000,000, 9,500,000, 10,000,000, 11,000,000, 12,000,000, 13,000,000, 14,000,000,
15,000,000, 16,000,000, 17,000,000, 18,000,000, 19,000,000, 20,000,000, 25,000,000,
30,000,000, 35,000,000, 40,000,000, 45,000,000, 50,000,000, or more) modified human cancer
cells. In some embodiments, a dose may contain about 1,000,000 modified human cancer cells.
In some embodiments, a dose may contain about 5,000,000 modified human cancer cells. In
some embodiments, a dose may contain about 10,000,000 modified human cancer cells. In

some embodiments, a dose may contain about 20,000,000 modified human cancer cells.

[0179] A dose may also include, for example, at least about 5,000,000 to 100,000,000 (e.g.,
about 5,000,000, 6,000,000, 7,000,000, 8,000,000, 9,000,000, 10,000,000, 15,000,000,
20,000,000, 25,000,000, 30,000,000, 35,000,000, 40,000,000, 45,000,000, 50,000,000,
55,000,000, 60,000,000, 65,000,000, 70,000,000, 75,000,000, 80,000,000, 85,000,000,
90,000,000, 95,000,000, 100,000,000, or more) modified human cancer cells. In some
embodiments, a dose may include at least about 1,000,000 modified human cancer cells. In
some embodiments, a dose may include at least about 5,000,000 modified human cancer cells.
In some embodiments, a dose may include at least about 10,000,000 modified human cancer
cells. In some embodiments, a dose may include at least about 20,000,000 modified human

cancer cells.

[0180] A dose may alternatively include, for example, at least about 100,000,000 to
1,000,000,000 (e.g., about 100,000,000, 150,000,000, 200,000,000, 250,000,000, 300,000,000,
350,000,000, 400,000,000, 450,000,000, 500,000,000, 550,000,000, 600,000,000,
650,000,000, 700,000,000, 750,000,000, 800,000,000, 850,000,000, 900,000,000,
950,000,000, 1,000,000,000, or more) modified human cancer cells.

[0181] In some embodiments, the modified human cancer cells are irradiated. The
irradiation dose may be, for example, between about 2 and 2,000 Gy (e.g., about, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500,
1,600, 1,700, 1,800, 1,900, or 2,000 Gy). In some embodiments, the modified human cancer
cells are irradiated with a dose of about 200 Gy. In some embodiments, the modified human

cancer cells are irradiated with a dose of about 100 Gy.

[0182] Methods for preparing such dosage forms are known to those skilled in the art (see,

e.g., REMINGTON’S PHARMACEUTICAL SCIENCES, supra). The dosage forms typically include a
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conventional pharmaceutical carrier or excipient and may additionally include other medicinal
agents, carriers, adjuvants, diluents, tissue permeation enhancers, solubilizers, and the like.
Appropriate excipients can be tailored to the particular dosage form and route of administration

by methods well known in the art (see, e.g., REMINGTON’S PHARMACEUTICAL SCIENCES, supra).

[0183] Examples of suitable excipients include, but are not limited to, lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water,
saline, syrup, methylcellulose, ethylcellulose, hydroxypropylmethylcellulose, and polyacrylic
acids such as Carbopols, e.g., Carbopol 941, Carbopol 980, Carbopol 981, efc. The dosage
forms can additionally include lubricating agents such as talc, magnesium stearate, and mineral
oil; wetting agents; emulsifying agents; suspending agents; preserving agents such as methyl-,
ethyl-, and propyl-hydroxy-benzoates (i.e., the parabens), pH adjusting agents such as
inorganic and organic acids and bases; sweetening agents; and flavoring agents. The dosage
forms may also comprise biodegradable polymer beads, dextran, and cyclodextrin inclusion

complexes.

[0184] In some embodiments, the pharmaceutical composition for administration may be an
oral delivery vehicle such as a capsule, cachet or tablet, each of which contains a predetermined
amount of the composition to provide the correct incremental dose to the patient. Oral delivery
vehicles may be useful, for example, in avoiding contact between the composition and the
mouth and upper gastrointestinal tract. For oral administration, the therapeutically effective
dose can be in the form of tablets, capsules, emulsions, suspensions, solutions, syrups, sprays,
lozenges, powders, and sustained-release formulations.  Suitable excipients for oral
administration include pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,

sodium saccharine, talcum, cellulose, glucose, gelatin, sucrose, magnesium carbonate, and the

like.

[0185] In some embodiments, the therapeutically effective dose takes the form of a pill,
tablet, or capsule, and thus, the dosage form can contain, along with the modified cancer cell(s),
and/or other composition(s) described herein, any of the following: a diluent such as lactose,
sucrose, dicalcium phosphate, and the like; a disintegrant such as starch or derivatives thereof;
a lubricant such as magnesium stearate and the like; and a binder such a starch, gum acacia,

polyvinylpyrrolidone, gelatin, cellulose and derivatives thereof.

64



WO 2023/167973 PCT/US2023/014337

[0186] In some embodiments, a suitable carrier masks the composition, e.g., the modified
cancer cell(s), and/or other composition(s) from the mouth and upper gastrointestinal (GI) tract
and reduces or prevents local itching/swelling reactions in these regions during administration.
For example, a carrier may contain one or more lipid, polysaccharide or protein constituents.

In some cases, the carrier is a food product.

[0187] For topical administration, the therapeutically effective dose can be in the form of
emulsions, lotions, gels, foams, creams, jellies, solutions, suspensions, ointments, and
transdermal patches. For administration by inhalation, the modified cancer cell(s), and/or other
composition(s) described herein can be delivered as a dry powder or in liquid form via a
nebulizer. Aerosol formulations can be placed into pressurized acceptable propellants such as
dichlorodifluoromethane. For parenteral administration, the therapeutically effective dose can
be in the form of sterile injectable solutions and sterile packaged powders. Preferably,

injectable solutions are formulated at a pH of from about 4.5 to about 7.5.

[0188] The therapeutically effective dose can also be provided in a lyophilized form. Such
dosage forms may include a buffer, e.g., bicarbonate, for reconstitution prior to administration,
or the buffer may be included in the lyophilized dosage form for reconstitution with, e.g., water.
The lyophilized dosage form may further comprise a suitable vasoconstrictor, e.g., epinephrine.
The lyophilized dosage form can be provided in a syringe, optionally packaged in combination
with the buffer for reconstitution, such that the reconstituted dosage form can be immediately

administered to an individual.

[0189] In some embodiments, the therapeutically effective dose may further comprise other
components, for example, anti-allergy drugs, such as antihistamines, steroids, bronchodilators,
leukotriene stabilizers and mast cell stabilizers. Suitable anti-allergy drugs are well known in

the art.

D. Methods for Treating Cancer

[0190] In another aspect, the present disclosure provides a method for treating cancer in a
subject. In some embodiments, the method comprises administering to the subject a
therapeutically effective amount of a pharmaceutical composition of the present disclosure
(e.g., a pharmaceutical composition comprising modified cancer cells of the present disclosure)

described herein.

65



WO 2023/167973 PCT/US2023/014337

[0191] In some embodiments, the method comprising administering to the subject an
effective amount of the pharmaceutical composition intradermally in the upper back or thighs.
Without being bound by any theories, the upper back and thighs are chosen for patient
acceptability as these areas have less nerves in the skin and are thus less sensitive. Additionally,
the draining lymph nodes in the proximity may convey antigens from breast tumors in the upper
and lower torso, which are common sites for breast cancer metastases. The method may further
comprise administering to the subject the pharmaceutical composition in an interval of every
week, every 2 weeks, every 3 weeks, every 4 weeks, every 5 weeks, or every 6 weeks. In some
embodiments, the method comprises administering to be subject the pharmaceutical
composition in an interval of every month, every 2 months, every 3 months, every 4 months,
every 5 months, every 6 months, every 12 months, every 18 months, or every 24 months. In
some embodiments, the method comprises administering to the subject the pharmaceutical
composition for at least 6 weeks, 12 weeks, 24 weeks, 36 weeks, 48 weeks, 52 weeks or longer.
In some embodiments, the method comprises administering to the subject the pharmaceutical
composition for at least 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 8 months,
10 months, 12 months, or longer. In some embodiments, the method comprises administering
to the subject the pharmaceutical composition for not more than 6 weeks, 12 weeks, 24 weeks,
36 weeks, 48 weeks, or 52 weeks. In some embodiments, the method comprises administering
to the subject the pharmaceutical composition for not more than 1 month, 2 months, 3 months,

4 months, 5 months, 6 months, 8 months, 10 months, or 12 months.

[0192] In some embodiments, the method comprising administering to the subject an
effective amount of the pharmaceutical composition through oral administration, topical
contact, administration as a suppository, intravenous, intraperitoneal, intramuscular,
intralesional, intratumoral, intradermal, intralymphatic, intrathecal, intranasal, or subcutaneous
administration. In some embodiments, administration of the effective amount of the
pharmaceutical composition is performed by parenteral administration (e.g., intravenous,
intramuscular, intra-arteriole, intradermal, subcutaneous, intraperitoneal, intraventricular, and
intracranial) or transmucosal administration (e.g., buccal, sublingual, palatal, gingival, nasal,
vaginal, rectal, or transdermal). In some embodiments, the method comprising the use of

liposomal formulations, intravenous infusion, or transdermal patches.

[0193] In some embodiments, the method further comprising administering to the subject
one or more doses of cyclophosphamide intravenously at least 1 day, at least 2 days, at least 3

days, at least 4 days, at least 5 days, or longer, prior to administering to the subject the
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pharmaceutical composition described herein. In some embodiments, the cyclophosphamide
is administered at least about 2-3 days prior to administering to the subject the pharmaceutical
composition described herein. In some embodiments, a low-dose of cyclophosphamide at about

100, 150, 200, 250, 300, or 450 mg/m? is administered to the subject.

[0194] In some embodiments, the method further comprising administering to the subject
one or more doses of an interferon-alpha-2b (IFN-a2b), IFN-02a, or a pegylated IFN-02a
intradermally at the inoculation site of the pharmaceutical composition described herein. In
some embodiments, the method further comprising administering to the subject one or more
doses of IFN-ua2b, IFN-a2a or pegylated IFN-ua2a intradermally not more than 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 12, 24, 48, 60, 72, or 84 hours following administering to the subject the
pharmaceutical composition described herein. In some embodiments, the method further
comprising administering to the subject one or more doses of IFN-a2b, IFN-02a or pegylated
IFN-a2a intradermally at about 1-4 hours, about 2-6 hours, about 8-12 hours, about 10-24
hours, about 20-48 hours, or about 60-72 hours following administering to the subject the
pharmaceutical composition described herein. In some embodiments, the method further
comprising administering to the subject one or more doses of IFN-a2b, IFN-02a or pegylated
IFN-a2a intradermally no later than 5, 10, 15, 20, 25, 30, 45, 50, 60, 72, or 84 hours after
administering to the subject the pharmaceutical composition. In some embodiments, the
method further comprising administering to the subject one or more doses of IFN-ua2b, IFN-
a2a or pegylated IFN-a2a intradermally no later than 1, 2, 3, 4, 5, or 6 days following
administering to the subject the pharmaceutical composition. In some embodiments, the
method further comprising administering to the subject one or more doses of IFN-ua2b, IFN-
a2a or pegylated IFN-a2a intradermally no later than about 1-6 days, 2-3 days, or 3-5 days
following administering to the subject the pharmaceutical composition. In some embodiments,
the method further comprising administering to the subject a first doses of IFN-a2bIFN-a2b,
IFN-02a or pegylated IFN-a2a intradermally between 1 to 4 hours and a second dose of IFN-
a2b, IFN-a2a or pegylated IFN-a2a intradermally between 1-3 days following administering
to the subject the pharmaceutical composition. In some embodiments, the IFN-u2b,
administered is at a low-dose between about 1-20,000 IU, 100-15,000 IU, 5000-12,000 IU, or
9,000-11,000 IU. In some embodiments, the IFN-a2b administered is at dose of about 10,000
IU. In some embodiments, the IFN-a2a or pegylated IFN-a2a, administered is at a low-dose
between about 0.01-0.1 micrograms (mcg), 0.05 — 0.15 mcg, 0.06 — 0.12 mcg, or 0.09 -0.11

mcg. In some embodiments, the [IFN-a2b administered is at dose of about 0.1 mcg.
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[0195] In some embodiments, the method further comprises administering to the subject one
or more additional therapies. Examples of suitable additional types include, but are not limited
to, chemotherapy, immunotherapy, radiotherapy, hormone therapy, a differentiating agent, and
a small-molecule drug. One of skill in the art will readily be able to select an appropriate

additional therapy.

[0196] Chemotherapeutic agents that can be used in the present disclosure include but are
not limited to alkylating agents (e.g., nitrogen mustards (e.g., mechlorethamine, chlorambucil,
cyclophosphamide, ifosfamide, melphalan), nitrosoureas (e.g., streptozocin, carmustine
(BCNU), lomustine), alkyl sulfonates (e.g., busulfan), triazines (e.g., dacarbazine (DTIC),
temozlomide), ethylenimines (e.g., thiotepa, altretamine (hexamethylmelamine)), platinum
drugs (e.g., cisplatin, carboplatin, oxalaplatin), antimetabolites (e.g., S-fluorouracil (5-FU), 6-
mercaptopurine (6-MP), capecitabine, cytarabine, floxuridine, fludarabine, gemcitabine,
hydroxyurea, methotrexate, pemetrexed), anthracycline anti-tumor antibiotics (e.g.,
daunorubicin, doxorubicin, epirubicin, idarubicin), non-anthracycline anti-tumor antibiotics
(e.g., actinomycin-D, bleomycin, mitomycin-C, mitoxantrone), mitotic inhibitors (e.g., taxanes
(e.g., paclitaxel, docetaxel), epothilones (e.g., ixabepilone), vinca alkaloids (e.g., vinblastine,
vincristine, vinorelbine), estramustine, corticosteroids (e.g., prednisone, methylprednisolone,
dexamethasone), L-asparaginase, bortezomib, and topoisomerase inhibitors. Combinations of

chemotherapeutic agents can be used.

[0197] Topoisomerase inhibitors are compounds that inhibit the activity of topoisomerases,
which are enzymes that facilitate changes in DNA structure by catalyzing the breaking and
rejoining of phosphodiester bonds in the backbones of DNA strands. Such changes in DNA
structure are necessary for DNA replication during the normal cell cycle. Topoisomerase
inhibitors inhibit DNA ligation during the cell cycle, leading to an increased number of single-
and double-stranded breaks and thus a degradation of genomic stability. Such a degradation

of genomic stability leads to apoptosis and cell death.

[0198] Topoisomerases are often divided into type I and type II topoisomerases. Type I
topoisomerases are essential for the relaxation of DNA supercoiling during DNA replication
and transcription. Type I topoisomerases generate DNA single-strand breaks and also religate
said breaks to re-establish an intact duplex DNA molecule. Examples of inhibitors of
topoisomerase type I include irinotecan, topotecan, camptothecin, and lamellarin D, which all

target type IB topoisomerases.
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[0199] Type II topoisomerase inhibitors are broadly classified as topoisomerase poisons and
topoisomerase inhibitors. Topoisomerase poisons target topoisomerase-DNA complexes,
while topoisomerase inhibitors disrupt enzyme catalytic turnover. Examples of type II
topoisomerase inhibitors include amsacrine, etoposide, etoposide phosphate, teniposide,

doxorubicin, and fluoroquinolones.

[0200] In some embodiments, the chemotherapeutic agent is a topoisomerase inhibitor. In
some instances, the topoisomerase inhibitor is a topoisomerase I inhibitor, a topoisomerase 11
inhibitor, or a combination thereof. In particular embodiments, the topoisomerase inhibitor is
selected from the group consisting of doxorubicin, etoposide, teniposide, daunorubicin,
mitoxantrone, amsacrine, an ellipticine, aurintricarboxylic acid, HU-331, irinotecan, topotecan,
camptothecin, lamellarin D, resveratrol, genistein, quercetin, epigallocatechin gallate (EGCG),
and a combination thereof. EGCG is one example of a plant-derived natural phenol that serves
as a suitable topoisomerase inhibitor. In some instances, the topoisomerase inhibitor is

doxorubicin.

[0201] Immunotherapy refers to any treatment that uses the subject’s immune system to fight
a disease (e.g., cancer). Immunotherapy methods can be directed to either enhancing or
suppressing immune function. In the context of cancer therapies, immunotherapy methods are
typically directed to enhancing or activating immune function. In some instances, an
immunotherapeutic agent comprises a monoclonal antibody that targets a particular type or part
of a cancer cell. In some cases, the antibody is conjugated to a moiety such as a drug molecule
or a radioactive substance. Antibodies can be derived from mouse, chimeric, or humanized, as
non-limiting examples. Non-limiting examples of therapeutic monoclonal antibodies include
alemtuzumab, bevacizumab, cetuximab, daratumumab, ipilimumab (MDX-101), nivolumab,
ofatumumab, panitumumab, pembrolizumab, retifanlimab, rituximab, tositumomab, and

trastuzumab.

[0202] Immunotherapeutic agents can also comprise an immune checkpoint inhibitor, which
modulates the ability of the immune system to distinguish between normal and “foreign” cells.
Programmed cell death protein 1 (PD-1) and protein death ligand 1 (PD-L1) are common
targets of immune checkpoint inhibitors, as disruption of the interaction between PD1 and PD-
L1 enhance the activity of immune cells against foreign cells such as cancer cells. Examples
of PD-1 inhibitors include pembrolizumab, retifanlimab and nivolumab. An example of a PD-

L1 inhibitor is atezolizumab.
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[0203] Another immune checkpoint target for the treatment of cancer is cytotoxic T
lymphocyte-associated protein 4 (CTLA-4), which is a receptor that downregulates immune
cell responses. Therefore, drugs that inhibit CTLA-4 can increase immune function. An
example of such a drugis ipilimumab, which is a monoclonal antibody that binds to and inhibits

CTLA-4.

[0204] The term “radiotherapy” refers to the delivery of high-energy radiation to a subject
for the treatment of a disease (e.g., cancer). Radiotherapy can comprise the delivery of X-rays,
gamma rays, and/or charged particles. Radiotherapy can be delivered locally (e.g. to the site
or region of a tumor), or systemically (e.g., a radioactive substance such as radioactive iodine

is administered systemically and travels to the site of the tumor).

[0205] The term “hormone therapy” can refer to an inhibitor of hormone synthesis, a
hormone receptor antagonist, or a hormone supplement agent. Inhibitors of hormone synthesis
include but are not limited to aromatase inhibitors and gonadotropin releasing hormone
(GnRH) analogs. Hormone receptor antagonists include but are not limited to selective
receptor antagonists and antiandrogen drugs. Hormone supplement agents include but are not
limited to progestogens, androgens, estrogens, and somatostatin analogs. Aromatase inhibitors
are used, for example, to treat breast cancer. Non-limiting examples include letrozole,
anastrozole, and aminoglutethimide. GnRH analogs can be used, for example, to induce
chemical castration. Selective estrogen receptor antagonists, which are commonly used for the
treatment of breast cancer, include tamoxifen, raloxifene, toremifene, and fulvestrant.
Antiandrogen drugs, which bind to and inhibit the androgen receptor, are commonly used to
inhibit the growth and survival effects of testosterone on prostate cancer. Non-limiting

examples include flutamide, apalutamide, and bicalutamide.

[0206] The term “differentiating agent” refers to any substance that promotes cell
differentiation, which in the context of cancer can promote malignant cells to assume a less
stem cell-like state. A non-limiting example of an anti-cancer differentiating agent is retinoic

acid.

[0207] Small molecule drugs generally are pharmacological agents that have a low molecular
weight (i.e., less than about 900 daltons). Non-limiting examples of small molecule drugs used
to treat cancer include bortezomib (a proteasome inhibitor), imatinib (a tyrosine kinase
inhibitor), and seliciclib (a cyclin-dependent kinase inhibitor), and epacadostat (an indoleamine

2,3-dioxygenase (IDO1) inhibitor).
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[0208] In some embodiments, the method of treating cancer of the present disclosure further
comprises selecting a whole-cell cancer vaccine for the subject according to a method of the
present disclosure described herein. In particular embodiments, the subject has stage I, stage
I1, stage III, and/or stage IV cancer. In other embodiments, the cancer is transitioning between
stages. In some embodiments, the subject has a pre-cancerous lesion. In some embodiments,

the subject does not have cancer.

[0209] In some embodiments, treating the subject comprises inhibiting cancer cell growth,
inhibiting cancer cell proliferation, inhibiting cancer cell migration, inhibiting cancer cell
invasion, ameliorating or eliminating the symptoms of cancer, reducing the size (e.g., volume)
of a cancer tumor, reducing the number of cancer tumors, reducing the number of cancer cells,
inducing cancer cell necrosis, pyroptosis, oncosis, apoptosis, autophagy, or other cell death, or
enhancing the therapeutic effects of a composition or pharmaceutical composition. In some
embodiments, treating the subject results in an increased survival time. In some instances,
overall survival is increased. In other instances, disease-free survival is increased. In some
instances, progression-free survival is increased. In particular embodiments, treating the

subject results in a reduction in tumor volume and/or increased survival time.

[0210] In particular embodiments, treating the subject enhances the therapeutic effects of an
anti-cancer therapy such as a chemotherapeutic agent, an immunotherapeutic agent,

radiotherapy, hormone therapy, a differentiating agent, and/or a small-molecule drug.

[0211] Therapy such as modified cancer cell(s), composition(s), and pharmaceutical
composition(s) of the present disclosure can be administered using routes, dosages, and
protocols that will readily be known to one of skill in the art. Administration can be conducted
once per day, once every two days, once every three days, once every four days, once every
five days, once every six days, or once per week. Therapy can be administered 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 11, 12, 13, 14, or more times per week. In some cases, modified cancer cell(s),
composition(s), and/or pharmaceutical composition(s) of the present disclosure are
administered as a single dose, co-administered (e.g., administered in separate doses or by
different routes, but close together in time), or administered separately (e.g., administered in
different doses, including the same or different route, but separated by about 1, 2, 3,4, 5, 6, 7,
8,9, 10, 11, 12, or more hours). In cases where multiple doses are to be administered in the

same day, or where a single dose comprises one or more components (e.g., the modified cancer
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cell(s) and IFNa are administered separately), administration can occur, for example, 1, 2, 3, 4,

5,6,7,8,9,10, 11, 12, or more times in a day.

[0212] Insome cases, therapeutic administration can occur about once per week, about every
two weeks, about every three weeks, or about once per month. In other cases, therapeutic
administration can occur about 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more times per month. Treatment can continue for
about 1,2,3,4,5,6,7,8,9, 10, 11, 12, or more weeks; about 1,2, 3,4,5,6,7,8,9, 10, 11, 12
or more months; or longer. At any time during treatment, the therapeutic plan can be adjusted
as necessary. For example, depending on the response to modified cancer cell(s),
compositions, or pharmaceutical composition(s) of the present disclosure, a different vaccine
may be selected, one or more additional therapeutic agents or drugs may be chosen, or any
aspect of the therapeutic plan can be discontinued. One of skill in the art will readily be able
to make such decisions, which can be informed by, for example, the results of allele profile
comparison, changes in the activity and/or number of an immune cell, and/or changes in the

the presence or level of one or more biomarkers.

[0213] The modified cancer cell(s), composition(s), and pharmaceutical composition(s) of
the present disclosure can be administered by any suitable route, including those described
herein. In some embodiments, the administration is by intradermal or intralymphatic injection.
In some embodiments, the whole-cell cancer vaccine (e.g., comprising modified cancer cells
of the present disclosure) is given separately from interferon alpha (IFNa). In some instances,
the IFNa is injected locally. IFNa can be given before and/or after the vaccine is administered.

Timing of the separate injections can be any suitable interval, including those described herein.

[0214] One of skill in the art will readily be able to administer the number of appropriate
modified cancer cells to include in a particular dose. A dose may include, for example, about
50,000 to 50,000,000 (e.g., about 50,000, 60,000, 70,000, 80,000, 90,000, 100,000, 110,000,
120,000, 130,000, 140,000, 150,000, 160,000, 170,000, 180,000, 190,000, 200,000, 250,000,
300,000, 350,000, 400,000, 450,000, 500,000, 550,000, 600,000, 650,000, 700,000, 750,000,
800,000, 850,000, 900,000, 950,000, 1,000,000, 1,500,000, 2,000,000, 2,500,000, 3,000,000,
3,500,000, 4,000,000, 4,500,000, 5,000,000, 5,500,000, 6,000,000, 6,500,000, 7,000,000,
7,500,000, 8,000,000, 8,500,000, 9,000,000, 9,500,000, 10,000,000, 11,000,000, 12,000,000,
13,000,000, 14,000,000, 15,000,000, 16,000,000, 17,000,000, 18,000,000, 19,000,000,
20,000,000, 25,000,000, 30,000,000, 35,000,000, 40,000,000, 45,000,000, 50,000,000, or
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more) modified cancer cells. In some embodiments a dose may contain about 1,000,000
modified cancer cells. In some embodiments a dose may contain about 5,000,000 modified
cancer cells. In some embodiments a dose may contain about 10,000,000 modified cancer cells.

In some embodiments a dose may contain about 20,000,000 modified cancer cells.

[0215] A dose may also include, for example, at least about 5,000,000 to 100,000,000 (e.g.,
about 5,000,000, 6,000,000, 7,000,000, 8,000,000, 9,000,000, 10,000,000, 15,000,000,
20,000,000, 25,000,000, 30,000,000, 35,000,000, 40,000,000, 45,000,000, 50,000,000,
55,000,000, 60,000,000, 65,000,000, 70,000,000, 75,000,000, 80,000,000, 85,000,000,
90,000,000, 95,000,000, 100,000,000, or more) modified cancer cells.

[0216] A dose may alternatively include, for example, at least about 100,000,000 to
1,000,000,000 (e.g., about 100,000,000, 150,000,000, 200,000,000, 250,000,000, 300,000,000,
350,000,000, 400,000,000, 450,000,000, 500,000,000, 550,000,000, 600,000,000,
650,000,000, 700,000,000, 750,000,000, 800,000,000, 850,000,000, 900,000,000,
950,000,000, 1,000,000,000, or more) modified cancer cells.

[0217] In some embodiments, the modified cancer cells are irradiated. The irradiation dose
may be, for example, between about 2 and 2,000 Gy (e.g., about, 2, 3,4, 5,6, 7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 350, 400, 450, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500, 1,600, 1,700,
1,800, 1,900, or 2,000 Gy). In particular embodiments, the modified cancer cells are irradiated
with a dose of about 100 Gy.

[0218] In some embodiments, treating the subject results in a decrease in the presence or
level of one or more heterologous antigens measured or detected in a sample obtained from the
subject. In some embodiments, treating the subject results in an increase in the presence or
level of one or more biomarkers measured or detected in a sample obtained from the subject.
In particular embodiments, treating the subject results in no change the presence or level of the

one or more biomarkers.

[0219] In some embodiments, treating the subject results in an increase in the activity and/or
number of one or more immune cells. In some instances, the increase is produced in one cell
type. In other instances, the increase is produced in multiple cell types. In some embodiments,
the cell in which the level of activity and/or number is increased is selected from the group

consisting of a peripheral blood mononuclear cell (PBMC), a lymphocyte (e.g. T lymphocyte,
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B lymphocyte, NK cell), a monocyte, a dendritic cell, a macrophage, a myeloid-derived
suppressor cell (MDSC), and a combination thereof. In particular embodiments, the level of
activity and/or number of immune cell(s) is measured using methods of the present disclosure

described herein.

[0220] In some embodiments, an increase in immune cell activity and/or number indicates
that the subject should be administered one or more additional doses of the pharmaceutical
composition (e.g., comprising modified cancer cells of the present disclosure). In some
instances, a different vaccine is administered. One of skill in the art will recognize that an
increase in immune cell activity and/or number will occur, in some instances, after 1, 2, 3, 4,

5,6,7,8,9,10, 11, 12, 13, 14,or more doses of the vaccine have been administered.

[0221] In some embodiments, a sample is obtained from the subject. In other embodiments,
a sample is obtained from a different subject or a population of subjects. Samples can be used
for the purposes of selecting an appropriate cancer vaccine of the present disclosure, monitoring
the response to vaccine therapy, and/or predicting how the subject will respond to vaccine
therapy. Samples obtained from a different subject and/or a population of subjects can be used,
for example, to establish reference ranges to facilitate comparisons that are part of the methods
of the present disclosure. Samples can be obtained at any time, including before and/or after
administration of the modified cancer cell(s), pharmaceutical composition(s), and/or other
composition(s) of the present disclosure. In some embodiments, the sample comprises whole
blood, plasma, serum, cerebrospinal fluid, tissue, saliva, buccal cells, tumor tissue, urine, fluid
obtained from a pleural effusion, hair, skin, or a combination thereof. In general, the sample
can comprise any biofluid. For HLA typing, any cell, tissue, or biofluid type is suitable, as
long as it contains a sufficient amount of DNA or RNA to allow typing. In some instances, the
sample comprises circulating tumor cells (CTCs). The sample can also be made up of a
combination of normal and cancer cells. In particular embodiments, the sample comprises
circulating tumor cells (CTCs). The sample can be obtained, for example, from a biopsy, from
a surgical resection, and/or as a fine needle aspirate (FNA). Samples can be used to determine,
measure, or detect HLA allele(s), immune cell activity and/or number, and/or biomarker(s), as

described herein.

[0222] In some embodiments, the results of the HLA typing (e.g., the alleles present in an
allele profile, the results of a comparison of allele profiles), immune cell activity and/or number

measurement, and/or biomarker presence or level determinations are recorded in a tangible
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medium. For example, the results of assays (e.g, the alleles present in an allele profile, the
results of a comparison of allele profiles, the activity level and/or number of immune cells, the
presence or level (e.g., expression) of one or more biomarkers and/or a prognosis or diagnosis
(e.g., of whether or not there is the presence of cancer, the prediction of whether the subject
will respond to a vaccine, or whether the subject is responding to a vaccine) can be recorded,
e.g., on paper or on electronic media (e.g., audio tape, a computer disk, a CD, a flash drive,

efc.).

[0223] In other embodiments, the methods further comprise the step of providing the results
of assays, prognosis, and/or diagnosis to the patient (i.e., the subject) and/or the results of

treatment.

E. Kits

[0224] In another aspect, the present disclosure provides a kit for treating a subject with a
cancer. In some embodiments, the kit comprises a modified cancer cell line, a composition,
and/or a pharmaceutical composition of the present disclosure described herein. The kits are
useful for treating any cancer, some non-limiting examples of which include breast cancer,
ovarian cancer, cervical cancer, prostate cancer, pancreatic cancer, colorectal cancer, gastric
cancer, lung cancer, skin cancer, liver cancer, brain cancer, eye cancer, soft tissue cancer, renal
cancer, bladder cancer, head and neck cancer, mesothelioma, acute leukemia, chronic
leukemia, medulloblastoma, multiple myeloma, sarcoma, and any other cancer described

herein, including a combination thereof.

[0225] Materials and reagents to carry out the various methods of the present disclosure can
be provided in kits to facilitate execution of the methods. As used herein, the term “kit”
includes a combination of articles that facilitates a process, assay, analysis, or manipulation.
In particular, kits of the present disclosure find utility in a wide range of applications including,

for example, diagnostics, prognostics, therapy, and the like.

[0226] Kits can contain chemical reagents as well as other components. In addition, the kits
of the present disclosure can include, without limitation, instructions to the kit user, apparatus
and reagents for sample collection and/or purification, apparatus and reagents for product
collection and/or purification, apparatus and reagents for administering modified cancer cell(s)
or other composition(s) of the present disclosure, apparatus and reagents for determining the

level(s) of biomarker(s) and/or the activity and/or number of immune cells, apparatus and
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reagents for detecting HLA alleles, sample tubes, holders, trays, racks, dishes, plates, solutions,
buffers or other chemical reagents, suitable samples to be used for standardization,
normalization, and/or control samples. Kits of the present disclosure can also be packaged for
convenient storage and safe shipping, for example, in a box having a lid. For instance, the kits
may be stored and shipped at room temperature, on wet ice or with cold packs, or frozen in the

vapor phase of liquid nitrogen or in dry ice.

[0227] Insome embodiments, the kits also contain negative and positive control samples for
detection of HL A alleles, immune cell activity and/or number, and/or the presence or level of
biomarkers. In some embodiments, the negative control samples are non-cancer cells, tissue,
or biofluid obtained from the subject who is to be treated or is already undergoing treatment.
In other embodiments, the negative control samples are obtained from individuals or groups of
individuals who do not have cancer. In other embodiments, the positive control samples are
obtained from the subject, or other individuals or groups of individuals, who have cancer. In
some embodiments, the kits contain samples for the preparation of a titrated curve of one or
more biomarkers in a sample, to assist in the evaluation of quantified levels of the activity

and/or number of one or more immune cells and/or biomarkers in a biological sample.

IV.  Examples

[0228] The present disclosure will be described in greater detail by way of specific examples.
The following examples are offered for illustrative purposes only, and are not intended to limit
the invention in any manner. Those of skill in the art will readily recognize a variety of

noncritical parameters which can be changed or modified to yield essentially the same results.

Example 1: Generation of Bria-OTS breast cancer immunotherapy cell lines

[0229] This example illustrates one embodiment of generating the cell lines described herein.

[0230] Bria-OTS are experimental, HER-2/neu positive, allogeneic, whole cell breast cancer
(BC) cell lines designed to secrete granulocyte-macrophage colony stimulating factor (GM-
CSF) in situ and augment dendritic cell activity. In addition, the Bria-OTS cell lines are
engineered to express multiple human leukocyte antigen (HLA) alleles to match >99% of the
breast cancer patient population. Bria-OTS consist of 4 separate BC cell lines: BC1, BC2,
BC3, and BC4 as detailed below. Each of the four Bria-OTS cell lines expresses the C'SF2
gene encoding GM-CSF.
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[0231] Parental cell line. The Bria-OTS cell lines were derived from the breast cancer parent
cell line, SV-BR-1, which expresses multiple cancer-associated antigens and immune
stimulating factors including Class I HLA molecules that directly activate CD4+ T cells to
enhance the immune response. Generation of the initial SV-BR-1 cell line is described in WO

2017/147600, which is incorporated herein in its entirety.

[0232] The parent cell line, SV-BR-1, contains HILA-A*24:02, HL.A-B*35:08, HLA-
B*55:01, HLA-C*01:02, HLA-C*04-01, and HLA-DRB3*01:01, endogenous HLA alleles,
which are expressed; in addition HLA-DRB3*02:02, HLA-DRB1*11:04, HLA-DRB1*13:03
are expressed at lower levels but enhanced by exposure to interferon-gamma (IFNy); and
HILA-A*11:01, which is not detected. In the Bria-OTS cell lines, expression of HL.A-A*24:02
and DRB3*01:01 have been functionally knocked out using CRISPR technology as described
below. Bria-OTS cell lines instead express the following combinations of HLA genes:
BC1.68.3.4 (BC1): HLA-A*01:01, HLA-A*68:01, HLA-DRB3*02:02, HLA-DRB4*01:01 ;
BC2.11.43 (BC2): HLA-A*02:01, HLA-A*11:01, HLA-DRB4*01:01, HLA-DRB3*03:01,
BC3.23.3.5(BC3): HLA-A*03:01, HLA-A*23:01, HLA-DRB3*01:01, HLA-DRB5*01:02; and
BC33.5.5 (BC4): HLA-A*33:03, HLA-DRB5*01:01, HLA-DRB5*02:02.

[0233] To prepare the therapeutic composition described herein, a vial from the master cell

bank (MCB) can be thawed, grown in culture, harvested, and cryopreserved.

[0234] Inactivation of endogenous HLA antigen expression in cell lines. SV-BR-1
endogenous HLA alleles including: HLA-A*24:02, HLA-A*11:01, HLA-B*35:08, HLA-
B*55:01, HLA-DRB3*01:01, and HLA-DRB3*02:02, of which all except HLA-A*11:01 are
expressed under standard culture conditions. To eliminate the possibility of competition
between endogenous SV-BR-1 HLA alleles and exogenous HLA alleles introduced as part of
Bria-OTS-1 construction, Bria-KO (SV-BR-1-KO) was engineered by inactivating
endogenous HLA-A and HLA-DRB3 alleles. Using clustered regularly interspaced short
palindromic repeats/CRISPR-associated protein-9 (CRISPR/Cas9) technology, synthetic guide
RNAs (sgRNAs) were designed to introduce frameshift mutations into the endogenous HLA
alleles, rendering the HLA proteins nonfunctional as described below. sgRNAs Guide RNAs
were transfected into Bria-SV-BR-1 cells using Lipofectamine CRISPRMAX Cas9
Transfection Reagent. Knock-out (KO) cells were evaluated by flow cytometry using anti-
HLA-A or anti-HLA-DR antibodies. For example, HLA-A null cells were sorted out via
negative isolation with Dynabeads (Invitrogen) and HLA-A24 antibody. Two rounds of
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negative selection were performed to enrich for HLA-A*24:02 negative cells. Additional
rounds of negative selection using Dynabeads coupled to anti-HLA-DR (recognizing HLA-
DRp3, encoded by the HLA-DRB3 gene, in complex with HLA-DRa) antibody were similarly
performed and clonal derivatives were obtained. Subsequently, genes were introduced, either
by transfection or transduction, for immunostimulators (e.g.,GM-CSF) and other exogenous
HLA alleles. It was confirmed that Clone 17 contains HLA-A*24:02 and HLA-DRB3*01:01
frameshift mutations, resulting in mutant HLA antigens that are not recognized by antibodies
in flow cytometry assays. Thus, two of the four target HLA alleles in the parent cell line, Bria-

SV-BR-1, were successfully inactivated, resulting in the generation of Clone 17.

[0235] Clone 17 was subsequently transduced separately with 4 lentiviral vectors (V1, V2, V3,
and V4 respectively) to induce expression of GM-CSF, interferon-alpha (IFN-a), and 4
exogenous HLA genes — 2 HLA-A genes and 2 HLA-DRB3 or HLA-DRB4 or HLA-DRBS5
genes. The lentiviral constructs used to develop the corresponding Bria-OTS cell lines are
shown in Table 2.

[0236] The result was 4 cell lines all expressing GM-CSF and IFN-a, and BC1, BC2 and
BC3 each expressing 4 unique HLA genes — 2 Class I HLA genes and 2 Class Il HLA genes,
and BC4 expressing 3 unique HLA genes — 2 Class | HLA genes and 1 Class I HLA gene, as
noted in Table 2 and FIGS. 1-4. The cell lines were checked using flow cytometry on the cell
lines developed after lentiviral transduction and by measuring GM-CSF in the culture

supernatants.

[0237] CRISPR inactivation of endogenous HLA-A and HLA-DRB3 expression.
Removal of HLA-A (*11:01 and *24:02) and HLA-DRB3 (*01:01 and *02:02) was done using
CRISPR/Cas9 technology. Synthetic sgRNA with chemical modification were purchased from
Synthego (HLA-A: A*C*A*GCGACGCCGCGAGCCAG-Synthego modified EZ scaffold
(SEQ ID NO:45) and HLA-DBR3: U*G*C*AGACACAACUACGGGGU-Synthego
modified EZ scaffold (SEQ ID NO:46)). SV-BR-1 cells were stored in LN2 and cultured at 37
°C, 5% CO2, and 95% humidity in supplemented RPMI culture medium. Cells were
cryopreserved. SV-BR-1 cells were transferred back in culture and kept in culture before
seeding. Cells were seeded at a concentration of 0.5 x 10° cells per well in a 6-well plate. Next
day, cells were transfected using Lipofectamine CRISPRMAX reagent. sgRNA (HLA-A) were
reconstituted according to the manufactured recommendations and diluted to 30uM. Next, the
RNP complex was made by mixing 21 ul sgRNA 30um + 3.5 ul synthego provide 20 uM Cas9

nuclease + 5 ul lipofectamine Cas9 plus reagent + 95.5 ul Optimem, and incubating 10 minutes
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at room temperature. After the RNP complex was formed, it was mixed with the preincubated
lipofectamine CRISPRMAX (5 ul Lipofectamine+120 ul optimen) and incubated for 5
minutes. Finally, 350 ul of mixture was added to the cell containing wells and incubated for 2-
3 days. Cells were expanded for 10 days and KO was validated by flow cytometry using anti-
HLA-A24 antibody on March 1, 2018 (20% HLA-A24 negative cells). HLA-A null cells were
sorted out via negative isolation with Dynabeads (Invitrogen) and HLA-A24 antibody. After
bead sorting, 40% of cells were HLA-A24 negative. Cells were expanded and were subjected
to a second round of negative isolation using HLA-A24 antibody and Dynabeads. After bead
sorting 100% SV-BR-1 cells were HLA-24 negative as shown by flow cytometry. Cells were

expanded and cryopreserved.

[0238] SV-BR-1 HLA-A knock out cells (KO) were transferred back in culture before
seeding in 24 well plates at 0.15 x 10° cells per well. Next day, cells were transfected using
Lipofectamine CRISPRMAX reagent. sgRNA (HLA-DRB3) were reconstituted according to
the manufactured recommendations and diluted to 30uM. Next, the RNP complex was made
by mixing 21 ul sgRNA 30um + 3.5 ul synthego provide 20 uM Cas9 nuclease + 5 ul
lipofectamine Cas9 plus reagent + 95.5 ul Optimem, and incubating 10 minutes at room
temperature. After the RNP complex was formed it was mixed with the preincubated
lipofectamine CRISPRMAX (5 ul Lipofectamine+120 ul optimen) and incubated for 5
minutes. Finally, 350 ul of mixture was added to the cell containing wells and incubated for 2-

3 days.

[0239] Single cell cloning of SV-BR-1 KO was then initiated. Cells were seeded at 1
cell/well in a 96 well plate in 30% complete medium + 70% conditioned medium (20% FBS).
Screening and freezing of single cell clones was subsequently performed and HLA-A/DRB3
KO clones were identified by using Guide-IT Genotyping Kit (Takara). Clone 17 was selected
and used for further development. Clone 17 was further validated using Topo cloning and
sequencing. Genomic DNA was isolated from the Clone 17 cell line and specific primers were
used to amplify HLA-A (*11:01 and *24:02) and HLA-DRB3 (*01:01 and *02:02). Following
PCR, the products were cloned according to the manufacturer’s recommendations. Bacterial
colonies were picked and sequenced using rolling circle amplification (RCA) prior to Sanger

sequencing.

[0240] Preparation of plasmid for lentiviral production. The plasmid backbone, pCCl-c
(SEQ ID NO:47) for the construction of this plasmid was originally constructed in Naldini
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laboratory (Dull et al., 1998) and further modified in Donald B Kohn laboratory (Department
of Microbiology and immunology UCLA). For instance, the final plasmid of BC4 contains the
following elements as show in FIG. 4. Specifically, Ampicillin resistance gene (AMP), is
located at bases 132-992; CMV enhanced 5° LTR, is located at bases 2358-3070; packaging
signal (PSI), is located at bases 3120-3258; Rev responsive element (RRE), is located at bases
3745-3948; Central polypurine tract (cPPT), is located at bases 4461-4648; hEF 1a promoter,
is located at bases 4653-5842; CSF2-T2A-IFN-a, is located at bases 5843-6916; MNDU?3
promoter, is located at bases 6917-7453; HLA alleles including HLA-A*24:02-T2A-HLA-
A*33:03-P2A-HLA-DRB5*01:01-E2A-HLA-DRB5*01:02, are located at bases 7454-11452;
U3 Sin Region 3’ LTR, is located at bases 11609-11664; R region 3’ LTR, is located at bases
11665-11761; US region 3’ LTR, is located at bases 11763-11845.

[0241] Cloning strategies. pCCLc-Efla-X-WPRE (SEQ ID NO:47) was created by
removing a proprietary gene with BAMHI1 and SALI, and an MCS was cloned in. The final
vector was confirmed with Sac2 with band sizes of 351bp, 1111bp, 6380bp. In addition, the

vector was confirmed by sequencing.

[0242] CSF2-T2A-IFN-a was synthesized by Genscript to have BamHI1 sites on 5', 3' ends
and coding sequences were codon optimized. CSF2 and IFN-q are separated by the sequence of

a 124 self-cleaving peptide.

[0243] HLA-A*24:02-T2A-HLA-A*33:03-P2A-HLA-DRB5*01:01-E2A-HLA-

DRB5*02:02 was synthesized by Genscript to have ECORI sites on 5', 3' ends and coding
sequences were codon optimized. HLA-A*24:02 and HLA-A*33:03 are separated by the
sequence of a 724 self-cleaving peptide. HLA-A*33:03 and HLA-DRB5*01:01 are separated
by the sequence of a P24 self-cleaving peptide. HLA-DRB5*01:01 and HLA-DRB5*02:02 are
separated by the sequence of a £24 self-cleaving peptide. This fragment was cloned into the
EcoR1 site of pCCLc-EF1a-X-WPRE. Final plasmid was confirmed with NCO1 to give band
sizes 221bp, 1519bp, 3271bp, 3441bp, 4439bp, and also confirmed by sequencing.

[0244] Production of lentivirus. To produce lentiviral vectors, HEK 293T cells (Clontech
Lenti-X 293 cells) were cultured in D10HG media, transfected using Mirus TRANS-IT 293
transfection Reagent with DMEM media, with the VSV-G envelope plasmid, packaging
plasmid and vector (FIGS. 1-4). On the fifth day, the conditioned media was harvested,
centrifuged, and the supernatant was concentrated using Millipore Centricon Plus 70 PL-100,

and then filtered using Costar 0.45 Spinx centrifuge filter tubes. Viral titer was determined
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using the ABM LV900 Lentivirus Titer Kit with Mastermix R. Testing of the lentiviral vector
was conducted, for example, by determining titer, sequence, RCL, bioburden, and/or

endotoxin.

[0245] Lentiviral transduction. with the lentivirus. Cells were seeded in a 12-well plate at
a density of 0.29 x 10° cells/well and transduced at 150 MOI the next day. For transduction,
the medium was 1ml RPMI 1640 + 10% FBS + L-Glutamine+ 20 mg/mL Protamine Sulfate.
Once the cells recovered and reattached, cells were lifted using 4 mL TrypLE Express for 5
minutes. Reaction was stopped with 8 mL culture media. Cells were counted and cryopreserved

using CS10 at approximately 8 x 10° cells/vial.

[0246] Lentiviral transduced cells (e.g., Clone 17 cells) were transferred into culture and
expanded. HLA-DR+ cells were isolated using Dynabeads (Invitrogen) and HLA-DR antibody
- L243 (BioLegend), according to the manufacturer’s recommendations. Cells were further
expanded and Clone 17 cells were subjected to a second round of HLA-DR+ isolation using
Dynabeads. Cells were further expanded and then single cell cloning was initiated by seeding
at 2 cells/well in 96 well plates. Single cell clones were transferred to 48-well plates. GM-CSF
ELISA (BioLegend) was completed to identify positive clones. GM-CSF positive clones were
transferred to a 12-well plate. For example, the V4-2 clone (BC4 cell line) was expanded and

then cryopreserved using CS10 freezing medium.

[0247] Cell line characterization using GM-CSF and IFN-g ELISA. The BC4 cell line
and Clone 17 cells were thawed and production of GM-CSF was measured using a GM-CSF
ELISA kit (R&D Systems Cat. Number DGMO00), according to the manufacturer’s
recommendations. The concentration of GM-CSF detected in BC4 was 36.9 ng/mL./24 h, but
no GM-CSF was detected in Clone 17. BC4 IFN-a production was measured using an IFN-a
ELISA kit (Invitrogen) and the IFN-a concentration was below the assay limit of detection for

both cells.

[0248] HLAs SYBR green quantitative RT-PCR. The BC4, SV-BR-1, and Clone 17 cells
were thawed and cultured for 7 days until cells reached 80% confluency. Cells were lifted using
accutase dissociation reagent, then counted, and 5 x 10° cells were stored at -80°C for

subsequent analyses.

[0249] RNA was extracted using PureLink RNA Mini kit (ThermoFisher) according to the
manufacturer’s recommendations. 500 ng of RNA were used for first strand cDNA synthesis.

Subsequently, this cDNA (2 pL) was subjected to SYBR Green Quantitative RT-PCR (Applied
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Biosystems) using custom designed primers for HLA-A*24:02, HLA-A*33:03, HLA-
DRB5*01:01 and HLA-DRB5*02:02 (Genescript). In BC4 but not in SV-BR-1 and Clone 17,
high levels of HLA-DRB5*02:02 and HLA-A*33:03 and low levels HLA-DRB5*01:01 were
confirmed. No cDNA detection of HLA-A*24:02 was observed. Thus, it was assumed that
HLA-A*24:02 was not expressed, and the cell line was designated BC33.5.5 (BC4).

[0250] HLA-DR flow cytometry: The BC4, SV-BR-1, and Clone 17 cells were seeded in
6-well plates. On the following day, cells were treated with IFNy for 48h. The treated cells
were subjected to flow cytometry using anti-HLA-DR antibody (clone L.243, Biolegend). The
expression levels of HLA-DR in BC4 and SV-BR-1 were comparable and higher than Clone
17.

Example 2: Preparation of MCB for each cell line

[0251] A master cell bank (MCB) may be created for each cell line and tested. As an
illustration, the BC1, BC2, BC3 and BC4 cell lines will be propagated in T-25, T-75 and T-
150 flasks using RPMI with 10% FBS medium. To confirm the production of GM-CSF,
randomly selected flasks will be incubated in antibiotic-free RPMI + 10% FBS for 72 hours.
The supernatant will be collected, and the concentration of GM-CSF will be determined by
ELISA. To confirm the expression of specific HLA alleles, cells will be subjected to flow
cytometry using HL A-specific antibodies and RT-PCR using HLA-specific primers.

[0252] The propagated cells will be harvested at passage 8 using 0.25% porcine trypsin + 1
mM EDTA (Gibco). The cells will be resuspended in freezing medium (CS10) and aliquoted
into cryovials at a concentration of 1.5 x 10° viable cells/vial. The cells will be tested as outlined

below.

[0253] Testing of MCBs for each cell line. A master cell bank (MCB) may be created for
each cell line and tested. Briefly, the cells may be tested for total cell recovery, viability ,
identity, purity, potency, mycoplasma, mycoplasma direct and indirect detection, mycoplasma
culture (mycoplasmastasis), endotoxin, 14-day sterility culture, specific viruses such as AAV2,
EBV, HAV, HBV, HCMV, HCV, herpesviruses (broad-range), HHV-6, HHV-7, HHV-8, HIV
(HIV-1, HIV-2), HTLV-1, HTLV-2, human parvovirus, polyomavirus (broad-range), WNV,
retroviral contaminants, 9 CFR detection of bovine viruses or porcine viruses, replication
competent lentivirus (RCL), and/or non-endogenous/adventitious viruses. Details of the testing

method and criteria are listed in Table 4 below.
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Table 4. Release testing of MCBs for BC1 through BC4 cell lines

Test Method Acceptance Criteria
Total cell recovery Hemacytometer 75% - 120%

(% cells recovered per vial

relative to total number of

cryopreserved cells/vial)
Viability Trypan Blue >70%
Identity Her2/neu IHC Positive

(ASCO/CAP Score 3+)
Purity ER/PgR [HC Negative
(ASCO/CAP Guidelines)

Potency GM-CSF ELISA > 5 ng per 10° cells per 24 hours
Mycoplasma Validated RT-PCR method* Negative per assay-defined Ct value
Mycoplasma — direct and indirect | USP <63> Not detected
(detection)
Mycoplasma - culture USP <63> Non-inhibitory (Pass)
(mycoplasmastasis)
Endotoxin, USP <85> Kinetic chromogenic LAL <5 EU/mL
14-day Sterility culture USP <71> No growth
Specific viruses: RT-PCR, PCR Not detected
AAV2, EBV, HAV, HBV,
HCMV, HCV, herpesviruses
(broad-range), HHV-6, HHV-7,
HHV-8, HIV (HIV-1, HIV-2),
HTLV-1, HTLV-2, human
parvovirus, polyomavirus (broad-
range), WNV
Retroviral contaminants (Reverse | PCR-based reverse transcriptase | Not detected
transcriptase) assay (PBRT) Using fluorescent

probe technology
9 CFR - Bovine viruses 9 CFR detection of bovine Not detected

viruses in bovine serum or other

products - 21 days
9 CFR - Porcine viruses 9 CFR detection of porcine Not detected

viruses - 21 days
Replication competent lentivirus | Amplification of potential RCLs | Not detected

(RCL)

in a susceptible human T-cell
line with ELISA and PBRT
endpoints

Non-endogenous/ adventitious
viruses

In vitro MRC-5, VERO, HeLa)

Negative (cytopathic effects,
hemagglutination, hemadsorption)

In vivo (hen eggs)

Negative
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Test Method Acceptance Criteria

In vivo (mice) Negative

*Either the validated PCR or the USP <63> method will be used for mycoplasma detection.

Example 3: Composition of a drug product

[0254] This example describes one embodiment of the composition of a drug product as
described herein. The drug product consists of a suspension of cells, grown from a single vial

of the MCB and irradiated.

[0255] BCI1 through BC4 drug product (DP) are each provided as a frozen suspension of
approximately 20 million total BC cells/mL (target of 12.5 million single viable cells/mL) in
CryoStor CS10 with a 1.25 mL fill in 2 mL cryovials. The DP is to be stored in 2 mL external
thread, free-standing CryoElite Natural Cap vials. The vials are made from low binding,

cryogenic grade virgin polypropylene.

[0256] As an illustration, the BC33.5.5 (BC4) cell line is a HER-2/neu positive, allogeneic,
whole cell breast cancer (BC) cell line, which is engineered to express GM-CSF and the
following HLA genes: HI.A-A*33:03, HLA-DRB5*01:01, HLA-DRB5*02:02. The native HLA
genes were functionally knocked out using CRISPR technology. The drug substance (DS)
consists of a suspension of cells, grown from a single vial of the MCB and irradiated. The DS
will be immediately resuspended in a cryopreservative solution and frozen to produce the final

drug product.

[0257] The composition of the BC4 DP vaccine is provided in Table 5. The composition is
the same for each of the BC1 through BC4 DP. The composition contains an active ingredient
comprising approximately 20 million total BC1 cells per mL and Qs to 1 mL of CryoStor CS10
as buffer and cryoprotectant. CryoStor CS10 is an animal component-free, defined

cryopreservation medium with 10% DMSQO. It is manufactured under cGMPs using USP grade

reagents.
Table 5. Composition of BC4 drug product (BC DP)
Component Amount per mL Function
BC4 Cells Approximately 20 million total cells Active ingredient
CryoStor CS10 Qsto 1 mL Buffer and cryoprotectant
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Example 4: Safety and efficacy of modified human cancer cell lines in cancer

patients

[0258] This example illustrates one embodiment of testing the safety and efficacy of
modified human cancer cell lines (e.g.,, Bria-OTS cell lines) in patients with advanced
metastatic or locally recurrent breast cancer in a clinical trial. This study will provide
preliminary data regarding the safety, tolerability, tumor response in patients with advanced
(e.g., metastatic or locally recurrent) breast cancer. A brief summary of the clinical study design

is provided below.

[0259] Thisis a Phasel/2a, open-label clinical study with patients assigned to treatment with
a breast cancer immunotherapy cell line based on their HL A type. The primary objective of the
study is to evaluate the safety of HLA-matched cellular immunotherapy in patients with
advanced breast cancer. The secondary objective of the study is to evaluate the tumor response
to HLA-matched cellular immunotherapy in patients with advanced breast cancer.
Additionally, the study may include objectives to evaluate progression-free (PFS) and overall
survival (OS) in advanced breast cancer patients treated with HLA-matched cellular
immunotherapy, to evaluate the immune responses elicited by HLA-matched cellular
immunotherapy in patients with advanced breast cancer, to evaluate patient and tumor
characteristics that may be predictive of responses to HLA-matched cellular immunotherapy
in patients with advanced breast cancer, and/or to evaluate Quality of Life (QOL) in advanced
breast cancer patients treated with HLA-matched cellular immunotherapy. The cell lines being
studied are the Bria-OTS cell lines (e.g., BC1, BC2, BC3, or BC4). Patients will be treated with
the cell line that most closely matches their HLA type, with at least one match required for a

patient to be treated.

[0260] Additionally, to boost the immune response, patients are pretreated with low-dose
cyclophosphamide that downregulates T regulatory-cell mechanisms 48-72 hours (2-3 days)
prior to each vaccine inoculation. Low-dose pegylated interferon-alpha-2a (IFN-02a) serves as
an adjuvant and is given by intradermal injection at 0.1 mcg to the inoculation site about 1-4
hours and about 24-72 hours (1-3 days) following vaccine inoculation. Biological samples are

collected at regular intervals per protocol, and stored in a repository.

[0261] As an illustration, in Part 1 (Phase 1) of the study, there will be intra-patient dose
escalation with each patient treated with a single cell line. Once the dose of cells has been

decided in Part 1, in Part 2 (Phase 2a) patients may be treated with either 1 or 2 cell lines, with

85



WO 2023/167973 PCT/US2023/014337

the goal to have patients match the cell lines used at least at 2 HLA types, preferably one class
IT (HLA-DR) type and one class I (HLA-A, B, or C) type.

[0262] Patient population. Patients will be screened to assure they fulfill the enrollment
criteria. Screening must be performed within 30 days of initiating therapy, and imaging studies
must be performed within 2 weeks of initiating therapy. All patients will be women with
histologically confirmed breast cancer with recurrent and/or metastatic lesions via
investigational site, which has failed prior therapy. Patients with any of the 4 breast cancer
subtypes will be eligible, i.e., luminal A (HR+/HER2-), triple-negative (HR-/HER2-), luminal
B (HR+/HER2+), and HER2-enriched (HR-/HER2+), given they meet the required
specifications of failed prior treatments. Patients with new or progressive breast cancer
metastatic to the brain will also be eligible if their intracranial disease is stable and not life-

threatening as noted in the protocol synopsis.

[0263] Planned enrollment for both parts of the study is up to 48 patients, with 12-24 patients
(at least 3 patients with each cell line) to be evaluated initially. If the cell lines are found to be
safe in Part 1, then the expansion cohort of 24 patients (at least 4 patients per cell line) will be

enrolled in Part 2.

[0264] Study treatment and dosage escalation. The Bria-OTS cell lines will be irradiated
to render them replication incompetent prior to freezing in viable freezing media. They will be
shipped to the clinical sites frozen and thawed on site for inoculation. Patients will be evaluated

initially every week during the dose escalation phase, including all safety assessments.

[0265] The dosage form is formulated in suspension of irradiated cells. Patients will be
administered with a therapeutically effective amount of the composition through intradermal
injection in the upper back or thighs over a period of time. Table 6 illustrates dosing regimen

for Phase 1 monotherapy phase.

Table 6. Dosing regimen for monotherapy phase

Time Cell count Number of injections

Week 1 20,000,000 cells Up to 4 intradermal injections
Week 3 20,000,000 cells Up to 4 intradermal injections
Week 5 20,000,000 cells Up to 4 intradermal injections
Week 7 20,000,000 cells Up to 4 intradermal injections
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[0266] Patients will return 2+1 days following each inoculation for safety assessments and
to measure the delayed-type hypersensitivity (DTH) response during the monotherapy phase.
Following the monotherapy phase the patients will be treated with the top dose (i.e., maximum
tolerated dose [MTD] or a pharmacologically active dose), which was the cell dose safely
tolerated every 3 weeks. During this phase, the patient will also receive cyclophosphamide 300
mg/m? 2-3 days prior to each cell line inoculation, and pegylated IFN-a2a 0.1 mcg into each
inoculation site, 1-4 hours and 1-3 days following each cell line inoculation. The entire cycle

will be repeated every 3 weeks.

[0267] Once at least 3 patients have been safely treated with each cell line as a single cell
line, Part 2 (Phase 2a) of the study will commence. During Part 2, all patients will be treated
with 1 or 2 cell lines, with the goal to have patients match the cell lines used at least at two
HLA types, preferably one class II (HLA-DR) type and one class I (HLA-A, B or C) type.
Treatment will be preceded by cyclophosphamide, 300 mg/m?, 2-3 days prior to the BC cell
line inoculations. Treatment will be with 20,000,000 cells (up to 4 intradermal injections in the
upper back and thighs). They will the receive pegylated IFN-02a 0.1 mcg into each inoculation
site, 1-4 hours and 1-3 days following each cell line inoculation. Patients will return 2+1 days
following each inoculation for safety assessments and to measure the DTH response. Treatment

cycles will be repeated every 3 weeks.

[0268] Assessments. Study participants are closely monitored for adverse events (e.g.,
toxicity) using the common terminology criteria for adverse events (i.e., CTCAE v 4.03) scale.
Development of a new or progressive tumor, or treatment-related Grade III

allergy/hypersensitivity, truncates further inoculations to any particular subject.

[0269] While the core success measure is safety and lack of toxicity, any of the following
may be applied as success measures: 1) objective clinical response as defined by irRC RECIST
1.1 criteria in 25% of patients, 2) improvement in quality of life in 50% or more patients as
evidenced by significant change in one or more scales in the SF-36 questionnaire (quality of
life), 3) prolongation of disease-free and overall survival as compared with historical controls
from reports of other salvage therapies in the published literature, 4) evidence of development
or amplification of immune responses, especially if correlating with prolongation of survival.

Other success measure may include induction of tumor regression.

[0270] Objective clinical response is primarily assessed by radiographic assessment of tumor

burden. This may be conducted, as non-limiting examples, by computed tomography (CT),
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magnetic resonance imaging (MRI), and/or positron emission tomography (PET). To assess
whether objective tumor regression is particularly pronounced in patients with HLA alleles also
found in SV-BR-I-GM cells, HLA types from, as non-limiting examples, buccal cells or blood
cells of clinical trial subjects are determined. Several methods known to one of skill in the art

are suitable to determine HLA alleles.

Example 5: Turning tumor cells into antigen-presenting cells for cancer

immunotherapy

[0271] This example illustrates one embodiment of turning tumor cells into antigen-
presenting cells for cancer immunotherapy. The tumor cells may comprise engineered human
cancer cell lines (e.g., Bria-OTS cell lines) and may be prepared for administration to patients

with advanced metastatic or locally recurrent breast cancer.

[0272] Background. Therapeutic cancer vaccines are based on specific stimulation of the
immune system using tumor antigens to elicit an antitumor response. Clinical trials using the
breast cancer cell line SV-BR-1-GM as a therapeutic vaccine are being conducted underway.
SV-BR-1-GM is a GM-CSF expressing breast cancer cell line with features of an antigen
presenting cell (APC) owning to the expression of several immunomodulatory molecules,
including MHC-I (HLA-A, B & C) and MHC-II (HLA-DRB3 & -DRA). Initial results in
patients treated with irradiated SV-BR-1-GM cells, low dose cyclophosphamide and local IFN-
o suggest that patients that match SV-BR-1-GM at least at 1 HLA allele are more likely to
derive clinical benefit. This clinical observation, together with the fact that SV-BR-1-GM cells
can directly activate CD4+ T-cells in an antigen-specific HLA-restricted manner, as
demonstrated by an in vitro antigen presentation assay, lead us to hypothesize that SV-BR-1
(the parent cell line) can function as APC. To further enhance direct antigen presentation to T-
cells, SV-BR-1 cells have been genetically modified to express co-stimulatory molecules,

immunomodulatory cytokines, and an extended repertoire of HLA alleles.

[0273] Methods. To generate an off-the-shelf semi-allogeneic cell therapy covering most of
the population, SV-BR-1 was genetically modified to express an extended repertoire of HLA
alleles. Based on population analysis, four cell lines, each carrying two (2) HLA-A and two (2)
HLA-DRB3/4/5 alleles, may produce at least a single match in 99% of the population, with a
92% match at class | HLA-A alleles and a 98% match at class [l HLA-DRB3/4/5 alleles. SV-
BR-1 was genetically modified using CRISPR/cas9 deletion of the endogenous HLA-A and
HLA-DRBS3 alleles and subsequent lentiviral mediated expression of alternative HLA-A and

88



WO 2023/167973 PCT/US2023/014337

DRB3 alleles. To generate tumor cell lines with enhanced direct antigen presentation to T-cells,
SV-BR-1 cells were genetically modified to express co-stimulatory molecules and

immunomodulatory cytokines by using a lentiviral mediated expression system.

[0274] Results. Following sequential CRISPR/Cas9 editing, the SV-BR-1 cells were cloned,
and one clone selected (clone 17) for further engineering. Lack of expression of HLA-A and
HLA-DRB3 was confirmed using flow cytometry and DNA sequencing. Clone 17 was
subsequently transduced with 6 lentiviral vectors each expressing 2 genes under the control of
separate promoters: CD86-IL12, CD80-HLA-DRA, 4-1BBL-IL7, GM-CSF-IFNA2, HLA-
allele-1-HL A-allele-2 and HLA-DR-allele-1-HLA-DR-allele-2. Four cell lines were generated
with different combinations of HLA alleles. Following selection, cells were evaluated by
ELISA, flow cytometry and RT-PCR to confirm gene expression. Cell lines that secreted GM-
CSF, IFN-02 (e.g., IFN-a2a, IFN-02b), I[L.-12, IL-7 and expressed CD80, CD86, 4-1BBL, and
both class I and class Il HL A alleles are then transferred to GMP manufacturing. In some cases,
the IFN-a such as a pegylated IFN-a2a is exogenously provided to the modified cancer cell

line.

[0275] Clinical trial. These modified breast cancer cell lines are used in clinical studies
designed to first evaluate the safety of intradermal inoculation with the irradiated cells and later
combined with other agents to augment the immune response. Each patient is treated with the

cell line(s) that match them at least at one HLA allele.

Example 6: An off-the-shelf personalized cellular approach to immunotherapy for

the treatment of advanced solid tumors

[0276] Background: We are developing off-the-shelf personalized cellular
immunotherapies based on SV-BR-1-GM, which is in Phase I/Ila clinical trial in patients with
metastatic or locally recurrent breast cancer. SV-BR-1-GM is a breast cancer cell line with
features of an antigen presenting cell (APC) which has been stably transfected with the CSF2
gene encoding GM-CSF (SV-BR-1-GM). Favorable clinical outcomes have been reported in
patient populations that match SV-BR-1-GM at one or more HLA alleles. This clinical
observation, together with the fact that SV-BR-1-GM cells can directly activate CD4+ T-cells
in an antigen-specific HLA-restricted manner, as demonstrated by an in vitro antigen
presentation assay (Lacher MD et al, Front Immunol. 2018 May 15;9:776), lead us to
hypothesize that SV-BR-1-GM can function as an APC. This example describes a therapeutic

approach in which a patient will be treated with a cell line expressing HLA class I and II
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molecules matched to their genotype. Also, to further enhance direct antigen presentation to
T-cells, the parent SV-BR-1 cells were genetically modified to express co-stimulatory

molecules and additional immune-modulatory cytokines.

[0277] Methods: Using CRISPR/Cas9 technology, we have inactivated several endogenous
HLA-A and HLA-DRB alleles present in five cancer cell lines (SV-BR-1, PC-3, LNCaP, SK-
MEL-24, and NCI-H2228). Cells with inactivated HLA-A/DRB genes were transduced with
lentiviral based vectors expressing selected cytokines and costimulatory molecules (GM-CSF,
IFN-a, CD80, CD86, IL-12, IL.-7, HLA-DRA, and 4-1BBL). Next, unique combinations of
HLA-A and HLA-DRB3/4/5 alleles were transduced into the cells using lentiviral based
vectors to generate a collection of cell lines (e.g., Bria-OTS cell lines) that will match over
99% of the patient population for at least one HLA allele. Expression and functionality of the
stimulatory molecules and transgenic HL A alleles was established using flow cytometry and

cell-based assays.

[0278] Results: Four cell lines (for each tumor type) that secreted GM-CSF, IFN-q, 1L-12,
IL-7 and expressed CD80, CD86, 4-1BBL, and different combinations of both class I and class
IT HLA alleles were selected. Using cell-based assays, including mixed lymphocyte reaction

assays, we demonstrated that the generated cells stimulate naive T-cells.

[0279] Conclusions: We have successfully generated “off the shelf” personalized cell-based
therapeutic cancer vaccines that induce potent T-cell responses. These modified cancer cell
lines are used in clinical studies designed to first evaluate the safety of intradermal inoculation

with the irradiated cells and later combined with other agents to augment the immune response.

Example 7: Bria-OTS cells with HLA-matching alleles for the personalized

treatment of advanced solid tumors

[0280] This example describes the development of novel, precision-based
immunotherapeutic cell lines for the treatment of advanced solid tumors that can HLA match
to over 99% of the cancer patient population in the US. This immunotherapy platform holds
promise as a safe, potent, and efficacious treatment of solid tumors, and will be the first rapid,

off-the-shelf therapy that does not require personalized manufacturing.

SUMMARY
[0281] Cancer vaccines hold promise as immunotherapy due to strong and durable cancer-

specific immune responses. Different types of cancer vaccines have been developed, including
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DNA/RNA-based protein/peptide-based, dendritic cell-, and whole cell-based vaccines.
Tumor cell vaccines express both tumor-specific and tumor-associated antigens, but they don’t
elicit strong responses in the clinic and there is great variability in Human Leukocyte Antigen
(HLA)-restricted cellular responses among patients that limits vaccine efficacy. Thus, there
remains an urgent and unmet need for new treatment regimens with greater impact on long-

term survival.

[0282] To address the needs for new immunotherapeutic approaches to treat advanced solid
tumors, we are developing a novel whole-cell immunotherapeutic approach that acts through
two complementary mechanisms of action: 1) cross-presentation of cancer cell antigens and 2)
direct T cell activation. This dual mechanism of action is considered unique and represents a
significant advance over previous attempts to develop whole-cell cancer vaccines. Enhanced
clinical response via direct T cell activation is achieved when a patient’s HLA molecules match
those in the therapeutic cell line. Our first-generation Bria-IMT product has demonstrated
substantial tumor regression in patients with metastatic breast cancer who match Bria-IMT at
least one HLLA alleles. Bria-IMT is a breast cancer cell line (SV-BR-1-GM) that secretes
granulocyte macrophage colony-stimulating factor and functions as an antigen presenting cell
(APC) and is able to directly activate CD4™ T cells. We completed a molecular analysis of SV-
BR-1-GM cells by microarray gene expression profiling and identified a distinctive 22-gene
immune signature that confers APC-like activity. Based on this unique immune signature, we
have selected additional cell lines of different origins in addition to breast cancer (e.g.,
melanoma, prostate and lung cancers) and are engineering cell lines which express a defined
set of cytokines and co-stimulatory molecules as well as a discrete collection of HLA alleles
that, collectively, will have the potential to treat almost 100% of the US population at the level
of one HL A class I or II allele match with 90% matching at 2 HLLA alleles. These cells (termed
Bria-OTS for “off-the-shelf”) will be used as a pre-manufactured and ready to use personalized

immunotherapy for the treatment of advanced solid tumors.

SPECIFIC AIMS

[0283] Cellular cancer immunotherapies must be tailored to the individual patients in order
to induce an effective immune response, which increases the complexity of manufacturing and
elevates associated cost. To circumvent this limitation, we are developing Bria-OTS™ as an
off-the-shelf, pre-manufactured and ready to use personalized immunotherapy for the treatment

of advanced solid tumors.
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[0284] Cancer immunotherapy relies on the activation of the patient’s immune system to
eliminate cancer cells based on the presence of tumor-associated antigens (TAAs). Despite
great advances, current immunotherapies are effective only on a very limited number of
patients.'? Cancer vaccines hold promise as they often lead to strong and durable cancer-
specific immune responses. Different types of cancer vaccines have been developed, including
DNA/RNA-based, protein/peptide-based, dendritic cell (DC), and whole cell-based vaccines.
While autologous DC vaccines have been successful in the clinic,® their use is limited by
complex manufacturing logistics that compromise feasibility and elevate cost.* Tumor cell-
based vaccines express both tumor-specific and tumor-associated antigens, but they don’t elicit
strong responses in the clinic and there is variability in Human Leukocyte Antigen (HLA)-
restricted cellular responses among patients.” Thus, there remains an urgent and unmet need

for new treatment regimens with greater impact on long-term survival.

[0285] We are developing off-the-shelf personalized cellular immunotherapies—Bria-
OTS—based on our most advanced lead candidate—Bria-IMT™, which is in a Phase I/Ila
clinical trial in patients with metastatic or locally recurrent breast cancer (NCT03328026), and
preliminary data showed substantial tumor regression in heavily pre-treated patients who match
Bria-IMT with two HLA alleles.® Bria-IMT™ is a breast cancer cell line (SV-BR-1-GM)
stably transfected with the CSF2 gene and thus secretes granulocyte macrophage colony-
stimulating factor (GM-CSF). Bria-IMT™ expresses class [ and II human leukocyte antigen
(HLA) complex genes. SV-BR-1-GM functions as an antigen presenting cell (APC) to directly
activate CD4" T cells.” Building on the Bria-IMT technology, which demonstrated excellent
safety and tumor regression in preliminary clinical data in metastatic breast cancer patients
with at least one HLA allele matched to the Bria-IMT cell line,*® we are developing engineered
Bria-OTS cell lines for the treatment of solid tumors. We are engineering Bria-OTS cell lines
derived from breast cancer (SV-BR-1), prostate cancer (PC-3), melanoma (SK-MEL-24), or
lung cancer cells (NCI-H2228). These cell lines have been chosen based on the expression of
a characteristic 22-gene immune signature that was originally characterized in SV-BR-1 cells
and includes MHC class I and II components, certain cytokines and chemokines known to
promote attraction of immune cells.” Bria-OTS cells are engineered to express a discrete
collection of HL A alleles that collectively will have the potential to treat almost 100% of the
US population at the level of one HLA class I or II allele match and approximately 90% at the
level of > 1 HLA class I plus > 1 HLA class II (double-match). Once a patient’s unique HLA

signature 1s known, they will be assigned a complementary Bria-OTS product having at least
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one matching HLA allele. Treatment can begin immediately, without the need for patient-

specific manufacturing.

[0286] Generating Bria-OTS breast, prostate, melanoma, and lung cancer cell lines.
Using CRISPR/Cas9 technology, we have inactivated several endogenous HLA-A and HLA-
DRB alleles present in all four parent cell lines (SV-BR-1, PC-3, SK-MEL-24, and NCI-
H2228). We used pCCLc-based lentiviral vectors to express HLA-DRA, selected cytokines
(GM-CSF, IFNa, IL-12, IL-7), and costimulatory molecules (CD80, CD86, 4-1BBL), followed
by overexpression of unique combinations of HLA-A and HLA-DRB3/4/5 alleles. As a final
product, 4 different Bria-OTS clonal cell lines that will match over 99% of the patient
population within a specific cancer type are generated. Final Bria-OTS cells are rigorously
tested to confirm chromosomal integration (whole genome sequencing) and lack of major gene

expression deviations from the parental cells (RNA-seq).

[0287] Demonstrating in vitro functionality of Bria-OTS cells. Using a Mixed
Lymphocyte Reaction (MLR) assay, T cell proliferation, secreted interferon gamma (IFNy),
interleukin-2 (IL-2), IL-4, and IL-17 levels at baseline and after 1, 2, 5, and 7 days are measured
to evaluate T cell activation (to cover CD8+ cytotoxic T cells, CD4+ Thl, Th2, and Th17 T
cell subsets). Eight T cell receptor (TCR) transgenic Jurkat cell lines expressing selected HLA-
A-and HLA-DR-restricted TCRs are generated to evaluate transgenic HLA functionality using

a T cell activation bioassay.

[0288] The clinical efficacy of Bria-OTS cells can be validated in xenograft tumor mouse
models of advanced solid tumors, and safety and clinical activity can be demonstrated in first-
in-human studies. The cell immunotherapy strategy described herein holds promise as a safe
and efficicacious treatment option for solid tumors that are in need of effective therapies, with

the advantage of personalized therapy without complex manufacturing.

SIGNIFICANCE

[0289] Camncer immunoctherapy for advanced selid tumors. In contrast to traditional
chemo- or radiation therapies that indiscriminately kill all rapidly-dividing celis, cancer
immunotherapy relies on the activation of the patient’s immune system to eliminate cancer
cells based on the presence of tumor-associated antigens (TAAs). Despite great advances,
current immunotherapies are effective only on a very limited number of patients.'? Cancer
vaccines hold promise as they often lead to strong and durable immune responses.

Development efforts have focused on peptide and protein tumor antigens or neoantigens,’ !
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12222 and whole tumor cells.?*** The advantage of

dendritic cells pulsed with cancer antigens,
a whole-cell vaccine is that it delivers a range of TAAs.? Sipuleucel-T (Provenge®) is
currently the only US FDA approved whole-cell, vaccination-based individualized
immunotherapy for advanced prostate cancer treatment. However, it does not provide the
repertoire of antigens whole-cell vaccines do as it is only directed towards a fusion protein of
prostatic acid phosphatase antigen (PAP) and GM-CSF through a mechanism of action
resembling “cross-presentation”. In essence, sipuleucel-T is a cellular therapy comprising
antigen-presenting cells (APCs) “loaded” with PAP - GM-CSF, which are recognized by a
subset of patient T cells. Addition of GM-CSF to a whole-cell tumor vaccine has been proven
to stimulate migration of DCs, T cells, and macrophages to the site of vaccination.?® Despite
great efforts and promising results in early phase studies, whole cell cancer vaccines have
shown low clinical efficacy, likely due to multiple factors including but not limited to poor
immunogenicity, lack of co-stimulatory molecules, downregulated expression of Human
Leukocyte Antigen (HLA), and/or suppression by the tumor microenvironment (TME).?’
Addressing such significant obstacles, we are developing Bria-OTS cell lines that express
TAAs, co-stimulatory molecules, and HLA genes, enabling direct presentation of tumor
antigens to T cells, as well as immunostimulatory cytokines, leading to an enhanced immune

response (FIG. 6).

[0290] Scientific rationale. Bria-IMT (also called SV-BR-1-GM) is a HER2/neu positive
breast cancer cell line genetically engineered to overexpress GM-CSF. We have conducted a
molecular fingerprint of SV-BR-1-GM cells by microarray gene expression profiling,
quantitative reverse transcription PCR (qQRT-PCR), transcript counting (nCounter), ELISA, and
flow cytometry.” We found that SV-BR-1-GM, despite its breast epithelial origin, expresses a
gene signature associated with immunostimulatory functions. In addition to HLA class [
molecules, Bria-IMT expresses several HUA ciass If genes, namely, human leukocyte antigens
(HLA)-DMA, -DMB, -DRA, and -DRB3.” We identified a unique 22-gene immune signature
that included cell surface ligands for T cell costimulatory receptors, cytokines and other soluble
factors with positive T cell-stimulatory functions, factors promoting maturation, survival,
chemotaxis, and/or in vitro generation of DCs, and factors promoting antigen presentation.’
We alsoidentified 31 genes expressed in SV-BR-1-GM cells that are potential TAA candidates,
including Her2/neu, MIENI1 (migration and invasion enhancer 1), PGAP3 (post-GPI
attachment to proteins phospholipase 3) and STARD3 (Star related lipid transfer domain
containing 3) and several cancer/testis antigens (CTAs) were robustly expressed (PRAME, the
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kinesin-like protein KIF2C, centrosomal protein of 55 kDa—CEPSS, and PDZ binding
kinase—PBK).”?* In vitro studies demonstrated that Bria-IMT directly stimulates T cell
activation in an antigen-specific HLA-restricted manner and thus possesses features of antigen-
presenting cells.” Importantly, this feature of Bria-IMT requires that the endogenous HLA
class II genes expressed in the Bria-IMT cell line “match” those of the co-cultured T cells.
Thus, the Bria-IMT cell line possesses critical features of both breast cancer cells and dendritic
cells. Inthe clinic, patients bearing HLA class II alleles that match the endogenous HLA alleles
in Bria-IMT show substantial tumor regression and other signs of clinical activity.>® As such,
our clinical data demonstrate that if the endogenous HLA bar code inherent to the Bria-IMT
cell line matches that of the patient, then the therapy has the potential to induce an enhanced
clinical response. These clinical data highlight direct T cell stimulation via class II HLA
matching as a previously unrecognized contributor to robust immunotherapeutic activity that
is either absent from or was not considered when evaluating previous whole-cell
immunotherapies. Moreover, our studies collectively establish the novel “dual mechanism” of
action of Bria-IMT in which the immune system is stimulated through both antigen cross-
presentation and direct T cell stimulation (FIG. 6). However, despite the demonstrated clinical
potential of Bria-IMT, only 47% of the US population carries one or more HLA alleles that
match allele(s) in the Bria-IMT cell line and roughly 10% of the population matches at two or

more HLA alleles expressed in the Bria-IMT cell line.?

[0291] To expand the population of patients who may benefit from our immunotherapy, we
are developing a collection of “off-the-shelf” Bria-OTS™ cell lines, four cell lines for each
parent tumor cell. Each cell line expresses four exogenous HLA alleles, two HLA-A and two
HLA-DRB3/4/5 alleles, for a total of 8 HLA-A and 7 HLA-DRB alleles in 4 cell lines.
Together, the Bria-OTS cell line collection has the potential to treat almost 100% of the US
population with > 1 HLA allele matches and about 90% with HLA class I and II double-
matches. Once a patient’s unique HLA signature is known, they will be assigned one or two

complementary Bria-OTS product(s) that sufficiently match his/her HLA profile.

INNOVATION

[0292] The transformational technology described herein is the development of a therapeutic
strategy that addresses the current gap in safe and reliable treatments for patients suffering from
advanced solid tumors. Our tumor cell-based immunotherapies significantly improve upon

previous attempts to develop whole-cell cancer vaccines, as our platform works through at least
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two discrete, but complementary mechanisms to stimulate a patient’s immune system. The

Bria-OTS cell line collection delivers the following features:

- Dual mechanisms of action to achieve strong immune response and clinical activity.
Bria-OTS cell lines have features of both cancer cells (expressing a myriad of TAAs) and
dendritic cells (by presenting TAAs directly to T cells) to enhance the immune response.

- Precision therapy. Bria-OTS cell lines will be matched to patients based upon HLA
antigens, covering over 99% of the US population and eliciting a cellular response that
will recognize the patient’s cancer cells.

- Improved safety. Relative to current chemotherapeutic and hormone-based therapies that
are associated with severe adverse events that can be life threatening.

- Rapid, cost-effective treatment. Our “off-the-shelf” cell lines will not require

personalized manufacturing and can be adminstered immediately after patient HLA
genotyping.

APPROACH

[0293] This example describes engineering Bria-OTS cell lines derived from different types
of solid tumors (melanoma, breast, prostate, and lung cancers) to express GM-CSF, other
cytokines and co-stimulatory molecules, as well as HLA alleles that are not present in the parent
tumor cell line. FIG. 7 illustrates the general strategy to develop Bria-OTS cell lines. Briefly,
parent tumor cell lines are selected by gene expression profile based on the 22-gene immune
signature originally identified in SV-BR-1 breast cancer cells.” Endogenous HLA-A and HLA-
DR alleles are knocked out (KO) by CRISPR/Cas9 strategies, followed by single cell cloning
and validation to yield Bria-KO cells. Then 8 defined cytokines and co-stimulatory molecules
are overexpressed by lentiviral transduction, and their expression confirmed by qRT-PCR, flow
cytometry, and/or ELISA in single cell clones, yielding Bria-APTC, which have APC
properties. Lastly, unique combinations of 8 HLA-A and 7 HLA-DRB alleles (2 HLA-A and
2-HLA-DRB alleles per cell line) are overexpressed to generate the final Bria-OTS products
(4 different cell lines for each cancer cell line). These cell lines deliver precision therapy for

patients with solid tumors without the need for personalized manufacturing.

[0294] Generating Bria-OTS breast, prostate, melanoma, and lung cancer cell lines. We
have selected SV-BR-1 (Her2-positive breast cancer cell line), PC3 (prostate cancer cell line),
NCI-H2228 (lung cancer), and SK-MEL-24 cells (melanoma) as parent cancer cell lines based
on the expression of a 22-gene immune signature characterized in SV-BR-1 cells, consisting

of HLA molecules, cytokines, and chemokines.” Following the general scheme depicted in
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FIG. 7A, a collection of 4 Bria-OTS cell lines expressing four unique combinations of HLA-
A and HLA-DRB alleles can be generated that will match over 99% of the patient population

for each specific parent cancer cell line.

[0295] Engineering SV-BR-1-Bria-OTS cells. Following inactivation of endogenous HLA-
A and HLA-DRB3 alleles present in parent SV-BR-1 cells by sequential CRISPR/Cas9, as

demonstrated by flow cytometry and sequencing, we selected clone 17 for further engineering.
We constructed four lentiviral vectors with a pCCLc backbone™ encoding two genes each from
two independent promoters (EF 1a and MNDU3) to express HLA-DRA, 4 cytokines (GM-CSF,
I[FN-a, IL-7, IL-12), and 3 co-stimulatory molecules (CD80, CD86, and 4-1BBL). GM-CSF
stimulates DC activation and antigen presentation.’*? IFN-o induces a type I response
diminishing the development of suppressor mechanisms.>*3* IL-7 is a critical cytokine for T
cell homeostasis.*®?® IL-12 is typically expressed in DCs and provide signal 3 during the
priming process.>’’ The co-stimulatory molecules are typically expressed by APCs and allow
activation of naive T cells.* SV-BR-1-KO cells, clone 17, were transduced sequentially with
all four lentiviruses to generate SV-BR-1-APTC (APTC, for Antigen Presenting Tumor Cells).
Expression of all cytokines and co-stimulatory molecules was confirmed by ELISA, flow
cytometry, and quantitative real-time PCR (qRT-PCR) (FIG. 8). Enhanced expression of IL-
12, IL-7, GM-CSF, and IFN-o was demonstrated by ELISA (FIG. 8A); elevated expression of
the cell surface receptors CD80, and CD86 was detected by flow cytometry in clone 17
transduced with all 4 plasmids (FIG. 8B), whereas 4-1BBL was expressed at lower levels.

[0296] The functionality of these co-stimulatory factors was demonstrated using a modified
mixed lymphocyte release (MLR) assay with pooled SV-BR-1-APTC. SV-BR-1-APTC,
which express endogenous HLA class I and class II that were not knocked out by CRISPR/Cas9
(FIG. 9A), were co-cultured with peripheral blood mononuclear cells (PBMC) isolated from
healthy donors at different ratios 1:5, 1:10, and 1:20 (Tumor cells:PBMCs). The supernatant
was collected at days 1, 2, 3, and 7, and secreted IFNy levels were determined by ELISA as a
measure of T cell activation (FIG. 9B shows data for day 1). The levels of secreted IFNy
significantly increased in the presence of SV-BR-1-OTS-APTC in a PBMC:tumor ratio
dependent manner; in contrast, reduced IFNy was detected when PBMCs were incubated with

SV-BR-1-KO cells, or when tumor cells were incubated alone.

[0297] Following selection and cellular cloning, SV-BR-1-APTC were next transduced with

lentiviral vectors expressing two unique HLA-A alleles. We first constructed eight pCCLc-
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based lentiviral vectors, each containing two HLA-A or two HLA-DRB3/4/5 alleles. The
rationale for allele selection is based on studies by Gragert et.al.,” in which the prevalence of
HLA allele frequencies among 16 different US populations were reported. We ranked these
frequencies based on overall prevalence, taking the different population sizes into account. The
15 HLAs selected (FIG. 7B) should produce at least a single match in 99% of the US
population, with a 92% match at class [ HLA-A and 98% match at class I HLA-DR3/4/5
alleles. Plasmid intergity was confirmed by restriction digests and Sanger sequencing and

HLA-A expression was confirmed by qRT-PCR.

[0298] Generation of PC3-APTC cells. Following the inactivation of endogenous HLA-A
and HLA-DRB3 alleles present in parental PC3 cells by sequential CRISPR/Cas9,

demonstrated by flow cytometry and sequencing, we selected clone A4 for further engineering.
We constructed four lentiviral vectors with a pCCLc backbone, encoding two genes each from
two independent promoters (EF 1a and MNDU3) to express HLA-DRA, 3 cytokines (GM-CSF,
IL-7,IL-12), and 3 co-stimulatory molecules (CD80, CD86, and 4-1BBL). These genes were
selected based on their immune functions. GM-CSF stimulates DC activation and antigen
presentation. IL-7 is a critical cytokine for T cell homeostasis. 1L-12 is typically expressed in
DCs and provides signal 3 during the priming process. The co-stimulatory molecules are
typically expressed by APCs and allow activation of naive T cells. PC3-KO cells were
transduced sequentially with all four lentiviruses to generate PC3-APTC (APTC, for Antigen
Presenting Tumor Cells). The expression of cytokines and co-stimulatory molecules was
confirmed by flow cytometry, ELISA, and qRT-PCR and their functionality was demonstrated
in a MLR assay. PC3-APTC, but not PC3-KO controls, induced substantial [FNy secretion
when co-cultured with PBMCs (FIG. 10).

[0299] Engineering PC3-Bria-OTS cells. PC3-APTC were subsequently transduced with a

pCCLc based lentiviral plasmid encoding one of the following HLA-A allele combinations:
A01-A68, A02-A11, A03-A23 or A24-A33 to generate the PC3-Bria-OTS cells. Expression
of cytokines and co-stimulatory molecules and HLA-A alleles was confirmed by ELISA and
flow cytometry (FIG. 11). The elevated expression of the cell surface receptors CD80 and
CD86 and some of the HLA-A alleles was detected by flow cytometry in clone A4 transduced
with all 4 plasmids (FIGs. 11A-B). Enhanced expression of IL-7, GM-CSF and IL-12 was
demonstrated by ELISA (FIG. 11C).
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[0300] In summary, we have successfully generated tumor cell lines expressing cytokines,

co-stimulatory molecules, and a variety of HLAs.

[0301] Engineering H2228-Bria-OTS (lung) and SK-MFEL-24-Bria-OTS (melanoma) cells.

Following the same overall strategy, we have generated H2228 and SK-MEL-24 cells lacking
endogenous HLA-DR alleles (FIG. 12) and are in the process of CRISPR/Cas9 KO of
endogenous HLA-A alleles. The resulting Bria-KO clonal cell lines are transduced
sequentially with all four lentiviral plasmids to produce Bria-APTC by overexpression of GM-
CSF, IFN-a, CD80, CD86, IL-12, IL-7, HLA-DRA, and 4-1BBL. Cytokine secretion is
evaluated by ELISA, with a target secretion for GM-CSF of >100 ng/1x10° cells/24 hours,®
which will be sufficient to enhance dendritic cell activity®’. Cell surface expression of co-
stimulatory molecules is confirmed by flow cytometry. In addition, expression of all ectopic
genes is further validated by qRT-PCR. All analysis can be performed at least in triplicate on
each cell line and the average £SD can be reported. As a final step, clones can be isolated,
expanded, and cryopreserved. Selected clones are sequentially transduced with two lentiviral
vectors each expressing 2 HLA-A alleles and 2 HLLA-DR alleles to obtain 4 final clonal cells
for each H2228 and SK-MEL-24 cells.

[0302] Demonstrating in vitro functionality of Bria-OTS cells. An MLR assay is used to
measure the level of T cell activation induced by Bria-OTS and control Bria-KO cell lines. T-
cell proliferation, and levels of secreted IFNy, IL-2, IL-4, and IL-17 levels are measured at
baseline and after 1, 2, 3, and 7 days as a proxy for T cell activation (to cover CD8+ cytotoxic
T cells, CD4+ Thl, Th2, and Th17 T cell subsets). TCR transgenic Jurkat cell lines that
recognize antigens in the context of HLA-A/DR alleles expressed in the Bria-OTS cells are
generated to validate the HLA functionality of the final Bria-OTS products.

[0303] Modified MLR assay to demonstrate T cell activation by Bria-OTS cells. An MLR

assay is performed with the final cell lines as described above. As a control, Bria-KO cells are
used. Briefly, Bria-OTS cells are co-cultured in 96 well plates with PBMCs isolated from at
least 2 healthy donors (one male and one female) at different tumor:PBMC ratios. T cell
proliferation is measured every 24 hours by cell counts and dye dilution. Supernatants are

collected at days O, 1, 2, 3, and 7 to measure levels of [FNy, IL-2, IL.-4, and IL-17 by ELISA.

[0304] Validating HLLA functionality of Bria-OTS cells using a T cell activation bioassay

with TCR transgenic Jurkat cells.
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[0303]
T cell line lacking expresion of endogenous TCRo/p subunits (obtained by CRISPR/Cas9-

The T cell activation bioassay (Promega) consists of a genetically engineered Jurkat

mediated knockout of TCRo/[3) that also express a NFAT-driven luciferase reporter. This cell
line is useful to measure the ability of transgenic TCR constructs in activating T cells,
independently of endogenous TCR expression. We have obtained 3 HLA-A-restricted TCR
constructs (HLA-A*02:01, HLA-A*01:01, HLA-A*24:02) from Creative Biolabs and 4 HLA-
DR-restricted TCRs (DRB4*0101, DRB3*0101, DRB3*0202, DRB5*0101) from the
Benaroya Research Institute (Table 7) to generate 7 different TCR-transgenic Jurkat cell lines
that are restricted by some of the HLA-A and HLA-A/DR alleles present in the Bria-OTS cells.
All transgenic TCRs can be expressed using pCDTCR1 vector (HLA-As) or the lentivirus gene
expression vector pLV (VectorBuilder, HLA-DRs). Co-culture of Bria-OTS cells with TCR
transgenic Jurkat cells with TCRs restricted by the HLA-A or DR alleles expressed result in
increased luciferase activity (FIG. 13). Negative controls include TCR-transgenic Jurkat cells
incubated with Bria-KO/APTC and Bria-OTS incubated with the Jurkat TCRa/B-KO cells
without TCRs. Bria-OTS cell lines, but not Bria-KO/APTC, induce a strong IFNy response in
the MLR and NFAT-driven luciferase activity in the TCR transgenic Jurkat assay in an antigen-

specific HLA-restricted manner.

Table 7. Constructs to generate TCR transgenic Jurkat cells.

HLA-A restricted TCRs

TCR-C133Z Anti-MART1 TCR (AAGIGILTV; SEQ ID NO: |[HLA-A*02:01
48) (DMF5)

TCR-C124Z Human anti-MAGE-A3 TCR (EVDPIGHLY;  |[HLA-A*01:01
SEQ ID NO: 49) (13-18)

TCR-L360 Hurman anti-WT1 TCR (CMTWNQMNL; SEQ ID[HLA-A*24:02

NO: 50) (37F8)

HLA-DR restricted TCRs

DRB4*0101 DRB3*0101 DRB3*0202 DRB5*0101
(RSFLVNQMINEAKKQL | (ISLETVAIDRPAEYV |(SASHLEQYGTNEYSIIS| (SSFERFEIFPKESS
LEFD; RKV; SMK; WPN;
SEQ ID NO: 51) SEQ ID NO: 52) SEQ ID NO: 53) SEQ ID NO: 54)

[0306]

Validation of HL A functionality in PC3-Bria-OTS cells using a T Cell Activation

Bioassay (NFAT). Co-culture of PC3-Bria-OTS-4 or PC3-Bria-OTS-1 cells with HLA-A*24
or HLA-A*01 TCR transgenic Jurkat cells resulted in increased luciferase activity (FIGS. 14A

and 14C). Each experiment includes appropriate negative controls: TCR transgenic Jurkat cells

incubated with PC3 or PC3-KO, and PC3-Bria-OTS cells incubated with the Jurkat TCRa/B-
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KO cells (without TCRs). Interestingly, activation of transgenic Jurkat cells correlated with

HLA-A expression levels (FIGS. 14B and 14D).

[0307] Validation of HILA functionality in SV-BR-1-Bria-OTS cells using a T Cell
Activation Bioassay (NFAT). Similarly, co-culture of SV-BR-1-OTS-4 cells with HLA-A24

TCR transgenic Jurkat cells resulted in marked activation as measured by bioluminescence
monitoring while the same cells lacking HLA-A24 expression (SV-BR-1-APTC and SV-BR-
1-KO) failed to do so (FIG. 15).

[0308] Overall, the above results demonstrate that tumor cells expressing transgenic HLA-A

alleles are able to induce T-cell activation.
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INFORMAL SEQUENCE LISTING

SEQ ID NO:1 HLA-A*01:01

>HG794373.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*01:01:01:01
TGAGACAGAGCGCTTCGCACAGGAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCA
GGGTCTCAGGCCCCGAAGGCGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGT
TTCTTTTCTCCCTCTCCCAACCTACGTAGGGTCCTTCATCCTGGATACTCACGACGCGGACCCAGTTCTC
ACTCCCATTGGGTGTCGGGTTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCTGTTCTAAAGTCCGCA
CGCACCCACCGGGACTCAGATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCCTCC
TGCTACTCTCGGGGGCCCTGGCCCTGACCCAGACCTGGGCGGGTGAGTGCGGGGTCGGGAGGGAAACCGL
CTCTGCGGGGAGAAGCAAGGGGCCCTCCTGGCGGGGEGCGCAGGACCGGGGGAGCCGCGCCGGGAGGAGGG
TCGGGCAGGTCTCAGCCACTGCTCGCCCCCAGGCTCCCACTCCATGAGGTATTTCTTCACATCCGTGTCC
CGGCCCGGCCGCGGGGAGCCCCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCG
ACAGCGACGCCGCGAGCCAGAAGATGGAGCCGCGGGCGCCETGGATAGAGCAGGAGGGGCCGGAGTATTG
GGACCAGGAGACACGGAATATGAAGGCCCACTCACAGACTGACCGAGCGAACCTGGGGACCCTGCGCGGC
TACTACAACCAGAGCGAGGACGGTGAGTGACCCCGGCCCGGGGCGCAGGTCACGACCCCTCATCCCCCAC
GGACGGGCCAGGTCGCCCACAGTCTCCGGGTCCGAGATCCACCCCGAAGCCGCGGGACTCCGAGACCCTT
GTCCCGGGAGAGGCCCAGGCGCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTG
GTCGGGGCGGGGCGEGGEGCTCGGGGGACTGGGCTGACCGCGGGGTCGGGGCCAGGTTCTCACACCATCCAG
ATAATGTATGGCTGCGACGTGGGGCCGGACGGGCGCTTCCTCCGCGGGTACCGGCAGGACGCCTACGACG
GCAAGGATTACATCGCCCTGAACGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCAGCTCAGATCAC
CAAGCGCAAGTGGGAGGCGGTCCATGCGGCGGAGCAGCGGAGAGTCTACCTGGAGGGCCGGTGCGTGGAC
GGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGC
CTCCCTGATCGCCTATAGATCTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTA
GAATATCACCCTCCCTCTGGTCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGT
GACTCTGAGGTTCCGCCCTGCTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGAGTGACGGGAAGAC
GATCCCTCGAATACTGATGAGTGGTTCCCTTTGACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCT
CAGGCCTTGTTCTCTGCTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCTCTCAGC
CTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTTCTCAGGGAATAGAAGATTATCCCAGGTGCCTGT
GTCCAGGCTGGTGTCTGGGTTCTGTGCTCTCTTCCCCATCCCGGGTGTCCTGTCCATTCTCAAGATGGCC
ACATGCGTGCTGGTGGAGTGTCCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGAC
CCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCTGG
GCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGCT
CGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGGCTGTGGTGGTGCCTTCTGGAGAG
GAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGCCCAAGCCCCTCACCCTGAGATGGGGTAAGG
AGGGAGATGGGGGTGTCATGTCTCTTAGGGAAAGCAGGAGCCTCTCTGGAGACCTTTAGCAGGGTCAGGG
CCCCTCACCTTCCCCTCTTTTCCCAGAGCTGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCT
GGCCTGGTTCTCCTTGGAGCTGTGATCACTGGAGCTGTGGTCGCTGCCGTGATGTGGAGGAGGAAGAGCT
CAGGTGGAGAAGGGGTGAAGGGTGGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGCCCCAGCTAG
AAATGTGCCCTGTCTCATTACTGGGAAGCACCTTCCACAATCATGGGCCGACCCAGCCTGGGCCCTGTGT
GCCAGCACTTACTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACGGCGGT
GATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACAGACCTCAGGAGGGCTAT
TGGTCCAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCT
GGAAACTTCTCTGGGGTCCAAGACTAGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTAT
CTCACAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGTTACACTCAGGCTGCAAGTAAGTATGAAG
GAGGCTGATGCCTGAGGTCCTTGGGATATTGTGTTTGGGAGCCCATGGGGGAGCTCACCCACCCCACAAT
TCCTCCTCTAGCCACATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTTCTACCCCAGGCAGTGACAG
TGCCCAGGGCTCTGATGTGTCTCTCACAGCTTGTAAAGGTGAGAGCTTGGAGGGCCTGATGTGTGTTGGG
TGTTGGGTGGAACAGTGGACACAGCTGTGCTATGGGGTTTCTTTGCGTTGGATGTATTGAGCATGCGATG
GGCTGTTTAAGGTGTGACCCCTCACTGTGATGGATATGAATTTGTTCATGAATATTTTTTTCTATAGTGT
GAGACAGCTGCCTTGTGTGGGACTGAGAGGCAAGAGTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAAC
CCTGACTTTGTTTCTGCAAAGGCACCTGCATGTGTCTGTGTTCGTGTAGGCATAATGTGAGGAGGTGGGG
AGAGCACCCCACCCCCATGTCCACCATGACCCT

SEQ ID NO:2 HLA-A*68:01

>LR899222.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*68:01:01
TGAGACAGAGCGCTTGGCACAGGAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCA
GGGTCTCAGGCCCCGAAGGCGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGT
TTCTTTTCTCCCTCTCCCAACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTC
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ACTCCCATTGGGTGTCGGGTTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCGGTTCTAAAGTCCGCA
CGCACCCACCGGGACTCAGATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCGTCC
TGCTACTCTCGGGGGCCCTGGCCCTGACCCAGACCTGGGCGEETGAGTGCGGGGTCGGGAGGGAAACGGL
CTCTGTGGGGAGAAGCAAGGGGCCCGCCCGGCEGGGGGCGCAGGACCCGGGAAGCCGCGCCTGGAGGAGGG
TCGGGCGGGTCTCAGCCACTCCTCGCCCCCAGGCTCCCACTCCATGAGGTATTTCTACACCTCCGTGTCC
CGGCCCGGCCGCGGGGAGCCCCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCG
ACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCGGAGTATTG
GGACCGGAACACACGGAATGTGAAGGCCCAGTCACAGACTGACCGAGTGGACCTGGGGACCCTGCGCGGL
TACTACAACCAGAGCGAGGCCGGTGAGTGACCCCGGCCCGGGEGCGCAGGTCACGACCCCTCATCCCCCAL
GGACGGGCCAGGTCGCCCACAGTCTCCGGGTCCGAGATCCGCCCCGAAGCCGCGGGACCCCGAGACCCTT
GCCCCGGGAGAGGCCCAGGCGCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTG
GTCGGGGCGGGGCEGEGEGCTCEEGEGACCGGGCTGACCTCGGGGETCCGGGCCAGGTTCTCACACCATCCAG
ATGATGTATGGCTGCGACGTGGGGTCGGACGGGCGCTTCCTCCGCGGGTACCGGCAGGACGCCTACGACG
GCAAGGATTACATCGCCCTGAAAGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCAGCTCAGACCAC
CAAGCACAAGTGGGAGGCGGCCCATGTGGCGGAGCAGTGGAGAGCCTACCTGGAGGGCACGTGCGTGGAG
TGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCGGGGGCCACGGGGCGL
CTCCCTGATCGCCTGTAGATCTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTA
GAATATCGCCCTCCCTCTGGTCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGT
GACTCTGAGGTTCCGCCCTGCTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGAC
GATCCCTCGAATACTGATGAGTGGTTCCCTTTGACACACACAGGCAGCAGCCTTGGGCCCGTGACTTTTC
CTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCT
CAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAG
GAGATTATCCCAGGTGCCTGTGTCCAGGCTGGTGTCTGGGTTCTGTGCTCCCTTCCCCATCCCAGGTGTC
CTGTCCATTCTCAAGATAGCCACATGTGTGCTGGAGGAGTGTCCCATGACAGATGCAAAATGCCTGAATG
ATCTGACTCTTCCTGACAGACGCCCCCAAAACGCATATGACTCACCACGCTGTCTCTGACCATGAAGCCA
CCCTGAGGTGCTGGGCCCTGAGCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGA
CCAGACCCAGGACACGGAGCTCGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGTGGCT
GTGGTGGTGCCTTCTGGACAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTTTGCCCAAGCCCC
TCACCCTGAGATGGGGTAAGGAGGGAGACGGGGGTGTCATGTCTTTTAGGGAAAGCAGGAGCCTCTCTGA
CCTTTAGCAGGGTCAGGGCCCCTCACCTTCCCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCC
ATCGTGGGCATCATTGCTGGCCTGGTTCTCTTTGGAGCTGTGATCACTGGAGCTGTGGTCGCTGCTGTGA
TGTGGAGGAGGAAGAGCTCAGGTGGGGAAGGGGTGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGG
TTCCAAGACCCAGGTAGAAGTGTGCCCTGCCTCGTTACTGGGAAGCACCACCCACAATTATGGGCCTACC
CAGCCTGGGCCCTGTGTGCCAGCACTTACTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATC
ACCTTGATTACAGCGGTGATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACC
TTCAGGAGGGCGGTTGGTCCAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGC
AGTCACACATTTCTGGAAACTTCTCTGAGGTCCAAGACTTGGAGGTTCCTCTAGGACCTTAAGGCCCTGA
CTCCTTTCTGGTATCTCACAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGC
AAGTAAGTATGAAGGAGGCTGATGCCTGAGGTCCTTGGGATATTGTGTTTGGGAGCCCATGGGGGAGCTC
ACCCACCCCACAATTCCTCCTCTAGCCACATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTTCTACC
CCAGGCAGTGACAGTGCCCAGGGCTCTGATGTGTCTCTCACAGCTTGTAAAGGTGAGAGCCTGGAGGGCC
TGATGTGTGTTGGGTGTTGGGCGGAACAGTGGACACAGCTGTGCTATGGGGTTTCTTTCCATTGGATGTA
TTGAGCATGCGATGGGCTGTTTAAAGTGTGACCCCTCACTGTGACAGATACGAATTTGTTCATGAATATT
TTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGGACTGAGAGGCAAGAGTTGTTCCTGCCCTTCCCTTT
GTGACTTGAAGAACCCTGACTTTGTTTCTGCAAAGGCACCTGCATGTGTCTGTGTTCGTGTAGGCATAAT
GTGAGGAGGTGGGGAGACCACCCCACCCCCATGTCCACCATGACCCT

SEQ ID NO:3 HLA-A*02:01

>1LT618818.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*02:01:01:01
GGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGGCGGTGTATGGATTGGGGAGTCCCAGCCTTG
GGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCAACCTATGTAGGGTCCTTCTTCCTGGATACT
CACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGGTTTCCAGAGAAGCCAATCAGTGTCGTCGCG
GTCGCGGTTCTAAAGTCCGCACGCACCCACCGGGACTCAGATTCTCCCCAGACGCCGAGGATGGCCGTCA
TGGCGCCCCGAACCCTCGTCCTGCTACTCTCGGGGGCTCTGGCCCTGACCCAGACCTGGGCGGGTGAGTG
CGGGGTCGGGAGGGAAACGGCCTCTGTGGGGAGAAGCAACGGGCCCGCCTGGCGEGEGCGCAGGACCCGG
GAAGCCGCGCCGGGAGGAGGGTCGGGCGGGTCTCAGCCACTCCTCGTCCCCAAGCTCTCACTCCATGAGG
TATTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTCATCGCAGTGGGCTACGTGGACG
ACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGA
GCAGGAGGGTCCGGAGTATTGGGACGGGGAGACACGGAAAGTGAAGGCCCACTCACAGACTCACCGAGTG
GACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGGCCGGTGAGTGACCCCGGCCCGGGGCGCAGG
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TCACGACCTCTCATCCCCCACGGACGGGCCAGGTCGCCCACAGTCTCCGGGTCCGAGATCCGCCCCGAAG
CCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGGCGCCTTTACCCGGTTTCATTTTCAGTTTAG
GCCAAAAATCCCCCCAGGTTGGTCGGGGCEGGEGCEEEGECTCGEEGGACCGGGCTGACCGLCGGEGTCCGGE
CCAGGTTCTCACACCGTCCAGAGGATGTATGGCTGCGACGTGGGGTCGGACTGGCGCTTCCTCCGCGGGET
ACCACCAGTACGCCTACGACGGCAAGGATTACATCGCCCTGAAAGAGGACCTGCGCTCTTGGACCGCGGL
GGACATGGCAGCTCAGACCACCAAGCACAAGTGGGAGGCGGCCCATGTGGCGGAGCAGTTGAGAGCCTAC
CTGGAGGGCACGTGCGTGGAGTGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACGCTGCAGCGCACGG
GTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGATCTCCCGGGCTGGCCTCCCACAAGGAGGGG
AGACAATTGGGACCAACACTAGAATATCGCCCTCCCTCTGGTCCTGAGGGAGAGGAATCCTCCTGGGTTT
CCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTGCTCTCTGACACAATTAAGGGATAAAATCT
CTGAAGGAATGACGGGAAGACGATCCCTCGAATACTGATGAGTGGTTCCCTTTGACACACACAGGCAGCA
GCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGTGTGGGGGTCTGA
GTCCAGCACTTCTGAGTCCTTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTCTTCAGGGA
CTAGAATTTTCCACGGAATAGGAGATTATCCCAGGTGCCTGTGTCCAGGCTGGTGTCTGGGTTCTGTGCT
CCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAGCCACATGTGTGCTGGAGGAGTGTCCCATGA
CAGATGCAAAATGCCTGAATGATCTGACTCTTCCTGACAGACGCCCCCAAAACGCATATGACTCACCACG
CTGTCTCTGACCATGAAGCCACCCTGAGGTGCTGGGCCCTGAGCTTCTACCCTGCGGAGATCACACTGAC
CTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGCTCGTGGAGACCAGGCCTGCAGGGGATGGA
ACCTTCCAGAAGTGGGCGGCTGTGGTGGTGCCTTCTGGACAGGAGCAGAGATACACCTGCCATGTGCAGC
ATGAGGGTTTGCCCAAGCCCCTCACCCTGAGATGGGGTAAGGAGGGAGACGGGGGTGTCATGTCTTTTAG
GGAAAGCAGGAGCCTCTCTGACCTTTAGCAGGGTCAGGGCCCCTCACCTTCCCCTCTTTTCCCAGAGCCG
TCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGGCCTGGTTCTCTTTGGAGCTGTGATCACTG
GAGCTGTGGTCGCTGCTGTGATGTGGAGGAGGAAGAGCTCAGGTGGGGAAGGGGTGAAGGGTGGGTCTGA
GATTTCTTGTCTCACTGAGGGTTCCAAGACCCAGGTAGAAGTGTGCCCTGCCTCGTTACTGGGAAGCACC
ACCCACAATTATGGGCCTACCCAGCCTGGGCCCTGTGTGCCAGCACTTACTCTTTTGTAAAGCACCTGTT
AAAATGAAGGACAGATTTATCACCTTGATTACAGCGGTGATGGGACCTGATCCCAGCAGTCACAAGTCAC
AGGGGAAGGTCCCTGAGGACCTTCAGGAGGGCGGTTGGTCCAGGACCCACACCTGCTTTCTTCATGTTTC
CTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAAACTTCTCTGAGGTCCAAGACTTGGAGGTTCC
TCTAGGACCTTAAGGCCCTGACTCCTTTCTGGTATCTCACAGGACATTTTCTTCCCACAGATAGAAAAGG
AGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGGCTGATGCCTGAGGTCCTTGGGATATTGTGTT
TGGGAGCCCATGGGGGAGCTCACCCACCCCACAATTCCTCCTCTAGCCACATCTTCTGTGGGATCTGACC
AGGTTCTGTTTTTGTTCTACCCCAGGCAGTGACAGTGCCCAGGGCTCTGATGTGTCTCTCACAGCTTGTA
AAGGTGAGAGCCTGGAGGGCCTGATGTGTGTTGGGTGTTGGGCGGAACAGTGGACACAGCTGTGCTATGG
GGTTTCTTTCCATTGGATGTATTGAGCATGCGATGGGCTGTTTAAAGTGTGACCCCTCACTGTGACAGAT
ACGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGGACTGAGAGGCAAGA
GTTGTTCCTGCCCTTCC

SEQ ID NO:4 HLA-A*11:01

>LR027008.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*11:01:01:01
CAAGAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGG
CGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCA
ACCTACGTAGGGTCCTTCATCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
TTTCCAGAGAAGCCAATCAGTGTCTTCGCGGTCGCTCTTCTAAAGTCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACCCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCCTCCTGCTACTCTCGGGGGCCCT
GGCCCTGACCCAGACCTGGGCGGGETGAGTGCGGGGTCGGGAGGGAAACCGCCTCTGCGGGGAGAAGCAAG
GGGCCCTCCTGGCGGGGGCGCAGGACCGGGGGAGCCGCGCCGGGAGGAGGGTCGGGCAGGTCTCAGCCAC
TGCTCGCCCCCAGGCTCCCACTCCGTGAGGTATTTCTACACCTCCGTGTCCCGGCCCGGCCGCGGGGAGT
CCCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCA
GAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACCAGGAGACACGGAAT
GTGAAGGCCCAGTCACAGACTGACCGAGTGGACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGG
ACGGTGAGTGACCCCGGCCCGGGGCGCAGGTCACGACCCCTCATCCCCCACGGACGGGCCAGGTGGCCCA
CAGTCTCCGGGTCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGG
CGCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGGGCCGGGCAGGGLT
TGGGGGACTGGGCTGACCGCGGGGTCGGGGCCAGGTTCTCACACCATCCAGATAATGTATGGCTGCGACG
TGGGGCCGGACGGGCGCTTCCTCCGCGGGTACCGGCAGGACGCCTACGACGGCAAGGATTACATCGCCCT
GAACGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCAGCTCAGATCACCAAGCGCAAGTGGGAGGCG
GCCCATGCGGCGGAGCAGCAGAGAGCCTACCTGGAGGGCCGGTGCGTGGAGTGGCTCCGCAGATACCTGG
AGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTATAGA
TCTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCACCCTCCCTCTG
GTCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCT
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GCTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGAGTGACGGGAAGACGATCCCTCGAATACTGATG
AGTGGTTCCCTTTGACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTT
CACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCTCTCAGCCTCCACTCAGGTCAGGACC
AGAAGTCGCTGTTCCCTTCTCAGGGAATAGAAGATTATCCCAGGTGCCTGTGTCCAGGCTGGTGTCTGGG
TTCTGTGCTCTCTTCCCCATCCCGGGTGTCCTGTCCATTCTCAAGATGGCCACATGCGTGCTGGTGGAGT
GTCCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCAAGACACATATGA
CCCACCACCCCATCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCTGGGCTTCTACCCTGCGGAGAT
CACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGCTCGTGGAGACCAGGCCTGCA
GGGGATGGAACCTTCCAGAAGTGGGCGGCTGTGGTGGTGCCTTCTGGAGAGGAGCAGAGATACACCTGCC
ATGTGCAGCATGAGGGTCTGCCCAAGCCCCTCACCCTGAGATGGGGTAAGGAGGGAGATGGGGGTGTCAT
GTCTCTTAGGGAAAGCAGGAGCCTCTCTGGAGACCTTTAGCAGGGTCAGGGCCCCTCACCTTCCCCTCTT
TTCCCAGAGCTGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGGCCTGGTTCTCCTTGGAG
CTGTGATCACTGGAGCTGTGGTCGCTGCCGTGATGTGGAGGAGGAAGAGCT CAGGTGGAGAAGGGGTGAA
AGGTGGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGCCCCAGCTAGAAATGTGCCCTGTCTCATT
ACTGGGAAGCACCTTCCACAATCATGGGCCGACCCAGCCTGGGCCCTGTGTGCCAGCACTTACTCTTTTG
TAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACGGCGGTGATGGGACCTGATACCAGC
AGTCACAAGTCACAGGGGAAGGTCCCTGAGGACAGACCTCAGGAGGGCTATTGGTCCAGGACCCACACCT
GCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAAACTTCTCTGGGGTCC
AAGACTAGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCACAGGACATTTTCTTC
CCACAGATAGAAAAGGAGGGAGTTACACT CAGGCTGCAAGTAAGTATGAAGGAGGCTGATGCCTGAGGTC
CTTGGGATATTGTGTTTGGGAGCCCATGGGGGAGCTCACCCACCCCACAATTCCTCCTCTAGCCACATCT
TCTGTGGGATCTGACCAGGTTCTGTTTTTGTTCTACCCCAGGCAGTGACAGTGCCCAGGGCTCTGATGTG
TCTCTCACAGCTTGTAAAGGTGAGAGCTTGGAGGGCCTGATGTGTGTTGGGTGTTGGGCGGAACAGTGGA
CACAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCTGTTTAAGGTGTGACC
CCTCACTGTGATGGATATGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTG
GGACTGAGAGGCAAGAGTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAACCCTGACTTTGTTTCTGCAA
AGGCACCTGC

SEQ ID NO:5 HLA-A*03:01

>LR027087.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*03:01:01:01
CAGGAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCAGAGTCTCAGGCCCCGAAGG
CGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCA
ACCTACGTAGGGTCCTTCATCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
TTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCTGTTCTAAAGCCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCCTCCTGCTACTCTCGGGGGCCCT
GGCCCTGACCCAGACCTGGGCGGGETGAGTGCGGGGTCGGGAGGGAAACCGCCTCTGCGGGGAGAAGCAAG
GGGCCCTCCTGGCGGGGGCGCAGGACCGGGGGAGCCGCGAGGGTCGGGCAGGTCTCAGCCACTGCTCGCC
CCCAGGCTCCCACTCCATGAGGTATTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTC
ATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGG
AGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACCAGGAGACACGGAATGTGAAGGC
CCAGTCACAGACTGACCGAGTGGACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGGCCGGTGAG
TGACCCCGGCCGGGGGCGCAGGTCAGGACCCCTCATCCCCCACGGACGGGCCAGGTCGCCCACAGTCTCC
GGGTCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGGCGCCTTTA
CCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGGGCTGGGCGGGGCTCGGGGGAC
TGGGCTGACCGCGGGGTCGGGGCCAGGTTCTCACACCATCCAGATAATGTATGGCTGCGACGTGGGGTCG
GACGGGCGCTTCCTCCGCGGGTACCGGCAGGACGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGG
ACCTGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCACCAAGCGCAAGTGGGAGGCGGCCCATGA
GGCGGAGCAGTTGAGAGCCTACCTGGATGGCACGTGCGTGGAGTGGCTCCGCAGATACCTGGAGAACGGG
AAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGATCTCCCGG
GCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCACCCTCCCTCTGGTCCTGAG
GGAGAGGAATCCTCCTGGGTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTGCTCTCTGA
CACAATTAAGGGATAAAATCTCTGAAGGAGTGACGGGAAGACGATCCCTCGAATACTGATGAGTGGTTCC
CTTTGACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAA
TGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGC
TGTTCCCTTCTCAGGGAATAGAAGATTATCCCAGGTGCCTGTGTCCAGGCTGGTGTCTGGGTTCTGTGCT
CTCTTCCCCATCCCGGGTGTCCTGTCCATTCTCAAGATGGCCACATGCGTGCTGGTGGAGTGTCCCATGA
CAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCAAGACACATATGACCCACCACC
CCATCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCTGGGCTTCTACCCTGCGGAGATCACACTGAC
CTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGCTCGTGGAGACCAGGCCTGCAGGGGATGGA
ACCTTCCAGAAGTGGGCGGCTGTGGTGGTGCCTTCTGGAGAGGAGCAGAGATACACCTGCCATGTGCAGC
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ATGAGGGTCTGCCCAAGCCCCTCACCCTGAGATGGGGTAAGGAGGGAGATGGGGGTGTCATGTCTCTTAG
GGAAAGCAGGAGCCTCTCTGGAGACCTTTAGCAGGGTCAGGGCCCCTCACCTTCCCCTCTTTTCCCAGAG
CTGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGGCCTGGTTCTCCTTGGAGCTGTGATCA
CTGGAGCTGTGGTCGCTGCCGTGATGTGGAGGAGGAAGAGCT CAGGTGGAGAAGGGGTGAAGGGTGGGGET
CTGAGATTTCTTGTCTCACTGAGGGTTCCAAGCCCCAGCTAGAAATGTGCCCTGTCTCATTACTGGGAAG
CACCGTCCACAATCATGGGCCTACCCAGTCTGGGCCCTGTGTGCCAGCACTTACTCTTTTGTAAAGCACC
TGTTAAAATGAAGGACAGATTTATCACCTTGATTACGGCGGTGATGGGACCTGATCCCAGCAGTCACAAG
TCACAGGGGAAGGTCCCTGAGGACAGACCTCAGGAGGGCTATTGGTCCAGGACCCACACCTGCTTTCTTC
ATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAAACTTCTCTGGGGTCCAAGACTAGG
AGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCACAGGACATTTTCTTCTCACAGATA
GAAAAGGAGGGAGTTACACTCAGGCTGCAAGTAAGTATGAAGGAGGCTGATGCCTGAGGTCCTTGGGATA
TTGTGTTTGGGAGCCCATGGGGGAGCCCACCCACCTCACAATTCCTCCTCTAGCCACATCTTCTGTGGGA
TCTGACCAGGTTCTGTTTTTGTTCTACCCCAGGCAGTGACAGTGCCCAGGGCTCTGATGTGTCCCTCACA
GCTTGTAAAGGTGAGAGCTTGGAGGACCTAATGTGTGTTGGGTGTTGGGCGGAACAGTGGACACAGCTGT
GCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCTGTTTAAGGTGTGACCCCTCACTGT
GATGGATATGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGGACTGAGA
GGCAAGAGTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAACCCTGACTTTGTTTCTGCAAAGGCACCTG
c

SEQ ID NO:6 HLA-A*23:01

>LN624391.2 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*23:01:01
CAGAAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGG
CGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCA
ACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
TTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCTGTTCTAAAGTCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCGTCCTGCTACTCTCGGGGGCCCT
GGCCCTGACCCAGACCTGGGCAGGTGAGTGCGGGGTCGGGAGGGAAACGGCCTCTGCGGGGAGAAGCAAG
GGGCCCGCCTGGCGGGGGCGCAAGACCCGGGAAGCCGCGCCGGGAGGAGGGTCGGGCGGGTCTCAGCCAC
TCCTCGTCCCCAGGCTCCCACTCCATGAGGTATTTCTCCACATCCGTGTCCCGGCCCGGCCGCGGGGAGC
CCCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCA
GAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACGAGGAGACAGGGAAA
GTGAAGGCCCACTCACAGACTGACCGAGAGAACCTGCGGATCGCGCTCCGCTACTACAACCAGAGCGAGG
CCGGTGAGTGACCCCGGCCCGGGGCGCAGGTCACGACCCCTCATCCCCCACGGACGGGCCGGGTCGCCCA
CAGTCTCCGGGTCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGG
CGCCTTAACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGGGCCGGGCGGGGET
CGGGGGACTGGGCTGACCGCGGGGTCGGGGCCAGGTTCTCACACCCTCCAGATGATGTTTGGCTGCGACG
TGGGGTCGGACGGGCGCTTCCTCCGCGGGTACCACCAGTACGCCTACGACGGCAAGGATTACATCGCCCT
GAAAGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCG
GCCCGTGTGGCGGAGCAGTTGAGAGCCTACCTGGAGGGCACGTGCGTGGACGGGCTCCGCAGATACCTGG
AGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTACCTGATCGCCTGTAGG
TCTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCGCCCTCCCTCTG
GTCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCT
GCTCTCTGACACAATTAAGGGATAAAATCTCTGACGGAATGACGGAAAGACGATCCCTCGAATACTGATG
ACTGGTTCCCTTTGACACCGGCAGCAGCCTTGGGACCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTT
CACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACC
AGAAGTCGCTGTTCCCTCCTCAGGGAATAGAAGATTATCCCAGGTGCCTGTGTCCAGGCTGGTGTCTGGG
TTCTGTGCTCTCTTCCCCATCCCGGGTGTCCTGTCCATTCTCAAGATGGCCACATGCATGCTGGTGGAGT
GTCCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCAAGACACATATGA
CCCACCACCCCATCTCTGACCATGAGGCCACTCTGAGATGCTGGGCCCTGGGCTTCTACCCTGCGGAGAT
CACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGCTTGTGGAGACCAGGCCTGCA
GGGGATGGAACCTTCCAGAAGTGGGCAGCTGTGGTGGTACCTTCTGGAGAGGAGCAGAGATACACCTGCC
ATGTGCAGCATGAGGGTCTGCCCAAGCCCCTCACCCTGAGATGGGGTAAGGAGGGAGATGGGGGTGTCAT
GTCTCTTAGGGAAAGCAGGAGCCTCTCTGGAGACCTTTAGCAGGGTCAGGGCCCCTCACCTTCCCCTCTT
TTCCCAGAGCCATCTTCCCAGCCCACCGTCCACATCGTGGGCATCATTGCTGGCCTGGTTCTCCTTGGAG
CTGTGATCACTGGAGCTGTGGTCGCTGCTGTGATGTGGAGGAGGAACAGCTCAGGTGGAGAAGGGGTGAA
GGGTGGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGCCCCAGCTAGAAATGTGCCCTGTCTCATT
ACTGGGAAGCACCATCCACAATCATGGGCCGACCCAGCCTGGGCCCTGTGTGCCAGCACTTACTCTTTTG
TAAAGCACCTGTGACAATGAAGGACAGATTTATCACCTTGATTATGGCGGTGATGGGACCTGATCCCAGC
AGTCACAAGTCACAGGGGAAGGTCCCTGACGACAGATCTCAGGAGGGCGATTGGTCCAGGGCCCACATCT
GCTTTCTTCATGTTTCCTGATCCTGCCCTGGGTCTGCAGTCACACATTTCTGGAAACTTCTCTGGGGTCC

113



WO 2023/167973 PCT/US2023/014337

AAGACTAGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCACAGGACATTTTCTTC
CCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGGCTGATGCCTGAGGTC
CTTGGGATATTGTGTTTGGGAGCCCATGGGGGAGCTCAACCACCCCACAATTCCTCCTCTAGCCACATCT
TCTGTGGGATCTGACCAGGTTCTGTTTTTGTTCTACCCCAGGCAGTGACAGTGCCCAGGGCTCTGATGTG
TCTCTCACAGCTTGTAAAGGTGAGAGCTTGGAGGGCCTGATGTGTGTTGGGTGTTGGGCGGAACAGTGGA
CACAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCTGTTTAAAGTGTGACC
CCTCACTGTGACAGATATGAAGTTGTTCATGAATTTTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGG
GACTGAGAGGCAAGAGTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAACCCTGACTTTGTTTCTGCAAA
GGCACCTGCATGTGTCTGTGTTCATGTAGGCATAATGTGAGGAGGTGGGGAGACCACCCCACCCCCATGT
CCACCATGACCCT

SEQ ID NO:7 HLA-A*33:03

>LR777903.1 Homo sapiens HLA-A gene for MHC class Class I antigen, allele
HLA-A*33:03:01:01
CAGGAGCAGAGGGGTCAGGGCGAAGTACCAGGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGG
CGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCA
ACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
TTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCGGTTCTAAAGTCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCCTCCTGCTACTCTTGGGGGCCCT
GGCCCTGACCCAGACCTGGGCGGGETGAGTGCGGGGTCGTGGGGAAACCGCCTCTGCGGGGAGAAGCAAGG
GGCCCGCCCGGCGGEGGEGCGCAGGACCCGGGTAGCCGCGCCGGGAGGAGGGTCGGGCGGATCTCAGCCACT
CCTCGCCCCCAGGCTCCCACTCCATGAGGTATTTCACCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCC
CCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCAG
AGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACCGGAACACACGGAATG
TGAAGGCCCACTCACAGATTGACCGAGTGGACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGGC
CGGTGAGTGACCCCAGCCCGGGGCGCAGGTCACGACCTCTCATCCCCCACGGACGGGCCAGGTCACCCAC
AGTCTCCGGGTCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGGC
GCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGGGCCGGACGGGGCTC
GGGGGACTGGGCTGACCGTGGGGTCGGGGCCAGGTTCTCACACCATCCAGATGATGTATGGCTGCGACGT
GGGGTCGGACGGGCGCTTCCTCCGCGGGTACCAGCAGGACGCCTACGACGGCAAGGATTACATCGCCTTG
AACGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGG
CCCGTGTGGCGGAGCAGTTGAGAGCCTACCTGGAGGGCACGTGCGTGGAGTGGCTCCGCAGATACCTGGA
GAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGAT
CTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCACCCTCCCTCTGG
TCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTG
CTCTGTGACACAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGACGATCCCTCGAATACTGATGA
GTGGTTCCCTTTGACACACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTG
CTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGG
ACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCAGGTGCCTG
TGTCCAGGCTGGTGTCTGGGTTCTGCGCTCCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAGC
CACATGTGTGCTGGAGGAGTGTCCCATTACAGATGCAAAATGCCTGAATGTTCTGACTCTTCCTGACAGA
CCCCCCCAAGACGCATATGACTCACCACGCTGTCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCTG
AGCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGC
TCGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGTCTGTGGTGGTGCCTTCTGGACA
GGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTCCCCAAGCCCCTCACCCTGAGATGGGGTAAG
GAGGGAGATGGGGGTGTCATGTCTTTTAGGGAAAGCAGGAGCCTCTCTGACCTTTAGCAGGGTCAGGGCC
CCTCACCTTCCCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGG
CCTAGTTCTCTTTGGAGCTGTGTTCGCTGGAGCTGTGGTCGCTGCTGTGAGGTGGAGGAGGAAGAGCTCA
GGTGGGGTGAAGGGGTGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGACCCAGGTAGA
AGTGTGCCCTGCCTCGTTACTGGGAAGCACCATCCACAATTATGGGCCTACCCAGCCTGGGCCCTGTGTG
CCAGCACTTACTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTATGGCGGTG
ATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACCTTCAGGAGGGCGGTTGGT
CCAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAA
ACTTCTCTGAGGTCCAAGACTTGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCA
CAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGG
ATGATCCAAGAAATCACTGGGATATTGTGTTTGGGAGCCCGTGGGGGAGCTCACCCACCCCACAATTCCT
CCTCTAGCCACATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTCCTACCCCAGGCAGTGACAGTGCC
CAGGGCTCTGATATGTCTCTCACAGCTTGTAAAGGTGAGAGCCTGGAGGGCCTGATGTGTGTTGGGTGTT
GGGCGGAACAGTGGACGCAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCT
GTTTAAAGTGTGACTCCTCACTGTGACAGATACGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGA
CAGCTGCCTTGTGTGGGACTGAGAGGCAAGATTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGTACCCTG
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ACTTTGTTTCTGCAAAGGCACCTGC

SEQ ID NO:8 HLA-A*24:02

>LR899202.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*24:02:01
TGAGACAGAGCGCTTGGCACAGAAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCA
GGGTCTCAGGCCCCGAAGGCGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGT
TTCTTTTCTCCCTCTCCCAACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTC
ACTCCCATTGGGTGTCGGGTTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCTGTTCTAAAGTCCGCA
CGCACCCACCGGGACTCAGATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCGTCC
TGCTACTCTCGGGGGCCCTGGCCCTGACCCAGACCTGGGCAGGTGAGTGCGGGGTCGGGAGGGAAACGGL
CTCTGCGGGGAGAAGCAAGGGGCCCGCCTGGCGGGGGCGCAAGACCCGGGAAGCCGCGCCGGGAGGAGGG
TCGGGCGGGTCTCAGCCACTCCTCGTCCCCAGGCTCCCACTCCATGAGGTATTTCTCCACATCCGTGTCC
CGGCCCGGCCGCGGGGAGCCCCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCG
ACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCETGGATAGAGCAGGAGGGGCCGGAGTATTG
GGACGAGGAGACAGGGAAAGTGAAGGCCCACTCACAGACTGACCGAGAGAACCTGCGGATCGCGCTCCGC
TACTACAACCAGAGCGAGGCCGGTGAGTGACCCCGGCCCGGGGCGCAGGTCACGACCCCTCATCCCCCAC
GGACGGGCCGGGTCGCCCACAGTCTCCGGGTCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTT
GCCCCGGGAGAGGCCCAGGCGCCTTAACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTG
GTCGGGGCCGGGCGEGGEGCTCGGGGGACTGGGCTGACCGCGGGGTCGGGGCCAGGTTCTCACACCCTCCAG
ATGATGTTTGGCTGCGACGTGGGGTCGGACGGGCGCTTCCTCCGCGGGTACCACCAGTACGCCTACGACG
GCAAGGATTACATCGCCCTGAAAGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCAC
CAAGCGCAAGTGGGAGGCGGCCCATGTGGCGGAGCAGCAGAGAGCCTACCTGGAGGGCACGTGCGTGGAC
GGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGC
CTACCTGATCGCCTGTAGGTCTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTA
GAATATCGCCCTCCCTCTGGTCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGT
GACTCTGAGGTTCCGCCCTGCTCTCTGACACAATTAAGGGATAAAATCTCTGACGGAATGACGGAAAGAC
GATCCCTCGAATACTGATGACTGGTTCCCTTTGACACCGGCAGCAGCCTTGGGACCGTGACTTTTCCTCT
CAGGCCTTGTTCTCTGCTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGC
CTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTCCTCAGGGAATAGAAGATTATCCCAGGTGCCTGT
GTCCAGGCTGGTGTCTGGGTTCTGTGCTCTCTTCCCCATCCCGGGTGTCCTGTCCATTCTCAAGATGGCC
ACATGCATGCTGGTGGAGTGTCCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGAC
CCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGGCCACTCTGAGATGCTGGGCCCTGG
GCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGCT
TGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCAGCTGTGGTGGTACCTTCTGGAGAG
GAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGCCCAAGCCCCTCACCCTGAGATGGGGTAAGG
AGGGAGATGGGGGTGTCATGTCTCTTAGGGAAAGCAGGAGCCTCTCTGGAGACCTTTAGCAGGGTCAGGG
CCCCTCACCTTCCCCTCTTTTCCCAGAGCCATCTTCCCAGCCCACCGTCCCCATCGTGGGCATCATTGCT
GGCCTGGTTCTCCTTGGAGCTGTGATCACTGGAGCTGTGGTCGCTGCTGTGATGTGGAGGAGGAACAGCT
CAGGTGGAGAAGGGGTGAAGGGTGGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGCCCCAGCTAG
AAATGTGCCCTGTCTCATTACTGGGAAGCACCATCCACAATCATGGGCCGACCCAGCCTGGGCCCTGTGT
GCCAGCACTTACTCTTTTGTAAAGCACCTGTGACAATGAAGGACAGATTTATCACCTTGATTATGGGGGT
GATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGACGACAGATCTCAGGAGGGCGAT
TGGTCCAGGGCCCACATCTGCTTTCTTCATGTTTCCTGATCCTGCCCTGGGTCTGCAGTCACACATTTCT
GGAAACTTCTCTGGGGTCCAAGACTAGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTAT
CTCACAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAG
GAGGCTGATGCCTGAGGTCCTTGGGATATTGTGTTTGGGAGCCCATGGGGGAGCTCAACCACCCCACAAT
TCCTCCTCTAGCCACATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTTCTACCCCAGGCAGTGACAG
TGCCCAGGGCTCTGATGTGTCTCTCACAGCTTGTAAAGGTGAGAGCTTGGAGGGCCTGATGTGTGTTGGG
TGTTGGGCGGAACAGTGGACACAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATG
GGCTGTTTAAAGTGTGACCCCTCACTGTGACAGATATGAAGTTGTTCATGAATTTTTTTTCTATAGTGTG
AGACAGCTGCCTTGTGTGGGACTGAGAGGCAAGAGTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAACC
CTGACTTTGTTTCTGCAAAGGCACCTGCATGTGTCTGTGTTCATGTAGGCATAATGTGAGGAGGTGGGGA
GACCACCCCACCCCCATGTCCACCATGACCCT

SEQ ID NO:9 HLA-A*02:06

>LR027057.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*02:06:01
CAGAAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGG
CGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCA
ACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
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TTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCGGTTCTAAAGTCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACGCCGAGGATGGCTGTCATGGCGCCCCGAACCCTCGTCCTGCTACTCTCGGGGGCTCT
GGCCCTGACCCAGACCTGGGCGGETGAGTGCGGGGETCGGGAGGGAAACGGCCTCTGTGGGGAGAAGCAAC
GGGCCCGCCTGGCGGGEGGCGCAGGACCCGGGAAGCCGCGCCGGGAGGAGGGTCGGGCGGGETCTCAGCCAC
TCCTCGTCCCCAGGCTCTCACTCCATGAGGTATTTCTACACCTCCGTGTCCCGGCCCGGCCGCGGGGAGC
CCCGCTTCATCGCAGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCA
GAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGTCCGGAGTATTGGGACGGGGAGACACGGAAA
GTGAAGGCCCACTCACAGACTCACCGAGTGGACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGG
CCGGTGAGTGACCCCGGCCCGGGGCGCAGGTCACGACCTCTCATCCCCCACGGACGGGCCAGGTCGCCCA
CAGTCTCCGGGTCCGAGATCCGCCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGG
CGCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCAGGTTGGTCGGGEGCEGEGCEGGGCT
CGGGGGACCGGGCTGACCGCGGGETCCGGGCCAGGTTCTCACACCGTCCAGAGGATGTATGGCTGCGACG
TGGGGTCGGACTGGCGCTTCCTCCGCGGGTACCACCAGTACGCCTACGACGGCAAGGATTACATCGCCCT
GAAAGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCAGCTCAGACCACCAAGCACAAGTGGGAGGCG
GCCCATGTGGCGGAGCAGTTGAGAGCCTACCTGGAGGGCACGTGCGTGGAGTGGCTCCGCAGATACCT GG
AGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGA
TCTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCGCCCTCCCTCTG
GTCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCT
GCTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGACGATCCCTCGAATACTGATG
AGTGGTTCCCTTTGACACACACAGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCT
GCTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCTTCAGCCTCCACTCAGGTCAG
GACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCAGGTGCCT
GTGTCCAGGCTGGTGTCTGGGTTCTGTGCTCCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAG
CCACATGTGTGCTGGAGGAGTGTCCCATGACAGATGCAAAATGCCTGAATGATCTGACTCTTCCTGACAG
ACGCCCCCAAAACGCATATGACTCACCACGCTGTCTCTGACCATGAAGCCACCCTGAGGTGCTGGGCCCT
GAGCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAG
CTCGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGGCTGTGGTGGTGCCTTCTGGAC
AGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTTTGCCCAAGCCCCTCACCCTGAGATGGGGTAA
GGAGGGAGACGGGGGTGTCATGTCTTTTAGGGAAAGCAGGAGCCTCTCTGACCTTTAGCAGGGTCAGGGC
CCCTCACCTTCCCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTG
GCCTGGTTCTCTTTGGAGCTGTGATCACTGGAGCTGTGGTCGCTGCTGTGATGTGCGAGGAGGAAGAGCTC
AGGTGGGGAAGGGGTGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGACCCAGGTAGAA
GTGTGCCCTGCCTCGTTACTGGGAAGCACCACCCACAATTATGGGCCTACCCAGCCTGGGCCCTGTGTGC
CAGCACTTACTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACAGCGGTGA
TGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACCTTCAGGAGGGCGGTTGGTC
CAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAAA
CTTCTCTGAGGTCCAAGACTTGGAGGTTCCTCTAGGACCTTAAGGCCCTGACTCCTTTCTGGTATCTCAC
AGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGGC
TGATGCCTGAGGTCCTTGGGATATTGTGTTTGGGAGCCCATGGGGGAGCTCACCCACCCCACAATTCCTC
CTCTAGCCACATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTTCTACCCCAGGCAGTGACAGTGCCC
AGGGCTCTGATGTGTCTCTCACAGCTTGTAAAGGTGAGAGCCTGGAGGGCCTGATGTGTGTTGGGTGTTG
GGCGGAACAGTGGACACAGCTGTGCTATGGGGTTTCTTTCCATTGGATGTATTGAGCATGCGATGGGCTG
TTTAAAGTGTGACCCCTCACTGTGACAGATACGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGAC
AGCTGCCTTGTGTGGGACT GAGAGGCAAGAGTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAACCCTGA
CTTTGTTTCTGCAAAGGCACCTGC

SEQ ID NO:10 HLA-A*26:01

>LR027040.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*26:01:01:01
CAGGAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGG
CGGTATATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCA
ACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
TTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCGGTTCTAAAGTCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCGTCCTGCTACTCTCGGGGGCCCT
GGCCCTGACCCAGACCTGGGCGGGETGAGTGCGGGGTCGGGAGGGAAACGGCCTCTGTGGGGAGAAGCAAG
GGGCCCGCCCGGCGGGEGGCGCAGGACCCGGGAAGCCGCGCCTGGAGGAGGGTCGGGCGGGTCTCAGCCAC
TCCTCGCCCCCAGGCTCCCACTCCATGAGGTATTTCTACACCTCCGTGTCCCGGCCCGGCCGCGGGGAGC
CCCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCA
GAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACCGGAACACACGGAAT
GTGAAGGCCCACTCACAGACTGACCGAGCGAACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGG
ACGGTGAGTGACCCCGGCCCGGGGCGCAGGTCACGACCCCTCATCCCCCACGGACGGGCCAGGTCGCCCA
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CAGTCTCCGGGTCCGAGATCCGCCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGG
CGCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGEGCEGEGCEGGGCT
CGGGGGACCGGGCTGACCTCGGGGTCCGGGCCAGGTTCTCACACCATCCAGAGGATGTATGGCTGCGACG
TGGGGCCGGACGGGCGCTTCCTCCGCGGGTACCAGCAGGACGCTTACGACGGCAAGGATTACATCGCCCT
GAACGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCACCCAGCGCAAGTGGGAGACG
GCCCATGAGGCGGAGCAGTGGAGAGCCTACCTGGAGGGCCGGTGCGTGGAGTGGCTCCGCAGATACCTGG
AGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGA
TCTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCGCCCTCCCTCTG
GTCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCT
GCTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGACGATCCCTCGAATACTGATG
AGTGGTTCCCTTTGACACACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCT
GCTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAG
GACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCAGGTGCCT
GTGTCCAGGCTGGTGTCTGGGTTCTGTGCTCCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAG
CCACATGTGTGCTGGAGGAGTGTCCCATGACAGATGCAAAATGCCTGAATGTTCTGACTCTTCCTGACAG
ACGCCCCCAAGACGCATATGACTCACCACGCTGTCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCT
GAGCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAG
CTCGTGGAGACCAGGCCTGCAGGGGATGGGACCTTCCAGAAGTGGGCGTCTGTGGTGGTGCCTTCTGGAC
AGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGCCCAAGCCCCTCACCCTGAGATGGGGTAA
GGAGGGAGACGGGGGTGTCATGTCTTTTAGGGAAAGCAGGAGCCTCTCTGACCTTTAGCAGGGTCAGGGC
CCCTCACCTTCCCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTG
GCCTGGTTCTCTTTGGAGCTGTGATCGCTGGAGCTGTGGTCGCTGCTGTGATGTGCGAGGAGGAAGAGCTC
AGGTGGGGAAGGGATGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGACCCAGGAAGAA
GTGTGCCCTGCCTCGTTACTGGGAAGCACCATCCACAATTATGAGCCTACCCAGCCTGGGCCCTGTGTGC
CAGCACTTACTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACGGCGGTGA
TGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACCTTCAGGAGGGCGGTTGGTC
CAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAAA
CTTCTCTGAGGTCCAAGACTTGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCAC
AGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGGC
TGATGCCTGAGGTCCTTGGGATATTGTGTTTGGGAGCCCGTGGGGGAGCTCACCCACCCCACAATTCCTC
CTCTAGCCACATGTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTCCTACCCCAGGCAGTGACAGTGCCC
AGGGCTCTGATATGTCTCTCACAGCTTGTAAAGGTGAGAGCCTGGAGGGCCTGATGTGTGTTGGGTGTTG
GGCGGAACAGTGGACGCAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCTG
TTTAAAGTGTGACTCCTCACTGTGACAGATACGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGAC
AGCTGCCTTGTGTGGGACTGAGAGGCAAGATTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAACCCTGA
CTTTGTTTCTGCAAAGGCACCTGC

SEQ ID NO:11 HLA-A*29:02

>1LT618817.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*29:02:01:01
GGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGGTTTCCAGAGA
AGCCAATCAGTGTCGTCGCGGTCGCGGTTCTAAAGTCCGCACGCACCCACCGGGACTCAGATTCTCCCCA
GACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCCTCATGCTACTCTTGGGGGCCCTGGCCCTGACC
CAGACCTGGGCGGGTGAGTGCGGGGTCGTGGGGAAACCGCCTCTGCGGGGAGAAGCAAGGGGCCCGCCCG
GCGGGGACGCAGGACCCGGGTAGCCGCGCCGGGAGGAGGGTCGGGTGGGTCTCAGCCACTCCTCGCCCCC
AGGCTCCCACTCCATGAGGTATTTCACCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTCATC
GCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTTGACAGCGACGCCGCGAGCCAGAGGATGGAGC
CGCGGGCACCGTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACCTGCAGACACGGAATGTGAAGGCCCA
GTCACAGACTGACCGAGCGAACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGGCCGGTGAGTGA
CCCCGGCCCGGGGCGCAGGTCACGACCTCTCATCCCCCACGGACGGGCCGGGTCGCCCACAGTCTCCGGG
TCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGGCGCCTTTACCC
GGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGGGCCGGACGGGGCTCGGGGGACTGG
GCTGACCGTGGGGTCGGGGCCAGGTTCTCACACCATCCAGATGATGTATGGCTGCGACGTGGGGTCGGAC
GGGCGCTTCCTCCGCGGGTACCGGCAGGACGCCTACGACGGCAAGGATTACATCGCCTTGAACGAGGACC
TGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCCGTGTGGL
GGAGCAGTTGAGAGCCTACCTGGAGGGCACGTGCGTGGAGTGGCTCCGCAGATACCTGGAGAACGGGAAG
GAGACGCTGCAGCGCACGGGTACCGGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGATCTCCCGGGCT
GGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCGCCCTCCCTCTGGTCCTGAGGGA
GAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTGCTCTCTGACA
CAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGACGATCCCTCGAATACTGATGAGTGGTTCCCT
TTGACACACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTC
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AATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACCAGAAGTC
GCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCAGGTGCCTGTGTCCAGGCT
GGTGTCTGGGTTCTGTGCTCCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAGCCACATGTGTG
CTGGAGGAGTGTCCCATGACAGATGCAAAATGCCTGAATGTTCTGACTCTTCCTGACAGACGCCCCCAAG
ACGCATATGACTCACCACGCTGTCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCTGAGCTTCTACC
CTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGCTTGTGGAGAC
CAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGTCTGTGGTGGTGCCTTCTGGACAGGAGCAGAGA
TACACCTGCCATGTGCAGCATGAGGGTCTGCCCAAGCCCCTCACCCTGAGATGGGGTAAGGAGGGAGATG
GGGGTGTCATGTCTTTTAGGGAAAGCAGGAGCCTCTCTGACCTTTAGCAGGGTCAGGGCCCCTCACCTTC
CCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGGCCTAGTTCTC
TTTGGAGCTGTGTTCGCTGGAGCTGTGGTCGCTGCTGTGAGGTGGAGGAGGAAGAGCTCAGGTGGGGTGA
AGGGATGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGACCCAGGTAGAAGTGTGCCCT
GCCTCGTTACTGGGAAGCACCATCCACAATTATGGGCCTACCCAGCCTGGGCCCTGTGTGCCAGCACTTA
CTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACGGCGGTGATGGGACCTG
ATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACCTTCAGGAGGGCGGTTGGTCCAGGACCCA
CACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAAACTTCTCTGA
GGTCCAAGACTTGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCACAGGACATTT
TCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGGCTGATGCCTG
AGGTCCTTGGGATATTGTGTTTGGGAGCCCGTGGGGGAGCTCACCCACCCCACAATTCCTCCTCTAGCCA
CATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTCCTACCCCAGGCAGTGACAGTGCCCAGGGCTCTG
ATATGTCTCTCACAGCTTGTAAAGGTGAGAGCCTGGAGGGCCTGATGTGTGTTGGGTGTTGGGCGGAACA
GTGGACGCAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCTGTTTAAAGTG
TGACTCCTCACTGTGACAGATACGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGACAGCTGCCTT
GT

SEQ ID NO:12 HLA-A*31:01

>LR027053.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*31:01:02:01
CAGGAGCAGAGGGGTCAGGGCGAAGTACCAGGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGG
CGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTCCCA
ACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
TTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCGGTTCTAAAGTCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCCTCCTGCTACTCTTGGGGGCCCT
GGCCCTGACCCAGACCTGGGCGGGETGAGTGCGGGGTCGTGGGGAAACCGCCTCTGCGGGGAGAAGCAAGG
GGCCCGCCCGGCGGEGGEGCGCAGGACCCGGGTAGCCGCGCCGGGAGGAGGGTCGGGCGGATCTCAGCCACT
CCTCGCCCCCAGGCTCCCACTCCATGAGGTATTTCACCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCC
CCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGCCAG
AGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGAGGCCTGAGTATTGGGACCAGGAGACACGGAATG
TGAAGGCCCACTCACAGATTGACCGAGTGGACCTGGGGACCCTGCGCGGCTACTACAACCAGAGCGAGGC
CGGTGAGTGACCCCAGCCCGGGGCGCAGGTCACGACCTCTCATCCCCCACGGACGGGCCAGGTCACCCAC
AGTCTCCGGGTCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGGC
GCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGGGCCGGACGGGGCTC
GGGGGACTGGGCTGACCGTGGGGTCGGGGCCAGGTTCTCACACCATCCAGATGATGTATGGCTGCGACGT
GGGGTCGGACGGGCGCTTCCTCCGCGGGTACCAGCAGGACGCCTACGACGGCAAGGATTACATCGCCTTG
AACGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGG
CCCGTGTGGCGGAGCAGTTGAGAGCCTACCTGGAGGGCACGTGCGTGGAGTGGCTCCGCAGATACCTGGA
GAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGAT
CTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCACCCTCCCTCTGG
TCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTG
CTCTGTGACACAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGACGATCCCTCGAATACTGATGA
GTGGTTCCCTTTGACACACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTG
CTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGG
ACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCAGGTGCCTG
TGTCCAGGCTGGTGTCTGGGTTCTGTGCTCCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAGC
CACATGTGTGCTGGAGGAGTGTCCCATTACAGATGCAAAATGCCTGAATGTTCTGACTCTTCCTGACAGA
CCCCCCCAAGACGCATATGACTCACCACGCTGTCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCTG
AGCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGC
TCGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGTCTGTGGTGGTGCCTTCTGGACA
GGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTCCCCAAGCCCCTCACCCTGAGATGGGGTAAG
GAGGGAGATGGGGGTGTCATGTCTTTTAGGGAAAGCAGGAGCCTCTCTGACCTTTAGCAGGGTCAGGGCC
CCTCACCTTCCCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGG
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CCTAGTTCTCTTTGGAGCTGTGTTCGCTGGAGCTGTGGTCGCTGCTGTGAGGTGGAGGAGGAAGAGCTCA
GGTGGGGTGAAGGGGTGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGACCCAGGTAGA
AGTGTGCCCTGCCTCGTTACTGGGAAGCACCATCCACAATTATGGGCCTACCCAGCCTGGGCCCTGTGTG
CCAGCACTTACTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTATGGCGGTG
ATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACCTTCAGGAGGGCGGTTGGT
CCAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAA
ACTTCTCTGAGGTCCAAGACTTGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCA
CAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGG
ATGATCCAAGAAATCACTGGGATATTGTGTTTGGGAGCCCGTGGGGGAGCTCACCCACCCCACAATTCCT
CCTCTAGCCACATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTCCTACCCCAGGCAGTGACAGTGCC
CAGGGCTCTGATGTGTCTCTCACAGCTTGTAAAGGTGAGAGCCTGGAGGGCCTGATGTGTGTTGGGTGTT
GGGCGGAACAGTGGACGCAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCT
GTTTAAAGTGTGACTCCTCACTGTGACAGATACGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGA
CAGCTGCCTTGTGTGGGACTGAGAGGCAAGATTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGTACCCTG
ACTTTGTTTCTGCAAAGGCACCTGC

SEQ ID NO:13 HLA-A*32:01

>LR027086.1 Homo sapiens HLA-A gene for MHC class I antigen, allele HLA-
A*32:01:01:01
CAGGAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCCCAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGG
CGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCTGCCA
ACCTATGTAGGGTCCTTCTTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGG
TTTCCAGAGAAGCCAATCAGTGTCGTCGCGGTCGCGGTTCTAAAGTCCGCACGCACCCACCGGGACTCAG
ATTCTCCCCAGACGCCGAGGATGGCCGTCATGGCGCCCCGAACCCTCCTCCTGCTACTCTTGGGGGCCCT
GGCCCTGACCCAGACCTGGGCGGGETGAGTGCGGGGTCGTGGGGAAACCGCCTCTGCGGGGAGAAGCAAGG
GGCCCGCCCGGCGGGGGCGCAGGACCCGGGTAGCCGCGCCGGGAGGAGGGTCGGGCGGGTCTCAGCCACT
CCTCGCCCCCAGGCTCCCACTCCATGAGGTATTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCC
CCGCTTCATCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTTGACAGCGACGCCGCGAGCCAG
AGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACCAGGAGACACGGAATG
TGAAGGCCCACTCACAGACTGACCGAGAGAGCCTGCGGATCGCGCTCCGCTACTACAACCAGAGCGAGGC
CGGTGAGTGACCCCGGCCCGGGGCGCAGGTCACGACCTCTCATCCCCCACGGACGGGCCAGGTCGCCCAC
AGTCTCCGGGTCCGAGATCCACCCCGAAGCCGCGGGACCCCGAGACCCTTGCCCCGGGAGAGGCCCAGGC
GCCTTTACCCGGTTTCATTTTCAGTTTAGGCCAAAAATCCCCCCGGGTTGGTCGGGGCCGGACGGGGCTC
GGGGGACTGGGCTGACCGTGGGGTCGGGGCCAGGTTCTCACACCATCCAGATGATGTATGGCTGCGACGT
GGGGCCGGACGGGCGCCTCCTCCGCGGGTACCAGCAGGACGCCTACGACGGCAAGGATTACATCGCCTTG
AACGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGG
CCCGTGTGGCGGAGCAGTTGAGAGCCTACCTGGAGGGCACGTGCGTGGAGTGGCTCCGCAGATACCTGGA
GAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGGGGCGCCTCCCTGATCGCCTGTAGAT
CTCCCGGGCTGGCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCGCCCTCCCTCTGG
TCCTGAGGGAGAGGAATCCTCCTGGGTTTCCAGATCCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTG
CTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGACGATCCCTCGAATACTGATGA
GTGGTTCCCTTTGACACACACCGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTG
CTTCACACTCAATGTGTGTGGGGGTCTGAGTCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGG
ACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCAGGTGCCTG
TGTCCAGGCTGGTGTCTGGGTTCTGTGCTCCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAGC
CACATGTGTGCTGGAGGAGTGTCCCATGACAGATGCAAAATGCCTGAATGTTCTGACTCTTCCTGACAGA
CGCCCCCAAGACGCATATGACTCACCACGCTGTCTCTGACCATGAGGCCACCCTGAGGTGCTGGGCCCTG
AGCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGGGATGGGGAGGACCAGACCCAGGACACGGAGC
TTGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGTCTGTGGTGGTGCCTTCTGGACA
GGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGCCCGAGCCCCTCACCCTGAGATGGGGTAAG
GAGGGAGATGGGGGTGTCATGTCTTTTACGGAAAGCAGGAGCCTCTCTGACCTTTAGCAGGGTCAGGGCC
CCTCACCTTCCCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGG
CCTAGTTCTCTTTGGAGCTATGTTCGCTGGAGCTGTGGTCGCTGCTGTGAGGTGGAGGAGGAAGAGCTCA
GGTGGGGTGAAGGGATGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGACCCAGGTAGA
AGTGTGCCCTGCCTCGTTACTGGGAAGCACCATCCACAATTATGGGCCTACCCAGCCTGGGCCCTGTGTG
CCAGCACTTACTCTTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACGGCGGTG
ATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCTGAGGACCTTCAGGAGGGCGGTTGGT
CCAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGGGTCTGCAGTCACACATTTCTGGAA
ACTTCTCTGAGGTCCAAGACTTGGAGGTTCCTCTAGGACCTTAAGGCCCTGGCTCCTTTCTGGTATCTCA
CAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGG
CTGATGCCTGAGGTCCTTGGGATATTGTGTTTGGGAGCCCGTGGGGGAGCTCACCCACCCCACAATTCCT
CCTCTAGCCACATCTTCTGTGGGATCTGACCAGGTTCTGTTTTTGTCCTACCCCAGGCAGTGACAGTGCC
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CAGGGCTCTGATATGTCTCTCACAGCTTGTAAAGGTGAGAGCCTGGAGGGCCTGATGTGTGTTGGGTGTT
GGGCGGAACAGTGGACGCAGCTGTGCTATGGGGTTTCTTTGCATTGGATGTATTGAGCATGCGATGGGCT
GTTTAAAGTGTGACTCCTCACTGTGACAGATACGAATTTGTTCATGAATATTTTTTTCTATAGTGTGAGA
CAGCTGCCTTGTGTGGGACTGAGAGGCAAGATTTGTTCCTGCCCTTCCCTTTGTGACTTGAAGAACCCTG
ACTTTGTTTCTGCAAAGGCACCTGC

SEQ ID NO:14 HLA-DRB3*02:02

>0U943363.1 Homo sapiens HLA-DRB3 gene for MHC class II antigen, allele
HLA-DRB3*02:02:01
CTCTGGCCCCTGGTCCTGTCCTCTTCTCCAGCATGGTGTGTCTGAAGCTCCCTGGAGGCTCCAGCTTGGC
AGCGTTGACAGTGACACTGATGGTGCTGAGCTCCCGACTGGCTTTCGCTGGGGACACCCGACGTAAGAGC
ACATTGTGGGTGCTGAGCTACTATGGGGTGGGGGAATATAGGCGAGTTGTGTTAACATTGTGCCCAGGCCA
TGTCCCTTAAGAAATTGTGAGGTTTTCTTCAGAGATTGCTCATCTTTATCAAGGGATCGCAAATTATTTC
CTCCACAAAAGGAACTTGGCTACTTGCCCTCTCCATGAGACTTGTGTAAGGGGCCTTTGTACAGGCCATT
TCTTCTCAAATCTCCACCAATAAAACCTTTGCATCACATGTCCTCAGGGTCTTTAGAGGATTTGGAAATA
AGGATGCTAAAATAAATTCCCCAAACAGCAATTCCCTTTATTATGTTGACTTATGTCAGACAAAAGGAGG
TTTTTACTGAAAATTTTGTGGGAGTCAAGGGAATTCAATGGGTCTCTCCTAGACGATCCTGGGTTATGTC
CTCCACAGGACCTGTGGTGTTGGCCCCTCTTCCTCATATGTGAGGATGGACCCAGTGGCCTCCCTAGTAT
CTCCTTTCTTTTCTTTCTGAACTCCAATGTTTATAAAGCCTGTATCCCTGTAGTGTATGTAGGTTGTCTG
ACAGAAGTTATACTTAGTGCTCTTTCTTTCTTATGGGGAAAAATCCCTGGAACTGAAGCTGAGATCATTA
GTACTTGGAATCACCTTACAGATACAGAGCATTTATGAGGTATTCTTTGGTGCCTAAAGAACTTAAGGCA
TCCTCTGAAAAACTGGCCCAGGTTAGTGTTTATTATGAATCTTTTTAACCTTTCTATACTTGTTTCTCCT
ACATCTCCTACATGCTCTAACTAGACATGACAGAAGAGATTTAACTAATGTAGTATAAATTATATGAAAT
TCTATTTTTGTAAGTCAAAAATAATCAAATATCAGAAATTTAATAATGTTCAAACTATATACTGTGTGGG
GTTACCGAGACAATGTGGACATTGTTCACATCTCATAGGGCTGAAAGTCAATGGGCAAGTCCTGGAAACT
CATTGTCTTACTGCGGTCTTGTCCTCAGTTTCATAGGTTCACCCATCATGCCCTCAGCTTTCCTTAATTA
GCCATGTCTGCTTACCTCTTCCTCCCATTTCTCTCTATTTTTCCCCAACTATGTTGTCATCATTTCCAGA
AATCTCTAAAGCTTGCACAGATCCTTAGCACTATGAGATCCATTGAAAGAGATAATATTTTTCTCTTTGA
GATAGGGCCTGCCTCTGTCACCCAGGCTGTAGCTCAGTGGTGTGATCGAGGCTCACTGCAACCTCTGCCT
CCCATGCTCAAGCAATCCTCCCTCCTCAGGCTCCAGAGTAGCTGAGAATACAGGCAGGCAACCACGCCCA
GCTAATTTTTGCAATTTTGGTAGAGAGGAGATTTTGCCATATTGCCCAGGCTGGTCTTAAACTGCTGAAC
TCAAGCAATCCTCCTGCCTTAGCCTCCCAACATGCTAGGATTATAGATGTGAGCCACTGTGCCCAGGCAA
AAGAGATGACTCTTAATAAAAAGATTTCCTTTTTCTTAAATCACTGTTTCTTTATCCGTGAATTCTTCTT
CCAACTAGAAGGAGGAGAAAGAAGTTTGCCTGTATTTATCACCGGGAGGAGAAGGGGTCTAGTGTGACAT
CAAAATGAAAGAGTGCTGGAACTTGAGCCCCTTCTTGCTTTCCAGGATCCCCACAGTGATCAGTTCCCAT
ACCCTGGTTTATTCATGTAAACCACACTTATTTTTCTCAGCAGCTACTGTGTACTGGGCTCCATTCTAGG
TTCAAATCATTCTATTTGATTAAGATAGAGAGGGTCCCGACTCTCAAGGAAGTTACAAGAGTAGAGGAGA
CAGACACTAACCCAATAAGCATTTAACAAAGAAGATAATGTTAGAGAGTCATAGTGCACTGAAGAAAAGA
CATCAGATGTGTGTTGAAAGAGAGAAATGGATTCACCTACTTTAGTTTGTATGTTTAGGGAGCTCTACCT
GAGAAAGTGATATTCAGCTGAGACAACAAAATAAGTAGACAGTCATAAAGATCTAACGGACGAAAGATTC
AGGGAGACCGAATCGAGGGAAAGCACTGGTGTGGGAAATTATGTGGAGGGAGAGAAAGAAGGCTAGAAGG
GCTGAGGTATAGAAAGCAAGGAAATGGAGAGGCAGAAGATGAGGTAGGACAAGGAGAGGAAATCAGGAGC
CTCATCATTATAGGCTCTGATGTCCACGGTAAAAAATTTGAATTTTATTTTATTTTTATTTATTTTTAAA
TTTTATTTATTTATTTATTTTGAGATGGAGTTTCATTCTTGTTGCCCAGGCTGGCATGCCATGGCGCAAT
CTCTGCTCACTGCAACCTCCACCTCCTGGGTTCAAGTGATTCTCCTGCCTCAGCTTCCCAAGTAACTGGG
ATTACAGGCACTCACCACCATACCTGGCTAATTTTTTTGTATTTTTAGTATAGATGGGGTATCACCATGT
TGACCAGGTTGATCTTGAACTCCTGACCTCAGATAATCTGTCTGCCTTGGCCTCCCAAAGTGCTGGGATT
ACAGGCGTGAGCCACCACGCCCGGACTGAATTTTATTTAAATAGATATGAGAAGCTGCTGTATGGTTACA
AGGAGAGTCAATTTATATTCAACTTTTGTGTGTGTGTGTGATGGAGTCTCACTCTGTTGCCCAGGCTCGA
TTGCAGTGGCACAATCTCGGCTCACTGCAACCTCCGCCTCCCGGGTTCAAGAAATTATCCTGCCTCAGCC
TCCTGAGTAGCTGGGACCACAGGTGCATGCCACCACAGTCGGCTACTTTTTGTATTTTTAGTAGGGATGG
GGTTTCACCATGTTAGCCAAGATGGGCTCGATCTCCTGACCTTGTGATCCACCCGCCTCGGCCTCCCAAA
GTGCTGGGATTACAGGCATGAGCCACTGCGCCCAGCTTATATTCAATTATTACAATTAATTCTAGCTACT
TTGTGGGGATTGGATTGTTGGGGTTCACAAGTGGTTAGGAAGACTATTTAGGAGCACAGCAGGGAATTCT
CCAGGGAAAACAGGCTTGTGGCTTCATGGAGTGCATTAGTGATAAAGACGGTGAAAAAGATAAAGTGGAC
AGACTTCGCATGTATTTTTGCTTAGCTTGTTAATGAATTACTGTAAAGGGGGTGGAACAATCAAGTTTAT
TCCTGAGGATTTTGTTTTGACAAATAAGTGGGTGGTAGTTTTGTTTATTGAGATAGGAAAAACTATGGGA
GGAAATGATTTGAAGTGGGTGGTTGGAAATAAAAGTTTTGTTTAAATTTGAGATGATTTATTGACATTTA
TGTAGAGCAATCAGAAGGTCAGTGGCATTTAAGAGACTCATGGTGAGGCTAGGGCTTCAGATATTTATGT
TGGCAGCATCAATACGTGTAGTGTGTTAAATTCTAGGGAGTGGAAGAGGATACATAGGGAGATGGATTGT
GTGGAGAAAAAAGAAGAGGGCACAGGCCAGCAAAGGCAGCTGAGACAGAGCCCAGGGATGTTGGAGAAAA
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ACCAAGAGAACATAATGAGTGTAAGT CAAGGAAAATAGATTTTTTTCAAGGAGAAGGGAGAGGCCAATTG
TGGTGAGTACCACTAAGCGGAGGGGGAAGTGAGAACTTGACAGAGAAGCAAGTGCTGGGTTTGCTGGAGT
TGATATTTGCAGTCAATGGAGTATCCAGGGAGGAAACTGGATTGGACCATTTGAAGAGCGAGTAGAAGTG
AGGACGAGGTTAAGGTTGACTGTTTTGAGTAGAACTTCCGGAAGGACTGTGCTCTGGGTTCAGGAAGCCC
GCTGAATCTAAAGGAAAAGGCTAAAGAAGCTAAAGAGACAGAGGAGGACCTGTGAACAAGAGATGCTCAG
TCATTAGCAAGGAAATACTGGAGATCCCCTGTGTGCAGTGGTGACTACTCATGCAAAAGGTCACACAGCC
AATATTTATTAGTGACATAGAATATACCAGTTATTACTCTAGGTCATGAGAATGGTGATAAATAAAATGA
ATCCGCTCGCCATCAGTATATGCCATGTAACAGTTTGCAGTGACTGTGTACCAGGCCTGTGAATTTCTGT
ATGCAATTTCAATAATGATCCTGCTGTATCTGTGGTATTTAAAAACATATACATCTCTGGAATCTAAAAT
TGAGGGATTATAAGTAAAACCCAGTATTAGAAATTTAGTGCTGGAAATCAGATTGCAGTTTAAATCTGAG
CATATAGAAAGTCCCTTTCTTCTATGTCAGCAGATGCCTTTTATGTGAGGCTTAGGTATACTACATTATT
AGACATAAACCAGTGTTTCTGCCCTATGTTTTCAGAATGACAATTCTTTATGAAACTCATAGAAGAACAG
AAGACAATTGCAAAATCATGATGAAGATACTAATTGCTTTAGAATTAAGGAATACAAAAAATAATGTGAG
TTACAGTTATAGGGATCATAAAAGTGAAAATGGGAATGTATTTGAGTGTTTATTATGTGATCAGTGCTAA
GAAGAGTCATCATTTAATTTGACACTTAACAGTAATCCTGTGAGGATTATGCTATTATTAAATGCATTTG
ATAGATTACAAAAAGGCTTACTGTTGGCAAAAATTGACCCAAGTAGAAGAGGTCACCTTTTTATTCAGAT
TTTCTGATTGTAGAGTTTGAGAGTTTTTCCATCATTAGGGAGTAGTGACTATATTGTGTCTGAATTATTG
ACAGAATTTCTGATATTCATATATACCAGGTTGTTTCTTTGAGTGGGGACAGAGATGCAAGGGCTGCTAG
TTCCAATGTACAGGAGAAACTTTTAATCATTTTGCATTTATCATTTTAAAAGTTCAGTATGTCTATAATG
GTCATGTGTTGACAAACACAAGGAAGTATTAAATCACTCCTCCTTCTGAGGTTTGACTAGCAAATTGGGC
AAGAGTTACCAAATAAAATACATGTTCCTAGTTAAATCTGAATTTCAGATACACGACCATAATTTATTGG
AAATCCAAATTTAATTGGGCACCCTCTGGTTTTATTTGCCAAATCTGTCAACTCTAAGTGAGACACATGG
ACATGGATTACAGTGCTACCCATGCAAGCCACAGTGACAGCAACTTCACACATGTTTACATTTTAACTTT
CTCTCTGTAAGAAAGTGCTTAGATAATTTGGTGATAAAAAGATAGCCATTGTTTGATCCAGGGTGGACAC
CTCTCTGCCATCGTTTCTAAAGGGCAAACGGAGATTTCTGCAGGTCTTGCTCACAGTCTGGGGACCTGCT
CATGTTTTGAAACTGTCTGTATCAGAATGTCATTTTCTTGGTTTCTCCCTTTCTGAGGGGACTTGACTAC
AAAACCAAGAGTTCTGCCTCTGGCCAAGGCTGGAAATGTGATGCCTGCTAGTATTGTTGGGAGTGGGAGA
CTGAGAGAAATGAGTTAGTTGGGGCATTTAACGGGAATAAAATAGCTGTGGTTGTGATTCATTACTATAG
ATAATTAGTGGACCAGTGGCGGAGAAATTAAGAAAAAAGAT GATGTGAACGATAAATGATATGATTAGTG
ACTGCTTGGTAAGGCAAGGAAATCATTAAATCTTGGTTCTCATCAAGTTCATTTTCTGAAAAGATAGCAC
TGCATTGGGACCAGAATTCTACAAAACATTCTTTTTACATAGGACCAAGATTTTCAAGAAATATTTTTCA
ATACAATTCTCAGCTGCTCCATAACTAATAGTAGCTTGTTCAACACAGATTTTTTTAGATGGTTCACACC
TGTGGTTCTTACCCAGGGATAGTTCACCACCCCTCCCTTCCCTCCCATCATCCTTGGGGAACAGTGACAA
TGTTTGGAAAAATTTTTGGTTGTCACAACAGGGGTTTCTTCTGATATTTAATGAGTAGAAGCCAGGAACA
CTGCTAGAGAACCTACAATGTTCAGAACAGCCTCCGCCATCAACAAAGAATTATCTGGTCCAAAATGTCA
ATAGTGCTGAGGCTGAGAGCACTGCTTCACGCTGTGCTCTTTCTGAAAATTCTACACTCACATCTGTTAT
ACACTCACCACACAGTTCAGTTTTTCATAGTTTATTTTTGCTTCTTCCATTATAAAAAATTAGACAGTTG
CATAAATTTAACCACTTTCTTGTTGAATCCATTTAGTCAATGCAAGCTCAGTATTTTCATATTTAGTTTT
TGCCTTATGCAATATTTTTCAACATTTTCATGAGTTGTTGGTCATCACCATCTCTATTAACTTTCAACAA
CTTGCTCTTGTAAGTCACAAATAGTGATGCTGCTGAAATTATTTCTCACTAACATGCCTCAGATTTCTGT
AGTGATTCTACATTTTATATTATTCACAATGTAAAATGCTTCTATGTACTCATTTCACTTTTACCCAAGG
ATTATTTTTAAGTTATTTTTGTCATTTACACACTTCAAACATAAAGACAAAAACATCAAAAATATATACT
GTGTTTTACATAGGTGTCTATTTTCACACATATATGTATGTATGTTTATATGTATGGAAACTACAGAAGC
ACATGTCGCCAATAAGAGCTCTGAGACACCTTTGACCACTTACCCTTATCAGATGAGATTTGCCAAATGA
GTTGTGGAAACAAGTTTTTTAAACTGAATTTCTGAGCTTTGTGAATTTAGAAATGCAAAGGAAAGTTTGT
GGACATTTACAGGGATCATGGTTTTATTGTCCTTTAAACTCTTCGATACTTTACCATTGTCTTACTATAA
ATCCAAAATCCTAACCCCACCCACGAGGCTTTAAATACCTGGCTTCTTGTGATTTCTCCAGGCTAATCTT
TTACCCTCCTTCCCCTCAGCCTCTCTGCTTTAGTGAACTTTCTCCTAGTTTTTTGAAGAAGTTCATCAAT
TCAAGCTTTTGTAGATGGGATTTCCTAAACCTGAAATGTGCCTCCCGTTTTGTCCAAACAGACACGGGCT
CCACTCTGCCCCCTGGCTCACACCTGCTTAACCCGTCAAGTCACATCTGAACTGTCACTCTTTAGAGGGT
CCTTCTCTGGCACCCTAATGTAATTGAGATCATCCTATTATTCTCTGCTCTAGAACTTCCCACTTCCGAG
ATTTCTCATTCCTGTCTAACCTCTTGTGTGTTTGGTGTTTGGCCATCGCTTTCACTGCTCTTTAAGCTCC
CCCAGCGGAGTGGAGAGGTCTGTTTTCCCTTGTTTGGATTCCTAGAGGCAGCGCAGGCCAGACACAAGGT
CATCACTAAGAAAGTGTTCACAGGATGAACGCGGTGGGTGCTGTTTAAGGAACCGGTAAACATGTGGGAT
GAGAGAAGGAGCAGAGAGTGTTTTTCGGGTGGAGGCTCCCAGGAGGAGGAGGGGCGGGCTGCGGTGCTGG
GCGGATCCTCCTCCAGCTCCTGCTTGGAGGTCTCCAGAACAAGCTGGAGGCAGGGATGGGGGGTCCCAAA
AGCCTGGGGATGAGAAGGGGTTTCCCCGCATAGTCCCCCAGGCCCCCGTTCGCCTCAGGAARAACGGAGGA
TGAGCTCCTGGGCTGCTGGTGGTGGGCGTTGCGGGEEEGEGCCEGTTAAGGTTCCCAGTGCCCGCACCCGG
CCCAGGGGGCCCCGGATGGCGGCETCGCTGTCAGTGTCTTCTCAGGAGGCCGCCTGTGTGACCGGAGCAT
TCGTGTCCCCACAGCACGTTTCTTGGAGCTGCTTAAGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGG
GTGCGGTTCCTGGAGAGACACTTCCATAACCAGGAGGAGTACGCGCGCTTCGACAGCGACGTGGGGGAGT
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ACCGGGCGGTGAGGGAGCTGGGGCGGCCTGATGCCGAGTACTGGAACAGCCAGAAGGACCTCCTGGAGCA
GAAGCGGGGCCAGGTGGACAATTACTGCAGACACAACTACGGGGTTGGTGAGAGCTTCACAGTGCAGCGG
CGAGGTGAGCATGTCGGGGGGCGEEGCCTGGGTCCCTGTGAGCTGGAAAT CTGAGAGTGTGTGTGTGTGT
GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT GTGAGAGAGAGAGAGAGAGAGAGAGAGAGGAAGAGAGA
GACAGAGAGAGGGAGCGCGCCATCTGTGAGCATTTAGAATCCTCTCAATCCCGAGCAAGCAGTTCTGAAG
GCACAGGTGTGTGTGTAGAGTGTGGATTTGTCTGTGTCTGTGTGCCTGTTGTGGGAGGGAAAGCAGGAGG
GGGCTGCTTCTTATCCTTGGAGACTTCTGTGGAGAGGTGACAAGGGAGGTCGGTGCGGGCGGCTGGAGAG
AGAGGAGACCTTGATTGTCCTGGGTCCTTAGAGATGCAGGGAAGGAAAGTGTAAGGTGTGTGTGGGT GGG
GTGAAGGTTTAGGGGAGGAGAGCTGAGGGGTAAGGAAGGTTTGGGATAATGTGAGGAGGCCGGTTCCAGA
CTGTCCCTGGCACACACCCTTCATGTAATCTCTGAAATAAAAGTTTGTGCTGTTTGTAAAAGCATTAGAT
TAAGTTCTAGGGGAATTGAGTAGACCTCTAAGGCACCTCTGAAACTTCTTTAGGTATAAATTTCTTGCTA
GTTTTTTGTTTTTCTAGTGTGTATATTTTTACATAGTAGAAATGACAGTGAAACTAACTTTTGAATTAAA
GTTTTAACACAATTACTGTATTATTATAATGCTAATAGTTTTCTAGTAGTTACATATTATTCTTTTATAT
ATAATAGTTGTGACACAACTTAGGGATCACTTTCCCCTTTGTTGACCTTTATTATGACATTCACCAAAAG
TTGAAAATGTATGTTTCTGGTTAATTTTTAATTTATATTTTTTCATTTGAAAAAATGTGGAGAGGTCTGT
TTTTCATTCAAAAGAGTTCTTTTGAATTATTTTGACCGATTTATTGGTCAATTTTAATAACTGCTCTAAG
AATTCCCTATTTTATTTGGTAGGTAATGGACAATGATCTACTGCCTAATATCTCTAGGGCTTAGTATTTT
TCTCAGTGACTTTGTGGGTTCTTTGTACTGTAAGATTATTAACACTTTATTGATATTTGATTCAGCATTT
GCTCCAGTTTGTGGTTTGTATGTTGATTTTGAAAATTCTTTTCCATGTTAAGAATTTGAACATTTTTATT
TAATAAAATGTATTGCAAAAATTTTATTAATGATTTACAATCCATCTTAAATCTGCCATTTTGTGGTATT
TTTGTCTCTAGGTTTCTCCTTACTTCTAAAAACATTGTATTTATTGAGAGTATGCTAATGTCGGGGATTT
TCCTGGGCATAAGCACCACAAGTAATGAGTTCCAGACCCTGCCTTAATCCAAATGTGATTCTGGAAAGAA
AAATCATTTTACAACTGGCCTGATAATAATTCTGCTTGTGTTGCACGGGGGATACATTGAGCAGCTGAAT
GAAAATATAAGAACTTTCAAAACTAAAATGACGCTCCTAAATCCTTCTGTCTGCTTTAGGACTCATGCTT
TTCTAGGAACGTAAAAATTTGGAGAATCATTTCTGTCTGTCCCACCTTCCCAGGGGCAGAACCATTTCTG
TGGTGTTCTAAGGTGTGAGTGCATGGCAGTAGTATTCCTAAAAATTCATACTCGGTTTTCTCATGTACCC
AACTCTGTCCCTTTGTCTATGTACATTGCTTTAAATCATATTTTTCTGTCACGGAGTACAAGGATGATAA
ATAGGTGCCAAATGGAGCACCCAAGTGTGATGAGCCCCCTTACGGTGGAATGGAGTGAGAAGCTTTCTGA
TCTCATAAATTGAAGGCTATCTTCAGTCATTATGTATTTTACATAAATTAATCCTCATGTAACCCCAAGA
GGTAAATTAGTATAATTATCCTTCATTGGGGGTGACAAAGTTGAGACACAGAAGAATCAACTCTTCCAGG
ATCAACCAGTAAAAGGCAGACCTTGGATTTGAACCAGGCAACCTGGCTCAGATATCAGTTTTAATTACTA
CACTCTGTACTTTCAAAAATTTGTAAACACTTTGACAATGCATGCCAATTTCAAGTTATGAAGAAGCAAA
CGCAATTTTTCACATCTCTCAAATCTAATGGGTCCTCACTATCAAGATTAAATTCCAGGCTGATGACACT
GTAAGGCCACATGGCCAGCTGTGCTGGAGGCCTGGTCAAGGTCAGAGCCTGGGTTTGCAGAGAAGCAGAC
AAACAGCCAAACCAGCAGAATTACTCTGTCTTCCTGACTCATTCCCTCTACCTTTTTTTCTCCTAGTCCA
TCCTCAGGTGACTGTGTATCCTGCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCTGCTCTGTG
AGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACGGCCAGGAAGAGAAGGCTGGGGETGG
TGTCCACGGGCCTGATCCAGAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTAGAAACAGTTCCTCG
GAGTGGAGAGGTTTACACCTGCCAAGTGGAGCACCCAAGCGTAACGAGCCCTCTCACAGTGGAATGGAGT
GAGCAGCTTTCTGATTTCATACATTTCTCACCCACCAAGAAGGGGACTGTGCTAATCCCTGAGTGTCAGG
TTTCTCCTCTCCCACGTCCTATTTTCATTTGCTCCATGTTCTCATCTCCATCAGCACAGGTCACTGGGGA
TAGCCCTGTAACAGTGTGTAGAAACACCTGTACTCCCTGTGGAATCAGTCATGCTTTTTTTTTTTTGAAC
CTCCCCATGATGTCACAGGTCAGGGTCACCCGATCTCCCCAAGCTCCAGGCCCTGCTTCTGGGTCTGAGA
CTGAGTTTCTGGTGCTGCTGCTCTGAGTTACTTGTTTTGATCTGGGAAGAGGGGAAGCATAGGGGCCTAC
CTGACATGAGGGGAGTCCAATCTCAGCTCTACCTTTTATTAGCTCTGTCACTCTAGACAAACTACTTAGC
TTCATTGAGTCTCAGGCTTTCTGTGGATCAGATGTTGAACTCTTGCCTTACATCAAGGCTGTAATATTTG
AATGAGTTTGATGTCGGAACCTTGTAACTGTTCAGTGTGATTTGAAATCCTTTTTTTCTCCCGAAATGGC
TAGTTATTTTAGTTCTTGTGGGGCAGCCTTCTTCCCCATTTTCAAAGCTCTGAATCTTAGAGTCTCAAGT
AAAGAGGTTCAATCTGGAATAAGCATCACTAAACCTGGCTTCCTCTCTCAGGTGCACGGTCTGAATCTGC
ACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGGGGCCGGGCTGTTC
ATCTACTTCAGGAATCAGAAAGGTAAGGAGTCTTTGGTAGCTGGCTCTCTCCATAGGCTTTTCTGGAGGA
GGAACTATGGCTTTGCTGAGGTTAGTTCTCAGTATATGAGTGGCCCTGAATAAAGCCTTTCTTTCCCCAA
ACGGCTCTAATGTCCTGCTAATCCAGAAATCATCAGTGCATGGTTACTATGTGAAAGCATAATAGCTTGT
GGCCTGCAGAGACAAGAGGAAGGTTAACAAGTAGGGGTCCTTTGGTTTGAGATCTTGGAGCAAATTAAGG
AAGAGCCACTAAAGTTAATGGAATTACACTGGATCCTGTGACAGACACTTCATGCTTCATGGGTCACATG
GTCTGTTTCTGCTCCTCTCTGCCCTGGTTGGTGTGGGTTTTGGTGTTAGAACTCTCCGGTGGGAGATCTG
GGACTGGGATATTGTGTTGGAGGACAGATTTGCTTCAATATCTTTTAAGTGTATATCTTTTCCTCTTTTT
CCCAGGACACTCTGGACTTCAGCCAACAGGTAATACCTTTTAATCCTCTTTTAGACACAGATTCAGTTTC
TCCAGTGAGAGGTGAAGCCAGCTGGACTTCTGGGTTGGGTGGGGACTTGGAGAACTTTTCTGTCTTACAA
GAGGTTTCTAAATGCACCAATGAGTGCTCTGTAAAAACACACCAATGAGTGCTCTGTAAAAATTGACACT
CTGTGGCTCGCTAGATGTTTGTAAGATGGACCAATCAGCACTCTGTAAAATGGACCAATCCACACTCTGT
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AAAATGGACCAATCAGCACTCTTTAAAATGGACCAATCAGCAGGATACGGGCAGGGACAAATAAGGGAAT
AAAAGCTGGTCACCCTAGCCAGCACCGGCAACCTGCTTAGGTCCTTTTCTATGCTGTGGAAGGTCTGTTC
TTTCACTCTTCACAATAAATCTTGTGCTCACTCTTTGGGTCCGTGCCACCTTTAAGAGCTATAACACTCA
CTGCAAGGGTCTGTGGCTTCACTCTTGAAGTCAGCCAGACCCTGAACCTACCGGAAGGAACAAACTCAGG
ACACACTAGAATGATGGTAGAGGTGATAAGGCATGAGACAGAAATAATAGGAAAGACTTTGGATCCAAAT
TTCTGATCAGGCAATTTACACCAAAACTCCTCCTCTCCACTTAAAAAAGGCCTGTGCTCTGCAGGACTAT
TGGCTCTGGGAGACT CAGGAACTTGTTTTTCTTCTTCCTGCAGTGTTCTCATCTGAGTCCTTCAAAGAGG
GGGAAAGAAACGTTAGTAGAGCCAGGTTGAAAACAACACTCTCCTCTGTCTTTTGCAGGATTCCTGAGCT
GAAGTGCAGATGACAATTTAAGGAAGAATCTTCTTCCCCAGCTTTGCAGGATGAAAAGCTTTCCCGCCTG
GCTGTTATTCTTCCACGAGAGAGGG

SEQ ID NO:15 HLA-DRB4*01:01

>0U231294.1 Homo sapiens HLA-DRB4 gene for MHC class II antigen, allele
HLA-DRB4*01:01:01:01
AACCTTTTGAGTACTAAATTAAAACAATCCTTTAAAGAAGACAATTGTTTCAGAGGAGGACCTTCATACA
GCATCTCTGACCAGCAACTGATGATGCTAGTGAACTCAGATGCTGACTGGTTCTCCAACACGAGATTACC
CAATCAAGGAGCAAGGAAATCAGTAACTTCCTTCCTATAATTTGAAATGTGGGTGGAGGGGGGT CATAGT
TCTCCCTGAGTGAGACTTGCCTGCTGCTCTGACCACTGGTCTTGTCCTCTTCTCCAGCATGGTGTGTCTG
AAGCTCCCTGGAGGCTCCTGTATGGCAGCGCTGACAGTGACATTGACGGTGCTGAGCTCCCCACTGGCTT
TGGCTGGGGACACCCAACGTAAGTGCACATTGTGACTGCAGAGCTACTATGGGGTGGGGGCAAAAATAGG
AAGTTTTGTTAACATTGTGCCCAGGCCATGTCTCTTATGAAATTGTGACACTTTCTTCAGAGATTGCCCA
TCTTTATCAGATGGATCCCAAATTATTTCCACCACAAAAGGCGCTTGGCTACTTGTCCTGTCCATGAGAT
TTGTGTAAAGGGCCTACACACAGGTCATTTCTTCTCAAATCTCCACCAATAAAACCTATGCATCACATGT
CCTCAGGGTCTTTAGAGGATTTAGAAATAAGTATGCTAAAATAATTTCCCCATACAGCACTTCCCTTTAT
TATGTTGACTTATGTCAGACAAAAGGAGGTTTTTACTGAAAATTTTGTGGGAGT CAAGGGAATTCAAAGG
GTCTCTCCTAGACGATCCAGTGTTATGTCCTCCACAGGACCTTTGGTGTTGGCCCCTCTTCCTCATATGT
GAGGATGGATCCAGTGGCCTCCCCATTATCTCCTTTCTTTTCTTTCTGAACTCCAATGTTTATAAAGCCT
GTACCCCTGTTGCTTATGTAGGTTCTCTGACAAAAGTTATACTTAGTGCTCTTTCTTTCTTATGGGGAAA
AATCCGTGGAACTGAAGCTGAGATCTTTAGTACGTGGAGTCACCTTACAGATACAGAGCATTTATGCGGT
ATTCATTGGTGCCTAAAGAACTTTAGGCATCCTCTGGAAAACCGGCCCAGGTTAGTGTTTATTATGAATC
TTTTTTAACCGTTCTATACTTGTTTCTCCTACATCTCTTACATGCTCTAACTAGACATGACAGAAGAGAT
TTAACTAATGTAGTATAAATTGTATGAAATTCTATTTTTGTAAGTCAAAAATAATCAAATATCAGAAATG
TAATAATGTTCAAACTATATACTCTGTGTGGGGTTTTTGAGACAATGTGGACATTGTTCATGTCTCATAA
GGCTGAAAGTCAATGAGCAAGTCCTGGAAACTCATTGTCTTACTGGGGTCTTGTCCTAAATTTCATAGGT
TCACCCATCATGCCCTCAGCTTTCCTTAATTAGCCATGTCTGCTTACCTCTTCCTCCACTTTCTCTCTTT
TCCCCAGCTATGTTGTCATCATTTCCAAAAATCTCTAAAGCTTGCACAGATCCTTAGCACTATGAGATCC
ATTGAAAGACATAATTTTTTTCTTTTTGAGATAGGGCCTAGCTCTGTCACCCGGGCTGTAGCTCAGTGGT
GTGATCGAGGCTCACTGCAACCACTGCCTCCCATGCTCAAGCGATCTTCCCTCCTCAAGCTCCGGAATAG
CTGGGAATAGAGGCAGGCAACCACGCCCAGCTAATTTTTTAATTTTGGTAGAGATGAGATTTTGCCATGT
TGCCCAGGCTGGTCTTAAACTGCTGGACTCAAGCAATCCTCCTGCCTTGGCCTCCCATCGTGCTAGGATT
ATAGATGTGAGCCACTGTGCCCAGGCAAAAAGAAATGACTCTTAATAAAAAAAATTTCCTTTTTCTTAAA
TCACTGTTTCTTTATCTGTGAATTCTTCTTCCAAGTAGAAGGAGGAGAAAGAAGAAGTTTGCCTGTATTT
CTCACCGGGGGGAGAAGGGGTCTAGTGTGACATCAAAATGAAAGGGTGCTGGAGCTTGAGCCCCTTCTTG
CTTTCCGGGATCCCCACAGTGATCAGTTCTCATACCCTGGTTTATTCGTGTAAACCACACTTATTTTTCT
CAGCAGCTACTGTGTACTAGGCTCCATTCTAGGTTCAAATCATTCTATTTGAGTAAGATAGAGAGGGTCC
CGACTCTCAAGGAAGTTACACAACAATAGAGGAGACAGACACTAACCCAATAAGCATTTAACAAAAAAGA
AAATGTTAGAGAGTCATAGTGCACTGAAGAAAAGACAACAGGTTTGTCGGAACGATAGAAATGGATTCAC
CTACTTTAGTTCATATGTTTAGGGAGCCCTACCTGAGAAAGTGACATTCAGCTGAGACAACAAAGTAAGT
AGACAGTCGTGAAGATCTAACGGACGAAAGTTCCAGGGAGACTGAATCGAGGGAAAGCCCTGGTGTGGGA
AATTATGTGGAGGGAGAGAAAGAAGGCTAGAGGGGCTGATGTATAGGAAGCAAGGAAATAGGGGGGCAGA
AGATGAGGTAGAACACAGAGAGGAAGTCAGGAGCCTCATCATATTAGGCTCTGAAATCCACGGTAAAAAA
TTTGAATTTCATTTATTTATTTATTTTGAGACGGAGTTTCATTCTTGTGGCCCAGACTGGAGTGCAATGG
CACAATCTCGGCTCACTGCAACCTCCGCCTCCTGGGTTCAAGTGATTCTCCTGCCTCAGCTTCCCAAGTA
GCTGGGATTACAGGCACCCACCACCATACCTGGCTATTTTTTTGTATTTTTAGTGGAGATGGGGTATCAC
CATGTTGACCAGGCTGGTCTCGAACTCCTGACCTCAGATAATCTGTCTGCCTTGGCCTCCCAAAGTGCTG
GGATTACAAGAGTGGGCCACTGTGCCCAGACTGAATTTTATTTAAATAGATATGAGAAACTACTGTATGG
TTACACGGAGAGTCAATTTATATTCAATTTTGTGTGTGTGTGTTTGTGAGATCGAGTCTTGCTCTGTTGC
CCAGGCTAGATTGCAGTGGCACAATCTCGGTTTACTGCAACCTCTGCCTCCCAGGTTCAAGCGATTCTAT
TGCCTCAGCCTCCCGAGTAACTGGGACCACAGGCGCATGCCACTACACCCGGCTAATTTTTTGTATTTTT
AATAGGGATGGGGTTTCACCGTGTTAGCCAGGTTGGTCTCGATCTCCTGACCTCGTGATCTGCCCACCTT
GGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACTGCACCCGGCCTATATTCAATTTTTAAAACTAA
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CTCTAGCTACTCTGTAGGAATTGGATTGTTGGGGTTCAAAAGTGGTCAGGAAGACTATTTAGGAGCACAG
CAGGGAATTATCCAGGGAAAACAGGCTTGTGGCTTCATGGAGTGCATTAGTGATAAAGAGAGTGAAAAAG
ATAAAGTGGACAGACTTGGCATGTATTTTTGCTTAGCTTGCTAATGAATTACTGTAAAGGGGTTAGAACA
ATCAAGCTTATTCCTAAGGATTTTGTTTTGACAAATAAGTGGGTGGCTAGTGTTGTTTATTGAGATAGGAA
AAACTATGGGAGGAAATGATTTGAAGTGGGTGCGTTGGAAATAAAAGTTTTGTTTAAATTTGAGATGATTT
ATTGACATTTATGTGGAGCAATCCGAAGGTCAATGGCATTTAAGAGACT CATGGTGAGGTGAAGCTAGGG
CTTCAGGTATTTATGTTGGCGGCATCAATAAGTGTAGTGTGTTAAATTCCAGGGAGTGGAAGATGATACA
TAGGGAGATGGATTGTGTGGAGAAAAAAGAAGAGGGTACAGGCCAGCAAAGGGGGCTGAGAAAGAGCCCA
GGGAGGCTGGAGAAAACCCAAGATAACATAATGCGTGTAAGTGAAGAAAAACAGATTATTTTCAAGGAGA
AGGGAGAGGCCAATTGTGGTGAGTACCACTAAGAGGAGAGGGAAGTGAGAACGTGACAGAGAAGCAAGTG
CTGGGTTGCTGGTTTGCTGGAGTTGATATTTGCAGTCAATGGAGTATCCAGGGAGGAAACTGGATTGGAC
CATTTGAAGAGCAAGTAGAAGTGAGGACGAAGTTAAGATTGACTGTTTTGAGTAGAGAGCTTCAGGGAAG
GACTGTGCTCTGGGTTCAGGGAGCCAGCTGATTCTAAAGGAAAAGGCTAAAGAAGCTGAAGAACCAGCTT
TCCCAGCACCATTTATTAAATAGGGAATCCTTTCCCCATTTCTGGTTTTTGTCAGATTTATCAAACATCA
GATGGTTGTAGATGTGTGGTATTATTTCTGAGGGCTCTGTTCTGTTCCATTGGTCTATATCTCTGTTTTG
GTACCAGTACCATGCTGTTTTGGTTACTGTAGGCTTGTAGTACAGTTTGAAGTCAGGCAGCATGATGCCT
CCAGCTTTGTTCTTTTGGCTTAGGATTGTCTTGGCAATGCGGGCTCTTTTTTGGTTCCATATGAATTTTA
AAGTAGTTTTTTGCAATTCTGTGAAGAAAGTCATTGGTAGCTTGATGGGGATGGCACTGAATCTATAAAT
TACCTTGGGCAGTATGGCCATTTTCACGATATTTATTCTTCTTATCCATGAGCATGGAATGTTCTTCCAT
TTGTTTGTGTCCTCTTTTATTTAGTTGAGCAGTGGTTTGTAGTTCTCCTTGAAGAGGTCCTTCACATGCC
TTGTAAGTTGGATTCCTAGGTATTCTGTTCTCTTTGAAGCAACTGTGAATGGGAGTTCACTCATGATTTG
GCTCTCTGTTTGTCTGTTATTGGTGTATAAGAATGCTTGTGATTTTTTGCACATATGTAGAAAGCTAAAA
CTGGATCCTTTCTTTGCACCTCATACAAAAATTAATTCAAGATGGATTAAAGACTTAAATGTTAGACTTA
AAACCATAAAAACCCTAGAAGAAAACCTAGGCAATACCATTCGGGACATAGGCATGGGCAAGGACTTCAT
GTCTAAAATACCAAAAGCAATGGCAACAAAAGTCAAAATTGACAAATGGGATCTGATTAAACTAAAGAGC
TTCTGCACAGCAAAAGAAACTACCATCAGAGTCAACAGGCAACCTACAGAATGGGAGAAAATTTTTGCAA
TCTACTCATCTGACAAAGGGCTAATATCCAGAATCTACAAAGAACTCAAACAAATTTACAAGAAAAARAAC
AAACAACCCCATCCAAAAGTGGGCAAAGGATATGAACAGACACTTCTCAAAAGAAGACATTTATGCAGCC
AACAGACACATGAAAAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACAATGAGAT
ACCATCTCACACCAGTTAGAATGGCAATCATTAAAAAGT CAGGAAACAACAGGTGCTAGAGAGGATGTGG
AGAAATAGGAACACTTTTACACTGTTGGTGGGACTGTAAACGAGTTCAACCATTGTGGAAGACAGTGTGG
TGATTCCTTAAGGATCTAGAACTAGAAATACTGTTTGACCCAGCCATCCCATTACTGGGTATATACCCAA
AGGATTATAAATCATGCTGCTATAAAGACACATGCACACGTATGTTTATTGTGGCACTATTCACAATAGC
AAAGACTTGGAACCAACCCAAATGTCCATCAATGATAGACTGGATGAAGAAAATGTGGCACATACACACC
ATGGAATACTATGCAGCCATAAAAAAGGATGAGTTCATGTCCTTTGTAGGGACATGGATGAAGCTGGAAA
CCATAATTCTCAGCAAACTATCACAAGCAGAAAAAAACCAAACACCACATGTTCTCACTCATAGGTGGGA
ATTGAACAATGAGAACACTTGGACACAGGAAGAGGAACATCACACACCGGGGGGAGGGGEGGAGGGATAGC
ATTAGGAGATATGCATAATGTAAATGACGAGTTAATGGGTGCAGCACACCAACACGGCACATGTATACGT
GTGTAACAAACCTGCACATTGTGCACATGTACCCTAGAACTTAAAGTATAATAAAAAATAAATAAATAAA
TAAATAAATAAAAAGAAGCTGAAGAGAAGGAGGAGGACTTGTGAACCAGAGATGCTCAGTCATTATTAGC
GAGGAAATGCTAGAGAGCCCCTGTGTGCAGTGCTGACTACTTATGCAAAAGGTCACACAGCCAATATTTA
ACACAGCCAGTATTTCACACAGCCAATATTTATTAATGACATAGCATACATATACCAGTTATTACTCTAG
GTCATAAGAATGGAGTGATAAATAAAATGAATCTGGTCGCCATCAGTATATGCCAGGTAACATTTTGCAG
TGACTGTGTACCAGGCCTATGAATTTCAGTATGCAATTTCAATAATTATCCTGTTGTATCTGTGGTATTT
AAAAAACATATACATCTCTGGAATCTAAAATTGAGAGGATATGAGTAAAACCCAGTGTTACAAATTTAGT
GCTGGAAATCAGATTGCAGTTTAAATCTGAGCATGTAGAAAGTCCCTTTCTTCTATGTCAGCAGATGCCT
TTTGTGTGAGGTTTAGGTATACTGCTTTATTAGACATAAACCAGTGTTTCTGCCCTATGTTTTCAGAATG
ACAATTCCTTATGAAACTAATAGAAGAACAGAAGACAATTGCAAAAT CATGATGAAGATACTAATTGCTC
TAGAATTCAGGAATACATAAAATGATGTGAGCTGCAGTTATAGGGAT CATAAAAGTTAAAATGGGAATGC
ATTTGAGTGTTTATTATGTGATCAGTGCTAATAAGAGTCATCATTTAATTTTACACTTAACAGTAATCCT
GTGAGGATTACGCTATTATTAAATGCATTTGATAGATTACAAAAAGGATTATGGTTGGTAAAAATTGCCC
CAAGTAGAAGAGATCATGTTTTTTATTCAGGTTATCTGATTCTAGAGTTTGAGAGTTTGACCATCATTAG
TGAGTAGTGACTATATTGTGTCTGAATTATTGACAGAATTTCTGATATTCAAATGTACCAGGTTGCTTCT
TAGAGTGCAGACAGAGATGCAAGGGCTGCTAGTTCCGATGTATAGGAGAAACTTTCATTCATTTCACATT
TATCATTTTAAAAGTTCTGTATGTCTATAATGGTCATGTGTTGAAGAACACAAGGAAGTATTAAATCACT
CCTTCTTCTGAGGTTTGACTAGCAAGTTGGGCTAGAGTTACCAAATAAAATACATGTTCCTAGTTAAATC
TGAATTTCAGATACACAACCATGATTTCTTGGAAATTCAAATTTACCTGGGCATCCTCTGGTTTTATTTG
CCAAATCTGTCAACCCTAAGTGAGACACATGGACATGGATTACAGTGCTAGTCATGCAAACCACAGTGAC
AGCAACTTCACACATGTTTATTTTTTAACTTTCTGTCTGTAAAGAAAGTACTTAGATAATTTAGGGATAA
AAAGATAGACATTGTTTGATCCAGGGTGCACACCTCTCTGCCATCATTTCTAAAGGGCAAAGGGACATTT
CTGCAGGTCTTGCTCACAGTCTGGGGACCTGCTCGTTTTTGCAAACTGTCTGTATGAGTATGTCATTTTC
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TTGGTTTCTCCCTTTCTAAGGGGACTTGACTGCAAAACCAGGAGTTCTGCCTCTGGCCAAGGCTGGAAAT
TTGATGCCTGCTGGTATTGTTGGGAGTGGGAGACTGAAAGAAATGAGTTAGTTGGGGCATCAAATGGGAA
ATAAAATAGCTGTGGTTGTGATTCATTATTACAGAAAATTAGTGGACCAGTGGCAGAGAAATTAAAARAAA
AAGATGATGTGAACGATAAACGATATGATTAGTGGCTACTTGGTAAGGCAAGGAAATCATTAAATCTTGG
TTCTCATCAAGTTCATTTTCTGAAAAGATAGCACTGTATTGGGACCAGAATTCTACAAAACATTCTTTTT
ATGTAGGACCAAGATTTTCAACAAATATTTTTCAATGCAATTCTCAGCGCTCCATAACTAATAGTAGCTT
GTTCAACACAGATTTTTTCGGATGGTTCACACCTGTAGTTCTTACCCAGGGATAGTTCACCACCCCTCCC
TTCCCTCCCATCATCGTTGGTGAACGGTGGCAATGTTTGGAACAATTTTTGGTTGTCACAACAGGGGTTT
CTTCTGATATTCAATGAGTAGAAGCCAGGGACACTGCTAAAGAACCTACAATATTCAGAACAGCCTCTGC
TATCAACAAGGAATTATCTGGTCCAAAATGTCAATAGTGCTGAGGCTAAGAGCACTGGTTCACACTGTGC
TCTTTCTGAAAATTCTAGGCTCACATCTTGTATACACTCACCACACAGTTCAGTTTTTTATGGTTTATTT
TTGGTTGTTTCATTATAAAAAATTAGACAGTTACATAAATTCAACCATTTTCTTGTTGAATCCATTTAGT
CAATGCAAGCTTAATATTTTCATATTTATTTTTTGCCTTATGCAATATTTTTCAACATTTTCATGAGTTG
TTGGTCATCACTATCTCTATTAACTTTCAACAACTTGCTCTTGTAAGTCACAAATAGTGATGCTGCTGAA
ACTGTTTCTCACTAACAGGCCTCAGATTTGTGTAGTGATTCTACATTTTATATTATTCACATTGTAAAAT
GCTACTATTTATTCATTTCACTTTTACCCACAGGATTATTTTAAGTTATTTTTTGTCATTTTCACACTTC
AAACATAAAGACAAAAACATCAAAAATATATACAGTGTTTTACATATGTGTATATTTTCACATATATCTG
TATGTATGTTTATATGTATTGAAACTACAGAAGCACATGTCACCAATAAGAGCTCTGAGACACCTTTGAC
CACTTACCCTTATCAGATGATATTTGCCAAATGAGTTGTGGAAACAAGTTTTTTTTAACTGAATTTCAGA
GCTTTGTGGATTTAGAAATGCAAAGGAAAGTTTGTGGACATTTACCGGGATCATGGTTTTATTCTCCTTA
AAACTCTTCAATACTTTACCATTGTCTTTAGTTAAATCCAAAATCCTAACACCACCCACGAGGCTTTTCA
ATACCTGCCTTCTTGTGATTTCTCCAGCCTAATCTTTTACCTTCCTTCCCCTCAGCCTCTCTGCTTTAGT
GAACTTTGTTCTAGTTTCTTGAAGAAGTTCATCAATTCAACCTTTTGTACATGGGATTTCCTAAACCTGA
AAATGTGCCTCCCGTTTTGTCCAGACAGACACACAGGCTCCATCCACTCTGCCCCCTGGCTCTCACCTGC
TTAACCTGTCAAGTCACATCTGAACTGTCACTCTTCAGAGGGTCCTTCTCTGGCACCCTAATGTAATTGA
GATCATCCTTTTATTCTCTGTTCCAGAACTCCACACTTCTGACGTTTCTCATTCCTGTCTAAGCTCTTGT
GTGTTTGGTTTTTGGCCATCACGTTCACTGCTCTTTAAGCTCCCCCAGCGGAGTGGAGAGGTCTGTTTTC
CTTTGCTTGGATTCCTAGAGGCAGCGCAGGGCAGGCACAAGGTCAGCACTAAGGAAGGGTTCACAGGATG
AACACGGTGGGTGCTGTTGAAGGAACCGGTAAAGCGTGTGGGAT GAGAGGAGCAGAGAGTGTCTTTCAGG
TGAAGACTCCCAGAAGGAGGCCGCGTGGGCCGCGETGCTGGGCGGATCCTCCTCCAGCTCCTGCTTGGAG
TTCTCCAGAACAGGCTGGAGGCAGGGAGGGGGTCCCCAAAAGCCTGAGGAT CAGAAGGGGTTTTCCCGCC
TGGTCCCCCAGACCCCGGTTCGCCTCAGGAAGACTGAGGACGAGCCCCTGGGCTGCTGGTGGTGGGCGTT
GCGGGTGGGGCCGGTTAAGGTTCCCAGCGCCCGCACCCCGCCCAGGGAGCCCGGETTGGETGGCGTCGCTG
TCAGTGTCTTCTCAGGAGGCCGCCCGTGTGACCGGATCGTTCGTGTCCCCACAGCACGTTTCTTGGAGCA
GGCTAAGTGTGAGTGTCATTTCCTCAATGGGACGGAGCGAGTGTGGAACCTGATCAGATACATCTATAAC
CAAGAGGAGTACGCGCGCTACAACAGTGACCTGGGGGAGTACCAGGCGGTGACGGAGCTGGGGCGGCCTG
ACGCTGAGTACTGGAACAGCCAGAAGGACCTCCTGGAGCGGAGGCGGGCCGAGGTGGACACCTACTGCAG
ATACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAGGTGAGCATGGTGGAGGGCGGGGCCTG
GGTCCCTGTGAGCGGGGAATCTGTGTATGTGTGTGTGTGTGTGTGT GTGAGAGAGAGAGAGAGAGAGAGA
GACAGACAGAGGAAGAGAGAGAGAGCGTGTGCCATCTGTGAGCATTTAGAATCCTCTCTATCCTTTCTTA
TGGCTGCGTAGTATTCCCTGGTGTATAGGTGCCACATTGTCTTAATCCAGTCTATCATTGATGGACATTA
GGGTTAATTCCAAGTCTTTGCTATTGTGAATAGTGTCAGTTCATGTCCTTTGTAGGGACATGGATGCAGC
TGGAAACCATCATTCTCAGCAAACTATCACAAGGACAGAAAACCAAACACCACTTGTTCTCACTCATAGG
TGGGAATTGAACAATGAGAACACATGGACACAGGAAGGGGAACATCACACACAGGGGCCTGTCGTGGGGT
GGGGGGAGCAGGGAGTGATAGCATTAGGAGATATACCTAATGTAAATGACTAGTTAATGGGTGCAGCATA
CCAACATGACACATGTGTACATATGTAACAAACCTGCACGTTGTGCACATGTATCCTAGAACTTAAAGTA
TAATAATAATAATTATATATATATATATATATATTAGAAAAACAAACAAAAAGAATCTTCTGTATCCTGA
GCAAGGAGTTCTGAAGGCACAGGTGTGTGTAGAGTGTGGATTTGTCTGTGTGGCTGTTGTGGCGAGGGGAA
ACAGGAGGGGGCTGCTTCTTATTCTTGGAGGCCTCTGTGCAGAGGTGACATGGGAGGTGGGTGTAGGGGG
CTGGAGAGAGAGGAGACCTTGATTGTCCTGGGTCCTTAGAGATGCAGGGAAGGGAAGAATAAGGTGTGTG
TGGTTGGGGTGAAGGTTTAGGGGAGGAGAGCTGAGGAGTGTGGAAGGTTTGGGATAATGTGAGGAGGCCA
GTTCCAGACTGTCCCTGGCACACACCCTTCATGTAATCTCTGAAATAAAAGTGTGTGCTGTTTGTTTGTA
AAAGCATTAGATTAATTTCTAGGGGAATTGAGGAGACCTCTGAGGCACCTCTGAAGCTTCTTTAGGTCTA
AATTTCTTGCTAGTTTTTGTTTTTTTAGGGTGTATATTTTTACATAGCAGAAATGACTGTGAAACTAACT
TTTTGAATTAAAGTTTTAACACAGTTACTATTTTATTATAATGCTAATAGTTTTCTAGTAGTTACATCTT
ATTCTTTTGTATATAATAGTTGTGACACAACTTACCTCACTTTCCCCTTTTTGTTGACCTTTATTATGAC
TTTCACCAAAAGTTGAAAATGTATGTTTCTGGTTAATTTTTACTTTATATTTTTCATTTGTAATTCTTTT
GAATTATTTTGACCTATTTATTGGCCAATTATAATTACTGCTGTAAGAATTCCCTATTTCATTTGGTAGG
GAATGTACAATGATCTACTGTCTAATATCTTAAGGGCTTAGTATTTTTCTCAGTGACTTTGTGGGTTCTT
TGTACTGTAAGATTATTAACACTTTATTGATATTTGATTCAGCATTTTCTCCAGTTTGTGGTTTGTATGT
GGATTTTGAAAAGTATTTTCCATGTTAAGAATTTGAACATTTTTATTTAATAAAATATATTGCGAAATAT
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TAATTAATGATTTACAATCATCTTAAATCCACCATTTTGTGGTATTATTGTCTCCAGGTTTCTCCTTACT
TCTAAAAAAAAACTGTATTTATTGAGTATGCTAGTGTCAGGGATTTTCCTGGGCATAAGCACCCCAAGTG
ACGAGTCCCAGACACTGCCTTAATCCAAATGTCATTCTGGAAAGAAAAATCATTTTACAATGATAGGCCT
AATAATAATTAAGCTTGTGTTGCACAGGAGATACATTGATCAGCTAAATGTAAACGTAAGAACTTTCAAA
ACTAAAATGACATTCCTTAATCATTCTCTCTGCGTTAGGACTCATGCTTTTCTAGGAACGTAAAAATTTG
AGAATCATTTCTGTCTGTCCCACCTTCCCAGGGGCAGAACCATTTCTGTGGTGTTCTAAGGTGTGAGTTC
ATGGTGGTAGTATTCCCAAAAATTCATACTCGGTTTCCTCATGTACCCAACTCTGTCCCTTTATCTACCC
ACATTGCTCTAAGTCATATTTTTCTGTCACGGTGTACAAGGATGATAAATAGGTGCCAAGTGGAGCACCC
AAGTGTGATGAGCCCCCTCACAGTGGAATGGAGTGAGAAGCTTTCTAACCTCATAAATTGAAGGCTATCT
TCAGTCATTGTTTTATATATTTTACGTGCATTAATCCTCATATAACCCCAAGAGGTAAATTAGTATAATT
ATCCTTCATTGTAGGTGACAAAGTTGAGACACAGAAGAATCAAAAAACTCTTCCAGCATCAACCAGTAAA
AGGCAGACCTTGGATTTCAACCAGGCAACATGGCTCAGATATCAGTTTTAATTACTACACTCTACTGTCA
AAGATTTGTAAACACTTTGACAATGCATGCCAATTTCAATCTATGAAGAAACAAACACAATTTTTCACAA
CATCTCTCAAATCTAATGGGTCCTCACTATCAAGATTAAATTCCAGGCTGATGACACTGTAAGGCCACAT
GGCCAGCTGTGCTGGAGGCCTGGTCAAGGTCAGAGCCTGGGTTTGCAGAGAAGCAGACAAACAGCCAAAC
AAGGAGACTTACTCTGTCTTCATGACTCATTCCCACTACCTTTTTTTTCTCCTAGTCCAACCTAAGGTGA
CTGTGTATCCTTCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCTGCTCTGTGAATGGTTTCTA
TCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACAGCCAGGAAGAGAAGGCTGGGGTGGTGTCCACAGGC
CTGATCCAGAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTGGAAACAGTTCCTCGGAGTGGAGAGG
TTTACACCTGCCAAGTGGAGCATCCAAGCATGATGAGCCCTCTCACGGTGCAATGGAGTTAGCAGCTTTC
TGACTTCCTAAATTTCTCACCCACCAAGAAGGGGACTGTGCTAATCCCTGAGTGTCAGGTTTCTCCTCTC
CCACATCCTATTTTCATTTGCTCCATGTTCTCATCTCCATCAGCACAGGTCACTGGGCTACTGGGGGTAG
CCCTGTAGGTGTTTCTAGAAACACCTGTACCCCCTGGGGAATCAGTCACGCCTGCCAGGCAGGAGAGGCT
GTCCCTCTTTTGAACCTCCCCATGATGTCCCAGTTCAGGGTCACCCACTCTCCCCAGGCTCCAGGCCCTG
CCTCTGGGTCTGAGACTGCGTTTCTGGTGCTGTTGATCTGAGTTGTTTGTTGTGAGAAGAGGAGAACTCT
AGGGGCCTTCCTGACATGAGGGGAGTCCAATCTCAGCTCTGCCTTTTATTAGCTCTGTCACTCTAGACAA
ACTACTTAACCTCACTGAGACTCAGGCTTTCTGTTGATCAGATTTTGAAGTTGCGCCTTACATCAAGGCT
GTAATATTTGAAATGAGTTTGATGCCTGGACCTTGTAACTGTTACAGTGTGATTTGAAAACCGTTTTTTC
CCCCAGAAATGGCTAGTTATTTTAGTTCTTACAGGGCAGCCTTCTTTCCCATTTTGAAAGCTCTGAATCT
TAGGGTCTCAATTACAGAGGTTCAATTTGGAATAAACACTAAACCTGGCTTCCTCTCTCAGGTGCACGGT
CTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGGGAC
AGGGCTGTTCATCTACTTCAGGAATCAGAAAGGTGAGGAGCTTTTGGGAGCTGAATCTCCATAGGCTTTT
CTGGAGGAGGAACTATGACTTTGCTAGGGTTAGTTCTCAGTATATCAGTGGCCCTGGATAAAGCCTTTCT
TTCCCCAAATGACCTCCAATGTCCTGATAATCCAGAAATCATCAGTGCATGGTTACTATGTCAAAGCATA
ATAGCTTGTGGCCTGCAGAGATAAGAGAAAGGTTAACAAGTAGGGATTCTTTGGTTGGAGATCCTGGAGC
AAATTAAGGAAGAGCCACTAAGGCTAATGCAATTACGCTGGATCCTGTGACAGACACCTCATGCTTCATG
GGTCACATGGTCTGTTTCTGTTCCTCTCTGCCCTGGTTGGTGTGGGTTGTGGTGTTAGAGAAATCTCAGG
TGGGAGATCTGGGGCTGGGACATTGTGTTAGAAGACAGATTTGCTTCCATATCTTTTAAGTGTATATCTT
TTCCTCTTTTTCCCAGGACACTCTGGACTTCAGCCAACAGGTAATACCTTTTAATCCTCTTTCAGAAAGA
GATTCAGTTTCCCTAGAATGATGGCAGAGGTCATAAGGCATGAGACAGAAATAATAGGAAAGACTTTGGA
TCCAGATTTCTGATCAGGCAATTTACCCCAGAACTCCTCCTCTCCACTTAGAAAAGGCCTGTGCTTTGCA
GGATCATTGGCTCAGGGAGACTTAGGAACTTGTTTTTCTTCTCCCTGCAGTGCTCTCATCTGAGTCGTTG
AAAGCGGGGAAAAGAAGTTTTAGTAAAGCCAGGTCTGAAAACAATTTCCTCTGTCTCTGCAGGACTCTTG
AGCTGAAGTGCAGATGACCACATTCAAGGAAGAACCTTCTGCC

SEQ ID NO:16 HLA-DRB3*03:01

>HG993100.1 Homo sapiens HLA-DRB3 gene for MHC class II antigen, allele
HLA-DRB3*03:01:01
CTCTGGCCCCTGGTCCTGTCCTCTTCTCCAGCATGGTGTGTCTGAAGCTCCCTGGAGGCTCCAGCTTGGC
AGCGTTGACAGTGACACTGATGGTGCTGAGCTCCCGACTGGCTTTCGCTGGGGACACCCGACGTAAGAGC
ACATTGAGGGTGCTGAGCTACTATGGGGTGGGGGAATATAGGCGAGTTGTGTTAACATTGTGCCCAGGCCA
TGTCCCTTAAGAAATTGTGAGGTTTTCTTCAGAGATTGCTCATCTTTATCAAGGGATCGCAAATTATTTC
CTCCACAAAAGGAACTTGGCTACTTGCCCTCTCCATGAGACTTGTGTAAGGGGCCTTTGTACAGGCCATT
TCTTCTCAAATCTCCACCAATAAAACCTTTGCATCACATGTACTCAGGGTCTTTAGAGGATTTGGAAATA
AGGATGCTAAAATAAATTCCCCATACAGCAATTCCCTTTATTATGTTGACTTATGTCAGACAAAAGGAGG
TTTTTACTGAAAATTTTGTGGGAGTCAAGGGAATTCAAAGGGTCTCTCCTAGACGATCCTGGGTTATGTC
CTCCACAGGACCTGTGGTGTTGGCCCCTCTTCCTCATATGTGAGGATGGACCCAGTGGCCTCCCTAGTAT
CTCCTTTCTTTTCTTTCTGAACTCCAATGTTTATAAAGCCTGTATCCCTGTAGTGTATGTAGGTTGTCTG
ACAGAAGTTATACTTAGTGCTCTTTCTTTCTTTTGGGGAAAAATCCCTGGAACTGAAGCTGAGATCATTA
GTACTTGGAATCACCTTACAGATACAGAGCACTTATGAGGTATTCTTTGGTGCCTAAAGAACTTAAGGCA
TCCTCTGAAAAACTGGCCCAGGTTAGTGTTTATTATGAATCTTTTTAACCTTTCTATACTTGTTTCTCCT
ACATCTCCTACATGCTCTAACTAGACATGACAGAAGAGATTTAACTAATGTAGTATAAATTATATGAAAT
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TCTATTTTTGTAAGTCAAAAATAATCAAATATCAGAAATTTAATAATGTTCAAACTATATACTGTGT GGG
GTTACCGAGACAATGTGGACATTGTTCACATCTCATAGGGCTGAAAGT CAATGGGCAAGTCCTGGAAACT
CATTGTCTTACTGCGGTCTTGTCCTCAGTTTCATAGGTTCACCCATCATGCCCTCAGCTTTCCTTAATTA
GCCATGTCTGCTTACCTCTTCCTCCCATTTCTCTCTATTTTTCCCCAACTATGTTGTCATCATTTCCAGA
AATCTCTAAAGCTTGCACAGATCCTTAGCACTATGAGATCCATTGAAAGAGATAATATTTTTCTCTTTGA
GATAGGGCCTGGCTCTGTCACCCAGGCTGTAGCTCAGTGGTGCGATCGAGGCTCACTGCAACCTCTGCCT
CCCACACTCAAGCAATCCTCCCTCCTCAGGCTCCAGAGTAGCTGGGAATACAGGCAGGCAACCACGCCCA
GCTAATTTTTGCAATTTTGGTAGAGAGGAGATTTTGCCATATTGCCCAGGCTGGTCTTAAACTGCTGAAC
TCAAGCAATCCTCCTGCCTTAGCCTCCCAACATGCTAGGATTATAGATGTGAGCCAGTGTGCCCAGGCAA
AAGAGATGACTCTTAATAAAAAGATTTCCTTTTTCTTAAATCACTGTTCCTTTATCCGTGAATTCTTCTT
CCAACTAGAAGAAGGAGAAAGAAGTTTGCCTGTATTTCTCACCAGGAGGAGAAGGGGTCTAGTGTGACAT
CAAAATGAAAGAGTGCTGGAACTTGAGCCCCTTCTTGCTTTCCAGGATCCCCACAGTGATCAGTTCCCAT
ACCCTGGTTTATTTGTGTAAACCACACTTATTTTTCTCAGCAGCTACTGTGTACTGGGTTCCATTCTAGG
TTCAAATCATTCTATTTGATTAAGATAGAGAGGGTCCCGACTCTCAAGGAAGTTACAAGAGTGGAGGAGA
CAGACACTAACCCAATAAGCATTTAACAAAGAAGATAATGTTAGAGAGT CATAGTGCACTGAAGAAAAGA
CATCAGATGTGTGTTGAAAGAGAGAAATGGATTCATCTACTTTAGTTTGTATGTTTAGGGAGCTCTACCT
GAGAAAGTGATATTCAGCTGAGACAACAAAATAAGTAGACAGTCATGAAGATCTAACGGACGAAAGTTTC
AGGGAGACCGAATCGAGGGAAAGCACTGGTGTGGGAAATTATGTGGAGGGAGAGAAAGAAGGCTAGAAAG
GCTGACGTATAGAAAGCAAGGAAATGGAGAGGCAGAAGATGAGGTAGGACACAGAGAGGAAGT CAGGAGC
CTCATCATTATAGGCTCTGATGTCCACGGTAAAAAATTTGAATTTTATTTTATTTTTATTTATTTTTAAA
TTTTATTTATTTATTTATTTTGAGATGGAGTTTCATTCTTGTTGCCCAGGCTGGAGTGCCATGGCGCAAT
CTCCACTCACTGCAACCTCCACCTCCTGGGTTCAAGTGATTTTCCTGCCTCAGCTTCCCAAGTAACT GGG
ATTACAGGCACCCACCACCATACCTGGCTAATTTTTTTGTATTTTTAGTATACATGGGGTATCACCATGT
TGACCAGGCTGGTCTTGAACTCCTGACCTCAGATAATCTGTCTGCCTTGGCCTCCCAAAGTGCTGGGATT
ACAGGCGTGAGCCACCACCCCCGGACTGAATTTTATTTAAATAGATATGAGAAGCTGCTGTATGGTTACA
AGGAGAGTCAATTTATATTCAACTTTTGTGTGTGTGTGTGATGGAGTCTCACTCTGTTGCCCAGGCTAGA
TTGCAGTGGCACAATCTCGGCTCACTGCAACCTCCGCCTCCCGGGTTCAAGAAATTATCCTTCCTCAGCC
TCCTGAGTAGCTGGGACCACAGGTGCATGCCACCACAGTCGGCTACTTTTTGTATTTTTAGTAGGGATGG
GGTTTCACCGTGTTAGCCAAGATGGTCTCGATCTCCTGACCTTGTGATCCACCAGCCTCGGCCTCCCAAA
GTGCTGGGATTACAGGCATGAGCCACTGCGCCCAGCTTATATTCAATTATTACAATTAATTCTAGCTACT
TTGTGGGGATTGGATTGTTGGGGTTCACAAGTGGTTAGGAGGACTATTTAGGAGCACAGCAGGGAATTCT
CCAGGGAAAACAGGCTTGTGGCTTCATGGAGTGCATTAGTGATAAAGACGGTGAAAAAGATAAAGTGGAC
AGACTTGGCATGTATTTTTGCTTAGCTTGTTAATGAATTACTGTAAAGGGGGTGGAACAATCAAGTTTAT
TCCTGAGGATTTTGTTTTGACAAATAAGTGGGTGGTAGTTTTGTTTATTGAGATAGGAAAAACTGTGGGA
GGAAATGATTTGAAGTGGGTGGTTGGAAATAAAAGTTTTGTTTAAATTAGAGATGATTTATTGACATTTA
TGTAGAGCAATCAGAAGGTCAGTGGCATTTAAGAGACT CATGGTGAGGTGAGGCTAGGGCTTCAGATATT
TATGTTGGCGGCATCAATACGTGTAGTGTGTTAAATTCTAGGGAGT GGAAGAGGATACATAGGGAGATGG
ATTGTGTGGAGAAAAAAGAACAGGGCACAGGCCAGCAAAGTGGGCTGAGACAGAGCCCAGGGATGTTGGA
GAAAAACCAAGAGAACATAATGCGTGTAAGTCAAGGAAAATATATTTTTTTCAGGGAGAAGGGAGAGGCC
AATTGTGGTGAGTACCACTAAGCAGAGGGGGAAGTGAGAACGTGACAGAGAAGCAAGTGCTGGGTTTGGT
GGAGTTGATATTTGTAGTCAATGGAGTATCCAGGGAGGAAACTGGATTGGACTATTTGAAGAGTGAGTAG
AAGTGAGGACGAGGTTAAGGTTGACTGTTTTGAGTAGAACTTCGGGAAGGACTGTGCTCTGGGTTCAGGG
AGCCCGCTGAATCTAAAGGAAAAGGCTAAAGAAGCTAAAGAGACGGAGGAAGACCTGTGAACAAGAGATG
CTCAGTCATTAGCAAGGAAATACTGGAGAGCCCCTGTGTGCAGTGGTGACTACTCATGCAAAAGGTCACA
CAGCCAATATTTAACACAGCCAGTATTTCACAGAGCCAATATTTATTAGTGACATAGAATATACCAGTTA
TTACTCTAGGTCATGAGAGTGGTGATAAATAAAATGAATCCGCTCGCCATCAGTATATGCCATGTAACAG
TTTGCAGTGACTGTGTACCAGGCCTGTGAATTTCTGTATGCAATTTCAATAATGATCCTGCTGTATCTGT
GGTATTTAAAAACATATACATCTCTGGAATCTAAAATTGAGAGGTTATAAGTAAAACCCAGTATTAGAAA
TTTAGTGCTGGAAATCAGATTGCAGTTTAAATCTGAGCATATAGAAAGTCCCTTTCTTCTATGTCAGCAG
ATGCCTTTTATGTGAGGTTTAGGTATACTACATTATTAGACATAAACCAGTGTTTCTGCCCTATGTTTTC
AGAATGACAATTCTTTATGAAACTCATAGAAGAACAGAAGACAATTGCAAAATCATGAAGATACTAATTG
CTTTAGAATTAAGGAATACAAAAAATAATGTGAGCTACAGTTATAGGGATCATAAAAGTTAAAATGGGAA
TGTATTTGAGTGTTTATTATGTGATCAGTGCTAAGAAGAGTCATCATTTAATTTTACACTTAACAGTAAT
CCTGTGAGGATTATGCTATTATTAAATGCATTTGATATATTACAAAAAGGCTTACGGTTGGTAAAAATTG
ACCCAAGTAGAAGAGGTCACCTTTTTATTCAGATTTTCTGATTGTAGGGTTTGAGAGTTTTTCCATCATT
AGTGAGTAGTGACTATATTGTGTCTGAATTATTGACAGAATTTCTGATATTCATATATACCAGGTTGTTT
CTTTGAGTGGGGACAGAGATGCAAGGGCTGCTAATTCCAATGTATAGGAGAAACTTTCAATGATTTTGCA
TTTATCATTTTAAAAGTTCAGTATGTCTATAATGGTCATGCGTTGACAAACACAAGGAAGTATTAAATCA
CTCCTTCTTCTGAGGTTTGACTAGCAAATTGGGCAAGAGTTACCAAATAAAACACATGTTCCTAGTTAAA
TCTAAATTTCAGATACACGACCATAATTTATTGGAAATCCAAATTTAATTGGGTACCCTCTGGTTTTATT
TGCCAAATCTGTCAACCCTAAGTGGGACACATGGACATGGATTACAGTGCTACCCATGCAAGCCACAGTG
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ACAGCAACTTTACACATGTTTACATTTTAACTTTCTCTCTGTAAGAAAGTGCTTAGATAATCTAGGGATA
AAAAGATAGACATTGTTTGATCCAGGGTGGACACCTCTCTGCCATCGTTTCTAAAGGGCAAAGGGAGATT
TCTGCAGGTCTTGCTCACAGTCTGGGGACCTGCTCATGTTTTGAAACTGTCTGTATCAGAATGTCATTTT
CTTGGTTTCTCCCTTTCTGAGGGGACTTGACTACAAAACCAAGAGTTCTGCCTCTGGCCAAGGCTGGAAA
TGTGATGCCTGCTAGCATTGTTGGGAGT GGGAGACT GAGAGAAATGAGTTAGTTGGGGCATTTAATGGGA
ATAAAATAGCTGTGGTTGTGATTCATTACTATAGATAATTAGTGGACCAGTGGCAGAGAAATTAAGAAAA
AAGATGATGTGAATGATAAATGATATGATTAGTGACTGCTTGGTAAGGCAAGTAAATCATTAAATCTTGG
TTCTCATCAAGTTCATTTTCTGAAAAGATAGCACTGTATTGGGACCAGAATTCTACAAAACATTCTTTTT
ACCTAAGACCAAGATTTTCAAGAAATATTTTTCAATACAATTCTCAGCTGCTCCATAACTAATAGTAGCT
TGTTCAACACAGATTTTTTCAGATGGTTCACACCTGTAGTTCTTACCCAGGGATAGTTCACCACCCCTCC
CTTCCCTCCCATCATCCTTGGGGAACAGTGACAATGTTTGGAACAATTTTTGGTTGTCACAACAGGGGTT
TCTTCTGATATTTAATGAGTAGAAGCCAGGAACACTGCTAGAGAACCTACAATGTTCAGAACAGCCTCCG
CCATCAACAAAGAATTATCTGGTCCAAAATGTCAATAGTGCTGAGGCTGAGAGCACTGGTTCACGCTGTG
CTCTTTTTGAAAATTCTACACTCACATCTGTTATACACTCACCACACAGTTCAGTTTTTTATAGTTTATT
TTTGCTTGTTCCATTATAAAAAAATTAGACAGTTGCATAAATTCAACCACTTTCTTGTTGAATCCACTTA
GTCAATGCAAGCTTAATATTTTCATATTTAGTTTTTGCCTTATGCAATATTTTTCAATATTTTCATGAGT
TGTTGGTCATCACCATCTCTATTAACTTCCAACAACTTGCTCTTGTAAGTCACAAATAGTGATGCTGCTG
AAATTATTTCTCAGTAACATGCCTCAGATTTCTGTAGTGATTCTACATTTTATATTATTCACAATGTAAA
ATGCTTCTATGTACTCATTTCACTTTTACCCAAGGATTATTTTTAAGTTATTTTTGTCGTTTTCACACTT
CAAACATAAAGACAAAAACATCAAAAATATATATTGTGTTTTACATATGTGTCTATTTTCACACATATAT
GTATGTATGTTTATATGTATGGAAACTACAGAAGCACATGTCGCCAATAAGAGCTCTGAGACACCTTTGA
CCACTTACCCTTATCAGATGAGATTTGCCAAATGAGTTGTGGAAACAAGTTTTTTAAACTGAATTTCTGA
GCTTTGTGAATTTAGAAATGCAAAGGAAAGTTTGTGGACATTTACAGGGATCATGGTTTTATTGTCCTTT
AAACTCTTCGATACTTTACCATTGTCTTACTATAAATCCAAAATCCTAACGCCACCCACGAGGCTTTCAA
TACCTGGCTTCTTGTGATTTCTCCAGGCTAACCTTTTACCCTCCTTCCCCTCAGCCTCTCTGCTTTAGTG
AACTTTCTCCTAGTTTTTTGAAGAAGTTCATCAATTCAAGCTTTTGTACATGGGATTTCCTAAACCTGAA
ATGTGCCTCCCGTTTTGTCCAAACAGACACAGGCTCCACTCTGCCCCCTGGCTCACACCTGCTTAACCTG
TCAAGTCACATCTGAACTGTCACTCTTCAGAGGGTCCTTCTCTGGCACCCTAATGTAATTGAGATCATCC
TATTATTCTCTGCTCTAGAACTTCCCACTTCCGAGATTTCTCATTCCTGTCTAACCTCTTGTGTGTCTGG
TTTTTGGCCATCGCTTTCACTGCTCTTTAAGCTCCCCCAGCGGAGTGGAGAGGTCTGTTTTCCCTCGTTT
GGATTCCTAGAGGCAGCGCAGACCAGGCACAAGGTCAGCACTAAGGAAGTGTTCACAGGATGAACGCGGT
GGGTGCTGTTTAAGGAACCGGTAAACGTGTGGGATGAGAGAAGGAGCAGAGAGTGTCTTTGGGGTGGAGG
CTCCCAGGAGGAGGCGGGGCEEGCTGCEGTGCTGGGCGGATCCTCCTCCAGCTCCTGCTTGGAGGTCTCC
AGAACAAGCTGGAGGCAGGGATGGGGGGTCCCAAAAGCCTGGGGATGAGAAGGGGTTTTCCCGCATAGTC
CCCCAGGCCCCCGTTCGCCTCAGGAAAACGGAGGATGAGCTCCTGGGCTGCTGGTGGTGGGCGTTGCGGE
TGGGGCCCGTTAAGGTTCCCAGTGCCCGCACCCCACCCAGGGAGCCCCGGATGGTGGCGTCACTGTCAGT
GTCTTCTCAGGAGGCCGCCTGTGTGACCGGAGCATTCGTGTCCCCACAGCACGTTTCTTGGAGCTGCTTA
AGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGGTGCGGTTCCTGGAGAGATACTTCCATAACCAGGA
GGAGTTCGTGCGCTTCGACAGCGACGTGGGGGAGTACCGGGCGGETGACGGAGCTGGGEGCEGCCTGTCGCC
GAGTCCTGGAACAGCCAGAAGGACCTCCTGGAGCAGAAGCGGGGCCAGGTGGACAATTACTGCAGACACA
ACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAGGTGAGCATGTCAGGGGGCEGEGGCCTGGGETCC
CTGTGAGCTGGAAATCTGAGAGTGTGTGTGTGTGTATGTGTGTATGTGTGTGTGTGAGAGAGAGAGACAG
AGAGGAAGAGAGAGACAGAGAGAGGGAGCGCGCCATCTGTGAGCATTTAGAATCCTCTCAATCCCGAGCA
AGCAGTTCTGAAGGCACAGGTGTGTGTGTAGAGTGTGGATTTGTCTGTGTCTGTGTGCCTGTTGTGGGAG
GGGAAGCAGAAGGGGGCTGCTTCTTATCCTTGGAGACTTCTGTGGAGAGGTGAAAAGGGAGGTGGGTGCG
GGCGGCTGGAGAGAGAGGAGACCTTGATTGTCCTGGGTCCTTAGAGAT GCAGGGAAGGAAAGTGTAAGGT
GTGTGTGGGTGGGGTGAAGGTTTAGGGGAGGAGAGCTGAGGGGTAAGGAAGGTTTGGGATAATGTGAGGA
GGCCGGTTCCAGACTGTCCCTGGCACACACCCTTCATGTAATCTCTGAAATAAAAGTGCGTGCTGTTTGT
AAAAGCATTAGATTAAGTTCTAGGGGAATTGAGTAGACCTCTAAGGCACCTCTGAAACTTCTTTAGGTAT
AAATTTCTTGCTAGTTTTTTGTTTTTTTAGTGTGTATATTTTTACATAGTAGAAATGACAGTGAAACTAA
CTTTTGAATTAAAGTTTTAACACAGTTACTGTATTATTATAATGCTAATAGTTTTCTAGTAGTTACATAT
TATTCTTTTATATATAATAGTTGTGACACAACTTAGGGATCACTTTCCCCTTTGTTGACCTTTATTATGA
CATTCACCAAAAGTTGAAAATGTATGTTTCTGGTTAATTTTTAATTTATATTTTTTCATTTGAAAAAATG
TGGAGAGGTCTGTTTTTCATTCAAAAGAGTTCTTTTGAATTATTTTGACCGATTTATTGGTCAATTTTAA
TAACTGCTCTAAGAATTCCCTATTTTATTTGGTAGGTAATGGACAATGATCTACTGCCTAATATCTCTAG
GGCTTAGTATTTTTCTCAGTGACTTTGTGGGTTCTTTGTACTGTAAGATTATTAACACTTTATTGATATT
TGATTCAGCATTTGCTCCAGTTTGTGGTTTTTATGTTGATTTTGAAAATTCTTTTCCATGTTAAGAATTT
GAACATTTTTATTTAATAAAATGTATTGCAAAAATTTTATTAATGATTTACAATCCATCTTAAATCTGCC
ATTTTGTGGTATTTTTGTCTCTAGGTTTCTCCTTACTTCTAAAAACATTGTATTTATTGAGAGTATGCTA
ATGTCGGGGATTTTCCTGGGCATAAGCATCACAAGTAATGAGTTCCAGACCCTGCCTTAATCCAAATGTG
ATTCTGGAAAGAAAAATCATTTTACAATTGGCCTGATAATAATTCTGCTTGTGTTGCACGGGGGATACAT
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TGAGCAGCTGAATGAAAATATAAGAACTTTCAAAACTAAAATGACGCTCCTAAATCCTTCTGTCTGCTTT
AGGACTCATGCTTTTCTAGGAACGTAAAAATTTGGAGAATCATTTCTGTCTGTCCCACCTTCCCAGGGGC
AGAACCATTTCTGTGGTGTTCTAAGGTGTGAGTGCATGGCAGCAGTATTCCTAAAAATTCATACTCTGTT
TTCTCATGTACCCAACTCTGTCCCTTTGTCTATGTACATTGCTTTAAATCATATTTTTCTGTCACGGTGT
ACAAGGATGATAAATAGGTGCCAAGTGGAGCACCCAAGTGTGATGAGCCCCCTTATGGTGGAATGGAGCG
AGAAGCTTTCTGACCTCATAAATTGAAGGCTATCTTCACTCATTATGTATTTTACGTAAATTAATCCTCA
TATAACCCCAAGAGGTAAATTAGTATAATTATCCTTCATTGGGGGTGACAAAGTTGAGACACAGAAGAAT
CAACTCTTCCAGGATCAACCAGTAAAAGGCAGACCTTGGATTTGAACCATGCAACCTGGCTCAGATATCA
GTTTTAATTACTACACTCTGTACTTTCAAAAATTTGTAAACACTTTGACAATGCATGCCAATTTCAAGCT
ATGAAGAAGCAAACGCAATTTTTCACATCTCTCAAATCTAGTGGGTCCTCACTATCAAGATTAAATTCCA
GGCTGATGACACTGTAAGGCCACATGGCCAGCTGTGCTGGAGGCCTGTTCAAGGTCAGAGCCTGGGTTTG
CAGAGAAGCAGACAAACACCAAAACCAGGAGAATTACTCTGTCTTCCTGACTCATTCCCTCTACCTTTTT
TTCTACTAGTCCATCCTCAGGTGACTGTGTATCCTGCAAAGACCCAGCCCCTGCAGCACCACAACCTCCT
GGTCTGTTCTGTGAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAATGGCCAGGAAGAG
AAGACTGGGGTGGTGTCCACAGGCCTGATCCATAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTAG
AAACAGTTCCTCGGAGTGGAGAGGTTTACACTTGCCAAGTGGAGCACCCAAGCGTAACAAGCCCTCTCAC
AGTGGAATGGAGTGAGCAGCTTTCTGATTTCATACATTTCTCACCCACCAAGAAGGGGACTGTGCTAATC
CCTGAGTGTCAGGTTTCTCCTCTCCCACGTCCTATTTTCATTTGTTCCATGTTCTCATCTCCATCAGCAC
AGGTCACTGGGGATAGCCCTGTAACAGTGTGTAGAAACACCTGTACCCCCTGTGGAATCAGTCATGCTTT
TTTTTTTTTGAACCTCCCCATGATGTCACAGGTCAGGGTCACCCGCTCTCCCCAAGCTCCAGGCCCTGCT
TTTGGGTCTGAGACTGAGTTTCTGGTGCTGCTGCTCTGAGTTACTTGTTTTGATCCGGGAAGAGGGGAAG
CATAGGGGCCTACCTGACATGAGGGGAGTCTAATCTCAGCTCTACCTTTTATTAGCTCTGTCACTCTAGA
CAAACTACTTAGCTTCATTGAGTCTCAGGCTTTCTGTTGATCAGATGTTGAACGCTTGCCTTACATCAAT
GCTGTAATATTTGAATGAGTTTGATGTCGGAACCTTGTAACTGTTCAGTGTGATTTGAAATCCTTTTTTT
CTCCCGAAATGGCTAGTTATTTTAGTTCTTGTGGGGCAGCCTTCTTCCCCATTTTCAAAGCTCTGAATCT
TAGAGTCTCAATTAAAGAGGTTCAATTTGGAATAAACGTCACTAAACCTGGCTTCCTCTCTCAGGAGCAC
GGTCTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGG
GGCCGGGCTGTTCATCTACTTCAGGAATCAGAAAGGTAAGGAGTCTTTGGTAGCTGGCTCTCTCCGTAGG
CTTTTCTGGAGGAGGAACTATAGCTTTGCTGAGGTTAGTTCTCAGTATATGAGTGGCCCTGAATAAAGCC
TTTCTTTCCCCAAACGGCTCTAATGTCCTGCTAATCCAGAAATCATCAGTGCATGGTTACTATGTGAAAG
CATAATAGCTTGTGGCCTGCAGAGACAAGAGGAAGGTTAACAAGTAGGGGTCCTTTGGTTTGAGATCTTG
GAGCAAATTAAGGAAGAGCCACTAAAGTTAATGGAATTACACTGGATCCTGTGACAGACACTTCATGCTT
CATGGGTCACATGGTCTGTTTCTGCTCCTCTCTGCCCTGGTTGGTGTGGGTTTTGGTGTTAGAGAACTCT
CCGGTGGGAGATCTGGGACTGGGATATTGTGTTGGAGGACAGATTTGCTTCAATATCTTTTAAGTGTATA
TCTTTTCCTCTTTTTCCCAGGACACTCTGGACTTCAGCCAACAGGTAATACCTTTTAATCCTCTTTTAGA
CACAGATTCAGTTTCTCTAGTGAGAGGTGAAGCCAGCTGGACTTCTGGGTTGGGTGGGGACTTGGAGAAC
TTTTCTGTCTTACAAGAGGTTTCTAAATGCACCAATGAGTGCTCTGTAAAAACACACCAATGAGTGCTCT
GTAAAAATTGACACTCTGTGGCTTGCTAGATGTTTGTAAGATGGACCAATCAGCACTCTGTAAAATGGAC
CAATCCACACTCTGTAAAATGGACCAATCAGCACTCTTTAAAATGGACCAATCAGCAGGATACGGGT GGG
GACAAATAAGGGAATAAAAGCTGGTCACCCTAGCCAGCACCGGCAACCTGCTTAGGTCCTTTTCTATGCT
GTGGAAGGTCTGTTCTTTCACTCTTCACAATAAATCTTGTGCTCACTCTTTGGGTCCGTGCCACCTTTAA
GAGCTATAACACTCACTGCAAGGGTCTGTGGCTTCACTCTTGAAGTCAGCCAGACCCTGAACCCACCGGA
AGGAACAAACTCAGGACACACTAGAATGGTGGTAGAGGTGATAAGGCATGAGACAGAAATAATAGGAAAG
ACTTTGGATCCAAATTTCTGATCAGGCAATTTACACCAAAACTCCTCCTCTCCACTTAGAAAAGGCCTGT
GCTCTGCAGGACTATTGGCTCTGGGAGACTCAGGAACTTGTTTTTCTTCTTCCTGCAGTGTTCTCATCTG
AGTCCTTCAAAGAGGGGGAAAGAAACGTTAGTAGAGCCAGGTTGAAAACAACACTCTCCTCTGTCTTTTG
CAGGATTCCTGAGCTGAAGTGCAGATGACAATTTAAGGAAGAATCTTCTGCCCCAGCTTTGCAGGATGAA
AAGCTTTCCCGCCTGGCTGTTATTCTTCCACGAGAGAGGGCTTTCTCAGGACCT GG

SEQ ID NO:17 HLA-DRB3*01:01

>MK854711.1 Homo sapiens cell line OMW MHC class II antigen (HLA-DRB3)
gene, HLA-DRB3*01:01:02
CTCTGGCCCCTGGTCCTGTCCTCTTCTCCAGCATGGTGTGTCTGAAGCTCCCTGGAGGCTCCAGCTTGGC
AGCGTTGACAGTGACACTGATGGTGCTGAGCTCCCGACTGGCTTTCGCTGGGGACACCCGACGTAAGAGC
ACATTGAGGGTGCTGAGCTACTATGGGGTGGGGGAATATAGGGAGTTGTGTTAACATTGTGCCCAGGCCA
TGTCCCTTAAGAAATTGTGAGGTTTTCTTCAGAGATTGCTCATCTTTATCAAGGGATCGCAAATTATTTC
CTCCACAAAAGGAACTTGGCTACTTGCCCTCTCCATGAGACTTGTGTAAGGGGCCTTTGTACAGGCCATT
TCTTCTCAAATCTCCACCAATAAAACCTTTGCATCACATGTACTCAGGGTCTTTAGAGGATTTGGAAATA
AGGATGCTAAAATAAATTCCCCATACAGCAATTCCCTTTATTATGTTGACTTATGTCAGACAAAAGGAGG
TTTTTACTGAAAATTTTGTGGGAGTCAAGGGAATTCAAAGGGTCTCTCCTAGACGATCCTGGGTTATGTC
CTCCACAGGACTTGTGGTGTTGGCCCCTCTTCCTCATATGTGAGGATGGACCCAGTGGCCTCCCTAGTAT
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CTCCTTTCTTTTCTTTCTGAACTCCAATGTTTATAAAGCCTGTATCCCTGTAGTGTATGTAGGTTGTCTG
ACAGAAGTTATACTTAGTGCTCTTTCTTTCTTTTGGGGAAAAATCCCTGGAACTGAAGCTGAGATCATTA
GTACTTGGAATCACCTTACAGATACAGAGCACTTATGAGGTATTCTTTGGTGCCTAAAGAACTTAAGGCA
TCCTCTGAAAAACTGGCCCAGGTTAGTGTTTATTATGAATCTTTTTAACCTTTCTATACTTGTTTCTCCT
ACATCTCCTACATGCTCTAACTAGACATGACAGAAGAGATTTAACTAATGTAGTATAAATTATATGAAAT
TCTATTTTTGTAAGTCAAAAATAATCAAATATCAGAAATTTAATAATGTTCAAACTATATACTGTGT GGG
GTTACCGAGACAATGTGGACATTGTTCACATCTCATAGGGCTGAAAGT CAATGGGCAAGTCCTGGAAACT
CATTGTCTTACTGCGGTCTTGTCCTCAGTTTCATAGGTTCACCCATCATGCCCTCAGCTTTCCTTAATTA
GCCATGTCTGCTTACCTCTTCCTCCCATTTCTCTCTATTTTTCCCCAACTATGTTGTCATCATTTCCAGA
AATCTCTAAAGCTTGCACAGATCCTTAGCACTATGAGATCCATTGAAAGAGATAATATTTTTCTCTTTGA
GATAGGGCCTGGCTCTGTCACCCAGGCTGTAGCTCAGTGGTGCGATCGAGGCTCACTGCAACCTCTGCCT
CCCACACTCAAGCAATCCTCCCTCCTCAGGCTCCAGAGTAGCTGGGAATACAGGCAGGCAACCACGCCCA
GCTAATTTTTGCAATTTTGGTAGAGAGGAGATTTTGCCATATTGCCCAGGCTGGTCTTAAACTGCTGAAC
TCAAGCAATCCTCCTGCCTTAGCCTCCCAACATGCTAGGATTATAGATGTGAGCCAGTGTGCCCAGGCAA
AAGAGATGACTCTTAATAAAAAGATTTCCTTTTTCTTAAATCACTGTTCCTTTATCCGTGAATTCTTCTT
CCAACTAGAAGAAGGAGAAAGAAGTTTGCCTGTATTTCTCACCAGGAGGAGAAGGGGTCTAGTGTGACAT
CAAAATGAAAGAGTGCTGGAACTTGAGCCCCTTCTTGCTTTCCAGGATCCCCACAGTGATCAGTTCCCAT
ACCCTGGTTTATTTGTGTAAACCACACTTATTTTTCTCAGCAGCTACTGTGTACTGGGTTCCATTCTAGG
TTCAAATCATTCTATTTGATTAAGATAGAGAGGGTCCCGACTCTCAAGGAAGTTACAAGAGTGGAGGAGA
CAGACACTAACCCAATAAGCATTTAACAAAGAAGATAATGTTAGAGAGT CATAGTGCACTGAAGAAAAGA
CATCAGATGTGTGTTGAAAGAGAGAAATGGATTCATCTACTTTAGTTTGTATGTTTAGGGAGCTCTACCT
GAGAAAGTGATATTCAGCTGAGACAACAAAATAAGTAGACAGTCATGAAGATCTAACGGACGAAAGTTTC
AGGGAGACCGAATCGAGGGAAAGCACTGGTGTGGGAAATTATGTGGAGGGAGAGAAAGAAGGCTAGAAAG
GCTGACGTATAGAAAGCAAGGAAATGGAGAGGCAGAAGATGAGGTAGGACACAGAGAGGAAGT CAGGAGC
CTCATCATTATAGGCTCTGATGTCCACGGTAAAAAATTTGAATTTTATTTTATTTTTATTTATTTTTAAA
TTTTATTTATTTATTTATTTTGAGATGGAGTTTCATTCTTGTTGCCCAGGCTGGAGTGCCATGGCGCAAT
CTCCACTCACTGCAACCTCCACCTCCTGGGTTCAAGTGATTTTCCTGCCTCAGCTTCCCAAGTAACT GGG
ATTACAGGCACCCACCACCATACCTGGCTAATTTTTTTGTATTTTTAGTATACATGGGGTATCACCATGT
TGACCAGGCTGGTCTTGAACTCCTGACCTCAGATAATCTGTCTGCCTTGGCCTCCCAAAGTGCTGGGATT
ACAGGCGTGAGCCACCACCCCCGGACTGAATTTTATTTAAATAGATATGAGAAGCTGCTGTATGGTTACA
AGGAGAGTCAATTTATATTCAACTTTTGTGTGTGTGTGTGATGGAGTCTCACTCTGTTGCCCAGGCTAGA
TTGCAGTGGCACAATCTCGGCTCACTGCAACCTCCGCCTCCCGGGTTCAAGAAATTATCCTTCCTCAGCC
TCCTGAGTAGCTGGGACCACAGGTGCATGCCACCACAGTCGGCTACTTTTTGTATTTTTAGTAGGGATGG
GGTTTCACCGTGTTAGCCAAGATGGTCTCGATCTCCTGACCTTGTGATCCACCAGCCTCGGCCTCCCAAA
GTGCTGGGATTACAGGCATGAGCCACTGCGCCCAGCTTATATTCAATTATTACAATTAATTCTAGCTACT
TTGTGGGGATTGGATTGTTGGGGTTCACAAGTGGTTAGGAGGACTATTTAGGAGCACAGCAGGGAATTCT
CCAGGGAAAACAGGCTTGTGGCTTCATGGAGTGCATTAGTGATAAAGACGGTGAAAAAGATAAAGTGGAC
AGACTTGGCATGTATTTTTGCTTAGCTTGTTAATGAATTACTGTAAAGGGGGTGGAACAATCAAGTTTAT
TCCTGAGGATTTTGTTTTGACAAATAAGTGGGTGGTAGTTTTGTTTATTGAGATAGGAAAAACTGTGGGA
GGAAATGATTTGAAGTGGGTGGTTGGAAATAAAAGTTTTGTTTAAATTAGAGATGATTTATTGACATTTA
TGTAGAGCAATCAGAAGGTCAGTGGCATTTAAGAGACT CATGGTGAGGTGAGGCTAGGGCTTCAGATATT
TATGTTGGCGGCATCAATACGTGTAGTGTGTTAAATTCTAGGGAGT GGAAGAGGATACATAGGGAGATGG
ATTGTGTGGAGAAAAAAGAACAGGGCACAGGCCAGCAAAGTGGGCTGAGACAGAGCCCAGGGATGTTGGA
GAAAAACCAAGAGAACATAATGCGTGTAAGTCAAGGAAAATATATTTTTTTCAGGGAGAAGGGAGAGGCC
AATTGTGGTGAGTACCACTAAGCAGAGGGGGAAGTGAGAACGTGACAGAGAAGCAAGTGCTGGGTTTGGT
GGAGTTGATATTTGTAGTCAATGGAGTATCCAGGGAGGAAACTGGATTGGACTATTTGAAGAGTGAGTAG
AAGTGAGGACGAGGTTAAGGTTGACTGTTTTGAGTAGAACTTCGGGAAGGACTGTGCTCTGGGTTCAGGG
AGCCCGCTGAATCTAAAGGAAAAGGCTAAAGAAGCTAAAGAGACGGAGGAAGACCTGTGAACAAGAGATG
CTCAGTCATTAGCAAGGAAATACTGGAGAGCCCCTGTGTGCAGTGGTGACTACTCATGCAAAAGGTCACA
CAGCCAATATTTAACACAGCCAGTATTTCACAGAGCCAATATTTATTAGTGACATAGAATATACCAGTTA
TTACTCTAGGTCATGAGAGTGGTGATAAATAAAATGAATCCGCTCGCCATCAGTATATGCCATGTAACAG
TTTGCAGTGACTGTGTACCAGGCCTGTGAATTTCTGTATGCAATTTCAATAATGATCCTGCTGTATCTGT
GGTATTTAAAAACATATACATCTCTGGAATCTAAAATTGAGAGGTTATAAGTAAAACCCAGTATTAGAAA
TTTAGTGCTGGAAATCAGATTGCAGTTTAAATCTGAGCATATAGAAAGTCCCTTTCTTCTATGTCAGCAG
ATGCCTTTTATGTGAGGTTTAGGTATACTACATTATTAGACATAAACCAGTGTTTCTGCCCTATGTTTTC
AGAATGACAATTCTTTATGAAACTCATAGAAGAACAGAAGACAATTGCAAAATCATGAAGATACTAATTG
CTTTAGAATTAAGGAATACAAAAAATAATGTGAGCTACAGTTATAGGGATCATAAAAGTTAAAATGGGAA
TGTATTTGAGTGTTTATTATGTGATCAGTGCTAAGAAGAGTCATCATTTAATTTTACACTTAACAGTAAT
CCTGTGAGGATTATGCTATTATTAAATGCATTTGATATATTACAAAAAGGCTTACGGTTGGTAAAAATTG
ACCCAAGTAGAAGAGGTCACCTTTTTATTCAGATTTTCTGATTGTAGGGTTTGAGAGTTTTTCCATCATT
AGTGAGTAGTGACTATATTGTGTCTGAATTATTGACAGAATTTCTGATATTCATATATACCAGGTTGTTT
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CTTTGAGTGGGGACAGAGATGCAAGGGCTGCTAATTCCAATGTATAGGAGAAACTTTCAATGATTTTGCA
TTTATCATTTTAAAAGTTCAGTATGTCTATAATGGTCATGCGTTGACAAACACAAGGAAGTATTAAATCA
CTCCTTCTTCTGAGGTTTGACTAGCAAATTGGGCAAGAGTTACCAAATAAAACACATGTTCCTAGTTAAA
TCTAAATTTCAGATACACGACCATAATTTATTGGAAATCCAAATTTAATTGGGTACCCTCTGGTTTTATT
TGCCAAATCTGTCAACCCTAAGTGGGACACATGGACATGGATTACAGTGCTACCCATGCAAGCCACAGTG
ACAGCAACTTTACACATGTTTACATTTTAACTTTCTCTCTGTAAGAAAGTGCTTAGATAATCTAGGGATA
AAAAGATAGACATTGTTTGATCCAGGGTGGACACCTCTCTGCCATCGTTTCTAAAGGGCAAAGGGAGATT
TCTGCAGGTCTTGCTCACAGTCTGGGGACCTGCTCATGTTTTGAAACTGTCTGTATCAGAATGTCATTTT
CTTGGTTTCTCCCTTTCTGAGGGGACTTGACTACAAAACCAAGAGTTCTGCCTCTGGCCAAGGCTGGAAA
TGTGATGCCTGCTAGCATTGTTGGGAGT GGGAGACT GAGAGAAATGAGTTAGTTGGGGCATTTAATGGGA
ATAAAATAGCTGTGGTTGTGATTCATTACTATAGATAATTAGTGGACCAGTGGCAGAGAAATTAAGAAAA
AAGATGATGTGAATGATAAATGATATGATTAGTGACTGCTTGGTAAGGCAAGTAAATCATTAAATCTTGG
TTCTCATCAAGTTCATTTTCTGAAAAGATAGCACTGTATTGGGACCAGAATTCTACAAAACATTCTTTTT
ACCTAGGACCAAGATTTTCAAGAAATATTTTTCAATACAATTCTCAGCTGCTCCATAACTAATAGTAGCT
TGTTCAACACAGATTTTTTCAGATGGTTCACACCTGTAGTTCTTACCCAGGGATAGTTCACCACCCCTCC
CTTCCCTCCCATCATCCTTGGGGAACAGTGACAATGTTTGGAACAATTTTTGGTTGTCACAACAGGGGTT
TCTTCTGATATTTAATGAGTAGAAGCCAGGAACACTGCTAGAGAACCTACAATGTTCAGAACAGCCTCCG
CCATCAACAAAGAATTATCTGGTCCAAAATGTCAATAGTGCTGAGGCTGAGAGCACTGGTTCACGCTGTG
CTCTTTTTGAAAATTCTACACTCACATCTGTTATACACTCACCACACAGTTCAGTTTTTTATAGTTTATT
TTTGCTTGTTCCATTATAAAAAAATTAGACAGTTGCATAAATTCAACCACTTTCTTGTTGAATCCACTTA
GTCAATGCAAGCTTAATATTTTCATATTTAGTTTTTGCCTTATGCAATATTTTTCAACATTTTCATGAGT
TGTTGGTCATCACCATCTCTATTAACTTCCAACAACTTGCTCTTGTAAGTCACAAATAGTGATGCTGCTG
AAATTATTTCTCAGTAACATGCCTCAGATTTCTGTAGTGATTCTACATTTTATATTATTCACAATGTAAA
ATGCTTCTATGTACTCATTTCACTTTTACCCAAGGATTATTTTTAAGTTATTTTTGTCGTTTTCACACTT
CAAACATAAAGACAAAAACATCAAAAATATATATTGTGTTTTACATATGTGTCTATTTTCACACATATAT
GTATGTATGTTTATATGTATGGAAACTACAGAAGCACATGTCGCCAATAAGAGCTCTGAGACACCTTTGA
CCACTTACCCTTATCAGATGAGATTTGCCAAATGAGTTGTGGAAACAAGTTTTTTAAACTGAATTTCTGA
GCTTTGTGAATTTAGAAATGCAAAGGAAAGTTTGTGGACATTTACAGGGATCATGGTTTTATTGTCCTTT
AAACTCTTCGATACTTTACCATTGTCTTACTATAAATCCAAAATCCTAACGCCACCCACGAGGCTTTCAA
TACCTGGCTTCTTGTGATTTCTCCAGGCTAACCTTTTACCCTCCTTCCCCTCAGCCTCTCTGCTTTAGTG
AACTTTCTCCTAGTTTTTTGAAGAAGTTCATCAATTCAAGCTTTTGTACATGGGATTTCCTAAACCTGAA
ATGTGCCTCCCGTTTTGTCCAAACAGACACAGGCTCCACTCTGCCCCCTGGCTCACACCTGCTTAACCTG
TCAAGTCACATCTGAACTGTCACTCTTCAGAGGGTCCTTCTCTGGCACCCTAATGTAATTGAGATCATCC
TATTATTCTCTGCTCTAGAACTTCCCACTTCCGAGATTTCTCATTCCTGTCTAACCTCTTGTGTGTCTGG
TTTTTGGCCATCGCTTTCACTGCTCTTTAAGCTCCCCCAGCGGAGTGGAGAGGTCTGTTTTCCCTTGTTT
GGATTCCTAGAGGCAGCGCAGGCCTGGCACAAGGTCATCACTAAGAAAGTGTTCACAGGATGAACGCGGT
GGGTGCTGTTTAAGGAACCGGTAAACATGTGGGATGAGAGAAGGAGCAGAGTGTCTTTGGGGTGGAGGCT
CCTAGGAGGAGGCGGGGCGGGCTGCGETGCGGGEGCGGATCCTCCTCCAGCTCCTGCTTGGAGGTCTCCAG
AACAAGCTGGAGGCAGGGAGGGGGTCCCAAAAGCCTGGGGATGAGAAGGGGTTTTCCCGCATAGTCCCCT
AGGCCCCCGTTCGCCTGAGGAAAACGGAGGATGAGCTCCTGGGCTGCAGGTGGTGGGCGTTGCGGEGET GGG
GCCGGTTAAGGTTCCCAGTGCCCGCACCCCACCCAGGGAGCCCCGGATGGCGGCGTCGCTGTCAGTGTCT
TCTCAGGAGGCCGCCCGTGTGACCGGATCCTTCGTGTACCCGCAGCACGTTTCTTGGAGCTGCGTAAGTC
TGAGTGTCATTTCTTCAATGGGACGGAGCGGGTGCGGTACCTGGACAGATACTTCCATAACCAGGAGGAG
TTCCTGCGCTTCGACAGCGACGTGGGGGAGTACCGGGCGGETGACGGAGCTGGGGCGGCCTGTCGCCGAGT
CCTGGAACAGCCAGAAGGACCTCCTGGAGCAGAAGCGGGGCCGGGTGGACAATTACTGCAGACACAACTA
CGGGGTTGGTGAGAGCTTCACAGTGCAGCGGCGAGGTGAGCATGTCGGGGGGCEGEGCCTGGGTCCCTGT
GAGCTGGAAAT CTGAGAGAGAGTGTGTGTGTGTGTGTGTGTGTGTGTGAGAGAGAGAGAGAGAGAGAGGA
AGAGACAGAGAGAGGGAGCGCGCCATCTGTGAGCATTTAGAATCCTCTCAATCCCGAGCAAGCAGTTATG
AAGGCACAGGTGTGTGTGTAGAGTGTGGATTGGTCTGTGTCTGTGTGCCTGTTGTGGCAGGGGAAGCAGG
AGGGGGCTGCTTCTTATCCTTGGAGACTTCTGTGGAGAGGTGACAAGGGAGGTGGGTGCGGGCGGCTGGA
GAGAGAGGAGACCTTGATTGTCCTGGGTCCTTAGAGATGCAGGGAAGGAAAGTGTAAGGTGTGTGTGGGT
GGGGTGAAGGTTTAGGGGAGGAGAGCTGAGGGGTAAGGAAGGTTTGGGATAATGTGAGGAGGCCGGTTCC
AGACTGTCCCTGGCACACACCCTTCATGTAATCTCTGAAATAAAAGTGCGTGCTGTTTGTAAAAGCATTA
GATTAAGTTCTAGGGGAATTGAGTAGACCTCTAAGGCACCTCTGAAACTTCTTTAGGTATAAATTTCTTG
CTAGTTTTTTGTTTTTCTAGTGTGTATATTTTTACATAGTAGAAATGACAGTGAAACTAACTTTTGAATT
AAAGTTTTAACACAGTTACTGTATTATTATAATGCTAATAGTTTTCTAGTAGTTACATATTATTCTTTTA
TATATAATAGTTGTGACACAACTTAGGGATCACTTTCCCCTTTGTTGACCTTTATTATGACATTCACCAA
AAGTTGAAAATGTATGTTTCTGGTTAATTTTTAATTTATATTTTTTCATTTGAAAAAATGTGGAGAGGTC
TGTTTTTCATTCAAAAGAGTTCTTTTGAATTATTTTGACCGATTTATTGGTCAATTTTAATAACTGCTCT
AAGAATTCCCTATTTTATTTGGTAGGTAATGGACAATGATCTACTGCCTAATATCTCTAGGGCTTAGTAT
TTTTCTCAGTGACTTTGTGGGTTCTTTGTACTGTAAGATTATTAACACTTTATTGATATTTGATTCAGCA
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TTTGCTCCAGTTTGTGGTTTGTATGTTGATTTTGAAAATTCTTTTCCATGTTAAGAATTTGAACATTTTT
ATTTAATAAAATGTATTGCAAAAATTTTATTAATGATTTACAATCCATCTTAAATCTGCCATTTTGTGGT
ATTTTTGTCTCTAGGTTTCTCCTTACTTCTAAAAACATTGTATTTATTGAGAGTATGCTAATGTCGGGGA
TTTTCCTGGGCATAAGCACCACCAGTAATGAGTTCCAGACCCTGCCTTAATCCAAATGTGATTCTGGAAA
GAAAAATCATTTTACAATTGGCCTGATAATAATTCTGCTTGTGTTGCACGGGGGATACATTGAGCAGCTG
AATGAAAATATAAGAACTTTCAAAACTAAAATGACGCTCCTAAATCCTTCTGTCTGCTTTAGGACTCATG
CTTTTCTAGGAACGTAAAAATTTGGAGAATCATTTCTGTCTGTCCCACCTTCCCAGGGGCAGAACCATTT
CTGTGGTGTTCTAAGGTGTGAGTGCATGGCAGTAGTATTCCTAAAAATTCATACTCGGTTTTCTCATGTA
CCCAACTCTGTCCCTTTGTCTATGTACATTGCTTTAAATCATATTTTTCTGTCACGGTGTACAAGGATGA
TAAATAGGTGCCAAGTGGAGCACCCAAGTGTGATGAGCCCCCTTACGGTGGAATGGAGTGAGAAGCTTTC
TGATCTCATAAATTGAAGGCTATCTTCAGTCATTATGTATTTTACATAAATTAATCCTCATATAACCCCA
AGAGGTAAATTAGTATAATTATCCTTCATTGGGGGTGACAAAGTTGAGACACAGAAGAATCAACTCTTCC
AGGATCAACCAGTAAAAGGCAGACCTTGGATTTGAACCATGCAACCTGGCTCAGGTATCAGTTTTAATTA
CTACACTCTGTACTTTCAAAAATTTGTAAACACTTTGACAATGCATGCCAATTTCAAGTTATGAAGAAGC
AAACGCAATTTTTCACATCTCTCAAATCTAATGGGTCCTCACTATCAAGATTAAATTCCAGGCTGATGAC
ACTGTAAGGCCACATGGCCAGCTGTGCTGGAGGCCTGGTCAAGGTCAGAGCCTGGGTTTGCAGAGAAGCA
GACAAACAGCCAAACCAGCAGAATTACTCTGTCTTCCTGACTCATTCCCTCTACCTTTTTTTCTCCTAGT
CCATCCTCAGGTGACTGTGTATCCTGCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCTGCTCT
GTGAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACGGCCAGGAAGAGAAGGCTGGGG
TGGTGTCCACGGGCCTGATCCAGAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTAGAAACAGTTCC
TCGGAGTGGAGAGGTTTACACTTGCCAAGTGGAGCACCCAAGCGTAACGAGCGCTCTCACAGTGGAATGG
AGTGAGCAGCTTTCTGATTTCATACATTTCTCACCCACCAAGAAGGGGACTGTGCTAATCCCTGAGTGTC
AGGTTTCTCCTCTCCCACGTCCTATTTTCATTTGCTCCATGTTCTCATCTCCATCAGCACAGGTCACTGG
GGATAGCCCTGTAACAGTGTGTAGAAACACCTGTACTCCCTGTGGAATCAGTCATGCTTTTTTTTTTTTG
AACCTCCCCATGATGTCACAGGTCAGGGTCACCCGATCTCCCCAAGCTCCAGGCCCTGCTTCTGGGTCTG
AGACTGAGTTTCTGGTGCTGCTGCTCTGAGTTACTTGTTTTGAT CTGGGAAGAGGGGAAGCATAGGGGCC
TACCTGACATGAGGGGAGTCCAATCTCAGCTCTGCCTTTTATTAGCTCTGTCACTCTAGACAAACTACTT
AGCCTCACTGAGTCTCAGGCTTTCTGTGGATCAGATGTTGAACGCTTGCCTTACATCAAGGCTGTAATAT
TTGAATGAGTTTGATGTCGGAACCTTGTAACTGTTCAGTGTGATTTGAAATCCTTTTTTTCTCCCAAAAT
GGCTAGTTATTTTAGTTCTTGTGGGGCAGCCTTCTTCCCCATTTTCAAAGCTCTGAATCTTAGAGTCTCA
ATTAAAGAGGTTCAATTTGGAATAAGCATCACTAAACCTGGCTTCCTCTCTCAGGAGCACGGTCTGAATC
TGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGGGGCCGGGCTG
TTCATCTACTTCAGGAATCAGAAAGGTGAGGAGCCTTTGGTAGCTGGGCCTTTCCATAGGCTTTTCTGCA
GGAGGAAATAGAGCTTTGCTGAGGTTAGTTCTCAGTATATGAGTGGCTCTGAATAAAGCCTTTCTTTCCC
CAAACGGCTCTAATGTCCTGCTAATCCAGAAATCATCAGTGCATGGTTACTATGTGAAAGCATAATAGCT
TGTGGCCTGCAGAGACAAGAGGAAGGTTAACAAGTAGGGGTCCTTTGGTTTGAGATCTTGGAGCAAATTA
AGGAAGAGCCACTAAAGTTAATGGAATTACACTGGATCCTGTGACAGACACTTCATGCTTCATGGGTCAC
ATGGTCTGTTTCTGCTCCTCTCTGCCCTGGTTGGTGTGGGTTTTGGTGTTAGAACTCTCCGGTGGGAGAT
CTGGGACTGTGATATTGTGTTGGAGGACAGATTTGCTTCAATATCTTTTAAGTGTATATCTTTTCCTCTT
TTTCCCAGGACACTCTGGACTTCAGCCAACAGGTAATACCTTTTAATCCTCTTTTAGACACAGATTCAGT
TTCTCCAGTGAGAGGTGAAGCCAGCTGGACTTCTGGGTTGGGTGGGGACTTGGAGAACTTTTCTGTCTTA
CAAGAGGTTTCTAAATGCACCAATGAGTGCTCTGTAAAAACACACCAATGAGTGCTCTGTAAAAATTGAC
ACTCTGTGGCTCGCTAGATGTTTGTAAGATGGACCAATCAGCACTCTGTAAAATGGACCAATCCACACTC
TGTAAAATGGACCAATCAGCACTCTTTAAAATGGACCAATCAGCAGGATACGGGCGGGGACAAATAAGGG
AATAAAAGCTGGTCACCCTAGCCAGCACCTGCAACCTGCTTAGGTCCTTTTCTATGCTGTGGAAGTTTTG
TTCTTTTGATCTTCACAATAAATCTTGTGCTCACTCTTTGGGTCCGTGCCACCTTTAAGAGCTATAACAC
TCACTGCAAGGGTCTGTGGCTTCACTCTTGAAGTCAGCCAGACCCTGAACCTACCGGAAGGAACAAACTC
AGGACACACTAGAATGATGGTAGAGGTGATAAGGCATGAGACAGAAATAATAGGAAAGACTTTGGATCCA
AATTTCTGATCAGGCAATTTACACCAAAACTCCTCCTCTCCACTTAGAAAAGGCCTGTGCTCTGCAGGAC
TATTGGCTCTGGGAGACTCAGGAACTTGTTTTTCTTCTTCCTGCAGTGTTCTCATCTGAGTCCTTCAAAG
AGGGGGAAAGAAACGTTAGTAGAGCCAGGTTGAAAACAACACTCTCCTCTGTCTTTTGCAGGATTCCTGA
GCTGAAGTGCAGATGACAATTTAAGGAAGAAT CTTCTGCCCCAGCTTTGCAGGATGAAAAGCTTTCCCGC
CTGGCTGTTATTCTTCCACGAGAGAGGGCTTTCTCAGGACCTAGTTGCTACTGGTTCAGCAACTGCAGAA
AATGTCCTCCCTTGTGGCTTCCTCAG

SEQ ID NO:18 HLA-DRB5*01:02

>LT555545.1 Homo sapiens partial HLA-DRB5 gene for MHC class II antigen,
allele HLA-DRB5*01:02:01Grelated2, exon 2
CATGTTTCTTGCAGCAGGATAAGTATGAGTGTCATTTCTTCAACGGGACGGAGCGGGTGCGGTTCCTGCA
CAGAGGCATCTATAACCAAGAGGAGAACGTGCGCTTCGACAGCGACGTGGGGGAGTACCGGGCGGTGACG
GAGCTGGGGCGGCCTGACGCTGAGTACTGGAACAGCCAGAAGGACTTCCTGGAAGACAGGCGCGCCGCGG
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TGGACACCTACTGCAGACACAACTACGGGGCTGTGGAGAGCTTCACAGTGCAGCGGCGAG

SEQ ID NO:19 HLA-DRB5*01:01

>MN565784.1 Homo sapiens MHC class II antigen (HLA-DRB5) gene, HLA-
DRB5*01:01:01
ATGGTGTGTCTGAAGCTCCCTGGAGGTTCCTACATGGCAAAGCTGACAGTGACACTGATGGTGCTGAGCT
CCCCACTGGCTTTGGCTGGGGACACCCGACGTAAGTGCACATTGTGGGTGCTGAGCTACTATGGGGTGGG
GAAAATAGGGAGTTTTGTTAACATTGTGCCCAGGCCAGGTGCCTTAAGAAATTGTGACATTTTCTTCAGA
GATTGCCCATCTTTATCATGGGATCCCAAATTATTTCCTCCACAAAAGGAGCTTGACTACTTGCCCTCTC
CATGAGACTGTGTAAGGGGCCTCCATACAGGTCATTTCTTCTCAAATCTCCACCAATGAAACCTTTTCAT
CACATGTCCTCAGGGTCTTTAGAGGATTTAGAAATAAGGATGCTAAAATAAATTCCCCATACAGCACTTC
CCTTTATTATGTTGACCTATGTCAGACAAAACGAGTTTTTTTCTGAAAATTTTGTGGGAGTCAAGGGAAT
TCAAAGGGTCTCTCCTAGACAATCCTGTGTTATGCCCTTGACAGAACCTGTGATATTGGCTCCTCTTCCT
CATATGTGAGAATGGACCCAGTGGCCTCCCCATTACCTCCTTTCTTTTCTTTCTGAACTCCAATGTTTAC
CCTGTAATGTATGCAAGGTCTCTGACAGAAGTTATGCTTAGTGCTTTTTCTTATGGGGAAAAATCCTTGG
AGCTGAAGCTGAGATCTTTAGTATGTGGAGTCACCCTACAGTTAAAGGGCATCTATGAGGTATTCTTTGG
TGCCTAAAGGACTTAAGGCATCCTCTAAAAACCTGGCCCAGGTTAGAGTTTATTACAAATCTTTTTTAAC
CTTTCTATACTATTTGCTCCTATATCTCCTACATGCTCTAACTAGACATGACAGGAAGAGATTCAACTAA
CATAGGACAAATTATATGAAATTCTATTTTTGTAAGTCAAAAATAGTCAAATATCAGAAATTTGATAAGG
TTAAAACTATATACTCTGTGTGGGGTTACAGAGAGAATGTGGACATTGTTCACATCTCATAGGGCTGAAA
GTTAATGATCAAGTCCTGGGAACTCATTGTCTTACTGGGGTCTTGTCCTAAATTTCATAGGTTCACCCGT
CATGCCCTCAGCTTTCCTTAATTAGCCATGTCTGCTTACCTCTTCCTCCAGTTTCTCTCTATTTTTCCCC
AGCTATGTTGTCATCATATCCAGAAATCCCTAAAGCTTGCACAGATCCTTAGCACTATGAGATCCATTGA
AAGAGATAATTTTTTTCTTTTTGAGATAGGGCCTGGCTCTGTCACCCAGGCTGTAATGCAGTGGTCCGAT
CTAGGCTCACTGCAACCTCTGCCTCCAAGACTCAAGCTATCCTTCCTCCTCAGCCTCCAGAGCAGCGGAG
ACTACAAGCCCAACTAATTTTGTTGGAGATGAGATTTCTGCCATGTTGCCCAGGGTGGTCTTAAACTCCT
GGACTCAAACAATCCTCCTGCCTTGGCCTCCCAGCATGCTAGGATTGTAGGTGTAAGCCACCGCACCCAG
GCACGGTGAATTCATTGCCCAGGCAATGAATCTCAATGAAAAATTTCTTTTTTCTTAAATCACTGTTTCT
TTATCTGTGAATTCTTCTTCCAATTAGAAGGAGGAGAAAGAAGAAATTTGCCTGTATTTCTCACCGGGAG
GAGAAGGATTCTAGTGTGACATCAAATTGAAAGAGTGCTGGAGCTCGAGCCCCTTCTTGCTTTCCAGGAT
CCTTGCAGTGATCAGTTCCCAGAACCATGGTTTATTAATATAAACCACAGTTATTTTTATCAGCAGCTAC
TCTGTACTGGGCTCCCTTCTAGGTTCAAATCATTCTATTTGAGTAAGATAGAGAGGGTCCCGACTCTCAA
GGTTACACAAGAGTGGAGGAGACAGACACTAACCCAATAAGCATTTAACAAAGAAGAAAATTTCAGAGAG
TCATAGTGCACTGAAGAAAAGACATCAGGTTTGTGGAAAAGAGAGAAATGGATTCACCTACTTTAGTTCA
TATGTCTAGAGAGCCCTACTTGAGAAAGTGACATCCAGCTGAGAAAACAAAATAAGTAGACAGTCGTGAA
GATCTAAGGGACGAAAGTTCCAGGGAGACCGAATTGGGGGGGAAGCCCTGGTGTGGGAAATTATGTGCAG
GGACAGAAAGAAGGCTAGAGGGACTGAAGTGAGCAAGCAAGGAAATGCAGTGGCAGAAGATGAGGTAGGA
TGCAGAGAGGAAGTCGGGAGCCTCATATCAGGCTCTGATGTCCATGGTAAGAAACTTGAATTTTATTTTA
TTTTATTAATTTATTTATTTATCTTATTTATTTTTGAGAGGGAGTTTCATTCTTGTTGCCCAGGCTGGAG
TGCAATGGCATGGTCTCAGCTCACTGCAACCTCTGCCTCCCGGGTTCAAGTGATTCTCTTGCCTCAGTCT
CCCAAGTAGCTGGGATTACAGGTACCTGCCACCATGCTCAGCTATTTTTTCTGTGTTTTTACTAGAGACA
GACTTTCACCATGTTGGCCAGGCTGGTCTTCAACTCCTGACCTCAAGTAATCTGCCCGCCTGAGACTCCC
AAAGTGCTGGGATTACAGGCGTGAGCCACTGCGCATGGCCTGAATTTTATTTAAATAGATATGGGAAGCT
ACTGGATGGTTACAAGGAAAGTCAATTTATATTCTTTTTTTTTAATTTTTTAATTTTTTTTTTTTTTGAG
ATATAGTCTTGCTCTGTCACCAGGCTGGAGTGCAGTGGCACTATCTCGGCTCACTGCAGCCTCTGCCTTC
TGGGTTCAAGAGATTCTCCTGCCTCAGCCTCCCAAGTAGCTGGGATTACAGGAGTGCACCACCACGCCCA
GCTAATTTTGGTATTTTTAGTAAAGACAGGGTTTCACCATGTTGGCCAGGATGGTCTTGATCTCTTGACC
TCGTGATCCACCTGCCTCAGCCTCCCAGTGTGCTGGGATTACAGGCGTGAGCCACCGTGCCCGGCCTATA
TTGAATTTTTAAAACTAATTCTAGCTACTCTGTGGGGATTGGATTGTTGGGGTTGACAAGTGGTTAGGAA
GACTATTTAGGAGCACAGCAGGGAATCCTCAGGGAAAATAGGCTTGAGTTCACTAGTGATAAAGACAGTG
AAAAAGATAAAGTGGATTTTGCTTACCTTGTTAATGGATTACTGTAAAGGGGGTAGAAATATCAAGCTTA
TTCCTAAGGATTTTGTTTTGACAAATTAGTGAAAGGTGGTGGTGTTTATTGAGATAGGGAAAACTGTGGG
AGGAAATGATTTGAAGTGGGTGGTTGGAAATAAAAGTTTTGTTTAAGTTTGAGATGATTTATTGACATTT
GTGTGGAGCAATCAGAAGGTCAATGGCATTTAAAAGACTCATGGTGGGCCAGGCGCAGTGACTCATGCCT
GTAATCCCAGCACTTTGGGAGGCCTAGACAGGCGGATCACCAGGTCAGGAGATCAAGACCTTCCTGGCTA
ACACGGTGAAACCCCGTCTCTACTAAAAATACAAAAAATTAGCTGGGCATGGTGGTGGGTGCCTGTAGTC
CCAGCTACTTGGGAGGCTGAAGCACGAGAATGGCGTGAACCAGGGAGGTGGAGCTTGCAGTGAGCTGAGA
TCACACCACTTCACTCCAGGCTGGGTGACAGAGCAAGACTCCGTCTCAAAAAAAAAAAAAAAAAAAAAGA
GACTCATGGTGAGGCCAGGGCTGGAGGTATTTATGTTGGTGGCATCAATAGGTGTACTGTGTTAAATTCC
AGGGAGTGGAAGAGGTTACATAGGGAGATTGTCTGGAGAAAAAAGAAAAGGGCACAGGCCAGCAAAGGGG
ACTAAGAAAGAGCCCAGGGATGTTGGGAAAAAACCAAGATTACATCATATGTGTAAGTCAAGAAAAATAG
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ATTTTTTTTTTTCAAGGAGAAGGGAGAGGCCAATTGTGGTGAGTACCACTAAGAGGAGGGTGAAGTGAGA
ATGTGACAGAGAAGCAACGGCTGGGATTGGTGGAGCTGATATTTGCAGT CAGTAGAGTATCCAGGGAGGA
AACTGGATTGGACCATTTGAAGAGCGAGTAGAAGAGAGGACAAGGTTAAGGTTGACTGTTTTGAGTAGCG
AGCTTCAGGGAAGGACTGTGCTCTGGGTTCAGGGAGCCAGCTGGAT CAAAAGGAAAAGGCTAAAGAGGCT
GAAGAGAAGCAGGAGGACCTGTGAACCAGAGATGCTCGGTCATTATTATCAAGGAAATATTAGAGGGCCC
CTGTGTGCAGTGGTGACTGCTCATGAAGAGGTCACACAGCCAGTATTTCACACAGCCCATATTTATTAGT
GACTTAGAATATACCAGTTACTACTCTAGGTCATGAGAATGGAGTGATGAATAAAATGAATCTGGTCTCC
ATCAGTATATGCCATGTAACATTTTGCAGTGACTGTGTACCAGGCCTATGAATTTCAGTATGCAATTTCA
ATAATGATCCTGCTGTATCTGTGGTATATAAAAACATGTACATCTCTGGAATCTAAAATTGAAAGGTTAT
AAGTAAAACCCAGTATCACAAATTTGGTGCTAGAAATCAGATTGCAGTTTAAATCTGAGCATGTAGAAAG
TCCATTTCTTCTATGTCAGCAGGTGCCTTTTGTGTGAGGTTTAGGTATACTGCATTATTAGACATAAACC
AGTGTTTCTGCCCTCTGTTTTCAGAATGACAATTCTTTATGAAACTAATAGAAGAACAGAAGACAATTGC
AAAATCATGATGAAGATACTAATTGCTTTAGAATCATGTAATAGAAAAAATAATGTGAGCTCCAGTTATA
GGGATCAAAAAATTAAAATGGGAATACATTTGAGTGTTTATTATGTGATCACTGCTAAGAAGACTCTTTA
TTAAATTTCACACTTACAAAAATCCTGTGAGGATTATTATAAAATGCATTTGATAGATTACAAATAGGCT
TATGGTTGGCAAAAAGTGACCCATTTAAAAGAGGTCATATTTCAATTCATATTTTCTGATTCTAGAATAT
GAGAGTTTTTCCATCATTAGTGAGTAGTGACTTGATTGTGTCTGAATTATTGACAAAATTTCTAATATTC
ATATGTACCAGGTTGTTTCTTAGAGTGGGGGCAGAGATGCAAGGGCTTCTAGTTCCAATGTATAAAAGAA
ACTTTCATTCATTTTGCATTTATCATTTTAAAAGTTCTATAAGTCTATCATAGGCATGTGTTGAAGAACA
TAAAGAAGTATTAAATCATTCCTTCTTCTGAGGTTTGACTAGCAAGTCTGGCTAGGGTTGTCAGATAACA
AACAGGTTCCTAGTTAAATCTGAATTTCAGACACACGACCACAATTTATTGGAAATCCAGATTTACCTGG
GCATCCTCTGGTTTTATTTGTCAAATCTGTCAACCCTAAGTGGGACACATGAGCATGGATTACAGTGCTA
GCCATGCAAGCCACAGTGACAGTGACTTTACAAATGTTTATTTTTTAACATTCTGTCTGTAAAGAAAGTG
CTTACATAATTTAGGAATAGAAAGATAGACATTGTTTGATCCAGGGTGCACACCTCTCTGCCATCATTTC
TAAAGGGCAAACGGAGCTTTGTGAAGGTCTCTACACAAAGTCTGGGGACCTGCTCATGTTTTGTAAACTG
TCTGTATGAGAACGTCATTTTCTTGGTTTCTGACTTTCTGAGGGGACTTGACTACAAAACCAAGAGTTCT
ATCTCTGGCCAAGGCTGGTAATTTGATGCCTGCTAGTATTGTTGGGAGT GGGAGACTGAAAGACGTGAGT
TAGTTGGGGCATTAAATGGGAATAAAATAGCTGTGGTTGTGATTCACTACTACAGATAATTAGTGGACAA
GTGGCAGAGAAATTAAGAAAGAAGAT GATATGAAAGACAAATGATATGATTTGGTGACTGGTTGGTAATG
CAAGGAAATCAGTAAATCTTAGTTCTCAACAAGTTCATTTTCTGGAAAGATAGCACTGTATTGGGACCAG
AATTCTATAAAGCATTCGTTTTATGTAGGACCAAGATATTCACAGATATTTTTCAATACAATTCTCAGCT
GCTCCATAACCACTAGTGGCTTGTTCAACACAGGTTTTTTCAGATGGTTCACACCTGTGGTTCTTACCCA
GGGATCGTTCACCACCGCTCCTTTCCCTCCCATCACCCTTGGGGAACTTGTGGCAATGTTTGAGCAATTT
TTGGTTGTCACCACAGGGGTTTCTTCTGATATTTAATGAGTAGAAGCCAGGGACACTGCTAGAGAACCTA
CAATGTTCAGAACAGCCTCCTTTACCAACAAAGAATTATCTGGACCAAAATGTCAATAGTGCTGAGGCTG
AGAGCACTGTTTCACACTGTGCTCTTTCTGAAAATTCTAGACTCACATCTTTTATACACTCAGCACCCAA
TTCAGTTCTTTATGGTTTATTTTTGCTTGCTTCATTATGCAAAAGTAGACAGTTGCATAAATTCAACCAC
TTTCTTGTTGAATCCATTTAGTCAATGCAAGTTTAATAGCTTCATAGTTAGTTTTTGCCTTATGCAATAT
TTTTCAACATTTTCATGAGTTGTTGGTCAGCACTACCTCTATTAACTTTCAACAACTTGCCCTTATAAGT
CACAAATAGTGATGCTCTGCAATTATTTTTCACTAACATGCCTGAGATTTCTGTAGTGATTCTACATTTG
GTATGATTCATAATGTAAAATGCTTTTATTTATTCATTTCACTTTTAACCAGAGGATTATTTTTCAGTTA
TTTTTGTCATTTTTACACTTCAATCAAACATAAAGACAAAAACATCTAAAATATATAGTATTTTACATAT
GTGTATATTTACACACATATATGTATGTATGTTTACATGTATTGAAACTACAGAAGCTCATGTCACCAAT
AAGAGCTCTGAGACACTTTTGACCCCTTACTCTTATCAGGTGAAATTTGCCAAATAAGTTTTATGAACAA
ATTTCTTTTAACTGAATATCTGAGCTTTGTGGATTTAGAAATGCAAAGGAAGGTTTGTGGACATTCATGG
GATCATGGTTTTATTCTCCTTAAATCTCTTTGATACTTTCCCACTGTCTTTAGCATAAATCTCAGATCCT
AACACCACCCACAACGCTTTTCAATACCTGGCTTCTTGTGATGTCTCCAGTCTAATCTTTTACCCTCCTT
CCCCTCAGCCTCTCTGCTTTAGTGAACTTTGTTCTAGTTTCTTGAAGAAGTTCATCAATTCAAGCTTTTG
TGCATGGTATTTCCTAAACCTGAAATGTGCTTCCCCCGTTTTGCCCAAACAGACACAGAGTCTCCACTCC
GCCCCCTGGTTCACACCTGCTTAACCTGCCAAGTCACATCTGAACTGTCACCCTTCAGAAGGTCCTCCTC
TGGCACCCTAATGTAATTGAGATCATCCTATTACTCTGTGTTCTGGAACTCCACACTTCAGACATTTCTC
ATTCCTGTCTAAGCTCTTGTGTGTTTGGTTTTTGGCCTCACTTTTACTGCTCTTTAAGCTCCCCCAGCGG
AGTGGAGAGGTCTGTTTTCCCGTGTTTGGATTCCCAGAGGCAGTGCAAGCCTGGCACAAGGTCATCACTA
AAGGAGTGTTCACAGGATGAACGCGGTGGGAGTTAGGGAACGGGTAAAGCCTGTGGGATGAGAGAAGGAG
CAGAGATTGTCTTTGGGGTGCAGGCTCCCAGGAGGAGGCGGCGCGGGCTCCGGETGCTGGGCGGATCCTCC
TCCAGCTCCTGCTTGGAGGTCTCCAGAATAGGCTGGAGGCGGGGAGGGGGTCCCAAAAGCCTTGGGATCA
GAAGGGGTTTTCCTGCCTGGTCCCCCAGACACCCCGTTCGCCTCAGGAAGACGGAGGATGAGCCTCT GGG
CTGCGCGTGGTCGGGGTTATGGTTGGGAT CAGTTAAGGTTCCAGTGCCCGCACCCCGCCCAGGGAGCCCC
GGATGGCGGCGTCTCTGTCAGTATCTTCCCCGGAGGCCGCCCCTGTGACCGGATCCTTCGTGTCCCCACA
GCACGTTTCTTGCAGCAGGATAAGTATGAGTGTCATTTCTTCAACGGGACGGAGCGGGTGCGGTTCCTGC
ACAGAGACATCTATAACCAAGAGGAGGACTTGCGCTTCGACAGCGACGTGGGGGAGTACCGGGCGGTGAL

134



WO 2023/167973 PCT/US2023/014337

GGAGCTGGGGCGGCCTGACGCTGAGTACTGGAACAGCCAGAAGGACTTCCTGGAAGACAGGCGCGCCGCG
GTGGACACCTACTGCAGACACAACTACGGGGTTGGTGAGAGCTTCACAGTGCAGCGGCGAGGTGAGCATG
GTGGGGGGCGGGGCCTGGGTCCTTGTGAGCTGGGAATCTGAGTGTGTGTGTGTGTGTGTGTGTGTGTGTG
TGTGTGTGTGT GTGAGAGAGAGAGAGAGAGGAAGAGAGAGACAGAGAGGGAGCGCGCCATCTGTGAGCAT
TTAGAATCCTCTCAATCTTGAGCAAGGACTTCTGAGGACACAGGTGTGTGTGTAGAGTGTGGATTTGTCT
TTGTGGCCTTTGTGGGAGGGGAAGCAGGAGGGGGCTTCTTCTTATCCTTGGAGGCCTCTGTGGGGAGGTG
ACATGGGAGGTGGGTGCAGGGGGCT GGAGAGAGAGGAGACCTTGGTTGTCTCGTGTCCTTAGAGATGCAG
GGAAGGAAAGTGTAAGGTGTGTGTGGTTGGGGTGAAGGTTTAGGGGAGGAGAGCTGAGGGGTGTGGAAGA
TTTGTGATAATATGAGGAGGCCAGTTCCAGACTGTCCCTGGCACCCACCCTTCACGCAGTCTCTGAAATA
AAAGTGTGTGGTGTTTGTTTGCAAAAGCATTAGATTAATTTCTAGGGGAATTGAGGAGACCTCTGAGGCA
CTTCTGAAGCTTCTTTAGGTCTAAATTTCTTGCTATTTTTTCTGTTTGTTTTCTTAGTGTGTATATTTTT
ACATAGTTGAAATGACTGTGAAACTAACTTTTTGATTAAAATTTTAATACACTGTTACTATTTTATTATA
ATGCTAATAGTTTTCTACTACTTACCTATTATTCTTTTATATATAATAGTTGTGACACAACTTATCTCAC
TTTCCCCTTTGTTGACCTTTATTATGACATTCACCAAAAGTTGAAAATATATGTTTCTGGTTATTATTTA
ATTTATTTTTTTATTTGGAATTCTTTTGAATTATCTTGACCTATTTATTGCCCAATTATAATTACTGCTC
TAAGAATTCCCTATTGTATTTGGTAGGTAATGGACAATGATCTATTTTCTGTTATCTCCAGGGCTTAGTA
TTTTTCTCAGTGATTTTGTGGGTTCTTTGTACTGTAAGATTATTAACACTTTATTGATATTTGATTCCAC
ATTTTCTCCAGTTTTTGATTTGTATGTTGATTTTGAAAATTCTATGTTAAGAATTTGAACATTTCTGTTT
AATAAAATATATTCCAAAACTTTTATTAATGGTTTACAAACCATCTTAAATCTATCATTTTGTGGTATTT
TTGTCTCCAGGTTTCTCCTTCCTTCTTAAAAAAAATGTATTTATTGAGAGTCTGCTAGTGTTAGGGATTT
TCCTAGGCATAAGCACCCCAAGTAATGAGTCCCAGACCCTGCCTGCCTTGATCCAAATGTCATTCTGGAA
AGAAAAATTATTTTACAATGATAGTATAATAATAGTTATGCTTGTTTGCATGGGAGATGCATTGATCAGC
TAAATGTAAATGTAAGAATTTTCAAAACTAAAATAACTTTCCTTAATCCTTCTCTCTGCTTTATGACTCA
TGCTTTGCTGGGAACTTAAAGATTGGAGAACCATTTCTGTCTGTCCTACCTTCCCAGGGGCACAACCATT
TCTGTGTTGTTCTAAGGTGTGAGTGCATGGCAGTAGTATTCCTAAACATTCATACTCAGTCTCCTTTTGT
ACCCTACTCGGTCCCTTTATCTATCCACATTACTTTAAATCATATTTTTCTCTCAAGCTGTACAAGGATG
ATAAATAGGTGGCAAGTGGAACACCCAAGTGTGATGAGCCCTCTCACAGTGGAATGGAGTGAGAAGCTTT
ATGACCTCATAAATTAAAGGCTATCTTCAGTCATTGTTTTATATATTTTATGTGCATTAATCCTCATATA
ACCCCAAGAGGTAAATTACTATAATTATCCTCTATTATGGGTGAGAAAGTTGAGACACAGAAGAATCGAA
AAACTCTTCCAGCATCAACCAGTAAAAGGCAGACCTTGGATTTGAGCCAGGCAACCTGGCTCAGGTATCA
GTTTTAATTACTACACTCTGTACTTTCAAAGACTTGTAAACACTTTGACAATGCATCCCAATTTCAAGTG
ATGAAGAAACAAACACAATTTTTCACATCTCTCAAATCTGATGAGCCCCCACTATAAAGACTAAATTCCA
GGCTGATGACACTGTGAGGCCTCATGGCCAGCTGTGCTGGAGGCCTGGTCAAGGCCAGAGCCTGGGTTTA
CAGAGAAGCAGACAAACAGCCAAAAAGGGAGATTCACTCTGTCTTCCTGAGTCATTCCCTCTACATTTCC
TTTCTCCTAGTTGAGCCTAAGGTGACTGTGTATCCTGCAAGGACCCAGACCCTGCAGCACCACAACCTCC
TGGTCTGCTCTGTGAATGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACAGCCAGGAAGA
GAAGGCTGGGGTGGTGTCCACAGGCCTGATTCAGAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTG
GAAACAGTTCCTCGAAGTGGAGAGGTTTACACCTGCCAAGTGGAGCACCCAAGCGTGACGAGCCCTCTCA
CAGTGGAATGGAGTGAGCAGCTTTCTGACTTCATAAATTTCTCAACCACCAAGAAGCAAACTTTACTAAT
CCCTGAGTGTCAGGTTTCTCATCTCCCACATCCTATTTTCATTTGCTCCATGTTCTCATCTCCATTAGCA
CAGGTCACTGGGGGTAGCCCTGTATAGTTTCTAGAAACACCTGTATCCTCTGGGGAAGCAGTCATTCCTG
GCAGGAAGGAGAGGCTGTCCCTGTTTTGAACCTCCCCATGATGTCACAGGTCAGGGTCACCCCCTCTCCC
AGGGCTCCAGACCCTGCCTCTGGGTCTGAGACTGTGTTTCTGGTGCTGTTGATCTGAGTTATTTGTTGTG
ATCTGGGAAGAGGAGAAGTGTAGGGGCCTTCCTGACATGAGGGGAGTCCAATATCAGCTCTGCCTTTTAT
TAGCTCTGTCACTCTAGACAAACTATTTAACCTCATTGAGTCTCAGGCTTTCTGTTTATCAGATGTTGAA
GCCGTGCCTTACATCAGGGCTGTAATATTAGAATGAATTTGATCCCTGAAACTTGTAACTGTTCAGTGTG
ATTTGAAAACCTTTTTTTTCTCCAGAAATGGCTAGTTATTTTAGTTCTTACAGAGCAGCCTTCTTCCCCA
TTTTCAAAGCTATGAATATTGCAGGGTCTCAATTAAAAAGGTTCAATTTGGGATAAAAATCACTAAACCT
GGTTTCCTCTCCCAGGAGCACAGTCTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTGT
GCTGGGCCTGCTCTTCCTTGGGGCCGGGCTATTCATCTACTTCAAGAAT CAGAAAGGTGAGGAGCCTTTG
GTAGCGGCTCTCTCCATAGACTTTTCCAGAGGAGGAAATAGGGCTTTGCTGAGGTTAGTTCTCAGTATAT
GAGTGGCCCTGGATAAAGCCTTTCTTTCCACAAATGACCTCCAATGCCCTGCTAATCCAGAAATCATTAA
TGCATGGTTACTATGTCAAAAGCATAATAGCTTGTGGCCTGCAGAGATAAGAGAAAGGTTAACTAGTTAA
GGGTCCTTTGGTTTGAAATCCTGGAGCAAATTAAGGAAGAGCCACTAAGGCTAATGCAATTACACTGGAT
CCTGTGACAGACATGTCATGCTTCATGGGTCACATGGTCTGTTTCTGCTCCTCTCTGCCCTGGTTGGTGT
GGGTTGTGGTGTTAGAGAAATCTCAGGTGGGAGAT CTGGGACTAGGACATTGTGTTGGGAGAATAGATTT
GCTTCCATACCTTTTAAGTGTATATCTTTTCCTCTTTTTCCCAGGGCACTCTGGACTTCACCCAACAGGT
AATACCTTTTAATCCTCTTTTAGAAACAGATTCAGTTTTCCTAGAATGATGGCAGAGGTGATAAGGCATG
AGACAGAAATAGCAGGAAAGACTTTGGATCCAAATTCCTGATCAGGCAATTTATACCAAAACTCCTCCTC
TCCACTTAGGCCTGTGCTCTGCAGGAGTATTGGTTCAGGGAGACTTAGGAACTTGTTTTTCTTCTTCCTG
CAGTGCTCTCATCTGAGTCCTTGAAAGAGAGGAAAAGAAGCTGTTAGTGGAACCAGGTCTGAAAACAACA
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CTTTCCTCTCTCTCTGCAGGACTCGTGAGCTGAAGTGCAGATGACCACATTCAAGGGGGAACCTTCTGCC
CCAGCTTTGCATGATGAAAAGCTTTCCTGCTTGGCTCTTATTCTTCCACAAGAGAGGACTTTCTCAGGC

SEQ ID NO:20 HLA-DRB5*02:02

>MK040594.1 Homo sapiens MHC class II antigen (HLA-DRB5) gene, HLA-
DRB5*02:02:01 allele, complete cds
CTCTGGCCCCTGGTCCTGTCCTGTTCTCCAGCATGGTGTGTCTGAAGCTCCCTGGAGGTTCCTACATGGC
AGTGCTGACAGTGACACTGATGGTGCTGAGCTCCCCACTGGCTTTGGCTGGGGACACCCGACGTAAGTGC
ACATTGTGGGTGCTGAGCTACTATGGGGTGGGGAAAATAGGGAGTTTTGTTAACATTGTGCCCAGGCCAG
GTGCCTTAAGAAATTGTGACATTTTCTTCAGAGATTGCCCATCTTTATCATGGGATCCCAAATTATTTCC
TCCACAAAAGGAGCTTGACTACTTGCCCTCTCCAAGAGACTGTGTAAGGGGCCTCCATACAGGTCATTTC
TTCTCAAATCTCCACCAATGAAACCTTTTCATCACATGTCCTCAGGGTCTTTAGAGGATTTAGAAATAAG
GATGCTAAAATAAATTCCCCATACAGCACTTCCCTTTATTATGTTGACCTATGTCAGACAAAACGAGTTT
TTTTCTGAAAATTTTGTGGGAGTCAAGGGAATTCAAAGGGTCTCTCCTAGACAATCCTGTGTTATGCCCT
TGACAGAACCTGTGATATTGGCCCCTCTTCCTCATATGTGAGAATGGACCCAGTGGCCTCCCCATTACCT
CCTTTCTTTTCTTTCTGAACTCCAATGTTTACCCTGTAATGTATGCAAGGTCTCTGACAGAAGTTATGCT
TAGTGCTTTTTCTTATGGGGAAAAATCCTTGGAGCTGAAGCTGAGATCTTTAGTATGTGGAGTCACCCTA
CAGTTAAAGGGCATCTATGAGGTATTCTTTGGTGCCTAAAGGACTTAAGGCATCCTCTAAAAACCTGGCC
CAGGTTAGAGTTTATTACAAATCTTTTTTAACCTTTCTATACTATTTGCTCCTATATCTCCTACATGCTC
TAACTAGACATGACAGGAAGAGATTCAACTAACATAGGACAAATTATATGAAATTCTATTTTTGTAAGTC
AAAAATAGTCAAATATCAGAAATTTGATAAGGTTAAAACTATATACTCTGTGTGGGGTTACAGAGAGAAT
GTGGACATTGTTCACATCTCATAGGGCTGAAAGTTAATGATCAAGTCCTGGGAACTCATTGTCTTACTGG
GGTCTTGTCCTAAATTTCATAGGTTCATCCGTCATGCCCTCAGCTTTCCTTAATTAGCCATGTCTGCTTA
CCTCTTCCTCCAGTTTCTCTCTATTTTTCCCCAGCTATGTTGTCATCATATCCAGAAATCCCTAAAGCTT
GCACAGATCCTTAGCACTATGAGATCCATTGAAAGAGATAATTTTTTTCTTTTTGAGATAGGGCCTGGCT
CTGTCACCCAGGCTGTAATGCAGTGGTCCGATCTAGGCTCACTGCAACCTCTGCCTCCAAGACTCAAGCT
ATCCTTCCTCCTCAGCCTCCAGAGCAGCGGAGACTACAAGCCCAACTAATTTTGTTGGAGATGAGATTTC
TGCCATGTTGCCCAGGGTGGTCTTAAACTCCTGGACTCAAACAATCCTCCTGCCTTGGCCTCCCAACATG
CTAGGATTGTAGGTGTAAGCCACCACGCCCAGGCACGGTGAATTCATTGCCCAGGCAATGAATCTCAATG
AAAAATTTCTTTTTTCTTAAATCACTGTTTCTTTATCTGTGAATTCTTCTTCCAATTAGAAGGAGGAGAA
AGAAGAAATTTGCCTGTATTTCTCACCGGGAAGAGAAGGAATCTAGTGTGACATCAAATTGAAAGAGTGC
TGGAGCTCAAGCCCCTTCTTGCTTTCCAGGGTCCTTGCAGTGATCAGTTCCCAGAACCATGGTTTATTAA
TATAAACCACAGTTATTTTTATCAGCAGCTACTCTGTACTGGGCTCCCTTCTAGGTTCAAATCATTCTAT
TTGAGTAAGATAGAGAGGGTCCCGACTCTCAAGGAGGTTACACAAGAGTGGAGGAGACAGACACTAACCC
AATAAGCATTTAACAAAGAAGAAAATTTCAGAGAGTCATAGTGCACTGAAGAAAAGACATCAGGTTTGTG
GAAAAGAGAGAAATGGATTCACCTACTTTAGTTTGTATGTCTAGAGAGCCCTACTTGAGAAAGTGACATC
CAGCTGAGAAAACAAAATAAGTAGACAGTCGTGAAGATCTAAGGGACGAAAGTTCCAGGGAGACCGAATT
GGGGGGGAAGCCCTGGTGTGGGAAATTATGTGCAGGGACAGAAAGAAGGCTAGAGGGACTGAAGTGAGCA
AGCAAGGAAATGCAGTGGCAGAAGATGAGGTAGGATGCAGAGAGGAAGT CAGGAGCCTCATATCAGGCTC
TGATGTCCCTGGTAAGAAATTTGAATTTTATTTTATTTTATTAATTTATTTATTTATCTTATTTATTTTT
GAGAGGGAGTTTCATTCTTGTTGCCCAGGCTGGAGTGCAATGGCATGGTCTCAGCTCACTGCAACCTCTG
CCTCCCGGGTTCAAGTGATTCTCTTGCCTCAGTCTCCCAAGTAGCTGGGATTACAGGTACCTGCCACCAT
GCTCAGCTATTTTTTCTGTGTTTTCACTAGAGACAGACTTTCACCATGTTGGCCAGGCTGGTCTTCAACT
CCTGACCTCAAGTAATCTGCCCGCCTGAGACTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACTGCGCA
TGGCCTGAATTTTATTTAAATAGATATGGGAAGCTACTGGATGGTTACAAGGAAAGTCAATTTATATTCT
TTTTTTTTAATTTTTTAATTTTTTTTTTTTGAGATATAGTCTTGCTCTGTCACCAGGCTGGAGTGCAGTG
GCACTATCTCGGCTCACTGCAACCTCTGCCTTCTGGGTTCAAGAGATTCTCCTGCCTCAGCCTCCCAAGT
AGCTGGGATTACAGGAGTGCACCACCACGCCCAGCTAATTTTGGTATTTTTAGTAAAGACAGGGTTTCAC
CATGTTGGCCAGGATGGTCTTGATCTCTTGACCTCGTGATCCACCTGCCTCAGCCTCCCAGTGTGCTGGG
ATTACAGGCGTGAGCCACCGTGCCCGGCCTATATTGAATTTTTAAAACTAATTCTAGCTACTCTGTGGGG
ATTGGATTGTTGGGGTTGACAAGTGGTTAGGAAGACTATTTAGGAGCACAGCAGGGAATCCTCAGGGAAA
ACAGGCTTGAGTTCACTAGTGATAAAGACAGTGAAAAAGATAAAGTGGATTTTGCTTACCTTGTTAATGG
ATTACTGTAAAGGGGGTAGAAATATCAAGCTTATTCCTAAGGATTTTGTTTTGACAAATTAGTGAAAGGT
GGTGGTGTTTATTGAGATAGGGAAAACTGTGGGAGGAAATGATTTGAAGTGGGTGGTTGGAAATAAAAGT
TTTGTTTAAGTTTGAGATGATTTATTGACATTTGTGTGGAGCAATCAGAAGGTCAATGGCATTTAAAAGA
CTCATGGTGGGCCGGGCGCAGTGACTCATGCCTGTAATCCCAGCACTTTGGGAGGCCTAGACAGGCGGAT
CACGAGGTCAGGAGATCAAGACCTTCCTGGCTAACACGGTGAAACCCCGTCTCTACTAAAAATACAARAAA
ATTAGCTGGGCATGGTGGTGGGTGCCTGTAGTCCCAGCTACTTGGGAGGCTGAAGCAGGAGAATGGCGTG
AACCAGGGAGGTGGAGCTTGCAGTGAGCTGAGATCGCACCACTTCACTCCAGGCTGGGTGACAGAGCAAG
ACTCCGTCTCAAAAAAAAAAAAAAAGAGACTCATGGTGAGGCCAGGGCTGGAGGTATTTATGTTGGTGGC
ATCAATAGGTGTACTGTGTTAAATTCCAGGGAGTGGAAGAGGTTACATAGGGAGATTGTCTGGAGAAAAA
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AGAAAAGGGCACAGGCCAGCAAAGGGGACTAAGAAAGAGCCCAGGGATGTTGGGAAAAAACCAAGATTAC
ATCATATGTGTAAGTCAAGAAAAATAGATTTTTTTTTTTCCAAGGAGAAGGGAGAGGCCAATTGTGGTGA
GTACCACTAAGAGGAGGGTGAAGTGAGAATGTGACAGAGAAGCAACGGCTGGGATTGGTGGAGCTGATAT
TTGCAGTCAGTAGAGTATCCAGGGAGGAAACTGGATTGGACCATTTGAAGAGCGAGTAGAAGAGAGGACA
AGGTTAAGGTTGACTGTTTTGAGTAGCGAGCTTCAGGGAAGGACTGTGCTCTGGGTTCAGGGAGCCAGCT
GGATCAAAAGGAAAAGGCTAAAGAGGCTGAAGAGAAGCAGGAGGACCTGTGAACCAGAGATGCTCGGTCA
TTATTATCAAGGAAATATTAGAGGGCCCCTGTGTGCAGTGGTGACTGCTCATGAAGAGGTCACACAGCCA
ATATTTCACACAGCCCATATTTATTAGTGACTTAGAATATACCAGTTACTACTCTAGGTCATGAGAATGG
AGTGATGAATAAAATGAATCTGGTCTCCATCAGTATATGCCATGTAACATTTTGCAGTGACTGTGTACCA
GGCCTATGAATTTCAGTATGCAATTTCAATAATGATCCTGCTGTATCTGTGGTATATAAAAACATGTACA
TCTCTGGAATCTAAAATTGAAAGGTTATAAGTAAAACCCAGTATCACAAATTTGGTGCTAGAAATCAGAT
TGCAGTTTAAATCTGAGCATGTAGAAAGTCCATTTCTTCTATGTCAGCAGGTGCCTTTTGTGTGAGGTTT
AGGTATACTGCATTATTAGACATAAACCAGTGTTTCTGCCCTCTGTTTTCAGAATGACAATTCTTTATGA
AACTAATAGAAGAACAGAAGACAATTGCAAAATCATGATGAAGATACTAATTGCTTTAGAATCATGTAAT
AGAAAAAATAATGTGAGCTCCAGTTATAGGGATCAAAAAATTAAAATGGGAATACATTTGAGTGTTTATT
ATGTGATCACTGCTAAGAAGACTCTTTATTAAATTTCACACTTACAAATAATCCTGTGAGGATTATTATA
AAATGCATTTGATAGATTACAAATAGGCTTATGGTTGGCAAAAATTGACCCATTTAAAAGAGGTCATATT
TCAATTCATATTTTCTGATTCTAGAATATGAGAGTTTTTCCATCATTAGTGAGTAGTGACTTGATTGTGT
CTGAATTATTGACAAAATTTCTAATATTCATATGTACCAGGTTGTTTCTTAGAGTGGGGGCAGAGATGCA
AGGGCTTCTAGTTCCAATGTATAAAAGAAACTTTCATTCATTTTGCATTTATCATTTTAAAAGTTCTATA
AGTCTATCATAGGCATGTGTTGAAGAACATAAAGAAGTATTAAATCATTCCTTCTTCTGAGGTTTGACTA
GCAAGTCTGGCTAGGGTTGTCAGATAACAAACAGGTTCCTAGTTAAATCTGAATTTCAGACACACGACCA
CAATTTATTGGAAATCCAGATTTACCTGGGCATCCTCTGGTTTTATTTGTCAAATCTGTCAACCCTAAGT
GGGACACATGAGCATGGATTACAGTGCTAGCCATGCAAGCCACAGTGACAGTGACTTTACAAATGTTTAT
TTTTTAACATTCTGTCTGTAAAGAAAGTGCTTACATAATTTAGGAATAGAAAGATAGACATTGTTTGATC
CAGGGTGCACACCTCTCTGCCATCATTTCTAAAGGGCAAACGGAGCTTTGTGAAGGTCTCTACACAAAGT
CTGGGGACCTGCTCATGTTTTGTAAACTGTATGAGAACGTCATTTTCTTGGTTTCTGACTTTCTGAGGGG
ACTTGACTACAAAACCAAGAGTTTTATCTCTGGCCAAGGCTGGTAATTTGATGCCTGCTAGTATTGTTGG
GAGTGGGAGACTGAAAGACGTGAGTTAGTTGGGGCATTAAATGGGAATAAAATAGCTGTGGTTGTGATTC
ACTACTACAGATAATTAGTGGACAAGTGGCAGAGAAATTAAGAAAGAAGATGATATGAAAGACAAATGAT
ATGATTTGGTGACTGGTTGGTAATGCAAGGAAATCAGTAAATCTTAGTTCTCAACAAGTTCATTTTCTGG
AAAGATAGCACTGTATTGGGGCCAGAATTCTATAAAACATTCGTTTTATGTAGGACCAAGATATTCACAG
ATATTTTTCAATACAATTCTCAGCTGCTCCATAACCACTAGTGGCTTGTTCAACACAGGTTTTTTCAGAT
GGTTCACACCTGTGGTTCTTACCCAGGGATCGTTCACCACCGCTCCTTTCCCTCCCATCACCCTTGGGGA
ACTTGTGGCAATGTTTGAGCAATTTTTGGTTGTCACCACAGGGGTTTCTTCTGATATTTAATGAGTAGAA
GCCAGGGACACTGCTAGAGAACCTACAATATTCAGAACAGCCTCCTTTACCAACAAAGAATTATCTGGAC
CAAAATGTCAATAGTGCTGAGGCTGAGAGCACTGCTTCACACTGTGCTCTTTCTGAAAATTCTAGACTCA
CATCTTTTATACACTCAGCGCCCAATTCAGTTCTTTATGGTTTATTTTTGCTTGCTTCATTATGCAAAAG
TAGACAGTTGCATAAATTCAACCACTTTCTTGTTGAATCCATTTAGTCAATGCAAGTTTAATAGCTTCAT
AGTTAGTTTTTGCCTTATGCAATATTTTTCAACATTTTCATGAGTTGTTGGTCAGCACTACCTCTATTAA
CTTTCAACAACTTGCCCTTATAAGTCACAAATAGTGATGCTCTGCAATTATTTTTCACTAACATGCCTGA
GATTTCTGTAGTGATTCTACATTTGGTATGATTCATAATGTAAAATGCTTTTATTTATTCATTTCACTTT
TAACCAGAGGATTATTTTTCAGTTATTTTTGTCATTTTTACACTTCAATCAAACATAAAGACAAAAACAT
CTAAAATATATAGTATTTTACATATGTGTATATTTACACACATATATGTATGTATGTTTACATGTATTGA
AACTACAGAAGCTCATGTCACCAATAAGAGCTCTGAGACACTTTTGACCCCTTACTCTTATCAGGTGAAA
TTTGCCAAATAAGTTTTATGAACAAATTTCTTTTAACTGAATATCTGAGCTTTGTGGATTTAGAAATGCA
AAGGAAGGTTTGTGGACATTCATGGGATCATGGTTTTATTCTCCTTAAATCTCTTTGATACTTTCCCACT
GTCTTTAGCATAAATCTCAGATCCTAACACCACCCACGACGCTTTTCAATACCTGGCTTCTTGTGATGTC
TCCAGTCTAATCTTTTACCCTCCTTCCCCTCAGCCTCTCTGCTTTAGTGAACTTTGTTCTAGTTTCTTGA
AGAAGTTCATCAATTCAAGCTTTTGTGCATGGTATTTCCTAAACCTGAAATGTGCTTCCCCCGTTTTGCC
CAAACAGACACAGTCTCCACTCCGCCCCCTGGTTCACACCTGCTTAACCTGCCAAGTCACATCTGAACTG
TCACCCTTCAGAGGGTCCTTCTCTGGCACCCTAATGTAATTGAGATCATCCTATTACTCTGTGTTCTGGA
ACTCCACACTTCAGACATTTCTCATTTCTGTCTAAGCTCTTGTGTGTTTGGTTTTTGGCCATCACTTTTA
CTGCTCTTTAAGCTCCCCCAGCGGAGTGGAGAGGTCTGTTTTCCCGTGTTTGGATTCCCAGAGGCAGTGC
AAGCCTGGCACAAGGTCATCACTAAGGGAGTGTTCACAGGATGAACGCGGTGGGAGTTAGGGAACGGGTA
AAGCCTGTGGGATGAGAGAAGGAGCAGAGATTGTCTTTGGGGTGGAGGCTCCCAGGAGGAGGCGGCGCGG
GCTCCGGTGCTGGGCGGATCCTCCTCCAGCTCCTGCTTGGAGGTCTCCAGAATAGGCTGGAGGCGGGGAG
GGGGTCCCAAAAGCCTTGGGATCAGAAGGGGTTTTCCCGCCTGGTCCCCCAGACAGCCCGTTCGCCTCAG
GAAGACGGAGGATGAGCCTCTGGGCTGCGCGTGGTCGGGETTATGGTTGGGATCAGTTAAGGTTCCAGTG
CCCGCACCCCGCCCAGGGAGCCCCGGATGGCGGCGTCTCTGTCAGTGTCTTCCCCGGAGGCCGCCCCTGT
GACCGGATCCTTCGTGTCCCCACAGCATGTTTCTTGCAGCAGGATAAGTATGAGTGTCATTTCTTCAACG
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GGACGGAGCGGGTGCGGTTCCTGCACAGAGGCATCTATAACCAAGAGGAGAACGTGCGCTTCGACAGCGA
CGTGGGGGAGTACCGGGCGGTGACGGAGCTGGGGCGGCCTGACGCTGAGTACTGGAACAGCCAGAAGGAC
ATCCTGGAGCAGGCGCGGGCCGCGGTGGACACCTACTGCAGACACAACTACGGGGCTGTGGAGAGCTTCA
CAGTGCAGCGGCGAGGTGAGCATGGTGGGGGGCEGGGCCTGGGETCCTTGTGAGCTGGGAATCTGAGTGTG
TGTGTGTGTGTGTGTGTGTGTGT GTGAGAGAGAGAGAGAGAGAGAGAGGAAGAGAGAGACAGAGAGGGAG
CGCGCCATCTGTGAGCATTTAGAATCCTCTCAATCTTGAGCAAGGACTTCTGAGGACACAGGTGTGTGTG
TAGAGTGTGGATTTGTCTTTGTGGCCTTTGTGGGAGGGGAAGCAGGAGGGGGCTTCTTCTTATCCTTGGA
GGCCTCTGTGGGGAGGTGACATGGGAGGTGGGTGCAGGGGGCTGGAGAGAGAGGAGACCTTGGTTGTCTC
GTGTCCTTAGAGATGCAGGGAAGGAAAGTGTAAGGTGTGTGTGGTTGGGGTGAAGGTTTAGGGGAGGAGA
GCTGAGGGGTGTGGAAGATTTGTGATAATATGAGGAGGCCAGTTCCAGACTGTCCCTGGCACCCACCCTT
CACGCAGTCTCTGAAATAAAAGGGTGTGGTGTTTGTTTGCAAAAGCATTAGATTAATTTCTAGGGGAATT
GAAGAGACCTCTGAGGCACCTCTGAAGCTTCTTTAGGTCTAAATTTCTTGCTATTTTTTCTGTTTGTTTT
CTTAGTGTGTATATTTTTACATAGTTGAAATGACTGTGAAACTAACTTTTTGATTAAAATTTTAATACAC
TGTTACTATTTTATTATAATGCTAATAGTTTTCTACTACTTACCTATTATTCTTTTATATATAATAGTTG
TGACACAACTTATCTCACTTTCCCCTTTGTTGACCTTTATTATGACATTCACCAAAAGTTGAAAATATAT
GTTTCTGGTTAATATTTAATTTATTTTTTTATTTGGAATTCTTTTGAATTATCTTGACCTATTTATTGCC
CAATTATAATTACTGCTCTAAGAATTCCCTATTGTATTTGGTAGGTAATGGACAATGATCTATTTTCTGT
TATCTCCAGGGCTTAGTATTTTTCTCAGTGATTTTGTGGGTTCTTTGTACTGTAAGATTATTAACACTTT
ATTGATATTTGATTCCACATTTTCTCCAGTTTTTGATTTGTATGTTGATTTTGAAAATTCTATGTTAAGA
ATTTGAACATTTCTGTTTAATAAAATATATTCCAAAACTTTTATTAATGGTTTACAAACCATCTTAAATC
TATCATTTTGTGGTATTTTTGTCTCCAGGTTTCTCCTTCCTTCTTAAAAAAAATGTATTTATTGAGAGTC
TGCTAGTGTTAGGGATTTTCCTAGGCATAAGCACCCCAAGTAATGAGTCCCAGACCCTGCCTGCCTTGAT
CCAAATGTCATTCTGGAAAGAAAAATTATTTTACAATGATAGTATAATAATAGTTATGCTTGTTTGCATG
GGAGATGCATTGATCAGCTAAATGTAAATGTAAGAATTTTCAAAACTAAAATAACTTTCCTTAATCCTTC
TCTCTGCTTTATGACTCATGCTTTCCTGGGAACTTAAAGATTGGAGAACCATTTCTGTCTGTCCTACCTT
CCCAGGGGCACAACCATTTCTGTGGTGTTCTAAGGTGTGAGTGCATGGCAGTAGTATTCCTAAACATTCA
TACTCAGTCTCCTTTTGTACCCTACTCGGTCCCTTTATCTATCCACATTACTTTAAATCATATTTTTCTC
TCAAGCTGTACAAGGATGATAAATAGGTGGCAAGTGGAACACCCAAGTGTGATGAGCCCTCTCACAGTGG
AATGGAGTGAGAAGCTTTATGACCTCATAAATTAAAGGCTATCTTCAGTCATTGTTTTATATATTTTACG
TGCATTAATCCTCATATAACCCCAAGAGGTAAATTACTATAATTATCCTCTATTATGGGTGAGAAAGTTG
AGACACAGAAGAATTGAAAAACTCTTCCAGCATCAACCAGTAAAAGGCAGACCTTGGATTTGAGCCAGGC
AACCTGGCTCAGGTATCAGTTTTAATTACTACACTCTGTACTTTCAAAGACTTGTAAACACTTTGACAAT
GCATCCCAATTTCAAGTGATGAAGAAACAAACACAATTTTTCACATCTCTCAAATCTGATGAGCCCCCAC
TATAAAGACTAAATTCCAGGCTGATGACACTGTGAGGCCTCATGGCCAGCTGTGCTGGAGGCCTGGTCAA
GGCCAGAGCCTGGGTTTACAGAGAAGCAGACAAACAGCCAAAAAGGGAGATTCACTCTGTCTTCCTGAGT
CATTCCCTCTACATTTCCTTTCTCCTAGTTGAGCCTAAGGTGACTGTGTATCCTGCAAGGACCCAGACCC
TGCAGCACCACAACCTCCTGGTCTGCTCTGTGAATGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTT
CCGGAACGGCCAGGAAGAGAAGGCTGGGGTGGTGTCCACAGGCCTGATTCAGAATGGAGACTGGACCTTC
CAGATTCTGGTGATGCTGGAAACAGTTCCTCGGAGTGGAGAGGTTTACACCTGCCAAGTGGAGCACCCAA
GCGTGACGAGCCCTCTCACAGTGGAATGGAGTGAGCAGCTTTCTGACTTCATAAATTTCTCAACCACCAA
GAAGCAAACTTTACTAATCCCTGAGTGTCAGGTTTCTCATCTCCCACATCCTATTTTCATTTGCTCCATG
TTCTCATCTCCGTTAGCACAGGTCACTGGGGGTAGCCCTGTATAGTTTCTAGAAACACCTGTATCCTCTG
GGGAAGCAGTCATTCCTGGCAGGAAGGAGAGGCTGTCCCTGTTTTGAACCTCCCCATGATGTCACAGGTC
AGGGTCACCCCCTCTCCCAGGGCTCCAGACCCTGCCTCTGGGTCTGAGACTGTGTTTCTGGTGCTGTTGA
TCTGAGTTATTTGTTGTGATCTGGGAAGAGGAGAAGTGTAGGGGCCTTCCTGACATGAGGGGAGTCCAAT
CTCAGCTCTGCCTTTTATTAGTTCTGTCACTCTAGACAAACTATTTAACCTCATTGAGTCTCAGGCTTTC
TGTTTATCAGATGTTGAAGCCGTGCCTTACATCAGGGCTGTAATATTAGAATGAATTTGATCCCTGAAAC
TTGTAACTGTTCAGTGTGATTTGAAAACCTTTTTTTTCTCCAGAAATGGCTAGTTATTTTAGTTCTTACA
GAGCAGCCTTCTTCCCCATTTTCAAAGCTATGAATATTGCAGGGTCTCAATTAAAAAGGTTCAATTTGGG
ATAAAAATCACTAAACCTGGCTTCCTCTCCCAGGAGCACAGTCTGAATCTGCACAGAGCAAGATGCTGAG
TGGAATCGGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGGGGCCGGGCTATTCATCTACTTCAAGAATCAG
ARAAGGTGAGGAGCCTTTGGTAGCGGCTCTCTCCATAGACTTTTCCAGAGGAGGAAATAGGGCTTTGCTGA
GGTTAGTTCTCAGTATATGAGTGGCCCTGGATAAAGCCTTTCTTTCCACAAATGACCTCCAATGCCCTGC
TAATCCAGAAATCATTAATGCATGGTTACTATGTCAAAAGCATAATAGCTTGTGGCCTGCAGAGATAAGA
GAAAGGTTAACTAGTTAAGGGTCCTTTGGTTTGAAATCCTGGAGCAAATTAAGGAAGAGCCACTAAGGCT
AATGCAATTACACTGGATCCTGTGACAGACATGTCATGCTTCATGGGTCACATGGTCTGTTTCTGCTCCT
CTCTGCCCTGGTTGGTGTGGGTTGTGGTGTTAGAGAAATCTCAGGTGGGAGAT CTGGGACTAGGACATTG
TGTTGGGAGAATAGATTTGCTTCCATACCTTTTAAGTGTATATCTTTTCCTCTTTTTCCCAGGGCACTCT
GGACTTCACCCAACAGGTAATACCTTTTAATCCTCTTTTAGAAACAGATTCAGTTTTCCTAGAATGATGG
CAGAGGTGATAAGGCATGAGACAGAAATAGCAGGAAAGACTTTGGATCCAAATTCCTGATCAGGCAATTT
ATACCAAAACTCCTCCTCTCCACTTAGGCCTGTGCTCTGCAGGAGTATTGGTTCAGGGAGACTTAGGAAC
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TTGTTTTTCTTCTTCCTGCAGTGCTCTCATCTGAGT CCTTGAAAGAGAGGAAAAGAAGCTGTTAGTGGAA
CCAGGTCTGAAAACAACACTTTCCTCTCTCTCTGCAGGACTCGTGAGCTGAAGTGCAGATGACCACATTC
AAGGGGGAACCTTCTGCCCCAGCTTTGCATGATGAAAAGCTTTCCTGCTTGGCTCTTATTCTTCCACAAG
AGAGGACTTTCTCAGGCCCTGGTTGCTACCGGTTCAGCAACTCTGCAGAAAATGTCC

SEQ ID NO:21 HLA-DRB4*01:03

>0U943350.1 Homo sapiens HLA-DRB4 gene for MHC class II antigen, allele
HLA-DRB4*01:03:01:04
AACCTTTTGAGTACTAAATTAAAACAATCCTTTAAAGAAGACAATTGTTTCAGAGGAGGACCTTCATACA
GCATCTCTGACCAGCAACTGATGATGCTAGTGAACTCAGGTGCTGACTGGTTCTCCAACACGAGATTACC
CAATCAAGGAGCAAGGAAATCAGTAACTTCCTTCCTATAATTTGGAATGTGGGTGGAGGGGGGCCATAGT
TCTCCCTGATTGAGACTTGCCTGCTGCTGTGACCACTGGTCTTGTCCTCTTCTCCAGCATGGTGTGTCTG
AAGCTCCCTGGAGGCTCCTGTATGGCAGCGCTGACAGTGACATTGACGGTGCTGAGCTCCCCACTGGCTT
TGGCTGGGGACACCCAACGTAAGTGCACATTGTGACTGCAGAGCTACTATGGGGTGGGGGCAAAAATAGG
AAGTTTTGTTAACATTGTGCCCAGGCTATGTCTCTTATGAAATTGTGACACTTTCTTCAGAGATTGCCCA
TCTTTATCAGATGGATCCCAAATTATTTCCACCACAAAAGGCGCTTGGCTACTTGTCCTGTCCATGAGAT
TTGTGTAAAGGGCCTACACACAGGTCATTTCTTCTCAAATCTCCACCAATAAAACCTATGCATCACATGT
CCTCAGGGTCTTTAGAGGATTTAGAAATAAGTATGCTAAAATAATTTCCCCATACAGCACTTCCCTTTAT
TATGTTGACTTATGTCAGACAAAAGGAGGTTTTTACTGAAAATTTTGTGGGAGT CAAGGGAATTCAAAGG
GTCTCTCCTAGACGATCCAGTGTTATGTCCTCCACAGGACCTTTGGTGTTGGCCCCTCTTCCTCATATGT
GAGGATGGATCCAGTGGCCTCCCCATTATCTCCTTTCTTTTCTTTCTGAACTCCAATGTTTATAAAGCCT
GTACCCCTGTTGCCTATGTAGGTTCTCTGACAAAAGTTATACTTAGTGCTCTTTCTTTCTTATGGGGAAA
AATCCGTGGAACTGAAGCTGAGATCTTTAGTACGTGGAGTCACCTTACAGATATAGAGCATTTATGCGGT
ATTCATTGGTGCCTAAAGAACTTTAGGCATCCTCTGGAAAACCGGCCCAGGTTAGTGTTTATTATGAATC
TTTTTTAACCGTTCTATACTTGTTTCTCCTACATCTCTTACGTGCTCTAACTAGACATGACAGAAGAGAT
TTAACTAATGTAGTATAAATTGTATGAAATTCTATTTTTGTAAGTCAAAAATAATCAAATATCAGAAATT
TAATAATGTTCAAACTATATACTCTGTGTGGGGTTTTTGAGACAATGTGGACATTGTTCATGTCTCATAA
GGCTGAAAGTCAATGAGCAAGTCCTGGAAACTCATTGTCTTACTGGGGTCTTGTCCTAAATTTCATAGGT
TCACCCATCATGCCCTCAGCTTTCCTTAATTAGCCATGTCTGCTTACCTCTTCCTCCACTTTCTCTCTTT
TCCCCAGCTATGTTGTCATCATTTCCAAAAATCTCTAAAGCTTGCACAGATCCTTAGCACTATGAGATCC
ATTGAAAGACATAATTTTTTTCTTTTTGAGATAGGGCCTAGCTCTGTCACCCAGGCTGTAGCTCAGTGGT
GTGATCGAGGCTCACTGCAACCACTGCCTCCCATGCTCAAGCGATCTTCCCTCCTCAAGCTCCGGAATAG
CTGGGAATAGAGGCAGGCAACCACGCCCAGCTAATTTTTTAATTTTGGTAGAGATGAGATTTTGCCATGT
TGCCCAGGCTGGTCTTAAACTGCTGGACTCAAGCAATCCTCCTGCCTTGGCCTCCCATCGTGCTAGGATT
ATAGATGTGAGCCACTGTGCCCAGGCAAAAAGAAATGACTCTTAATAAAAAAATTTCCTTTTTCTTAAAT
CACTGTTTCTTTATCTGTGAATTCTTCTTCCAAGTAGAAGGAGGAGAAAGAAGAAGTTTGCCTGTATTTC
TCACCGGGAGGAGAAGGGGTCTAGTGTGACATCAAAATGAAAGGGTGCTGGAGCTTGAGCCCCTTCTTGC
TTTCCGGGATCCCCACAGTGATCAGTTCTCATACCCTGGTTTATTCGTGTAAACCACACTTATTTTTCTC
AGCAGCTACTGTGTACTGGGCTCCATTCTAGGTTCAAATCATTCTATTTGAGTAAGATAGAGAGGGTCCC
GACTCTCAAGGAAATTACACAACAATAGAGGAGACAGACACTAACCCAATAAGCATTTAACAAAARAAGAA
AATGTTAGAGAGTCATAGTGCACTGAAGAAAAGACAACAGGTTTGTCGGAAAGATAGAAATGGATTCACC
TACTTTAGTTCATATGTTTAGGGAGCCCTACCTGAGAAAGTGACATTCAGCTGAGACAACAAAGTAAGTA
GACAGTTGTGAAGATCTAATGGACAAAAGTTCCAGGGAGACTGAATCGAGGGAAAGCCCTGGTGTGGGAA
ATTATGTGGAGGGAGAGAAAGAAGGCTAGAGGGGCTGATGTATAGGAAGCAAGGAAATAGGGGGGCAGAA
GATGAGGTAGAACACAGAGAGGAAGTCAGGAGCCTCCTCATATTAGGCTCTGAAATCCACGGTAAAAAAT
TTGAATTTCATTTATTTATTTATTTTGAGACAGAGTTTCATTCTTGTGGCCCAGACTGGAGTGCAATGGC
ACAATCTCGGCTCACTGCAACCTCCGCCTCCTGGGTTCAAGTGATTCTCCTGCCTCAGCTTCCCAAGTAG
CTGGGATTACAGGCACCCACCACCATACCTGGCTATTTTTTTGTATTTTTAGTGGAGATGGGGTATCACC
ATGTTGACCAGGCTGGTCTCGAACTCCTGACCTCAGATAATCTGTCTGCCTTGGCCTCCCAAAGTGCTGG
GATTACAAGAGTGGGCCACTGTGCCCAGACTGAATTTTATTTAAATAGATATGAGAAACTACTGTACGGT
TACACGGAGAGTCAATTTATATTCAATTTTGTGTGTGTGTGTTTGTGAGATCGAGTCTTGCTCTGTTGCC
CAGGCTAGATTGCAGTGGCACAATCTCGGTTTACTGCAACCTCCGCCTCCCGGGTTCAAGCGATTCTATT
GCCTCAGCCTCCCGAGTAACTGGGACCACAGGCGCATGCCACTACACCTGGCTAATTTTTTGTATTTTTA
ATAGGGATGAGGTTTCACCGTGTTAGCCAGGTTGGTCTCGATCTCCTGACCTCGTGATCTGCCCACCTTG
GCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACTGCACCCGGCCTATATTCAATTTTTAAAACTAAC
TCTAGCTACTCTGTAGGAATTGGATTGTTGGGGTTCAAAAGTGGTCAGGAAGACTATTTAGGAGCACAGC
AGAGAATTATCCAGGGAAAACAGGCTTGTGGCTTCATGGAGTGCATTAGTGATAAAGAGAGTGAAAAAGA
TAAAGTGGACAGACTTGGCATGTATTTTTGCTTAGCTTGCTAATGAATTACTGTAAAGGGGTTAGAACAA
TCAAGCTTATTCCTAAGGATTTTGTTTTGACAAATAAGTGGGTGGTAGTGTTGTTTATTGAGATAGGAAA
AACTATGGGAGGAAATGATTTGAAGTGGGTGGTTGGAAATAAAAGTTTTGTTTAAATTTGAGATGATTTA
TTGACATTTATGTGGAGCAATCAGAAGGTCAATGGCATTTAAGAGACTCATGGTGAGGTGAAGCTAGGGC
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TTCAGGTATTTATGTTGGCGGCATCAATAAGTGTAGTGTGTTAAATTCCAGGGAGTGTAAGATGATACAT
AGGGAGATGGATTGTGTGGAGAAAAAAGAAGAGGGTACAGGCCAGCAAAGGGGGCTGAGAAAGAGCCCAG
GGAGGCTGGAGAAAACCCAAGATAACATAATGCGTGTAAGTGAAGAAAAACAGATTATTTTCAAGGAGAA
GGGAGAGGCCAATTGTGGTGAGTACCACTAAGAGGAGAGGGAAGT GAGAACGTGACAGAGAAGCAAGTGC
TGGGTTGCTGGTTTGCTGGAGTTGATATTTGCAGTCAATGGAGTATCCAGGGAGGAAACTGGATTGGACC
ATTTGAAGAGCAAGTAGAAGTGAGGACGAAGTTAAGATTGACTGTTTTGAGTAGAGAGCTTCAGGGAAGG
ACTGTGCTCTGGGTTCAGGGAGCCAGCTGATTCTAAAGGAAAAGGCTAAAGAAGCTGAAGAGCCAGCTTT
CCCAGCACCATTTATTAAATAGGGAATCCTTTCCCCATTTCTGTTTTTTGTCAGATTTATCAAACATCAG
ATGGTTGTAGATGTGTGGTATTATTTCTGAGGGCTCTGTTCTGTTCCATTGGTCTATATCTCTGTTTTGG
TACCAGTACCATGCTGTTTTGGTTACTGTAGGCTTGTAGTACAGTTTGAAGTCAGGCAGCATGATGCCTC
CAGCTTTGTTCTTTTGGCTTAGGATTGTCTTGGCAATGCGGGCTCTTTTTTGGTTCCATATGAATTTTAA
AGTAGTTTTTTGCAATTCTGTGAAGAAAGTCATTGGTAGCTTGATGTGGATGGCACTGAATCTATAAATT
ACCTTGGGCAGTATGGCCATTTTCACGATATTTATTCTTCTTATCCATGAGCATGGAATGTTCTTCCATT
TGTTTGTGTCCTCTTTTATTTAGTTGAGCAGTGGTTTGTAGTTCTCCTTGAAGAGGCCCTTCACGTCCCT
TGTAAGTTGGATTCCTAGGTATTCTATACTCTTTGAAGCAACTGTGAATGGGAGTTCACTCATGATTTGG
CTCTCTGTTTGTCTGTTATTGGTGTATAAGAATGCTTGTGATTTTTTGCACATATGTAGAAAGCTAAAAC
TGGATCCTTTCTTTACACCTCATACAAAAATTAATTCAAGATGGATTAAAGACTTAAATGTTAGACTTAA
AACCATAAAAACCCTAGAAGAAAACCTAGGCAATACCATTCGGGACATAGGCATGGGCAAGGACTTCATG
TCTAAAACACCAAAAGCAATGGCAACAAAAGCCAAAATGGACAAATGGGATCTGATTAAACTAAAGAGCT
TCTGCACAGCAAAAGAAAATACCATCAGAGTCAACAGGCAACCTACAGAATGGGAGAAAATTTTTGCAAT
CTACTCATCTGACAAAGGGCTAATATCCAGAATCTACAAAGAACTCAAACAAATTTACAAGAAAAANNCA
AACAACCCCATCCAAAAGTGGGCAAAGGATATGAACAGACACTTCTCAAAAGAAGACATTTATGCAGCCA
ACAGACACATGAAAAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACAATGAGATA
CCATCTCACACCAGTTAGAATGGCATTCATTAAAAAGT CAGGAAACAACAGGTGCTAGAGAGGATGTGGA
GAAATAGGAACACTTTTACACTGTTGGTGGGACTGTAAACGAGTTCAACCATTGTGGAAGACAGTGTGGT
GATTCCTTAAGGATCTAGAACTAGAAATACTGTTTGACCCAGCCATCCCATTACTGGGTATATACCCAAA
GGATTATAAATCATGCTGCTATAAAGACACATGCACACGTATGTTTATTGTGGCACTATTCACAATAGCA
AAGACTTGGAACCAACCCAAATGTCCATCAATGATAGACTGGATGAAGAAAATGTGGCACATACACACCA
TGGAATACTATGCAGCCATAAAAAAGGATGAGTTCATGTCCTTTGTAGGGACATGGATGAAGCTGGAAAC
CATAATTCTCAGCAAACTATCACAAGCAGAAAAAAACCAAACACCACATGTTCTCACTCATAGGTGGGAA
TTGAACAATGAGAACACTTGGACACAGGAAGAGGAACATCACACACCGGGGGGAGGGGGGAGGGATAGCA
TTAGGAGATATGCATAATGTAAATGACGAGTTAATGGGTGCAGCACACCAACACGGCACATGTATATGTG
TGTAACAAACCTGCACATTGTGCACATGTACCCTAGAACTTAAAGTATAATAAAAAATAAATAAATAAAT
AAATAAATAAATAAAANAGAAGCTGAAGAGAAGGAGGAGGACTTGTGAACCAGAGATGCTCAGTCATTATT
AGCGAGGAAATGCTAGAGAGCCCCTGTGTGCAGTGCTGACTACTTATGCAAAAGGTCACACAGCCAATAT
TTAACGCAGCCAGTATTTCACACAGCCAATATTTATTAATGACATAGCATACATATACCAGTTATTACTC
TAGGTCATGAGAATGGAGTGATAAATAAAATGAATCTGGTCGCCATCAGTATATGCCAGGTAACATTTTG
CAGTGACTGTGTACCAGGCCTATGATTTTCAGTATGCAATTTCAATAATTATCCTGTTGTATCTGTGGTA
TTTAAAAAACATATACATCTCTGGAATCTAAAATTGAGAGGATATAAGTAAAACCCAGTGTTACAAATTT
AGTGCTGGAAATCAGATTGCAGTTTAAATCTGAGCATGTAGAAAGTCCCTTTCTTCTATGTCAGCAGATG
CCTTTTGTGTGAGGTTTAGGTATACTGCTTTATTAGACATAAACCAGTGTTTCTGCCCTATGTTTTCAGA
ATGACAATTCCTTATGAAACTAATAGAAGAACAGAAGACAATTGCAAAAT CATGATGAAGATACTAATTG
CTCTAGAATTCAGGAATACATAAAATGATGTGAGCTGCAGTTATAGGGATCATAAAAGTTAAAATGGGAA
TGCATTTGAGTGTTTATTATGTGATCAGTGCTAATAAGAGTCATCATTTAATTTTACACTTAACAGTAAT
CCTGTGAGGATTACGCTATTATTAAATGCATTTGATAGATTACAAAAAGGATTATGGTTGGTAAAAATTG
CCCCAAGTAGAAGAGATCATGTTTTTTATTCAGGTTATCTGATTCTAGAGTTTGAGAGTTTGACTGACCA
TCATTAGTGAGTAGTGACTATATTGTGTCTGAATTATTGACAGAATTTCTGATATTCAAATGTACCAGGT
TGCTTCTTAGAGTGCAGACAGAGATGCAAGGGCTGCTAGTTCCGATGTATAGGAGAAACTTTCATTCATT
TCACATTTATCATTTTAAAAGTTCTGTATGTCTATAATGGTCATGTGTTGAAGAACACAAGGAAGTATTA
AATCACTCCTTCTTCTGAGGTTTGACTAGCAAGTTGGGCTAGAGTTACCAAATAAAATACATGTTCCTAG
TTAAATCTGAATTTCAGATACACAACCATGATTTCTTGGAAATTCAAATTTACCTGGGCATCCTCTGGTT
TTATTTGCCAAATCTGTCAACCCTAAGTGAGACACATGGACATGGATTACAGTGCTAGTCATGCAAACCA
CAGTGACAGCAACTTCACACATGTTTATTTTTTAACTTTCTGTCTGTAAAGAAAGTACTTAGATAATTTA
GGGATAAAAAGATAGACATTGTTTTATCCAGGGTGCACACCTCTCTGCCATCATTTCTAAAGGGCAAAGG
GACATTTCTGCAGGTCTTGCTCACAGTCTGGGGACCTGCTCGTTTTTGCAAACTGTCTGTATGAGTATGT
CATTTTCTTGGTTTCTCCCTTTCTAAGGGGACTTGACTGCAAAACCAGGAGTTCTGCCTCTGGCCAAGGC
TGGAAATTTGATGCCTGCTGGTATTGTTGGGAGT GGGAGACTGAAAGAAATGAGTTAGTTGGGGCATCAA
ATGGGAAATAAAATAGCTGTGGTTGTGATTCATTATTACAGAAAATTAGTGGACCAGTGGCAGAGAAATT
AAGAAAAAAGATGATGTGAATGATAAACGATATGATTAGTGGCTACTTGGTAAGGCAAGGAAATCATTAA
ATCTTGGTTCTCATCAAGTTCATTTTCTGAAAAGATAGCACTGTATTGGGACCAGAATTCTACAAAACAT
TCTTTTTATGTAGGACCAAGATTTTCAACAAATATTTTTCAATGCAATTCTCAGCGCTCCATAACTAATA
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GTAGCTTGTTCAACACAGATTTTTTCGGATGGTTCACACCTGTAGTTCTTACCCAGGGATAGTTCACCAC
CCCTCCCTTCCCTCCCATCATCGTTGGTGAACGGTGGCAATGTTTGGAACAATTTTTGGTTGTCACAACA
GGGGTTTCTTCTGATATTCAATGAGTAGAAGCCAGGGACACTGCTAAAGAACCTACAATATTCAGAACAG
CCTCTGCTATCAACAAGGAATTATCTGGTCCAAAATGTCAATAGTGCTGAGGCTAAGAGCACTGGTTCAC
ACTGTGCTCTTTCTGAAAATTCTAGGCTCACATCTGGTATACACTCACCACACAGTTCAGTTTTTTATGG
TTTATTTTTGGTTGTTTCATTATAAAAAATTAGACAGTTACATAAATTCAACCATTTTCTTGTTGAATCC
ATTTAGTCAATGCAAGCTTAATATTTTCATATTTATTTTTTGCCTTATGCAATATTTTTCAACATTTTCA
TGAGTTGTTGGTCATCACTATCTCTATTAACTTTCAACAACTTGCTCTTGTAAGTCACAAATAGTGATGC
TGCTGAAACTGTTTCTCACTAACAGGCCTCAGATTTGTGTAGTGATTCTACATTTTATATTATTCACAAT
GTAAAATGCTACTATTTATTCATTTCACTTTTACCCACAGGATTATTTTAAGTTATTTTTTGTCATTTTC
ACACTTCAAACATAAAGACAAAAACATCAAAAATATATACAGTGTTTTACATATGTGTATATTTTCACAT
ATATCTGTATGTGTGTTTATATGTATTGAAACTACAGAAGCACATGTCACCAATAAGAGCTCTGAGACAC
CTTTGACCACTTACCCTTATCAGATGATATTTGCCAAATGAGTTGTGGAAACAAGTTTTTTTTAACTGAA
TTTCAGAGCTTTGTGGATTTAGAAATTCAAAGGAAAGTTTGTGGACATTTACCGGGATCATGGTTTTATT
CTCCTTAAAACTCTTCAATACTTTACCATTGTCTTTAGTTAAATCCAAAATCCTAACACCACCCACGAGG
CTTTTCAATACCTGCCTTCTTGTGATTTCTCCAGCCTAATCTTTTACCTTCCTTCCCCTCAGCCTCTCTG
CTTTAGTGAACTTTGTTCTAGTTTTTTGAAGAAGCTCATCAATTCAACCTTTTGTACATGGGATTTCCTA
AACCTGAAAATGTGCCTCCCGTTTTGTCCAGACAGACACACAGGCTCCATCCACTCTGCCCCCTGGCTCT
CACCTGCTTAACCTGTCAAGTCACATCTGAACTGTCACTCTTCAGAGGGTCCTTCTCTGGCACCCTAATG
TAATTGAGATCATCCTTTTATTCTCTGTTCCAGAACTCCACACTTCTGACGTTTCTCATTCCTGTCTAAG
CTCTTGTGTGTTTGGTTTTTGGCCATCACGTTCACTGCTCTTTAAGCTCCCCCAGCGGAGTGGAGAGGTC
TGTTTTCCTTTGTTTGGATTCCTAGAGGCAGCGCAGACCAGGCACAAGGTCAGCACTAAGGAAGGGTTCA
CGGGATGAACACGGTGGGTGCTGTTGAAGGAACCGGTAAAGCGTGTGGGAT GAGAGGAGCAGAGAGTGTC
TTTCAGGTGAAGACTCCCAGAAGGAGGCCGCGTGGGCCGLCGETGCTGGGCGGATCCTCCTCCAGCTCCTG
CTTGGAGTTCTCCAGAACAGGCTGGAGGCAGGGAGGGGGTCCCCAAAAGCCTGAGGAT CAGAAGGGGTTT
TCCCGCCTGGTCCCCCAGACCCCGGTTCGCCTCAGGAAGACTGAGGACGAGCCCCTGGGCTGCTGGTGGT
GGGCGTTGCGGGETGGGGCCGETTAAGGTTCCCAGCGCCCGCACCCCGCCCAGGGAGTCCGGGTTGGTGGL
GTCGCTGTCAGTGTCTTCTCAGGAGGCCGCCCGTGTGACCGGATCGTTCGTGTCCCCACAGCACGTTTCT
TGGAGCAGGCTAAGTGTGAGTGTCATTTCCTCAATGGGACGGAGCGAGTGTGGAACCTGATCAGATACAT
CTATAACCAAGAGGAGTACGCGCGCTACAACAGTGACCTGGGGGAGTACCAGGCGGTGACGGAGCTGGGG
CGGCCTGACGCTGAGTACTGGAACAGCCAGAAGGACCTCCTGGAGCGGAGGCGGGCCGAGGTGGACACCT
ACTGCAGATACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAGGTGAGCATGGTGGAGGGCG
GGGCCTGGGTCCCTGTGAGCGGGGAATCTGTGTATGTGTGTGTGTGTGTGTGT GTGAGAGAGAGAGAGAG
AGAGAGAGACAGAGGAAGAGAGAGAGAGCGTGCGCCATCTGTGAGCATTTAGAATCCTCTCTATCCTTTC
TTATGGCTGCGTAGTATTCCCTGGTGTATAGGTGCCACATTGTCTTAATCCAGTCTATCATTGATGGACA
TTAGGGTTAATTCCAAGTCTTTGCTATTGTGAATAGTGTCAGTTCATGTCCTTTGTAGGGACATGGATGC
AGCTGGAAACCATCATTCTCAGCAAACTATCACAAGGACAGAAAACCAAACACCACTTGTTCTCACTCAT
AGGTGGGAATTGAACAATGAGAACACATGGACACAGGAAGGGGAACATCACACACAGGGGCCTGTCGTGG
GGTGGGGGGAGCAGGGAGTGATAGCATTAGGAGATATACCTAATGTAAATGACTAGTTAATGGGTGCAGC
ATACCAACATGACACATGTGTACATATGTAACAAACCTGCACGTTGTGCACATGTATCCTAGAACTTAAA
GTATAATAATAATAATTATATATATATATATATTAGAAAAACAAACAAAAAGAATCTTCTGTATCCTGAG
CAAGGAGTTCTGAAGGCACAGGTGTGTGTAGAGTGTGGATTTGTCTGTGTGGCTGTTGTGGGAGGGGAAA
CAGGAGGGGGCTGCTTCTTATTCTTGGAGGCCTCTGTGCAGAGGTGACATGGGAGGTGGGTGTAGGGGGC
TGGAGAGAGAGGAGACCTTGATTGTCCTGGGTCCTTAGAGATGCAGGGAAGGGAAGAATAAGGTGTGTGT
GGTTGGGGTGAAGGTTTAGGGGAGGAGAGCTGAGGAGTGTGGAAGGTTTGGGATAATGTGAGGAGGCCAG
TTCCAGACTGTCCCTGGCACACACCCTTCATGTAATCTCTGAAATAAAAGTGTGTGCTGTTTGTTTGTAA
AAGCATTAGATTAATTTCTAGGGGAATTGAGGAGACCT CTGAGGCACCTCTGAAGCTTCTTTAGGTCTAA
ATTTCTTGCTAGTTTTTGTTTTTTTAGGGTGTATATTTTTACATAGCAGAAGTGACTGTGAAACTAACTT
TTTGAATTAAAGTTTTAACACAGTTACTATTTTATTATAATGCTAATAGTTTTCTAGTAGTTACATCTTA
TTCTTTTGTATATAATAGTTGTGACACAACTTACCTCACTTTCCCCTTTTTGTTGACCTTTATTATGACT
TTCACCAAAAGTTGAAAATGTATGTTTCTGGTTAATTTTTACTTTATATTTTTCATTTGTAATTCTTTTG
AATTATTTTGACCTATTTATTGGCCAATTATAATTACTGCTGTAAGAATTCCCTATTTCATTTGGTAGGG
AATGTACAATGATCTACTGTCTAATATCTTAAGGGCTTAGTATTTTTCTCAGTGACTTTGTGGGTTCTTT
GTACTGTAAGATTATTAACACTTTATTGATATTTGATTCAGCATTTTCTCCAGTTTGTGGTTTGTATGTG
GATTTTGAAAAGTATTTTCCATGTTAAGAATTTGAACATTTTTATTTAATAAAATATATTGCGAAATTTG
TATTAATGATTTACAATCATCTTAAATCCACCATTTTGTGGTATTATTGTCTCCAGGTTTCTCCTTACTT
CTAAAAAAAAACTGTATTTATTGAGAGTATGCTAGTGTCAGGGATTTTCCTGGGCATAAGCACCCCAAGT
GACGAGTCCCAGACACTGCCTTAATCCAAATGTCATTCTGGAAAGAAAAAT CATTTTACAATGATAGGCC
TAATAATAATTAAGCTTGTGTTGCACAGGAGATACATTGATCAGCTAAATGTAAACGTAAGAACTTTCAA
AACTAAAATGACATTCCTTAATCATTCTCTCTGCGTTAGGACTCATGCTTTTCTAGGAACGTAAAAATTT
GAGAATCATTTCTGTCTGTCCCACCTTCCCAGGGGCAGAACCATTTCTGTGGTGTTCTAAGGTGTGAGTG
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CATGGTGGTAGTATTCCCAAAAATTCATACTCGGTTTCCTCATGTACCCAACTCTGTCCCTTTATCTACC
CACATTGCTTTAAGTCATATTTTTCTGTCACGGTGTACAAGGATGATAAATAGGTGCCAAGTGGAGCACC
CAAGTGTGATGAGCCCCCTCACAGTGGAATGGAGTGACAAGCTTTCTAACCTCATAAATTGAAGGCTATC
TTCAGTCATTGTTTTATATATTTTACGTGCATTAATCCTCATATAACCCCAAGAGGTAAATTAGTATAAT
TATCCTTCATTGTAGGTGACAAAGTTGAGACACAGAAGAATCAAAAAACT CTTCCAGCATCAACCAGTAA
AAGGCAGACCTTGGATTTCAACCAGGCAACATGGCTCAGATATCAGTTTTAATTACTACACTCTACTGTC
AAAGATTTGTAAACACTTTGACAATGCATGCCAATTTCAAGCTATGAAGAAACAAACACAATTTTTCACA
ACATCTCTCAAATCTAATGGGTCCTCACTATCAAGATTAAATTCCAGGCTGATGACACTGTAAGGCCACA
TGGCCAGCTGTGCTGGAGGCCTGGTCAAGGTCAGAGCCTGGGTTTGCAGAGAAGCAGACAAACAGCCAAA
CAAGGAGACTTACTCTGTCTTCATGACTCATTCCCACTACCTTTTTTTTCTCCTAGTCCAACCTAAGGTG
ACTGTGTATCCTTCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCTGCTCTGTGAATGGTTTCT
ATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACGGCCAGGAAGAGAAGGCTGGGGTGGTGTCCACAGG
CCTGATCCAGAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTGGAAACAGTTCCTCGGAGTGGAGAG
GTTTACACCTGCCAAGTGGAGCATCCAAGCATGATGAGCCCTCTCACGGTGCAATGGAGTTAGCAGCTTT
CTGACTTCCTAAATTTCTCACCCACCAAGAAGGGGACTGTGCTAATCCCTGAGTGTCAGGTTTCTCCTCT
CCCACATCCTATTTTCATTTGCTCCATGTTCTCATCTCCATCAGCACAGGTCACTGGGCTACTGGGGGTA
GCCCTGTAGGTGTTTCTAGAAACACCTGTACCCCCTGGGGAATCAGTCACGCCTGCCAGGCGGGAGAGGC
TGTCCCTCTTTTGAACCTCCCCATGATGTCCCAGTTCAGGGTCACCCACTCTCCCCAGGCTCCAGGCCCT
GCCTCTGGGTCTGAGACTGCGTTTCTGGTGCTGTTGATCTGAGTTGTTTGTTGTGAGAAGAGGAGAACTC
TAGGGGCCTTCCTGACATGAGGGGAGTCCAATCTCAACTCTGCCTTTTATTAGCTCTGTCACTCTAGACA
AACTACTTAACCTCACTGAGACTCAGGCTTTCTGTTGATCAGATTTTGAAGTTGCGCCTTACATCAAGGC
TGTAATATTTGAAATGAGTTTGATGCCTGGACCTTGTAACTGTTACAGTGTGATTTGAAAACCGTTTTTT
CCCCCAGAAATGGCTAGTTATTTTAGTTCTTACAGGGCAGCCTTCTTTCCCATTTTGAAAGCTCTGAATC
TTAGGGTCTCAATTACAGAGGTTCAATTTGGAATAAACACTAAACCTGGCTTCCTCTCTCAGGTGCACGG
TCTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGGGA
CAGGGCTGTTCATCTACTTCAGGAAT CAGAAAGGTGAGGAGCTTTTGGGAGCTGAATCTCCATAGGCTTT
TCTGGAGGAGGAACTATGACTTTGCTAGGGTTAGTTCTCAGTATATCAGTGGCCCTGGATAAAGCCTTTC
TTTCCCCAAATGACCTCCAATGTCCTGATAATCCAGAAATCATCAGTGCATGGTTACTATGTCAAAGCAT
AATAGCTTGTGGCCTGCAGAGATAAGAGAAAGGTTAACAAGTAGGGATTCTTTGGTTGGAGATCCTGGAG
CAAATTAAGGAAGAGCCACTAAGGCTAATGCAATTACGCTGGATCCTGTGACAGACACCTCATGCTTCAT
GGGTCACATGGTCTGTTTCTGTTCCTCTCTGCCCTGGTTGGTGTGGGTTGTGGTGTTAGAGAAATCTCAG
GTGGGAGATCTGGGGCTGGGACATTGTGTTAGAAGACAGATTTGCTTCCATATCTTTTAAGTGTATATCT
TTTCCTCTTTTTCCCAGGACACTCTGGACTTCAGCCAACAGGTAATACCTTTTAATCCTCTTTCAGAAAG
AGATTCAGTTTCCCTAGAATGATGGCAGAGGTGATAAGGCATGAGACAGAAATAATAGGAAAGACTTTGG
ATCCAGATTTCTGATCAGGCAATTTACCCCAGAACTCCTCCTCTCCACTTAGAAAAGGCCTGTGCTTTGC
AGGATCATTGGCTCAGGGAGACTTAGGAACTTGTTTTTCTTCTCCCTGCAGTGCTCTCATCTGAGTCGTT
GAAAGCGGGGAAAAGAAGTTTTAGTAAAGCCAGGTCTGAAAACAATTTCCTCTGTCTCTGCAGGACTCTT
GAGCTGAAGTGCAGATGACCACATTCAAGGAAGAACCTTCTGCCCCAGCTTTGCAAGATGAAAAGCTTTC
CCACTTGGCTCTTATTCTTCCACAAGAGCTTT

SEQ ID NO:22 HLA-AOl codon optimized 80% homology with WT
ATGGCCGTGATGGCCCCAAGAACACTGCTGCTGCTGCTGTCCGGCGCACTGGCCCTGACCCAGACCTGGGCCGGL
AGCCACAGCATGCGGTACTTCTTCACAAGCGTGTCAAGACCCGGCAGAGGCGAGCCTAGATTCATCGCGGTTGGA
TACGTGGACGACACCCAATTTGTGCGGTTCGACTCTGATGCCGCCAGCCAGAAAATGGAACCTAGAGCTCCTTGG
ATCGAGCAAGAGGGTCCTGAGTACTGGGACCAGGAGACAAGAAACATGAAGGCCCATTCTCAAACAGATAGGGCC
AATCTGGGAACCCTGCGGGGCTACTACAACCAGAGCGAGGATGGCAGCCACACCATTCAGATCATGTACGGCTGC
GACGTGGGCCCCGACGGCAGATTTCTGAGAGGCTATAGACAGGATGCTTACGACGGGAAGGACTACATCGCCCTG
AACGAGGACCTGCGATCTTGGACCGCCGCTGATATGGCTGCTCAGATCACCAAGCGGAAGTGGGAAGCCGTGCAC
GCCGCCGAGCAGCGGAGAGTGTACCTGGAAGGCAGATGCGTGGACGGACTGAGAAGATATCTGGAAAACGGCAAG
GAAACCCTGCAGCGGACAGATCCTCCAAAGACCCACATGACCCACCACCCCATCAGCGACCACGAGGCCACCCTG
CGCTGCTGGGCTCTGGGCTTCTACCCTGCCGAAATCACCCTGACATGGCAGAGAGATGGCGAGGACCAGACACAG
GACACCGAGCTGGTGGAAACCAGACCTGCCGGCGACGGAACATTCCAGAAGTGGGCCGCCGTGGTGGTCCCCAGC
GGCGAGGAACAGAGATACACCTGCCACGTGCAACACGAGGGACTGCCTAAGCCCCTGACCCTGAGATGGGAGCTG
AGCTCTCAGCCTACCATCCCTATCGTGGGCATCATCGCCGGACTCGTGCTGCTGGGCGCCGTGATCACCGGCGCC
GTCGTGGCCGCCGTGATGTGGCGGCGGAAAAGCAGCGACAGAAAGGGCGGCTCCTACACTCAGGCCGCTTCTAGC
GATAGCGCCCAGGGCAGCGACGTGTCCCTGACAGCCTGTAAAGTGTGA

SEQ ID NO:23 HLA-A68 codon optimized 81.69% homology with WT

ATGGCCGTGATGGCCCCAAGAACACTGGTCCTGCTGCTGAGCGGCGCCCTGGCCCTGACACAGACCTGGGCCGGA
TCTCACAGCATGCGGTACTTCTACACCAGCGTGTCTAGACCTGGAAGAGGCGAGCCAAGATTCATCGCCGTGGGC
TATGTGGACGACACCCAGTTCGTGCGGTTCGACAGCGACGCCGCTTCTCAGAGAATGGAACCCAGAGCCCCTTGG
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ATCGAGCAAGAGGGCCCTGAGTACTGGGACAGAAATACCAGAAACGTGAAGGCCCAAAGCCAAACAGACAGAGTG
GACCTGGGCACCCTCAGAGGCTACTACAACCAGAGCGAGGCCGGCAGCCACACCATTCAGATGATGTACGGCTGC
GACGTGGGCTCCGATGGCAGATTTCTGCGGGGATATAGACAGGATGCCTACGACGGAAAGGACTACATCGCCCTG
AAGGAAGATCTGAGGTCCTGGACCGCCGCTGATATGGCCGCTCAGACGACCAAGCACAAGTGGGAAGCCGCCCAT
GTGGCTGAACAGTGGCGGGCCTACCTGGAAGGCACATGCGTGGAATGGCTCCGGCGGTACCTGGAAAACGGCAAA
GAGACACTGCAGCGGACAGATGCCCCTAAGACCCACATGACCCACCACGCCGTGTCCGACCACGAGGCCACCCTG
CGGTGCTGGGCCCTGTCTTTTTACCCCGCCGAGAT CACACTGACCTGGCAGAGGGACGGCGAGGACCAGACCCAG
GACACCGAGCTGGTGGAAACACGGCCTGCTGGCGACGGCACCTTCCAGAAGTGGGTGGCCGTTGTGGTTCCTAGC
GGCCAGGAGCAGAGATACACCTGCCACGTGCAGCACGAGGGACTGCCTAAGCCTCTGACCCTGAGATGGGAGCCC
AGCAGCCAACCTACCATCCCCATCGTGGGCATCATCGCCGGCCTGGTGCTGTTCGGGGCTGTCATCACCGGCGCT
GTGGTGGCCGCCGTGATGTGGCGCAGAAAAAGCT CTGATAGAAAGGGCGGAAGCTACAGCCAGGCCGCCAGCAGC
GATAGCGCCCAGGGCTCTGATGTGTCCCTGACAGCTTGTAAAGTGTGA

SEQ ID NO:24 HLA-AO2 codon optimized 81.15% homology with WT
ATGGCCGTTATGGCCCCAAGAACACTGGTGCTGCTGCTGTCAGGCGCTCTGGCCCTGACCCAGACCTGGGCTGGC
AGCCACAGCATGAGATACTTTTTCACCAGCGTGTCTAGACCCGGCAGAGGAGAACCCAGATTCATCGCCGTCGGA
TATGTGGACGACACCCAGTTCGTTAGATTCGACAGCGATGCCGCCTCTCAGAGAATGGAACCTAGAGCTCCCTGG
ATCGAGCAAGAGGGACCTGAGTACTGGGACGGCGAAACCAGAAAAGTGAAGGCCCATAGCCAGACTCATCGGGTG
GACCTGGGAACACTGAGAGGCTACTACAACCAGAGCGAGGCCGGTTCTCACACCGTGCAGCGCATGTACGGCTGC
GACGTGGGCAGCGATTGGCGGTTTCTGCGGGGCTACCACCAGTACGCCTACGACGGCAAAGACTACATCGCCCTG
AAGGAGGACCTGCGATCTTGGACCGCTGCAGATATGGCCGCTCAGACCACCAAGCACAAGTGGGAGGCCGCCCAC
GTGGCCGAGCAACTGCGGGCCTACCTGGAAGGCACCTGTGTGGAATGGCTGAGAAGATACCTGGAAAACGGCAAG
GAAACACTGCAGCGGACAGACGCCCCTAAGACCCACATGACCCACCACGCCGTGTCCGACCACGAGGCAACCCTC
CGGTGCTGGGCCCTCAGCTTCTACCCCGCTGAGATCACCCTGACCTGGCAGAGAGATGGCGAAGATCAGACACAG
GACACCGAGCTGGTCGAGACAAGACCTGCCGGCGACGGCACCTTCCAGAAGTGGGCCGCCGTGGTGGTGCCATCT
GGCCAGGAGCAGAGATATACATGCCACGTGCAGCACGAGGGCCTGCCTAAGCCTCTGACACTGAGGTGGGAACCT
AGCAGCCAGCCTACCATCCCCATTGTGGGCATCATCGCCGGACTGGTGCTGTTCGGCGCCGTGATCACAGGCGCT
GTGGTCGCCGCTGTGATGTGGCGGCGGAAAAGCTCCGATAGAAAGGGCGGCAGCTACAGCCAAGCCGCCAGCAGC
GACTCCGCCCAGGGCAGCGATGTGTCCCTGACCGCCTGCAAGGTGTGA

SEQ ID NO:25 HLA-All codon optimized 81.60% homology with WT
ATGGCCGTGATGGCCCCTAGAACCCTGCTGCTGCTGCTCAGCGGCGCCCTGGCTCTGACCCAAACATGGGCCGGL
AGCCACAGCATGAGATACTTCTACACCTCCGTGTCTAGACCCGGCAGAGGCGAGCCCAGGTTCATCGCCGTGGGC
TACGTGGACGACACCCAGTTCGTCCGGTTCGACAGCGACGCCGCCAGCCAGAGAATGGAACCTAGAGCCCCTTGG
ATCGAGCAGGAGGGCCCTGAGTACTGGGACCAGGAGACAAGAAATGTGAAGGCCCAATCTCAGACCGATAGAGTG
GACCTGGGCACCCTGCGCGGCTACTACAACCAGAGCGAGGATGGCTCCCACACAATTCAGATCATGTACGGCTGC
GACGTGGGACCAGATGGAAGATTTCTGAGAGGCTATAGACAGGATGCCTACGACGGAAAGGACTACATCGCCCTG
AACGAGGACCTGCGGAGCTGGACGGCCGCAGATATGGCTGCCCAGATCACCAAGCGGAAATGGGAAGCCGCCCAC
GCCGCCGAGCAGCAGAGAGCTTATCTGGAAGGCAGATGCGTGGAATGGCTGAGGAGATACCTGGAAAACGGCAAG
GAAACCCTGCAGCGGACCGACCCTCCAAAGACCCACATGACCCACCATCCTATCAGCGATCACGAGGCCACACTG
CGCTGCTGGGCTCTGGGCTTCTACCCCGCTGAAATCACACTGACCTGGCAGCGGGACGGGGAGGACCAGACCCAG
GACACCGAGCTGGTGGAAACAAGACCTGCTGGCGACGGCACATTTCAGAAGTGGGCCGCTGTTGTGGTCCCCAGC
GGCGAGGAACAGCGGTACACCTGTCACGTGCAGCACGAGGGCCTGCCTAAGCCTCTGACACTCAGATGGGAGCTG
AGCAGCCAACCTACCATCCCCATCGTGGGCATCATCGCCGGTCTGGTCCTGCTTGGAGCCGTGATCACCGGCGCC
GTGGTGGCCGCCGTGATGTGGCGGAGAAAAAGCAGCGACCGGAAGGGCGGAAGCTACACACAGGCCGCTTCTTCT
GATAGCGCCCAGGGCTCTGATGTGTCCCTGACCGCCTGCAAGGTGTGA

SEQ ID NO:26 HLA-AO3 codon optimized 81.88% homology with WT

ATGGCCGTGATGGCCCCTAGAACCCTGCTGCTGCTGCTGTCTGGCGCTCTGGCCCTGACCCAAACCTGGGCCGGA
TCTCACAGCATGCGGTATTTCTTCACCAGCGTGTCTAGACCCGGCAGAGGCGAGCCCAGGTTCATCGCCGTGGGC
TACGTGGACGACACCCAGTTCGTGCGGTTCGACAGCGACGCCGCTAGCCAGAGAATGGAACCTAGAGCCCCTTGG
ATCGAGCAGGAGGGCCCTGAGTACTGGGACCAGGAGACAAGAAACGTGAAGGCCCAAAGCCAGACAGACAGAGTG
GACCTGGGCACCCTGAGAGGCTACTACAACCAGAGCGAGGCCGGCAGCCACACCATCCAGATTATGTACGGCTGC
GACGTGGGTTCTGATGGCAGATTTCTGCGCGGATATAGACAGGATGCCTACGACGGAAAGGACTACATCGCCCTG
AATGAGGATCTGCGGTCCTGGACCGCCGCAGATATGGCAGCTCAGATCACCAAGCGGAAATGGGAGGCCGCCCACL
GAGGCCGAACAGCTGCGGGCCTACCTGGACGGCACATGCGTGGAATGGCTGAGACGGTACCTGGAAAACGGCAAG
GAAACCCTCCAGAGAACAGATCCTCCAAAGACCCATATGACCCACCACCCCATCAGCGATCACGAGGCTACACTG
AGATGCTGGGCTCTGGGCTTCTACCCCGCCGAGATCACACTCACATGGCAGCGGGACGGAGAGGACCAGACCCAG
GACACAGAGCTGGTGGAAACCAGACCTGCCGGCGACGGCACCTTTCAGAAATGGGCCGCCGTGGTGGTGCCCAGC
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GGCGAGGAACAGAGATACACTTGTCACGTGCAGCACGAAGGCCTGCCTAAGCCTCTGACCCTGAGATGGGAACTG
AGCAGCCAACCTACAATCCCAATCGTGGGCATCATCGCCGGCCTGGTCCTGCTGGGAGCCGTTATCACCGGCGCC
GTGGTCGCCGCTGTGATGTGGCGGCGGAAGAGCTCCGATAGAAAGGGCGGAAGCTACACCCAGGCCGCCAGCAGC
GACTCCGCCCAGGGCAGCGACGTTTCTCTGACAGCCTGCAAGGTGTGA

SEQ ID NO:27 HLA-A23 codon optimized 79.60% homology with WT
ATGGCTGTGATGGCCCCTAGAACACTGGTCCTGCTGCTGTCAGGCGCCCTCGCCCTGACCCAGACTTGGGCTGGC
AGCCATAGCATGAGATACTTCAGCACCAGCGTGTCTAGACCAGGAAGAGGCGAGCCCCGGTTCATCGCCGTTGGC
TACGTGGACGACACACAGTTCGTGCGGTTCGACTCCGATGCCGCATCTCAGCGGATGGAACCCAGAGCCCCTTGG
ATCGAGCAGGAGGGACCTGAGTACTGGGACGAGGAAACCGGCAAGGTCAAGGCCCACAGCCAAACCGACAGAGAG
AACCTGCGGATCGCCCTGAGATACTACAACCAGAGCGAGGCCGGCAGCCACACACTGCAGATGATGTTCGGCTGC
GACGTGGGCTCCGATGGCAGATTCCTGCGGGGATACCACCAGTACGCCTACGACGGAAAGGACTACATCGCCCTG
AAGGAAGACCTGCGGTCCTGGACCGCCGCCGACATGGCAGCTCAAATCACACAGAGAAAGTGGGAGGCCGCCAGA
GTGGCCGAGCAGCTGAGGGCTTACCTGGAAGGCACCTGCGTGGATGGCCTTAGACGCTACCTGGAAAATGGCAAA
GAAACCCTGCAGAGGACCGATCCTCCTAAGACCCACATGACACACCACCCCATCAGCGACCACGAGGCCACCCTG
AGATGCTGGGCCCTGGGTTTTTATCCTGCTGAAATCACCCTGACCTGGCAGAGAGATGGCGAGGACCAGACCCAA
GACACCGAGCTGGTGGAAACAAGACCTGCCGGAGATGGCACCTTTCAGAAATGGGCCGCTGTCGTGGTGCCCAGC
GGCGAAGAGCAGCGGTATACATGTCACGTGCAGCACGAGGGCCTGCCCAAGCCTCTGACACTGCGGTGGGAACCA
TCTAGCCAGCCTACCGTGCACATCGTGGGCATCATCGCCGGCCTGGTGCTGCTGGGCGCTGTGATTACCGGCGCC
GTGGTGGCCGCCGTGATGTGGCGGAGAAACAGCAGCGATAGAAAGGGAGGCTCTTACAGCCAGGCCGCTTCTAGC
GACAGCGCCCAGGGCAGCGACGTGTCCCTGACAGCCTGCAAGGTGTGA

SEQ ID NO:28 HLA-A23 codon optimized 80.05% homology with WT
ATGGCCGTGATGGCTCCTAGAACCCTGGTGCTGCTGCTGAGCGGCGCCCTGGCCCTGACACAGACCTGGGCCGGL
TCCCACTCCATGAGATACTTCTCAACAAGCGTGTCTAGACCAGGCAGAGGCGAACCTAGATTCATCGCCGTGGGC
TATGTGGACGACACCCAGTTCGTGCGGTTTGATTCTGATGCCGCTTCTCAACGGATGGAACCCCGGGCCCCTTGG
ATCGAGCAGGAGGGACCTGAGTACTGGGACGAGGAAACAGGAAAAGTGAAGGCCCACAGCCAAACCGATAGGGAG
AACCTGAGAATCGCCCTGAGATACTACAACCAGAGCGAGGCCGGCAGCCACACCCTGCAGATGATGTTCGGCTGC
GACGTGGGCAGCGACGGAAGATTCCTGCGGGGCTACCACCAGTACGCCTACGACGGCAAGGACTACATCGCCCTG
AAGGAAGATCTGAGAAGCTGGACCGCCGCCGACATGGCCGCCCAAATCACAAAGCGGAAGTGGGAAGCTGCACAT
GTGGCCGAGCAGCAGAGAGCCTACCTGGAAGGCACCTGCGTGGACGGCCTGAGAAGATATCTGGAAAATGGCAAA
GAGACACTGCAGAGGACCGACCCCCCCAAGACCCACATGACCCACCACCCCATCAGCGACCACGAGGCTACCCTG
CGGTGCTGGGCCCTCGGATTTTACCCCGCCGAGATCACCTTGACATGGCAGCGGGACGGCGAGGATCAGACACAG
GACACCGAGCTGGTGGAAACCAGACCTGCCGGCGATGGAACATTCCAAAAGTGGGCTGCCGTCGTGGTGCCTTCT
GGCGAGGAACAGAGATACACCTGTCACGTGCAGCACGAGGGCCTGCCTAAACCTCTGACACTGCGCTGGGAGCCT
AGCTCTCAGCCTACCGTGCCAATTGTGGGAATCATCGCCGGACTGGTCCTGCTGGGCGCTGTGATCACCGGCGCC
GTTGTGGCCGCTGTGATGTGGCGGAGAAACAGCAGCGACAGAAAGGGCGGCTCCTACAGCCAGGCCGCCAGCAGC
GATAGCGCCCAGGGCAGCGACGTGAGCCTGACTGCCTGCAAGGTGTGA

SEQ ID NO:29 HLA-A33 codon optimized 81.06% homology with WT
ATGGCCGTGATGGCTCCTAGAACACTGCTGCTGCTCCTGCTGGGAGCCCTGGCCCTGACACAGACATGGGCTGGC
TCCCACAGCATGCGGTACTTCACCACCAGCGTGTCTAGACCCGGCAGAGGCGAGCCCAGATTCATCGCTGTGGGA
TACGTGGACGACACCCAATTTGTGCGGTTCGACTCTGATGCCGCTAGCCAGCGCATGGAACCTAGAGCCCCTTGG
ATCGAGCAAGAGGGACCTGAGTACTGGGACCGGAACACCAGAAATGTGAAGGCCCACTCTCAAATCGACAGAGTC
GACCTGGGCACCCTGAGAGGATATTACAACCAGAGCGAGGCCGGCAGCCACACCATCCAGATGATGTACGGCTGC
GACGTGGGCAGCGATGGCAGATTCCTGAGGGGCTACCAGCAGGACGCCTACGACGGAAAGGACTACATCGCCCTG
AACGAGGATCTGAGAAGCTGGACCGCCGCAGATATGGCCGCTCAGATCACACAGCGGAAGTGGGAGGCCGCCAGA
GTGGCCGAACAGCTGAGAGCCTATCTGGAAGGCACATGCGTGGAATGGCTGCGGCGGTACCTGGAAAACGGCAAA
GAGACACTGCAGAGAACCGACCCCCCCAAGACCCACATGACACACCACGCCGTGTCCGACCACGAGGCCACCCTG
CGGTGCTGGGCCCTTTCTTTCTACCCTGCTGAGATCACCCTGACCTGGCAGAGGGACGGCGAGGACCAGACCCAG
GATACCGAGCTGGTGGAAACCAGACCAGCCGGCGACGGCACTTTTCAGAAGTGGGCCAGCGTGGTGGTGCCTAGC
GGCCAGGAACAGAGATACACCTGCCACGTGCAGCATGAGGGCCTGCCTAAGCCACTGACCCTGAGATGGGAACCT
TCCAGCCAACCTACAATCCCCATCGTGGGCATTATCGCCGGACTGGTGCTGTTCGGCGCTGTTTTCGCCGGCGCC
GTCGTGGCCGCCGTGCGGTGGCGGAGAAAGGGCTCTGATAGAAAGGGCGGCAGCTACAGCCAGGCCGCATCCAGC
GACAGCGCCCAGGGTTCAGATATGAGCCTGACAGCCTGTAAAGTGTGA

SEQ ID NO:30 HLA-DRB3*02:01 codon optimized 81.15% homology with WT

ATGGTCTGCCTGAAGCTGCCTGGCGGCAGCAGCCTGGCTGCTCTGACAGTGACCCTGATGGTGCTGAGCTCTAGA
CTGGCCTTCGCCGGCGACACCAGACCTAGATTCCTGGAGCTGCTGAAGAGCGAGTGCCACTTCTTCAACGGCACC
GAGAGAGTGCGCTTCCTGGAAAGACATTTCCACAATCAAGAGGAATACGCCCGGTTCGACAGCGATGTGGGCGAG
TATAGAGCCGTGAGGGAACTGGGCAGACCCGACGCCGAGTACTGGAACAGCCAGAAAGACCTGCTGGAGCAGAAG
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CGGGGCCAGGTGGACAACTACTGCAGACACAACTACGGCGTGGGAGAGAGCTTCACCGTGCAGCGGAGAGTGCAC
CCCCAGGTCACCGTTTACCCTGCCAAGACACAGCCTCTGCAACACCACAACCTGCTCGTGTGCAGCGTGTCCGGC
TTCTACCCCGGCTCTATCGAGGTCCGGTGGTTCCGGAACGGACAGGAGGAAAAGGCCGGCGETGGTGTCAACAGGL
CTGATCCAGAATGGCGATTGGACCTTCCAGACCCTGGTGATGCTGGAAACCGTGCCTCGGAGCGGCGAGGTGTAC
ACCTGTCAGGTGGAACACCCTTCTGTGACAAGCCCTCTGACCGTGGAATGGTCCGCCAGAAGCGAGTCCGCTCAG
AGCAAGATGCTGTCTGGAGTGGGCGGATTTGTGCTGGGACTGCTGTTTCTGGGCGCCGGTCTTTTTATCTACTTC
AGAAACCAGAAAGGCCACAGCGGCCTCCAGCCAACAGGCTTTCTGAGCTGA

SEQ ID NO:31 HLA-DRB5*01:01 codon optimized 80.65% homology with WT
ATGGTGTGCCTGAAGCTGCCTGGAGGAAGCTACATGGCCAAACTGACCGTGACCCTGATGGTCCTGTCTAGCCCA
CTTGCTCTGGCTGGCGACACCCGGCCTAGATTTCTGCAGCAGGACAAGTACGAGTGCCACTTCTTCAACGGTACA
GAGAGAGTGCGGTTCCTGCATAGAGATATCTACAACCAGGAGGAAGATCTGAGATTCGACAGCGACGTGGGCGAG
TATAGAGCCGTGACAGAGCTGGGCAGACCTGACGCCGAGTACTGGAACAGCCAGAAGGACTTCCTGGAAGATAGA
AGGGCCGCTGTGGACACATACTGCAGACACAATTACGGCGTGGGCGAAAGCTTCACCGTGCAGCGGAGAGTGGAG
CCTAAGGTGACCGTGTACCCCGCCAGAACACAGACCCTGCAACACCACAATCTGCTGGTCTGCAGCGTGAACGGC
TTCTACCCTGGCTCTATCGAGGTGCGGTGGTTCCGCAACTCCCAGGAGGARAAAGGCCGGCGTTGTGTCCACCGGA
CTGATCCAGAACGGCGATTGGACCTTCCAGACACTGGTGATGCTGGAAACCGTGCCAAGAAGCGGAGAAGTGTAC
ACCTGTCAGGTGGAACACCCCAGCGTGACCAGCCCCCTGACCGTCGAGTGGCGGGCCCAGAGCGAGAGCGCCCAA
AGCAAGATGCTGTCCGGCGTGGGCGGCTTTGTGCTGGGCCTCCTGTTCCTGGGCGCCGGACTGTTTATCTACTTC
AAGAACCAGAAAGGCCACTCTGGCCTGCACCCTACAGGCCTGGTGTCTTGA

SEQ ID NO:32 HLA-DRB3*03:01 codon optimized 81.65% homology with WT
ATGGTCTGTCTGAAGCTGCCTGGCGGCTCCAGCCTGGCCGCTCTGACCGTGACACTGATGGTGCTGAGCTCTAGA
CTGGCCTTCGCCGGCGACACCAGACCCAGATTCCTGGAACTGCTGAAATCTGAGTGCCATTTTTTCAACGGAACA
GAGAGAGTGAGATTTCTGGAAAGATACTTCCACAACCAGGAGGAATTCGTGCGGTTCGACAGCGATGTGGGAGAG
TACAGGGCCGTGACCGAGCTGGGCCGGCCTGTGGCCGAGAGCTGGAACAGCCAGAAGGACCTGCTGGAGCAGAAA
AGAGGCCAGGTCGACAACTACTGCAGACACAACTACGGCGTGGTGGAAAGCTTCACCGTGCAGCGCCGGGTGCAC
CCTCAGGTGACCGTGTACCCAGCCAAGACACAGCCTCTGCAGCACCACAACCTCCTGGTGTGCAGCGTGTCCGGL
TTCTACCCCGGCAGCATCGAGGTGCGGTGGTTCCGGAACGGCCAGGAGGAAAAGACCGGCGTGGTCTCCACCGGA
CTGATCCACAATGGCGATTGGACCTTCCAGACCCTGGTGATGCTGGAAACCGTTCCTAGAAGCGGCGAGGTGTAT
ACATGCCAGGTGGAGCACCCCAGCGTGACATCTCCACTGACAGTGGAATGGCGGGCCAGAAGCGAGAGCGCCCAG
AGCAAGATGCTGAGCGGCGTGGGCGGCTTTGTGCTGGGACTCCTGTTCCTGGGTGCTGGCCTTTTCATCTACTTT
AGAAATCAAAAGGGCCACAGCGGCCTGCAACCTACCGGATTCCTGTCTTGA

SEQ ID NO:33 HLA-DRB5*01:02 codon optimized 81.65% homology with WT
ATGGTCTGCCTGAAGCTGCCTGGCGGCAGCTACATGGCCAAGCTGACCGTGACCCTGATGGTGCTGAGCAGCCCC
CTGGCTCTGGCCGGCGATACCAGACCAAGATTCCTGCAGCAGGACAAGTACGAGTGCCACTTCTTCAACGGCACC
GAGCGGGTGCGGTTCCTGCACAGAGGCATCTACAACCAGGAGGAAAACGTGAGATTCGACTCTGATGTGGGAGAA
TATAGAGCCGTGACCGAGCTGGGCAGACCTGACGCCGAGTACTGGAATAGCCAGAAGGACTTCCTGGAAGATAGA
CGGGCTGCTGTGGACACATACTGCAGACACAACTACGGCGTCGGCGAATCCTTTACAGTGCAGAGAAGGGTGGAA
CCTAAAGTGACCGTGTACCCCGCCAGAACCCAGACCCTGCAACACCACAATCTGCTGGTTTGTTCTGTGAACGGC
TTTTACCCAGGCAGCATCGAGGTGCGGTGGTTCCGCAACTCTCAGGAGGAAAAGGCCGGAGTGGTGAGTACAGGT
CTGATCCAGAACGGCGACTGGACCTTCCAGACACTGGTGATGCTCGAGACAGTGCCCAGAAGCGGCGAGGTGTAC
ACATGCCAGGTGGAGCACCCTAGCGTCACCAGCCCTCTGACCGTTGAATGGCGGGCCCAGAGCGAGAGCGCCCAA
AGCAAGATGCTGAGCGGAGTGGGAGGCTTCGTGCTTGGACTGCTGTTCCTGGGCGCCGGCCTGTTTATCTACTTC
AAGAACCAGAAAGGCCACTCTGGCCTGCATCCTACCGGCCTGGTGTCCTGA

SEQ ID NO:34 HLA-DRB4*01:01 codon optimized 79.78% homology with WT
ATGGTGTGCCTGAAGCTGCCTGGAGGCTCTTGTATGGCCGCTCTGACCGTGACACTGACCGTTCTGTCTAGCCCT
CTGGCTCTGGCCGGAGATACACAGCCTAGATTCCTGGAACAGGCCAAGTGCGAGTGCCACTTCCTGAACGGCACA
GAGAGAGTGTGGAATCTGATCAGATATATCTACAACCAGGAGGAATACGCCAGATACAACAGCGACCTGGGCGAG
TACCAGGCTGTGACCGAGCTGGGACGCCCCGACGCCGAGTACTGGAACAGCCAGAAAGATCTGCTGGAACGGAGA
CGGGCCGAGGTGGACACCTACTGCAGATATAATTACGGCGTGGTGGAAAGCTTCACCGTGCAAAGAAGGGTGCAG
CCTAAGGTGACCGTGTACCCCAGCAAGACCCAGCCACTGCAACACCACAACCTGCTGGTGTGTAGCGTGAACGGA
TTTTACCCTGGCAGCATCGAGGTGCGGTGGTTCCGGAACTCTCAGGAGGAAAAGGCCGGCGTCGTGTCCACCGGC
CTGATCCAGAACGGCGACTGGACCTTCCAGACCCTGGTGATGCTCGAGACAGTCCCCAGATCCGGCGAAGTGTAC
ACCTGCCAGGTGGAACATCCTAGCATGATGAGCCCCCTGACAGTTCAATGGTCCGCCCGGAGCGAGAGCGCCCAG
TCTAAAATGCTGAGCGGCGTGGGCGGCTTCGTGCTGGGACTGCTCTTTCTGGGCACCGGCCTGTTCATCTACTTC
AGAAACCAGAAGGGCCACAGCGGCCTGCAGCCTACAGGCCTTCTGAGCTGA

SEQ ID NO:35 HLA-DRB4*01:01 codon optimized 80.27% homology with WT
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ATGGTGTGTCTGAAGCTGCCTGGCGGAAGCAGCCTGGCTGCTCTGACCGTGACACTGATGGTGCTGAGCTCTAGA
CTGGCCTTCGCCGGAGATACCAGACCTAGATTCCTGGAACTGAGAAAGTCCGAGTGCCATTTCTTCAACGGCACC
GAGCGGGTGCGGTACCTGGATAGATATTTCCACAATCAAGAGGAATTCCTCAGATTCGACAGCGACGTGGGAGAG
TACCGCGCCGTGACCGAGCTGGGCAGACCAGTGGCCGAGTCTTGGAACAGCCAGAAGGACCTGCTGGAACAGAAA
CGTGGAAGAGTGGACAACTACTGCAGACACAATTACGGCGTGGGCGAGAGCTTCACCGTGCAGAGGCGGGTGCAC
CCCCAGGTTACAGTGTACCCTGCCAAGACCCAGCCTCTGCAACACCACAACCTGCTGGTGTGCAGCGTGTCCGGC
TTCTACCCCGGCAGCATCGAGGTGCGGTGGTTCCGGAACGGCCAGGAGGAAAAGGCCGGCGETGGTGTCAACAGGL
CTGATCCAGAACGGCGACTGGACCTTCCAGACACTGGTCATGCTGGAGACAGTCCCCAGATCCGGCGAAGTGTAC
ACCTGTCAGGTGGAACACCCTTCTGTGACCAGCGCTCTGACCGTCGAGTGGCGGGCCAGAAGCGAAAGCGCCCAG
AGCAAGATGCTGTCTGGCGTTGGAGGCTTTGTGCTGGGCCTGCTGTTCCTCGGTGCCGGCTTGTTTATCTACTTT
AGAAACCAGAAAGGCCACAGCGGCCTGCAGCCTACCGGCTTCCTGAGCTGA

SEQ ID NO:36 HLA-DRA codon optimized 80.92% homology with WT
ATGGCTATCTCTGGCGTGCCAGTGCTGGGCTTCTTCATCATCGCCGTGCTGATGAGCGCCCAGGAGTCTTGGGCC
ATCAAAGAGGAACATGTGATCATTCAGGCCGAATTCTATCTGAACCCCGATCAGAGCGGCGAGTTTATGTTCGAC
TTCGATGGCGACGAGATCTTCCACGTGGACATGGCCAAGAAGGAAACCGTGTGGCGGCTGGAAGAGTTTGGCAGA
TTCGCCAGCTTCGAGGCTCAAGGAGCTCTGGCCAACATCGCCGTGGATAAGGCCAATCTGGAAATCATGACCAAG
AGAAGCAACTACACCCCTATCACAAACGTGCCCCCCGAGGTGACCGTGCTCACCAACAGCCCCGTCGAGCTGCGG
GAACCTAACGTGCTGATCTGCTTCATCGACAAGTTCACCCCTCCAGTGGTGAACGTGACATGGCTGAGAAACGGC
AAGCCTGTGACCACAGGCGTGTCCGAGACAGTGTTCCTGCCTAGAGAGGACCACCTGTTCCGGAAGTTTCACTAC
CTGCCTTTCCTGCCTAGCACCGAGGATGTGTACGACTGCAGAGTGGAACACTGGGGCCTGGACGAGCCTCTGCTG
AAGCACTGGGAGTTCGACGCCCCTTCCCCTCTGCCCGAAACCACAGAGAACGTGGTTTGTGCCCTGGGACTGACC
GTCGGACTGGTGGGCATTATCATCGGCACTATCTTTATCATCAAGGGCGTTAGAAAAAGCAATGCCGCAGAAAGA
CGCGGCCCTCTTTGA

SEQ ID NO:37 4-1BBL codon optimized 77.85% homology with WT
ATGGAATATGCCAGCGACGCCAGCCTGGACCCTGAAGCCCCTTGGCCTCCTGCCCCTAGAGCCCGGGCCTGCAGA
GTGCTGCCTTGGGCCCTGGTTGCTGGCCTGCTGCTGCTGCTGCTGCTCGCCGCCGCTTGCGCCGTGTTTCTGGCT
TGTCCTTGGGCTGTGTCCGGCGCCCGGGCCAGCCCCGGCAGCGCTGCCTCTCCAAGACTGAGGGAAGGCCCTGAG
CTGAGCCCTGATGATCCAGCTGGACTGCTGGACCTGCGCCAGGGCATGTTCGCCCAGCTGGTCGCCCAGAACGTG
CTGCTGATCGACGGCCCCCTGAGCTGGTACAGCGACCCTGGCCTGGCCGGAGTGTCCCTCACCGGCGGCCTGTCC
TACAAAGAAGACACCAAGGAACTGGTGGTGGCAAAGGCCGGCGTGTACTACGTGTTCTTCCAGCTTGAGCTGAGA
CGGGTCGTGGCCGGCGAGGGATCTGGCTCTGTGTCTCTGGCCCTGCACCTGCAACCTCTGCGGAGCGCCGCCGGA
GCCGCTGCCCTGGCCCTGACAGTGGACCTGCCCCCCGCTTCTAGCGAGGCTAGAAACAGCGCCTTCGGCTTTCAG
GGAAGACTGCTTCATCTGAGCGCCGGCCAGAGACTGGGCGTGCACCTGCACACCGAGGCCAGAGCCAGACACGCC
TGGCAGCTGACACAGGGCGCCACCGTGCTGGGCCTGTTCCGGGTGACCCCTGAGATCCCCGCCGGCCTGCCCAGC
CCAAGAAGCGAGTAAGCTAGC

SEQ ID NO:38 4-1BBL codon optimized 75.91% homology with WT
ATGGGACTGAGTAACATTCTCTTCGTGATGGCCTTCCTGCTCTCTGGTGCTGCTCCGCTGAAGATTCAAGCTTAT
TTCAATGAGACTGCAGACCTGCCTTGCCAATTTGCAAACTCTCAGAACCAAAGCCTGAGTGAGCTAGTAGTATTT
TGGCAGGACCAAGAAAACTTGGTTCTGAATGAGGTGTACTTAGGCAAAGAGAAATTTGACAGTGTTCATTCCAAG
TATATGGGACGCACAAGTTTTGATTCGGACAGTTGGACCCTGAGACTTCATAATCTTCAGATCAAGGACAAGGGC
TTGTATCAGTGTATCATCCATCACAAAAAGCCCACAGGAATGATTCGCATCCACCAGATGAATTCAGAACTGTCA
GTGCTTGCTAATTTCAGTCAACCTGAAATAGTACCAATCTCTAATATAACAGAAAATGTGTACATAAATTTGACC
TGCTCATCGATACACGGTTACCCAGAACCTAAGAAGATGAGTGTTTTGTTAAGAACCAAGAATTCAACTATCGAG
TATGATGGTATTATGCAGAAGTCTCAAGATAATGTCACAGAACTGTACGACGTTTCCATCAGCTTATCTGTTTCA
TTCCCTGATGTTACGAGCAATATGACCATCTTCTGTATCCTGGAAACTGACAAGACGCGGCTTTTATCTTCACCT
TTCTCTATAGAGCTCGAGGACCCTCAGCCTCCCCCAGACCACATTCCTTGGATCACAGCTGTACTTCCAACAGTT
ATTATATGTGTGATGGTTTTCTGTCTAATACTATGGAAATGGAAGAAGAAGAAGCGGCCTCGCAACTCTTATAAA
TGTGGAACCAATACAATGGAGAGGGAAGAGAGTGAACAGACCAAGAAAAGGGAAAAAATCCATATACCTGAAAGA
TCTGATGAAGCTCAGCGTGTTTTTAAAAGTTCGAAGACATCTTCATGTGACAAAAGTGATACATGTTTTTAAGGA
TCC

SEQ ID NO:39 CSF2 codon optimized 76.60% homology with WT

ATGTGGCTGCAGAGCCTGCTGCTGCTGGGCACCGTCGCCTGCAGCATCTCCGCCCCTGCTAGATCCCCATCTCCA
AGCACCCAGCCTTGGGAACACGTGAACGCCATCCAGGAGGCCAGACGGCTGCTGAATCTGAGCCGGGACACCGCC
GCTGAAATGAACGAGACAGTGGAAGTGATTAGCGAGATGTTCGATCTGCAGGAGCCTACCTGTCTGCAAACAAGA
CTGGAACTGTACAAGCAGGGCCTGAGAGGAAGCCTGACCAAGCTGAAGGGCCCTCTGACCATGATGGCCAGCCAC
TACAAACAGCACTGCCCCCCCACACCTGAGACAAGCTGCGCCACCCAGATCATCACCTTCGAGTCTTTTAAGGAA
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AACCTGAAGGACTTCCTGCTCGTGATCCCCTTCGACTGCTGGGAGCCTGTGCAGGAGTGACT CGAGGAATTCGGA
TCC

SEQ ID NO:40 IFNA2 codon optimized 68.55% homology with WT
ATGGCCCTCACCTTCGCCCTGCTGGTCGCCCTGCTGGTGCTGTCCTGCAAGTCTAGCTGCAGCGTGGGCTGTGAC
CTGCCTCAAACACACTCCCTGGGCTCTAGAAGAACCCTGATGCTGCTGGCCCAGATGCGGAGAATCAGCCTGTTC
AGCTGTCTGAAAGATAGACACGACTTCGGCTTCCCTCAGGAGGAATTCGGCAACCAGTTTCAGAAGGCCGAAACC
ATCCCTGTGCTGCACGAGATGATTCAGCAGATCTTCAATCTTTTTTCTACAAAGGATAGCAGCGCCGCTTGGGAC
GAGACCCTGCTGGATAAGTTCTACACAGAGCTGTATCAGCAGCTGAACGACCTGGAAGCCTGCGTGATCCAGGGC
GTGGGAGTGACCGAGACCCCACTGATGAAAGAGGACAGCATCCTGGCTGTGCGGAAGTACTTCCAAAGAATCACC
CTGTACCTGAAGGAAAAGAAGTACAGCCCCTGCGCCTGGGAGGTGGTGCGGGCCGAGATCATGAGGTCCTTCTCT
CTGAGCACAAACCTGCAGGAGAGCCTGAGAAGCAAGGAATGACTCGAGGCTAGC

SEQ ID NO:41 IL-7 codon optimized 72.64% homology with WT
ATGTTTCACGTGTCCTTCCGGTACATCTTCGGCCTGCCTCCACTGATCCTGGTGCTGCTCCCCGTGGCCTCTAGC
GACTGCGATATCGAGGGCAAGGACGGCAAACAGTACGAGAGCGTGCTGATGGTCTCCATCGACCAGCTGCTGGAC
AGCATGAAGGAAATCGGCAGCAACTGCCTGAACAACGAGTTCAACTTCTTCAAGCGGCACATCTGTGATGCCAAC
AAGGAAGGCATGTTCTTGTTTAGAGCCGCTAGAAAGCTGAGGCAGTTCCTGAAGATGAACAGCACCGGCGACTTC
GACCTGCACCTGCTGAAGGTGTCTGAGGGAACAACCATCCTGCTTAATTGCACCGGACAAGTGAAGGGCAGAAAG
CCTGCTGCCCTGGGCGAGGCCCAGCCTACAAAGAGCCTGGAAGAGAACAAAAGCCTGAAAGAACAGAAAAAGCTG
AATGATCTGTGCTTCCTGAAGAGACTGCTGCAGGAGATTAAGACCTGTTGGAACAAGATCCTGATGGGCACCAAG
GAACATTGACTCGAGGGATCC

SEQ ID NO:42 IL-7 codon optimized 77.32% homology with WT
ATGTGCCATCAGCAGCTGGTCATTAGCTGGTTCTCCCTGGTGTTCCTGGCCAGCCCTCTGGTGGCCATCTGGGAA
CTGAAGAAGGACGTGTACGTAGTGGAACTGGACTGGTACCCTGATGCCCCTGGCGAGATGGTGGTGCTGACATGC
GACACCCCTGAGGAAGATGGCATCACATGGACCCTGGATCAGTCTTCTGAGGTGCTGGGATCTGGCAAAACCCTC
ACAATTCAGGTGAAGGAATTTGGCGATGCCGGACAGTACACATGCCACAAAGGCGGAGAGGTGCTGAGCCACTCG
CTTCTGCTGCTGCACAAGAAAGAGGACGGCATCTGGTCCACCGACATCCTGAAGGACCAGAAGGAACCCAAGAAC
AAAACCTTCCTGCGCTGCGAGGCCAAGAACTACAGCGGCAGATTCACCTGTTGGTGGCTGACCACCATCAGCACA
GATCTGACCTTTTCTGTGAAGAGCAGCAGAGGCAGCAGCGACCCCCAGGGCGTGACATGCGGCGCCGCCACCCTG
TCTGCCGAGAGAGTGCGGGGCGACAACAAGGAATATGAGTACAGCGTGGAGTGCCAGGAGGACAGCGCCTGTCCT
GCTGCTGAGGAAAGCCTGCCTATCGAGGTGATGGTCGACGCTGTGCACAAGCTGAAGTACGAGAACTACACCAGC
AGTTTTTTCATCCGGGACATCATCAAGCCTGATCCACCTAAGAACCTGCAACTGAAACCTCTGAAAAATAGCAGA
CAGGTGGAAGTCAGCTGGGAGTACCCCGATACATGGAGCACCCCACACAGCTACTTCAGCCTGACCTTCTGCGTG
CAGGTTCAGGGCAAGTCCAAGCGGGAAAAGAAAGACCGGGTGTTCACCGATAAGACATCTGCTACAGTGATCTGC
AGAAAGAACGCCAGCATCTCCGTCAGAGCCCAGGACAGATACTACAGCTCTAGCTGGTCGGAGTGGGCCAGCGTG
CCTTGCAGCGTGCCCGGCGTGGGCGTGCCCGGAGTGGGAGCTAGAAACCTGCCAGTGGCCACCCCTGACCCTGGC
ATGTTCCCCTGTCTGCACCACAGCCAGAACCTCCTGCGGGCCGTGTCCAACATGCTGCAGAAAGCCCGGCAGACC
CTGGAATTCTACCCCTGTACCTCCGAAGAGATCGACCACGAGGATATCACCAAGGACAAGACCTCCACCGTGGAA
GCCTGCCTGCCTCTTGAACTGACCAAGAATGAGAGCTGTCTGAATAGCAGAGAAACCAGCTTCATCACGAACGGC
AGCTGCCTGGCCAGCCGGAAGACATCTTTTATGATGGCCCTGTGTCTGAGCAGCATCTACGAGGACCTGAAGATG
TACCAGGTGGAGTTCAAGACCATGAACGCTAAGCTGCTGATGGACCCCAAGAGACAAATCTTCCTGGACCAAAAT
ATGCTGGCTGTTATCGACGAGCTGATGCAGGCCCTGAACTTCAACAGCGAGACAGTGCCTCAGAAAAGCAGCCTG
GAAGAGCCTGACTTCTATAAGACAAAGATCAAGCTGTGCATCCTGCTGCACGCCTTCAGAATCAGAGCCGTGACC
ATCGATAGGGTGATGTCTTACCTGAACGCCTCATAAGTTTAAAC

SEQ ID NO:43 CD80 codon optimized 77.28% homology with WT
ATGGGCCACACAAGAAGGCAGGGCACCAGCCCTAGCAAGTGTCCTTACCTGAATTTCTTCCAGCTGCTGGTGCTG
GCTGGCCTGAGCCACTTCTGCAGCGGCGTGATCCACGTGACAAAGGAAGTCAAGGAGGTTGCTACCCTGAGCTGC
GGCCACAACGTGTCCGTGGAAGAGCTGGCCCAGACAAGAATCTACTGGCAAAAGGAAAAGAAAATGGTGCTGACA
ATGATGAGCGGAGATATGAACATCTGGCCTGAGTACAAGAACCGGACAATCTTCGACATCACCAACAACCTGTCT
ATCGTGATCCTGGCCCTGAGACCTTCTGATGAGGGCACCTATGAGTGCGTGGTGCTGAAGTACGAGAAGGACGCC
TTCAAGCGCGAACATCTCGCCGAGGTGACCCTGAGCGTGAAGGCCGACTTCCCTACCCCTAGCATCAGCGACTTC
GAGATCCCCACCTCCAACATCAGAAGAATCATCTGTAGCACCAGCGGCGGATTTCCAGAACCCCACCTGAGCTGG
CTGGAAAATGGCGAGGAACTGAACGCCATTAACACCACCGTGTCCCAGGACCCCGAGACAGAGCTGTACGCCGTG
TCAAGCAAACTGGACTTTAACATGACAACCAATCACAGCTTTATGTGCCTGATCAAGTACGGTCACCTCAGAGTG
AACCAGACCTTCAACTGGAACACCACAAAACAGGAGCACTTCCCCGATAACCTGCTGCCATCTTGGGCCATCACC
CTGATCAGCGTCAATGGCATCTTCGTGATCTGCTGCCTGACCTACTGCTTCGCCCCTAGATGTAGAGAGAGAAGA
CGGAACGAGCGGCTGCGGCGGGAATCTGTGCGGCCTGTGTGA
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SEQ ID NO:44 IL-12 (biocactive form containing subunits p40 and p35)
ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCCCCTCGTGGCCATATGGGAA
CTGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGT
GACACCCCTGAAGAAGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAAAACCCTG
ACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCACAAAGGAGGCGAGGTTCTAAGCCATTCG
CTCCTGCTGCTTCACAAAAAGGAAGATGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAAT
AAGACCTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACT
GATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTC
TCTGCAGAGAGAGTCAGAGGGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCCCA
GCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGCTCAAGTATGAAAACTACACCAGC
AGCTTCTTCATCAGGGACATCATCAAACCTGACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGG
CAGGTGGAGGTCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGACATTCTGCGTT
CAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCATCTGC
CGCAAAAATGCCAGCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTG
CCCTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGTGGCCACTCCAGACCCAGGA
ATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACT
CTAGAATTTTACCCTTGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACAGTGGAG
GCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCAGAGAGACCTCTTTCATAACTAATGGG
AGTTGCCTGGCCTCCAGAAAGACCTCTTTTATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATG
TACCAGGTGGAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTTCTAGATCAAAAC
ATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAATCCTCCCTT
GAAGAACCGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGCTTTCAGAATTCGGGCAGTGACT
ATTGATAGAGTGATGAGCTATCTGAATGCTTCCTAA

SEQ ID NO:45 HLA-A Synthego modified EZ scaffold
A*C*A*GCGACGCCGCGAGCCAG

SEQ ID NO:46 HLA-DBR3 Synthego modified EZ scaffold
U*G*C*AGACACAACUACGGGGU

SEQ ID NO:47 [pCCLc-EFla-X-MNDU3-X-WPRE] Extracted MacVector File - [Name]
PCCLc-EF1a-X-MNDU3-X-WPRE.nucl - [Original File Date] : 1999-08-22[LOCUS]
:pCCLc—-X-WPRE 8410 bp DNA linear SYN 22-Aug-1999 - 8410 bp
CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATC
CGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCC
GTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGA
GTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTA
TTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCA
CAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTG
CGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATG
TAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTG
TAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAG
ACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATA
AATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCG
TAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCAC
TGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAAT
TTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACT
GAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGC
AAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAA
CTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACT
CTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC
TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACAC
AGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTC
CCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG
GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCT
CGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTT
TTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATA
CCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAAC
CGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTA

148



WO 2023/167973 PCT/US2023/014337

TGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAA
TTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTGCAAGCTTGGCCATTGCATACGTTGTATCCATATCATAATA
TGTACATTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAAT
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAA
GTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACT
TTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATG
GGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGC
ACCAAAATCAACGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG
GTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAG
CTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCC
CGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGC
GCCCGAACAGGGACCTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGC
GCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAGAGAG
ATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAATCGCGATGGCGAAAAAATTCGGTTAAGGCCAGGGGG
AAAGAAAAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCT
GTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACT
TAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAGC
TTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGCACAGCAAGCGGCCGCTGATCTTCAGACCTG
GAGGAGGAGATATGAGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAG
TAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTG
GGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCCTCAATGACGCTGACGGTACAGGCCAGACAATTATTGT
CTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCT
GGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATTT
GGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAAC
AGATTGGAATCACACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAATACACTCCTTAAT
TGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAA
TTGGTTTAACATAACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAG
AATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCT
CCCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGT GGAGAGAGAGACAGAGACAGATCCAT
TCGATTAGTGAACGGATCTCGACGGTATCGATCTCGACACAAATGGCAGTATTCATCCACAATTTTAAAAGAARAA
GGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTA
CAAAAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGAGAGATCCAGTTTGGGTCGAGGATC
GATCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGEGAGGGG
TCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGETAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCC
TTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTG
CCGCCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGC
CTTGAATTACTTCCACGCCCCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAG
AGTTCGAGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCC
GCGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTTGAT
GACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTGCACACTGGTATTTCGG
TTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGL
GGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTA
TCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCC
CTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCCGGGAGAGCGGGCEGGTGAGTCACCCACACAAAGGAAAAG
GGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTT
CTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTG
GGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGATC
TTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGGATCCCCGGGTA
CCGAGCTCGAATTCATCGATCGATTAGTCCAATTTGTTAAAGACAGGATATCAGTGGTCCAGGCTCTAGTTTTGA
CTCAACAATATCACCAGCTGAAGCCTATAGAGTACGAGCCATAGATAGAATAAAAGATTTTATTTGTCTCCAGAA
AAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGGAT CAAGGTTAGGACAGAGAGACAGCAGAAT
ATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGTTGGAACAGCAGAAT
ATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGC
GGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTG
CCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGCGCGATCTAGATCCGCTAGCCACGTGGTTTAAACGTCGACAATCAACCTCTGGAT
TACAAAATTTGTGAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAA
TGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTC
TTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTG
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GTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAAC
TCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGG
GGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACG
TCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTC
GCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAATTCGATATCCCCGGGTGATCA
GGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGTCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAA
GGGCTAATTCACTCCCAACGAAGACAAGATCTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACCAGATCTGA
GCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTA
GTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCT
AGCAGTAGTAGTTCATGTCATCTTATTATTCAGTATTTATAACTTGCAAAGAAATGAATATCAGAGAGTGAGAGG
AACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTT
TACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGCTCTAGCTATCCCGCCCCT
AACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTAT
TTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGG
CTTTTGCGTCGAGACGTACCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAA
CGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGT
AATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCGACGCGLCC
TGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGL
CCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGC
TCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTA
GTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGT
TCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCT
ATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTCC

SEQ ID NO:48 Peptide antigen for HLA-A*02:0l1l-restricted TCR
AAGIGILTV

SEQ ID NO: 49 Peptide antigen for HLA-A*(01l:0l-restricted TCR
EVDPIGHLY

SEQ ID NO: 50 Peptide antigen for HLA-A*24:02-restricted TCR
CMTWNQMNL

SEQ ID NO: 51 Peptide antigen for HLA-DRB4*010l-restricted TCR
RSFLVNOQMINEAKKQLLEFEFD

SEQ ID NO: 52 Peptide antigen for HLA-DRB3*010l-restricted TCR
ISLETVAIDRPAEVRKV

SEQ ID NO: 53 Peptide antigen for HLA-DRB3*0202-restricted TCR
SASHLEQYGTNEYSITISSMK

SEQ ID NO: 54 Peptide antigen for HLA-DRB5*010l-restricted TCR
SSFERFEIFPKESSWPN

150



WO 2023/167973 PCT/US2023/014337

WHAT IS CLAIMED IS:

1. A modified human cancer cell comprising: (a) one or more recombinant
polynucleotides each encoding an allele of a human leukocyte antigen (HLA) class I gene; and
(b) one or more recombinant polynucleotides each encoding an allele of an HL A class IT gene,

wherein one or more HLA alleles endogenous to the cell have been inactivated.

2. The modified human cancer cell of claim 1, wherein (a) comprises a first
recombinant polynucleotide encoding a first allele of an HLA class I gene and a second

recombinant polynucleotide encoding a second allele of the HLA class I gene.

3. The modified human cancer cell of claim 1 or 2, wherein (b) comprises
a first recombinant polynucleotide encoding an allele of a first HLA class II gene and a second

recombinant polynucleotide encoding an allele of a second HLA class II gene.

4. The modified human cancer cell of claim 1 or 2, wherein (b) comprises
a first recombinant polynucleotide encoding a first allele of an HLA class II gene and a second

recombinant polynucleotide encoding a second allele of the HLA class II gene.

5. The modified human cancer cell of any one of claims 1 to 4, wherein the
HLA class I gene comprises an HLA-A gene, an HLA-B gene, an HLA-C gene, an HLA-E
gene, an HLA-F gene, an HLA-G gene, a beta-2-microglobulin (B2M) gene, or a combination
thereof.

6. The modified human cancer cell of claim 5, wherein the allele of the
HLA-A gene comprises an HLA-A*01:01 allele, an HLA-A*02:01 allele, an HLA-A*02:06
allele, an HLA-A*03:01 allele, an HLA-A*11:01 allele, an HLA-A*23:01 allele, an HLA-
A*24:02 allele, an HLA-A*26:01 allele, an HLA-A*29:02 allele, an HLA-A*31:01 allele, an
HLA-A*32:01 allele, an HLA-A*33:03 allele, an HLA-A*68:01 allele, or a combination
thereof.

7. The modified human cancer cell of claim 5 or 6, wherein the allele of
the HLA-A gene comprises:

(1) an HLA-A*01:01 allele and an HLA-A*68:01 allele;

(i1) an HLA-A*02:01 allele and an HLA-A*11:01 allele;

(1i1) an HLA-A*03:01 allele and an HLA-A*23:01 allele; or
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(iv) an HLA-A*33:03 allele.

8. The modified human cancer cell of claim 7, wherein (iv) further

comprises an HLA-A*24:02 allele.

9. The modified human cancer cell of any one of claims 1 to 8, wherein the
HLA class II gene comprises an HLA class II alpha subunit gene, an HLA class II beta subunit

gene, or a combination thereof.

10. The modified human cancer cell of any one of claims 1 to 8, wherein the
HLA class II gene comprises an HLA-DP gene, an HLA-DM gene, an HLA-DO gene, an HLA-
DQ gene, an HLA-DR gene, or a combination thereof.

11. The modified human cancer cell of claim 10, wherein the HLA-DM
gene comprises an HLA-DMA gene, an HLA-DMB gene, or a combination thereof.

12. The modified human cancer cell of claim 10, wherein the HLA-DR gene
comprises an HLA-DRA gene, an HLA-DRB1 gene, an HLA-DRB3 gene, an HLA-DRB4
gene, an HLA-DRBS gene, or a combination thereof.

13. The modified human cancer cell of claim 11 or 12, wherein the allele of
the HLA-DRB3 gene comprises an HLA-DRB3*01:01 allele, an HLA-DRB3*02:02 allele, an
HLA-DRB3*03:01 allele, or a combination thereof.

14. The modified human cancer cell of any one of claims 11 to 13, wherein
the allele of the HLA-DRB4 gene comprises an HLA-DRB4*01:01 allele, an HLA-
DRB4*01:03 allele, or a combination thereof.

15. The modified human cancer cell of any one of claims 11 to 14, wherein
the allele of the HLA-DRBS gene comprises an HLA-DRB5*01:01 allele, an HLA-
DRB5*01:02 allele, an HLA-DRB5*02:02 allele, or a combination thereof.

16. The modified human cancer cell of any one of claims 10 to 15, wherein
the allele of the HLA-DR gene comprises:

(1) an HLA-DRB3*02:02 allele and an HLA-DRB5*01:01 allele;

(i1) an HLA-DRB4*01:01 allele and an HLA-DRB3*01:01 allele;

(1i1) an HLA-DRB3*03:01 allele and an HLA-DRB5*01:02 allele; or
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(iv) an HLA-DRB5%*02:02 allele and an HLA-DRB3*01:01 allele.

17. The modified human cancer cell of any one of claims 10 to 15, wherein
the allele of the HLA-DR gene comprises:

(1) an HLA-DRB3*02:02 allele and an HLA-DRB4*01:01 allele;

(i1) an HLA-DRB4*01:01 allele and an HLA-DRB3*03:01 allele;

(1i1) an HLA-DRB3*01:01 allele and an HLA-DRB5*01:02 allele; or

(iv) an HLA-DRB5*01:01 allele and an HLA-DRB5*02:02 allele.

18. A modified human cancer cell comprising:

(a) a recombinant polynucleotide encoding at least one of an HLA-A*01:01
allele, an HLA-A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB5*01:01 allele;

(b) a recombinant polynucleotide at least one of encoding an HLA-A*02:01
allele, an HLA-A*11:01 allele, an HLA-DRB4*01:01 allele, and an HLA-DRB3*01:01 allele;

(c) a recombinant polynucleotide encoding at least one of an HLA-A*03:01
allele, an HLA-A*23:01 allele, an HLA-DRB3*03:01 allele, and an HLA-DRB5*01:02 allele;
or

(d) a recombinant polynucleotide encoding at least one of an HLA-A*24:02
allele, an HLA-A*33:03 allele, an HLA-DRB5*02:02 allele, and an HLA-DRB3*01:01 allele,

wherein one or more HLA alleles endogenous to the cell have been inactivated.

19. The modified human cancer cell of claim 18, comprising:

(a) a recombinant polynucleotide encoding an HLA-A*01:01 allele, an HLA-
A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB5*01:01 allele;

(b) a recombinant polynucleotide encoding an HLA-A*02:01 allele, an HLA-
A*11:01 allele, an HLA-DRB4*01:01 allele, and an HLA-DRB3*01:01 allele;

(c) a recombinant polynucleotide encoding an HLA-A*03:01 allele, an HLA-
A*23:01 allele, an HLA-DRB3*03:01 allele, and an HLA-DRB5*01:02 allele; or

(d) a recombinant polynucleotide encoding an HLA-A*24:02 allele, an HLA-
A*33:03 allele, an HLA-DRB5*02:02 allele, and an HLA-DRB3*01:01 allele,

wherein one or more HLA alleles endogenous to the cell have been inactivated.

20. A modified human cancer cell comprising:
(a) a recombinant polynucleotide encoding at least one of an HLA-A*01:01

allele, an HLA-A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB4*01:01 allele;
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(b) a recombinant polynucleotide at least one of encoding an HLA-A*02:01
allele, an HLA-A*11:01 allele, an HLA-DRB4*01:01 allele, and an HLA-DRB3*03:01 allele;

(c) a recombinant polynucleotide encoding at least one of an HLA-A*03:01
allele, an HLA-A*23:01 allele, an HLA-DRB3*01:01 allele, and an HLA-DRB5*01:02 allele;
or

(d) a recombinant polynucleotide encoding at least one of an HLA-A*33:03
allele, an HLA-DRB5*01:01 allele, and an HLA-DRB5*02:02 allele,

wherein one or more HLA alleles endogenous to the cell have been inactivated.

21. The modified human cancer cell of claim 20, comprising:

(a) a recombinant polynucleotide encoding an HLA-A*01:01 allele, an HLA-
A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB4*01:01 allele;

(b) a recombinant polynucleotide encoding an HLA-A*02:01 allele, an HLA-
A*11:01 allele, an HLA-DRB4*01:01 allele, and an HLA-DRB3*03:01 allele;

(c) a recombinant polynucleotide encoding an HLA-A*03:01 allele, an HLA-
A*23:01 allele, an HLA-DRB3*01:01 allele, and an HLA-DRB5*01:02 allele; or

(d) a recombinant polynucleotide encoding an HLA-A*33:03 allele, an HLA-
DRB5*01:01 allele, and an HLA-DRB5*02:02 allele,

wherein one or more HLA alleles endogenous to the cell have been inactivated.

22. The modified human cancer cell of claim 20 or 21, wherein (d) further

comprises an HLA-A*24:02 allele.

23. The modified human cancer cell of any one of claims 18 to 22, further

comprising a recombinant polynucleotide encoding a cytokine.

24, The modified human cancer cell of claim 23, wherein the cytokine

comprises a chemokine, an interferon, an interleukin, or a tumor necrosis factor.

25. The modified human cancer cell of claim 24, wherein the recombinant
polynucleotide encoding the cytokine comprises a recombinant polynucleotide encoding an
early T cell activation antigen-1 (ETA-1), a lymphocyte-activating factor (LAF), an
interleukin-1 family member (IL-1a, IL-B, IL-1Ra, 1L.-18, IL-33, IL.-36Ra, IL.-36q, IL-36f3, IL-
36Y, IL-37, IL-38), an interleukin-2 (IL-2), an interleukin-3 (IL-3), an interleukin-4 (IL-4), an
interleukin-5 (IL-5), an interleukin-6 (IL-6), an interleukin-7 (IL-7), an interleukin-8 (IL-8), an
interleukin-9 (IL-9), an interleukin-10 (IL-10), an interleukin-12 (IL-12), an interleukin-13 (IL-
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13), an interleukin-15 (IL-15), an interleukin-17 (IL-17), an interleukin-18 (IL-18), an
interleukin-21 (IL-21), an interleukin-23 (IL-23), an interleukin-25 (IL-25), an interleukin-33
(IL-33), an interferon alpha (IFN-a), an interferon lambda 1 (IFNA1 (IL-29)), an interferon
lambda 2 (IFNA2 (IL-28A)), an interferon lambda 3 (IFNA1 (IL-28B)), an interferon lambda 4
(IFNA4), a granulocyte-macrophage colony-stimulating factor (GM-CSF), a macrophage CSF
(CSF-1), a macrophage migration inhibitory factor (MIF), a CD40L molecule (CD40L), a
RANTES molecule (RANTES), a monocyte chemoattractant protein (MCP-1), a monocyte
inflammatory protein (MIP-1a, MIP-1p), a lymphotactin, or a fractalkine.

26. The modified human cancer cell of any one of claims 23 to 25, wherein

the cytokine comprises a granulocyte-macrophage colony-stimulating factor (GM-CSF).

27. The modified human cancer cell of any one of claims 23 to 26, wherein
the cytokine comprises a recombinant polynucleotide encoding an interferon alpha (IFN-a), an
interferon lambda 1 (IFNA1 (IL-29)), an interferon lambda 2 (IFNA2 (IL-28A)), an interferon
lambda 3 (IFNA1 (IL-28B)), or an interferon lambda 4 (IFNA4).

28. The modified human cancer cell of any one of claims 1 to 27, further

comprising a recombinant polynucleotide encoding a co-stimulatory molecule.

29. The modified human cancer cell of claim 28, wherein the recombinant
polynucleotide encoding the co-stimulatory molecule comprises a recombinant polynucleotide
encoding a CD86 molecule (CD86), CD80 molecule (CD80), 4-1BB ligand molecule (4-1BBL
a.k.aCD137L), ICOS ligand molecule (ICOS-L), CD70 molecule (CD70 a.k.a. CD27L), CD40
molecule (CD40), OX40 ligand molecule (OX40L), GITR ligand molecule (GITRL), TIM-4
molecule (TIM-4), LIGHT molecule (LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule
(LFA3), a CD30 molecule (CD30), or a combination thereof.

30. The modified human cancer cell of any one of claims 1 to 29, further
comprising a recombinant polynucleotide encoding an antigen of a pathogen, a tumor-
associated antigen, a neo-antigen, an allergen, an antigen that is the target of an autoimmune

response, or a fragment thereof.

31 The modified human cancer cell of any one of claims 1 to 30, wherein

one or more HLA-A and/or HLA-DR alleles endogenous to the cell have been inactivated.
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32. The modified human cancer cell of claim 31, wherein the one or more

HLA-A alleles comprises an HLA-A*24:02 allele and/or an HLA-A*11:01 allele.

33. The modified human cancer cell of claim 31 or 32, wherein the one or

more HLA-DR alleles comprises one or more HLA-DRB3 alleles.

34. The modified human cancer cell of claim 33, wherein the one or more
HLA-DRBS3 alleles comprises an HLA-DRB3*01:01 allele and/or an HLA-DRB3*02:02

allele.

35. The modified human cancer cell of any one of claims 1 to 34, wherein

one or more of the recombinant polynucleotides is present on a vector in the cell.

36. The modified human cancer cell of claim 35, wherein the vector

comprises two recombinant polynucleotides each encoding an allele of an HLA class I gene.

37. The modified human cancer cell of claim 35, wherein the vector

comprises two recombinant polynucleotides each encoding an allele of an HL A class II gene.

38. The modified human cancer cell of claim 35, wherein the vector
comprises two recombinant polynucleotides each encoding an allele of an HLA class I gene

and two recombinant polynucleotides each encoding an allele of an HLA class II gene.

39. The modified human cancer cell of any one of claims 1 to 35, wherein
the one or more recombinant polynucleotides each encoding an allele of an HLA class I gene
and the one or more recombinant polynucleotides each encoding an allele of an HLA class II

gene are present on the same vector in the cell.

40. The modified human cancer cell of any one of claims 1 to 35, wherein
the one or more recombinant polynucleotides each encoding an allele of an HLA class I gene
and the one or more recombinant polynucleotides each encoding an allele of an HLA class II

gene are present on separate vectors in the cell.

41. The modified human cancer cell of any one of claims 1 to 35, wherein
the one or more recombinant polynucleotides each encoding two alleles of HLA class I genes
and the one or more recombinant polynucleotides each encoding two alleles of HLA class II

genes are present on separate vectors in the cell.
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42. The modified human cancer cell of any one of claims 1 to 41, wherein
one or more of the recombinant polynucleotides comprises a sequence having at least 85%

identity to any one of SEQ ID NOS:22-35.

43. The modified human cancer cell of any one of claims 1 to 42, wherein
one or more of the recombinant polynucleotides comprises the sequence of any one of SEQ ID

NOS:22-35.

44. The modified human cancer cell of any one of claims 1 to 43, wherein

the human cancer cell is a human cancer cell line.

45. The modified human cancer cell of claim 44, wherein the human cancer

cell line is a breast cancer, prostate cancer, melanoma, or lung cancer cell line.

46. The modified human cancer cell of any one of claims 1 to 45, further

comprising an inactivated CD47 molecule.

47. The modified human cancer cell of any one of claims 1 to 46, further

comprising an inactivated [i(CD74) molecule.

48. The modified human cancer cell of any one of claims 1 to 47, wherein
the one or more recombinant polynucleotides each comprises a heterologous polynucleotide
sequence between the polynucleotide sequence encoding a first HLA allele and a second HLA
allele, wherein the heterologous polynucleotide sequence encodes one or more self-cleaving

peptides.

49.  The modified human cancer cell of claim 48, wherein the self-cleaving
peptide is positioned at the 3° end of the first HLA allele and at the 5’ end of the second HLA

allele.

50. The modified human cancer cell of any one of claims 1 to 49, wherein

the self-cleaving peptide comprises T2A, P2A, E2A, or a combination thereof.

51. A modified human cancer cell comprising:

(a) one or more vectors each comprising a recombinant polynucleotide encoding
at least one gene selected from GM-CSF, IFN-a, CD86, IL-12, CD80, HLA-DRA, IL-7, and
4-1BBL:
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(b) one or more vectors each comprising a recombinant polynucleotide
encoding at least one HLA-A allele selected from an HLA-A*01:01 allele, an HLA-A*68:01
allele, an HLA-A*02:01 allele, an HLA-A*11:01 allele, an HLA-A*03:01 allele, an HLA-
A*23:01 allele, an HLA-A*24:02, and an HLA-A*33:03 allele; and

(c) one or more vectors each comprising a recombinant polynucleotide encoding
at least one HLA-DR allele selected from an HLA-DRB3*02:02, HLA-DRB5*01:01, HLA-
DRB4*01:01, HLA-DRB3*01:01, HLA-DRB3*03:01, HLA-DRB5*01:02, and/or HLA-
DRB5*02:02,

wherein one or more HLA alleles endogenous to the cell have been inactivated.

52. The modified human cancer cell of claim 51, wherein:

(b) comprises one vector comprising a recombinant polynucleotide encoding an
HLA-A*01:01 allele and an HLA-A*68:01 allele, or an HLA-A*02:01 allele and an HLA-
A*11:01 allele, or an HLA-A*03:01 allele and an HLA-A*23:01 allele, or an HLA-A*24:02
allele and an HLA-A*33:03 allele; and

(c) comprises one vector comprising a recombinant polynucleotide encoding an
HLA-DRB3*02:02 allele and an HLA-DRB5*01:01 allele, or an HLA-DRB4*01:01 allele and
an HLA-DRB3*01:01 allele, or an HLA-DRB3*03:01 allele and an HLA-DRB5*01:02 allele,
or an HLA-DRB5*02:02 allele and an HLA-DRB3*01:01 allele.

53. The modified human cancer cell of claim 51 or 52, wherein:

(a) comprises four vectors each comprising a recombinant polynucleotide
encoding two different genes selected from GM-CSF, IFN-qa, CD86, IL-12, CD80, HLA-DRA,
IL-7, and 4-1BBL.

54. The modified human cancer cell of any one of claims 51 to 53, wherein

one or more HLA-A and/or HLA-DR alleles endogenous to the cell have been inactivated.

55. The modified human cancer cell of claim 54, wherein the one or more
inactivated endogenous HLA-A alleles comprises an HLA-A*24:02 allele and/or an HLA-
A*11:01 allele.

56. The modified human cancer cell of claim 54 or 55, wherein the one or

more inactivated endogenous HLA-DR alleles comprises one or more HLA-DRB3 alleles.
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57. The modified human cancer cell of claim 56, wherein the one or more
inactivated endogenous HLA-DRB3 alleles comprises an HLA-DRB3*01:01 allele and/or an
HLA-DRB3*02:02 allele.

58. The modified human cancer cell of any one of claims 51 to 57, wherein
one or more of the recombinant polynucleotides comprises a sequence having at least 85%

identity to any one of SEQ ID NOS:22-44.

59. The modified human cancer cell of any one of claims 51 to 58, wherein
one or more of the recombinant polynucleotides comprises the sequence of any one of SEQ ID

NOS:22-44.

60. The modified human cancer cell of any one of claims 51 to 59, wherein

the human cancer cell is a human cancer cell line.

61. The modified human cancer cell of claim 60, wherein the human cancer

cell line is a breast cancer, prostate cancer, melanoma, or lung cancer cell line.

62. A replication-incompetent modified human cancer cell of any one of

claims 1 to 61.

63. The replication-incompetent modified human cancer cell of claim 62,
wherein the modified human cancer cell is rendered replication incompetent by irradiation,

freeze-thawing, or mitomycin C treatment.

64. A composition comprising a modified human cancer cell of any one of

claims 1 to 63.

65. The composition of claim 64, wherein the composition comprises at

least 1,000,000 cells.

60. A pharmaceutical composition comprising the composition of claim 64

or 65 and a pharmaceutically acceptable carrier.

67.  The pharmaceutical composition of claim 66, further comprising a

cryoprotectant.
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68. A method for treating cancer in a subject, the method comprising
administering to the subject a therapeutically effective amount of the pharmaceutical

composition of claim 66 or 67.

69. The method of claim 68, wherein the pharmaceutical composition is

administered every week.

70.  The method of any one of claims 68 to 69, wherein the pharmaceutical

composition is administered at a dose of at least 1,000,000 cells.

71.  The method of any one of claims 68 to 70, wherein the pharmaceutical

composition is administered intradermally in the upper back or thighs of the subject.

72.  The method of any one of claims 68 to 71, further comprising
administering to the subject a therapeutically effective amount of cyclophosphamide at least 2

days prior to the administering of the pharmaceutical composition.

73.  The method of any one of claims 68 to 72, further comprising
administering to the subject a therapeutically effective amount of IFN-a2b at least 1 hour after

and at least 1 day following the administering of the pharmaceutical composition.

74. A kit for treating a subject with cancer comprising the pharmaceutical

composition of claim 66 or 67.

75. The kit of claim 74, further comprising a therapeutically effective
amount of IFN-a2b.

76. A vector comprising:

(a) a recombinant polynucleotide encoding an HLA-A*02:01 allele, an HLA-
A*11:01 allele, an HLA-DRB4*01:01 allele, and an HLA-DRB3*03:01 allele;

(b) a recombinant polynucleotide encoding an HLA-A*01:01 allele, an HLA-
A*68:01 allele, an HLA-DRB3*02:02 allele, and an HLA-DRB4*01:01 allele;

(c) a recombinant polynucleotide encoding an HLA-A*03:01 allele, an HLA-
A*23:01 allele, an HLA-DRB3*01:01 allele, and an HLA-DRB5*01:02 allele; or

(d) a recombinant polynucleotide encoding an HLA-A*33:03 allele, an HLA-
DRB5*01:01 allele, and an HLA-DRB5*02:02 allele,
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wherein each recombinant polynucleotide in (a)-(d) further comprises a

polynucleotide encoding a self-cleaving peptide between two HLA alleles.

77.  The vector of claim 76, wherein (d) further comprises an HLA-A*24:02
allele.

78. The vector of claim 76 or 77, wherein the polynucleotide encoding the
self-cleaving peptide is positioned at the 3’ end of a first HLA allele and at the 5” end of a
second HLA allele.

79.  The vector of any one of claims 76 to 78, wherein the self-cleaving

peptide comprises T2A, P2A, E2A, or a combination thereof.

80. The vector of any one of claims76 to 79, wherein the recombinant
polynucleotide comprises at least one of a sequence having at least 85% identity to any one of

SEQ ID NOS:22-35.

81.  The vector of any one of claims 76 to 80, wherein the recombinant

polynucleotide comprises at least one of any one of SEQ ID NOS:22-35.

82.  The vector of any one of claims 76 to 81, wherein the recombinant

polynucleotide comprises a MNDU3 promoter.

83. The vector of any one of claims 76 to 82, further comprising a

recombinant polynucleotide encoding a cytokine.

84. The vector of claim 83, wherein the cytokine comprises a chemokine,

an interferon, an interleukin, or a tumor necrosis factor.

85.  The vector of claim 84, wherein the recombinant polynucleotide
encoding the cytokine comprises a recombinant encoding polynucleotide an early T cell
activation antigen-1 (ETA-1), a lymphocyte-activating factor (LAF), an interleukin-1 family
member (IL-1a, IL-B, IL-1Ra, IL-18, IL-33, IL-36Ra, IL-360, IL-36f, IL-36Y’, IL-37, IL-38),
an interleukin-2 (IL-2), an interleukin-3 (IL-3), an interleukin-4 (IL-4), an interleukin-5 (IL-5),
an interleukin-6 (IL-6), an interleukin-7 (IL-7), an interleukin-8 (IL-8), an interleukin-9 (IL-9),
an interleukin-10 (IL-10), an interleukin-12 (IL-12), an interleukin-13 (IL-13), an interleukin-
15 (IL-15), an interleukin-17 (IL-17), an interleukin-18 (IL-18), an interleukin-23 (IL-21), an
interleukin-23 (IL-23), an interleukin-25 (IL-25), an interleukin-33 (IL-33), an interferon alpha
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(IFN-a), an interferon lambda 1 (IFNAI (IL-29)), an interferon lambda 2 (IFNA2 (IL-28A)),
an interferon lambda 3 (IFNA1 (IL-28B)), an interferon lambda 4 (IFNA4), a granulocyte-
macrophage colony-stimulating factor (GM-CSF), a macrophage CSF (CSF-1), a macrophage
migration inhibitory factor (MIF), a CD40L molecule (CD40L), a RANTES molecule
(RANTES), a monocyte chemoattractant protein (MCP-1), a monocyte inflammatory protein
(MIP-10, MIP-1p), a lymphotactin, or a fractalkine.

86.  The vector of any one of claims 76 to 85, wherein the cytokine

comprises a granulocyte-macrophage colony-stimulating factor (GM-CSF).

87.  The vector of any one of claims 76 to 86, wherein the cytokine
comprises an interferon alpha (IFN-a), an interferon lambda 1 (IFNA1 (IL-29)), an interferon
lambda 2 (IFNA2 (IL-28A)), an interferon lambda 3 (IFNA1 (IL-28B)), or an interferon lambda
4 (IFN)M4).

88. The vector of claim 87, further comprising a recombinant

polynucleotide encoding a co-stimulatory molecule.

89. The vector of claim 88, wherein the co-stimulatory molecule comprises
a CD86 molecule (CD86), CD80 molecule (CD80), 4-1BB ligand molecule (4-1BBL ak.a
CD137L), ICOS ligand molecule (ICOS-L), CD70 molecule (CD70 a.k.a. CD27L), CD40
molecule (CD40), OX40 ligand molecule (OX40L), GITR ligand molecule (GITRL), TIM-4
molecule (TIM-4), LIGHT molecule (LIGHT), ICAM1 molecule (ICAM1), LFA3 molecule
(LFA3), a CD30 molecule (CD30), or a combination thereof.

90. The vector of any one of claims 76 to 89, further comprising a
recombinant polynucleotide encoding an antigen of a pathogen, a tumor-associated antigen, a
neo-antigen, an allergen, an antigen that is the target of an autoimmune response, or a fragment

thereof.

91. A recombinant polynucleotide comprising a sequence encoding an allele
of an HLA class I gene having at least 85% identity to any one of SEQ ID NOS:22-29 and

optionally at least one heterologous polynucleotide sequence.

92.  The recombinant polynucleotide of claim 91, wherein the recombinant

polynucleotide comprises the sequence of any one of SEQ ID NOS:22-29.
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93. The recombinant polynucleotide of claim 91 or 92, further comprising a
recombinant polynucleotide encoding a second allele of the HLA class I gene or an allele of a

second HLA class I gene.

94, The recombinant polynucleotide of any one of claims 91 to 93, further

comprising a recombinant polynucleotide encoding an allele of an HLA class II gene.

95. The recombinant polynucleotide of claim 94, wherein the recombinant
polynucleotide encoding the allele of the HLA class I gene has at least 85% identity to any
one of SEQ ID NOS:30-35.

96. The recombinant polynucleotide of claim 95, wherein the recombinant
polynucleotide encoding the allele of the HLA class II gene comprises the sequence of any one

of SEQ ID NOS:30-35.

97. The recombinant polynucleotide of any one of claims 91 to 96, wherein

the heterologous polynucleotide sequence encodes an amino acid sequence of a cytokine.

98.  The recombinant polynucleotide of claim 97, wherein the cytokine

comprises a chemokine, an interferon, an interleukin, or a tumor necrosis factor.

99. The recombinant polynucleotide of claim 98, wherein the heterologous
polynucleotide sequence encoding the cytokine comprises a heterologous polynucleotide
sequence encoding an early T cell activation antigen-1 (ETA-1), alymphocyte-activating factor
(LAF), an interleukin-1 family member (IL-1a, IL-B, IL-1Ra, IL-18, IL.-33, IL-36Ra, IL-36q,
IL-36pB, IL-36Y, IL-37, IL-38), an interleukin-2 (IL-2), an interleukin-3 (IL-3), an interleukin-
4 (IL-4), an interleukin-5 (IL-5), an interleukin-6 (IL-6), an interleukin-7 (IL-7), an interleukin-
8 (IL-8), an interleukin-9 (IL-9), an interleukin-10 (IL-10), an interleukin-12 (IL-12), an
interleukin-13 (IL-13), an interleukin-15 (IL-15), an interleukin-17 (IL-17), an interleukin-18
(IL-18), an interleukin-21 (IL-21), an interleukin-23 (IL-23), an interleukin-25 (IL-25), an
interleukin-33 (IL-33), an interferon alpha (IFN-a), an interferon lambda 1 (IFNA1 (IL-29)), an
interferon lambda 2 (IFNA2 (IL-28A)), an interferon lambda 3 (IFNA1 (IL-28B)), an interferon
lambda 4 (IFNA4), a granulocyte-macrophage colony-stimulating factor (GM-CSF), a
macrophage CSF (CSF-1), a macrophage migration inhibitory factor (MIF), a CD40L molecule
(CD40L), a RANTES molecule (RANTES), a monocyte chemoattractant protein (MCP-1), a
monocyte inflammatory protein (MIP-1a, MIP-1p), a lymphotactin, or a fractalkine.
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100.  The recombinant polynucleotide of any one of claims 97 to 99, wherein

the cytokine comprises a granulocyte-macrophage colony-stimulating factor (GM-CSF).

101.  The recombinant polynucleotide of any one of claims 97 to 100, wherein
the cytokine comprises an interferon alpha (IFN-a), an interferon lambda 1 (IFNA1 (IL-29)),
an interferon lambda 2 (IFNA2 (IL-28A)), an interferon lambda 3 (IFNAl (IL-28B)), an
interferon lambda 4 (IFNA4).

102.  The recombinant polynucleotide of any one of claims 91 to 101, wherein
the heterologous polynucleotide sequence encodes one or more self-cleaving peptides between

two HLA alleles.

103.  The recombinant polynucleotide of claim 102, wherein the self-cleaving
peptide is positioned at the 3’ end of a first HLA allele and at the 5° end of a second HLA

allele.

104.  The recombinant polynucleotide of claim 102 or 103, wherein the self-

cleaving peptide comprises T2A, P2A, E2A, or a combination thereof.

105.  The recombinant polynucleotide of any of claims 91 to 104, wherein the

heterologous polynucleotide sequence comprises a promoter.

106. The recombinant polynucleotide of claim 105, wherein the promoter

comprises an MNDU3 promoter or an L2F'[oc promoter.

107.  The recombinant polynucleotide of any one of claims 91 to 106, wherein
the heterologous polynucleotide sequence encodes an amino acid sequence of a co-stimulatory

molecule.

108. The recombinant polynucleotide of claim 107, wherein the co-
stimulatory molecule comprises a CD86 molecule (CD86), CD80 molecule (CD80), 4-1BB
ligand molecule (4-1BBL ak.a CD137L), ICOS ligand molecule (ICOS-L), CD70 molecule
(CD70 a.k.a. CD27L), CD40 molecule (CD40), 0X40 ligand molecule (OX40L), GITR ligand
molecule (GITRL), TIM-4 molecule (TIM-4), LIGHT molecule (LIGHT), ICAM1 molecule
(ICAM1), LFA3 molecule (LFA3), a CD30 molecule (CD30), or a combination thereof.
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109.  The recombinant polynucleotide of any one of claims 91 to 108, wherein
the heterologous polynucleotide sequence comprises a sequence having at least 85% identity

to any one of SEQ ID NOS:36-44.

110.  The recombinant polynucleotide of claim 109, wherein the heterologous

polynucleotide sequence comprises the sequence of any one of SEQ ID NOS:36-44.

111.  The recombinant polynucleotide of any one of claims 91 to 110, wherein
the heterologous polynucleotide sequence encodes an amino acid sequence of an antigen of a
pathogen, a tumor-associated antigen, a neo-antigen, an allergen, an antigen that is the target

of an autoimmune response, or a fragment thereof.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-75

a modified human cancer cell comprising: (a) one or more
recombinant polynucleotides each encoding an allele of a
human leukocyte antigen (HLA) class I gene; and (b) one or
more recombinant polynucleotides each encoding an allele of
an HLA class II gene, wherein one or more HLA alleles
endogenous to the cell have been inactivated; a
pharmaceutical composition ot kit comprising the modified
human cancer cell and a method for treating cancer
compirsing administering the pharmaceutical composition.

2. claims: 76-%0

A vector comprising: (a) a recombinant polynucleotide
encoding an HLA-A*(02:01 allele, an HLA-A*11:01 allele, an
HLA-DRB4*01:01 allele, and an HLA-DRB3*03:01 allele; (b) a
recombinant polynucleotide encoding an HLA-A*01:01 allele,
an HLA-A*68:01 allele, an HLA-DRB3*02:02 allele, and an
HLA-DRB4*01:01 allele; (¢) a recombinant polynucleotide
encoding an HLA-A*03:01 allele, an HLA-A*23:01 allele, an
HLA-DRB3*01:01 allele, and an HLA-DRB5*01:02 allele; or(d) a
recombinant polynucleotide encoding an HLA-A*33:03 allele,
an HLA-DRB5*01:01 allele, and an HLA-DRB5*02:02
allele,wherein each recombinant polynucleotide in (a)-(d)
further comprises a polynucleotide encoding a self-cleaving
peptide between two HLA alleles.

3. claims: 91-93(completely); 97-111(partially)

a recombinant polynucleotide comprising a sequence encoding
an allele of an HLA class II gene.

4. claims: 94-96 (completely); 97-111 (partially)

a recombinant polynucleotide comprising a sequence encoding
an allele of an HLA class II gene.
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