wo 2016/149485 A1 [N I 0F 00 00O 0O O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/149485 Al

22 September 2016 (22.09.2016) WIPO | PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61K 39/395 (2006.01) AG61P 35/00 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
A61K 31/282 (2006.01) CO7K 16/28 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
A61K 45/06 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. L KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(21) International Appllcatlon Number: MK, MN, MW, MX, MY, MZ, NA, NG, NL NO, NZ, OM,
PCT/US2016/022855 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(22) International Filing Date: SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
17 March 2016 (17.03.2016) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
62/134,258 17 March 2015 (17.03.2015) Us T3, T™), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(71) Applicant: THE REGENTS OF THE UNIVERSITY LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
OF CALIFORNIA [US/US]; 1111 Franklin Street, 12th SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,

Floor, Oakland, CA 94607-5200 (US). GW, KM, ML, MR, NE, SN, TD, TG).

(72) Inventors: KARIN, Michael;, 7710 East Roseland Drive, Published:

74

31

La Jolla, CA 92037 (US). SHALAPOUR, Shabnam; 8252
Regents Road #303, San Diego, CA 92122 (US).

Agents: CARROLL, Peter, G. et al.; Medlen & Carroll,
LLP, 1440 Broadway, Suite 510, Oakland, California
94612 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

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))

(54) Title: NOVEL CHEMOIMMUNOTHERAPY FOR EPITHELIAL CANCER

B

3

Prostate welght {g)

R PET
BT gadt
WSy
SBCy v sl

oAy

TR TR-Cof8s> FYB
oxali - * - + - -

o
L

3
2
3

Tutnor volwmy {imnd)
3

WS GOBE
¥

T me it
oxalf -+ &

FIGURE }

(57) Abstract: The invention provides a method for treating cancer in a subject in need thereof, wherein said subject comprises can-
cer tissue that 'contains epithelial cancer cells and immunosuppressive 8 cells, and wherein said method comprises administering to
said subject a therapeutically effective amount of a) one or more first composition that pauses- immunogenic eel' death and/or of said
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NOVEL CHEMOIMMUNOTHERAPY FOR EPITHELIAL CANCER

This application claims priority to co-pending U.S. provisional Application Serial No.

62/134,258, liled on March 17, 2015, which is herein incorporated by reference,

GOVERNMENT INTEREST
This invention was made with government support ander grant No. ROT CA127923 awarded by

National Institutes of Health. The government hag certain rights in the invention.

FIELD OF THE INVENTION

The invention relates to methods for treating cancer in a subject in need thercof, wherein said
subject comprises cancer tissuc that contains epithehial cancer cells and immunosuppressive B cells,
and wherein said method comprises administering to said subject a therapeutically effective amount of
a) one or more first composition that causes imnunogenic cell death and/er of said epithelial cancer
cells, and b} one or more second composition that reduces one or both of the number and function of

said immunosuppressive B cells in said cancer.

BACKGROUND OF THE INVENTION
Malignant progression and the effectiveness of cancer therapy are strongly modulated by innate
and adaptive immunity™. Whercas mycloid cells and their inflammatory cytokines promote

- . . 2133 . . .
tumorigenesis and confer therapy resistance™ ™, B and T lymphoceytes exert both pro- and anti-

7

tumorigenic effects . Three different strategies can wleash the powerful anti-cancer activity of
tamor-infiltrating T (TIL) cells: inunune checkpoint inhibitors®®™, adoptive T cell therapy™, and, in
part, immunogenic chemotherapy .

Cancer 18 characterized by multiple genetic alterations and loss of normal celular regulatory
processes. This results in expression of tumor antigens, which can be presented by MHC molecules to
activate T celts', However, the microcnvironment of advanced tumors cstablishes T cell tolerance,
which contributes to malignant progression. Despite significant progress in understanding how T celf
tolerance is implemented and maintained™, the critical rate-limiting mechanism operating in cach
cancer type remains unknown. Cancer-speeific T cells must infiltrate and undergo activation within the

tumor microenvironment, otherwise they cannot eradicate the mahgnancy. Indeed, new therapeutics
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that overcome tolerogenic mechanisms are effective in certain homan cancers'. Immune mechanisms
also affect the outcome of chemotherapy®. Importantly, certain chemotherapeutic agents (oxaliplatin,
antracyclines) stimulate cancer-specific immune responses by etther inducing immunogenic cell death
(ICD) or immune effector mechzm_ismss’ﬁ. For example, in castrate-resistant prostaie cancer (CRPC), B
lymphocytes that are recruited by CXCL13 into prostate tumors promote development of CRPC that
resists androgen ablation therapy, in a manner dependent on activation of an IKKoe-Bmil module,
needed for survival and proliferation ef prostate cancer (PC) progenitor cells, by lymphotoxin (LT)
expressing B cells™,

Thus, what 1s needed are methods for treating tumors and reducing tolerance to cancer

chemotherapy, which otherwise contributes {6 malignant progression,

SUMMARY OF THE INVENTION

The invention provides a method for treating epithelial cancer in a mammalian subject in need
thereof, wherein said subject comprises cancer tissue that contains epithelial cancer celis and
immunosuppressive B cells, and wherein said method comprises administering o said subject a
therapeutically effective amount of (a) one or more first composition that causes immunogenic cell
death, and (b) one or more second compesition that reduces one or both of the number and function of
said tmmunosuppressive B cells in said cancer. In one embodiment, said first composition fhat causes
mmmunogenic cell death is selected from the group consisting of oxaliplatin, cyclophosphamide, and
mitoxantrong, anthracyclines, and bortezomib, In another embodiment, said first coniposition that
causes immunogenic ccil death comprises oxaliplatin. In a further embodiment, said second
composition that reduces one ot both of the number and funciion of said immunosuppressive B cells in
said cancer comprises an antibody that specifically binds to said immunosuppressive B cells. In vet
another embodiment, said second composition that reduces one or both of the number and function of
said timmunosuppressive B cells in said cancer comprises anti-CD19 antibody and anti-CD20 antibody.
In a further embodiment, said second composition that reduces one or both of the number and function
of said immunosuppressive B cells in said cancer comprises anti-PDL1 antibody. In another
embodiment, said second composition that reduces one or both of the number and function of said
immunosuppressive B cells 1n said cancer comprises anti-CD19-CAR T cells. In another embodiment,
said immunosuppressive B cells comprise TGF beta receptors, and wherein said second composition

that reduces one or both of the number and function of said immunosuppressive B cells in said cancer
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is a compound that inhibits binding of said TGF beta receptor to a TGF beta receptor ligand. In a
further embodiment, satd sccond composition that inhibits binding of satd TGF beta receptor to a TGF
beta receptor comprises ALKS inhibitor. In another embeodiment, said epithelial cancer is selected from
the group consisting of prostate cancer, liver cancer, bladder cancer, lung cancer, and cutaneous
melanoma,  In another embodiment, satd prostate cancer is selected from the group consisting of
casirate-resistant prostate cancer (CRPC), recurrent prostate cancer, and metastatic prostate cancer. Ina
further embodiment, said epithelial cancer is selected from the group consisting of primary cancer,
recurrent cancer, and metastatic cancer. In another erabodiment, said administering comprises
administering said first composition and said second composition substantially simultancously. In
another embodiment, said administering comprises administering said first composition and said
second composition sequentiatly inany order. In another embodiment, said administering comprises
administering said first composition and sawd second composition substantialty simultancously and
sequentially in any order.
The invention also provides a method for reducing prostate cancer in a subject in need thereof
comprising,
a)} administering to said subject a therapeutically effective amount of an immunogenic
chemotherapeutic, and
b) treating said subject with one or more compound that resuits in one or more of
1) reducing the number of IgA" B cells andfor immunosuppressive -+ B cells in said
prostate cancer and/or in-other epithelial cancer that contain immunosuppressive B
cells,
it) inhibiting the pathways through which the immunosuppressive B cells suppress T cells
like PD-L1 and IL-10,
iii) reducing serum IgA, and
iv) reducing binding of TGF beta receptor to one or more TGF beta ligand, wherein said
TGFE beta receptor is comprised in B cells in said prostate cancer and/or other epithelial
cancer,
In one embodiment, said immunogenic chemotherapeutic comprises oxalipfatin. In one embodiment,
said prostate cancer 1s therapy-resistant prostate cancer. In one embodiment, said steps of

administering said immunogenic chemotherapoutic and of treating said subject are concomitant. In one
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embodiment, said steps of administering said immuonogenic chemotherapeutic and of treating said
subject are not concomitant.
The mvention also provides a method of treating prostate cancer in a subjeet comprising,
a) reducing the nomber of B cells in saxd prostate cancer; and
5 b} admimstering to said subject a chemotherapeutic.
The invention further provides a method of treating prostate cancer in a subject comprising,
a) treating B cells in said prostate cancer with an antibody; and
b} administering to said subject a chemotherapeutic,
The invention additionally provides a method of treating prostate cancer in a subject
19 comprising,
a} administering a chemotherapeutic to said subject;
by treating B cells in said prostate cancer with an antibody, In one embodiment, said

antibody binds to IgA+ B cells.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: B cells attenuate the anti-tumorigenic activity of low dose oxaliplatin. a, TRAMP
(FVB} mice {(TR-WT, TR-Ji™", and TR-Cd8a™"; n=7-15 per group) received weekly oxaliplatin (6
mg/ky), starting at week 16 (see Fig: 11a; late treatment). After 4 weeks, mice were sacrificed and
prostate weights measured. Dashed red line = prostate weight of naive controls. b, Tumor growth in
20 mice s.c. ransplanted with MC cells and treated with oxaliplatin as in Fig. 11f (late treatment) or 5%
dextrose {n=7-11 per group). ¢, Wetghts of MC tumors after treatment with oxaliplatin or vehicle (=5~
7 per group). d, Mice of indicated genotypes bearing s.c. MC tumiors (n=7-11 per group) were treated
as above, After 3 cyeles, tumor volumes {'mm‘q’ } were determined. e, MC tumors from above mice were
stained for CD45 (green) and cleaved caspase 3 (CC3: red) (n=4-6 per group). £, Numbers of CC3~
253 CD45%cells per high magnification ficld (HMF; 200x) in tumors from panel (e). Magnification bars:
100 um. g, MC tumors were raised in WT (left), or Cd8a™ (right) mice. Sixteen days after
inoculation, B cells were depleted with antibodies against CD19, CD20, €D22 and B220. Four days
after first twice-weekly antibody treatment, mice received weekly oxaliplatin (n=4-7 per group, total:
42), and sacrificed 3 wecks later. Tumor volumes were analyzed by Kruskal-Wallis test: P=(L007%*,
30 Results arc means & s.com. Mann-Whitney and t tests were used to determine significance indicated as

*P L 0.05; ¥¥P , 0.01; ¥**P  0.001.
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Figure 2: B cells inhibit oxaliplatin-induced T cell activation. a, CDR" cell counts in
TRAMP prostates (W'T, JH n=4-6 per group) collected from mice treated as in ba, analyzed by flow
cytometry and normalized to CD4357 cells, b, Mice (n=6-8 per group) bearing MC tumers were
analyzed as above for CDR cells in spleens and tumors after 3 chemotherapy cycles. ¢, MC tumors
from (b) were stained for CD8 (Fig. 12b), and tumor-infiltrating CD8" cells were counted in 3-4 HMF
{200x) per tumor (n=4-5 tumots per group). d, e, Q-RT-PCR analysis of Perforin and Ifiny mRNA in
MC tumors collected as in {(b) {n=4-7). f, Flow cytometry for TNF and IFNy in CD8" cells from MC
tumtors of mice treated as above {n=06-8) and re-stimulated in vitro with tumor cell lysate. g+, Flow
cytometry of GrzB and Ki-67 (g), PD-1 and Tim-3 (h) and BTLA (i) in CD8" T ellector cells
{(CDR'CD44"; g,h) or total CDE’ cells (§) from spleens and tumors of MC inoculated niice. Results are
either percentages of positive cells in tumoral CD8 cells or mean fluorescence intensitics (MF1) and
are means & s.e.m of three independent s:xper.imcnts {n=6-8 mice per group). Mann-Whitney and t tests
wereused fo determune significance shown as above.

Figure 3: Oxaliplatin induces infiltration of prostate tumors with IgA'PD-L1IL-16-
producing plasmocytes. a, B220 CD19" B lymphocytes in 20 weeks old TRAMP prostates after 4
oxaliplatin cyecles (n=5-7 per group) normalized teo prostate weights. b,e, Flow cytometry of B220,
CD19, CD138 and IgA in tumoral B cells from (a). Values are % of tumoral CD45" (b) or CD19™ (¢}
cells. d, MC tumors (n=4-5 per group) stained for aSMA (green) and IgA (red). Arrows: IgA”™ cells
whose number per HMF is shown on the right. e, Flow cytometry of p-SMAD2Z/3 in tumor-infiltrating
B cells (n=3-4 per group). £, /10 mRNA in MC tumors (n=5-6 per group). g, Tumor-infiltrating IL-

10°CDI19'B cells in MC-WT miice, shown as percentages of CD45™ cells. hi, Percentages of 1L-10-

producing cells in tumoral CDI97IgA™ (h) and CDU9'IgA” (i) cells from MC-WT mice, j, IL-10

cxpression by IgA” and IgA”™ B cells in MCuumors (n=4-6 per group). k, Flow cytometry of PD-L1
and FAS-L in B cells from TRAMP tumors, I, Pdl7 mRNA in MC tumors (n=5-6 per group). m, Low
(=5} and high (n=5) visk human PC specimens stained with IgA (red) and aSMA (green) anubodies,
Arrows: IgA" cells, All results are means ® s.e.m of at least three independent experiments,
Magnification bars: 100 Uim. Mann-Whitney and t fests were used to caleulate statistical significance
shown as abeve.

Figure 4: TGF R signaling and IgA class-switch recombination are required for
development of immunosuppressive plasmocytes. a, MC tumors were raised in WT, Tafbr2™ or Ioa

“ mice until 400 mm’ in size, after which mice were given 3 weekly oxaliplatin cycles (n=5-11 per

T



16

30

WO 2016/149485 PCT/US2016/022855

group, total; 48). Tumor volumes at treatiment end were analyzed {Kruskal-Wallis test: P=0.0004%%%),
b, ¢, Tumor-infiltrating CD19" (b) and 1gA” (¢) cells, shown as percentages of tumoral CD45™ cells {b)
or total vital cells (e) (n=4-7 per group). d, Serum IgA in treated and untreated MC-WT and MC-
T gfb}fﬂ‘? mice (n=5-8 per group). Naive tumor-free WT and Tgfbrfg mice are shown as controls. e,
Frequency of tumor-infiltrating CD8™ T cells in mice from (a). f, CD8™ T cells (5 # 10° per well) from
MC tumors in {a) were re-stimulated for 4 hrs with either MC lysate (felt} or PMA/ionomycin (right)
and andlyzed for the indicated markers. Percentages of IFNY'CD107a-cxpressing CD8™ T cells within
tumoral CD8" cells are shown (n=4-7 mice per group). g, B cells (5 x 10% 98% pure) from WT,
Pdl1/2 and 11107 mice were translerred into MC tumor—bea\rmg;fh*"; mice (16 days alier inoculation)
that received oxaliplatin 2 days later. Tumor volumes were determined on day 30 {n=4-6 mice per
group). h, Tumor infiltrating CDS™ T eclls from Ji™ MC tumar-bearing mice transplanted with B cells
and treated as above were re~stimulated for 4 hrs with PMA/ionomycin before analysis of IFNy and
CD107a (n=4-6 mice per group). Results are means & s.eam, Mann-Whitney and t tests were used to
calculate statistical significance between two groups.

Figire 5: Adoptively transferred B cells inhibit T cell-dependent tumor eradication. a,
Sixteen weeks old TRAMP Ragl™™ mice received weekly oxaliplatin. One day after 1% weatment,
CFSE-labeled splenocytes from WT (B and T cells, SP-WT) or Ji (T but no B cells, SP-Jh7) mice
were adoplively iransferred (ACT) into tumor-bearing mice (4-5 per group; 5 x 10° T cells per mouse).
b, ¢, Atfter 3 more oxaliplatin cycles, mice were sacrificed, their prostates photographed (b} and tumor
weight measured (€). d, Frequency of adoptively transforred CD197 cells amongst D45 cells in
spleens and prostates 30 days after ACT. e,f, Serum IgA and IgG in both ACT groups and FVB-WT
mice, g,h Serum anti-SV40-Tag IgA and 1gG concentrations in indicated mouse strains with or without
ACT and/or oxaliplatin treatment. i, Frequency of CD8” cells amongst CD45" cells in TRAMP:Rag!™
prostates after ACT and oxaliplatin treatment. j, MC tumor-bearing Rag!"’i mice were treated with
oxalipiatin. One day later, mice {4-5 per group) received 5 x 10° T cells from WT mice immunized
with MC cell extract without or with 5 % 10° B cells {98% pure) from WT or 'Tg}‘brz’w ntice. After 2
more oxaliplatin cycles, mice were sacrificed and tumor volomes determined. k, Flow cytometry of
tumoral CDY™ cells in above mice. Cells were re-stimulated for 4 hrs with PMA/ionomycin before
analysis. Shown are percentages of IFNv¥-expressing cells in total CD& cells (n=5-8 per group, small
tumors were pooled), L Serum IgA in above mice. Results are means & s.c.m. Mann-Whitney and t

tests were used to determine significance. n.d. not detectable.

6.



19

30

WO 2016/149485 PCT/US2016/022855

Figure 6, Treatment schemes and characterization of tumors and mouse sarvival before
and after treatment. a, Early and late treatiment schemes for TRAMP mice. b, TRAMP mice (v 3-6
for each group} were subjected to carly oxaliplatin treatment as described in (a) and prostate weights
were determined at 14 weeks, one week alier completion of 4 treatment cyeles. Dashed red line
indicates prostate weight of tumor-free controls {(n=33 n total). c-e, '§>i'i3topath(ﬁ ogy of TRAMP tumors.
¢, Representative images of H&E stained prostate sections from TRAMP mice are shown.
Magnification bars: 100 pm. PIN, prostatic intraepithelial neoplasia; WD, well differentiated
adenocarcinoma; PD, poarly differentiated adenocarcinoma. d, Histopathological assessment of carly
TRAMP tumors in WT and Ji™ mice without or with oxaliplatin treatment. The percentages of the
ditterent histotypes shown in {¢) are depicted (n=3-7 per group). e, Histopathological assessment of
late TRAMP tumors from WT and Ji™ mice without or with oxaliplatin treatment. The percentages of
the different histotypes are depicted {(n=3-7 per group). Fisher chi-square analysis was used to calculate
statistical significance in (d} and (e). f, Early and late treatment schomes for mice bearing s.c. MC
tomors. g, MC cells were s.c. transplanted imo WT and J&™™ mice (n= 3-7 per group) that were
subjected to early oxaliplatin treatment when fumor vohume was 100 mm’. 48 hrs afler completion of 3
treatment cycles, mice were sacrificed and tumor volumes (mnﬂ were measured (n=19 in total}.
Prostate weight in (g) is shown in a Log 2 scale. h,i. MC tumors (n=3-5 per group) grown in WT, J&"
and (d8a™™ mice were stained for CD45 (green) and p-yH2AX (red), and the p-yH2A X" foci in CD45"
cells were enumerated (i), Magnification bars: 100 Um. Al results are means & s.c.m. |, Representative
images of s.c. MC tumors (n=3-6 per group) from WT and J#” mice, with or without oxaliplatin
treatment stained for aSMA {green) and CD31 {red). k. L Frequency of aSMA (k) and CD31 (B
positive cells within tumeors from (j). Shown are median values £ s.eom. Mann-Whitney and t fests
were used to calculate statistical significance indicated by *P , 0,05 **P |, 0.01; ***P , 0.001. m
TRAMP mice (WT, Cd8a™ or Ji'™; n=6-14 per group) were treated weekly with low-dose oxaliplatin.
Moribund mice were sacrificed, and survival was compared by Kaplan-Meyer analysis and
significance was determined (WT: nus.: CdSa™: w8, JH; p<0.002;*%). n, No statistically significant
differences in survival were lound between WT and Ji™" or Ji'™ and Cd8a ™ mice withoul treatment. o,
Significant differences in survival times were observed between all three oxaliplatin-treated groups
(WT, Cd8a™ or Jh™"; indicated on the right). p, Survival curves for all of the groups before and after

oxaliptatin treatment. Significant differences in survival times are indicated on the right.
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Figure 7. B cells attenuate oxaliplatin-triggered CTL activation. a, Flow cylometry of CD®"
T bymphocytes in prostates of 20 weeks old TRAME mice after 4 cycles of oxaliplatin treatment (v+5-7
per group} normalized to prostate weights. b, Late s.c. MC tumors from WT and Jh™ mice were
stained for CD8 and analyzed by immunofluorescent microscopy. In the upper left areas (white
squarc), single CDR staining (green) without DAPI counterstain is shown. Quantitation of CD8" cells
is shown in Fig. 2¢. Magnification bars: 100 im. ¢.d, Late s.c. MC tumors were analyzed by flow
cytometry for CD4" lymiphoeyies in spleens () and tumors (d) after 3 oxaliplatin treatment cycles
{n=4-7 per group). The results show percentages of CD4™ cells in the CD45" population. e, Flow
cytometric analysis of [IFNy expression by CD8” cells in MC tumors from WT and Ji mice treated as
ahove (n=6-8) and re~strmulated in vitro with tumor cell lysate. Representative panels are shown in
Fig, 2f. The results show percentages of 1FNy-producing CDR" cells. f, Flow cytometry of STAT]
phosphorylation in CD&" cclis from MC tumors of treated and untreated WT, and Ji™ mice (for
isotype controls, see E.BD. Fig, 10s). The results are summartzed 1n the right panel (n=3 mice per
group). gh, Flow cytometry of PD-1 and Tim-3 expression by CD8” effector cells (CDS'CD44 ™ cells)
in MC tumors (g) and spleen (h) from WT or JH mice with or without oxaliplatin treatment. Shown
are percentages of the corresponding CD8™ T cells in the CDS CD44" population (n=3-5 per group). i,
The experimental scheme for B cell immunedepletion in tumor-bearing mice. MC tumors were raised
in WT or CdSa™ mice, 16 days after s.c. tumor cell inoculation. B cells were depleted by twice weekly
administration of antibodics dirccted against CD19, CD20, CD22 and B220. Four days after first
anttbody treatment, mice were treated with oxaliplatin {n=4-7 mice per group, total: 44). After 3
weekly chemotherapy cycles, mice were sacrificed. .k, Flow cytometry analysis of tumor-infiltrating
CD45°CD8" T cells stained for IFNy {j) or IFNy and TNF (k) after in virre restimulation ‘with
PMA/ionomycin (n=4-6 mice per group). bn, Flow cytometry analysis of CD19” {I,m) and igA’ (n)
cells in spleens and tumors isolated from the WT mice described above, confirming depletion of
CD19" B cells and exaliplatin-induced ¥ g_A'*' cells in spleen and tumors. o, Serum IgA concentrations in
the mice described in i (1=3-5 per group). p, Flow cytometry analyses of CD19™ B cells in tumors
isolated from Cda™ mice subjected to B cell depletion or not, conlirmed the efficient depletion of
tumeoral CD19™ B cells. All resulis are means + s.c.m. Mann-Whitney and t tests were used to calculate
statistical significance indicated by *P , 0.05; ¥¥P  (0L01; ***P _ 0.001.

Figure 8: Immunogenic chemotherapy induces tumor infiltration by immunosuppressive
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with oxaliplatin treatment were stained for B220 (a), and tumor-infiltrating B220" cells per HMF were
cnumerated (b). In panel a, sinple B220 staining (above) and combined staining B220/DAPE (below)
are shown, Magnification bars: 100 m. ¢,d, The flow cytometry plots and gating strategy for analysis
of splenic B cell populations wsing CD19, IeA, B220, CD138 and CD20 antibodies. Results from WT
mice bearing MC tumors are shown in panel (¢) and from oxaliplatin-treated mice in panel (d} {n=8
mice per group), Oxaliplatin treatment modestly increased the amount of splenic IgA™ cells. Splenic
IgA" cells expressed CD138 as expected and showed lower levels of B220 and CD20, in either controf
or oxaliplatin-treated mice. e, The gating strategics for analysis of tumoral B cells using CB19, IgA,
B220 and CDI13% antibodies. Results from MC tumors in two representative oxaliplatin-treated W
mice are shown (01=8 mice per group), demonstrating the presence of TgA™ cells in oxaliplatin-treated
tumors with a typical CD138 B220"" phenotype. i, Flow cytometry plots and gating strategies for
analtysis of tumoral B cell populations using CD19, B220, CD13R, IgA and PD-L1 antibodics. Results
from WT mice bearing MC tumors without (f) or with oxaliplatin treatment (g) (n=6 mice per group}
and Jga™ mice bearing MC tumors without (h) or with oxaliplatin treatment (i) (n=6 mice per group)
are shown. Oxaliplatin treatment increased the amount of tumoral IgA"CD138"B220""PD-L1 "cells in
WT mice. j, Flow cytometric analysis of PD-L1 and IL-10 expression in IgA " B220" and B220'IgA” B
cells from oxaliplatin-treated TRAMP tumors {n=4). k, Flow cytometric analysis of IgA and CD138§
expression by TRAMP tumor-infilirating B cells. Shown are percentages of IgA” cells amongst all
tumor-infiltrating CD19°CD138” cells, I, WT mice bearing MC tumors were treated with oxaliplatin as
above. Two days after the first or last oxaliplatin cycle, mice were sacrificed, tumors were isolated and
analyzed by flow cytometry as indicated (n=6 per group). After dead cell exclusion, tumor-infiltrating
B cells were stained with CD19, CD20, B220, IeA and [eM antibodies. Shown are the results for
control (left panels), one cycle (middle panels), and 3 cycles (right panels) of oxaliplatin treatment,
demonstrating the presence of tumoral IgA” cells with a CD19"CD20""B220" JgA™ cell phenotype
within 48 hrs after oxaliplatin treatment.

Figure 9: Immunogenic chenotherapy induces tunioral and systemic IgA production
through class switch recombination. a, Ex vive analysis of IgA released by tumor single cell
suspension isolated from oxaliplatin-treated TRAMP tumors. Single cell suspension from non-treated
tumeors and culture medivm without cells were used as controls. bye, Serum IgA (b} and [gG (€) in
treated and unireated TRAMP mice and age-matched naive FVB controls (n=7-14 per group). d, Serum

IgA amounts n control or oxabplatin-treated mice bearing MC tumors (n=5-7 per group} were

9
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determined and compared to age-matched naive FVB controls (n=7). e. Serum IgG amounts in control
or oxaliplatin-treated mice bearing MU tumeors (=3-7 mice per group) were determined and compared
to age-matched naive FVB controls. a-e, Results are means & s.e.m. Mann-Whitnev and t tests were
used to calculate statistical significance. fg, Immunofluorescence analysis of activation-induced
cytidine deaminase (AlD, green} and TgA (red) expression m spleen (f, used as a positive control) and
MC tumors from oxaliplatin-treated WT mice (g). Magnification bars: 10 Uim except in bottom left
panel where it is 100 pn. Arrows point to IsAAID” cells. Shown are representative results of spleens
and tumors isolated from 4 mice per group. h, Q-RT-PCR analvsis of Tg/b/ mRNA in MC mumors
raised in WT or JH mice without or with oxaliplatin treatment (n=3-7 mice per group). Results are
means & s.em, i, Flow cytometry of SMAD2/3 phosphorytation in MC tumor-mfiltrating B cells from
WT mice before and after oxaliplatin treatment (n=4 per group). Shown are the mean fluorescence
intensitics (MFE) and percentages (sce Fig, 3e). j, Flow cyvtornetry of SMAD23 phospharylation and
PD-L1 in MC mumor-infiltrating B cells from WT mice before and after oxaliplatin treatment (n=4 per
group). Shown are the percentages of PD-L1 p-SMAD2/3" cells within CD457CD19" cells. k. Q-RT-
PCR analysis of 712/ mRNA in MC {umors raised tn WT or Ji" mice without or with oxaliplatin
treatiment (n=4-7 mice per group). Chemotherapy-induced J/2/ mRNA mainly in WT mice. Lm, Flow
cytometry of tumor-infiltrating B cells stained for phospho-STAT3 and IL-10 {(n=35-6 per group} before
and after oxaliplatin treatment. n, Flow cytometry analysis of [i-actin mRNA, 110 protein and {[/(
mRNA in MC tumor-infiftrating IgA" cells using PrimeFlow™ RNA technology {pooled data of 4
mice per group, after oxaliplatin treatment). Left panel: [J-getin mRNA gated on CD45" cells; middie
pancl: /710 mRNA and IL-10 protein expression after 1 hr stimulation with PMA/ion/LPS gated on
IeA" cells, right pamel: J7/0 mRNA and IL-10 protein expression after 5 hrs stimulation with

PMA/ion/LPS, gated on IgA™ cells. o,p, Flow cytometric analysis of tumor-infiltrating B cells in

tumor-infiltrating LTaf” cells amongst all tumor-infiltrating B cells was determined (p). q, Flow
cytometric analyses of CD5 cxpression by B colls from spleen and MC-tumeor of WT mice after
oxalipiatin treatment (n=4-5 per group). Shown are means & s.e.m. Mann-Whitney and t tests were
used to calculate statistical significance indicated by *P , 0.05; **P Q.01 ***P _ 0.001.

Figure 18: Immunogenic chemotherapy or B cell deficiency has marginal effects on Tregs,
NK and myeloid cells. ab, Q-RT-PCR analyses of Nos2 (a) and Argl(b) mRNA content of MC

tumors (n=4-7 mice per group). Chemotherapy induced Nos2 and Argl expression in WT and Ji™
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mice and no significant and consistent differences were found between both groups. e,d, Q-RT-PCR
anatyses of /11 2p40 (¢), 111 2p35 (d) mRNA in MC tumors grown in WTand JH mice (n=4-6 mice per
group). e=i, Flow cytometry analyses of tumer-infiltrating or splenic lvmphocytes and monocytes:
tumoral Nki.17 cells (e). tumoral CD11b°CD11c" MHCIT cells (f), tumoral CD! 1b'GR-1" cells (g},
CD4"FoxP3™ cells (splenie, h: tumoral, i), Cells in pancls e-i are from tumor-bearing mice subjected
to oxaliplatin treatment and/or B cell depletion as indicated (B cell depletion + oxaliplatin; n=4-6 mice
per group). Results are means + s.em. Mann-Whitney and t tests were used to calculate statistical
stgnificance.

Figure 11: Analyses of B and T cells in human prostate cancer specimens. a=h, Tissue
microarrays of tumor and non-tumor tissue from 110.PC patients were stained for CD8 and CD20 (5-6
spots per patient = 3-4 tumor tissue + 2 non-tumor tissuc). a,b, Representative examples of CD8 (a)
and CD20 (b) IHC of PC tissue microarrays {left). Magnification bar: 200 Uim. Right, computer
assisted image analysis with ad hoc developed image software. Tumeor tissuc is represented in yellow
and CDS™ and CD207 cells are represented in red. The percentages of immune reactive area (IRA)
occupied by CD8" or CD20” cells are shown. Magnification bars: 200 [m. ¢,d, comparison of CDS
and CD20 IRAs in matched non-tumor and tumor tissues from each early stage PC (E-PC) patient
{(n=87). e-h, Patients were divided into three subgroups: E-PC (n=86); therapy-resistant-PC (TR-PC;
n=9}, and metastatic-PC (M-PC; n=15). e, CD8 cell infiltration into tumor tissues of the different
groups. f, CD20" cell infiltration into tumor tissues of the different groups. g, The CDR/CD20" ratio
for the different groups. i, The CD207/CDS” ratio for the different groups. Each dot represents one
patient. Line indicates the median value. Mann-Whitney test was used to calculate statistical
significance between the two groups. Kruskal-Wallis test was used to calculate statistical significance
between the three groups. i, IHC analysis of Tow risk (8=5) and high rigk (n=5) human PC specimens
using IgA (red) and aSMA (black). Nuclet were counterstained with hematoxylin. Magnification bar:
100 pm j, IF analysis of human PC showing IL-10 {red) —expressing IgA" (green) CD138" (turquoise)
plasma cells {n=6). Representative images are shown. White arrow indicates TL-10-expressing IgA”
cells. Magnification bars: 50 Uim. k, Himan normal prostate (n=3-5), and human PC {n=5), were
stained for IgA and CD8, Typical images arc shown. Red and green arrows indicate IgA™ and CD8”
cells, respectively. Magnification bar: 100 {im. 1, Heman normal prostate (n=3), and human PC (n=3),
were stained for 1gA (red arrow) and CD20 (green arrow}. Magnification bar: 100 Tim. m, Flow

cytometric analysis of human prostate tumor-infiltrating CD19" B cells and 1gA” cells. The
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percentages of TL-10-expressing B cells in CDI9TgA" (2 different samples) and CD197IgA™ B cells
are shown. n, Summary of results obtained from human blood samples taken from healthy donors
{n=3} and PC patients (n=3) and prostate tissue specimens (benign, malignant; n=4) analyzed by flow
cytometry for IL-10 expression in CD19'TgA” and CDI9TgA" B cells. o,p, Tissue microarrays from
110 PC patients (described above) were stained for IgA and CD138. Patients were divided into three
subgroups: E-PC (n=86); TR-PC (n=9), and M-PC (n=15). (o) Representative images of IgA
{immunoperoxidase) and CD138 {alkaline phosphatase) double staining of twmor tissues from each
group, CD138" and 1gA” double positive cells in the PC stroma are indicated by the white arrows
(hematoxylin counterstain}. Magnification bar: 100 Uim. p, Frequencies of IgA” and CDI38™ double
positive cells in the tamor stroma of the different PC paticnt groups. g, PC patient specimens were
divided into two groups: IgA™™" (n=64) and IgA'+""h’i (n=46). Shown is the CD8/CD20" ratio for each
group, Each dot represents ong patient. Line indicates the median value, r, 1gA mRNA expression
(IGHAT) is significantly clevated in human PC tissue relative to healthy or benign prostate tissue in 5
out of 15 studies evaluated via Oncomine. Results from one significant study'® are presented. Chi
square test and Fischer exact test were used to calculate statistical significance shown by *P |, 0.05; #*P
, 0.01; **=P , 0.001.

Figure 12: Effects of TGFBR2, IgA, PD-L.1 and 1L-10 ablations on tumor-infiltrating
lymphocytes, MC tumors were raised in WT, Tg/br2™ or Iga™™ mice (= 5-11 per group). Mice were
subjected to 3 cycles of late oxaliplatin treatment after which splenic (Spl) and tumoral (Tu) B cells
were analyzed, After dead cell exclusion, splenic (ab) and tumoral {e.d) B cclls were stained with
CD19, B220, IgA, lgG2a and 1g(Gi antibodies and analyzed by flow cytometry. e, Serum IgG
concentrations in control or oxaliplatin-treated WT, T gﬁ)r;_?.’w ot Iga™ mice bearing MC tumors (n=>5-9
per group). £, Flow cytometry of tumor-infiltrating CD19" B cells from WT, Tefbr2Yar Iea” MC
tumor-bearing mice (n=4-7 per group) analyzed for PD-L1 expression, revealing lower PD-L1 surface
expression on Tzfbr2” and Jea™ B cells after oxaliplatin treatment. g, Flow cytometry of tumor-
infiltrating B220™ B cells (Ioft) and 1gA"B220"Y B cells {right) from WT, Tg/br2®or Iga”™ MC tumor-
bearing mice (n=4-7 per group) analyzed for IL-1( expression, rovealing no difference n 1L-10
exprossion by B220MgA” B cells in the corresponding groups, and lower IL10 expression by Tgfbrs?
B cells after oxaliplatin treatment compared to WT mice. Results are means & s.em. Mann-Whitney
and t tests were used to ealculate statistical significance. h, The experimental scheme. WT mice

bearing MC tumors were divided into four treatment groups (n=7-8 each group): 1} isotype contro}
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{IgG2a); 2} oxaliplatin {weekly}; 3) anti-PD-L1 (twice weekly); 4) oxaliplatin plus anti-PD-L1 (weekly
and twice weekly, respectively) After 3 treatment cycles, mice were sacrificed and analyzed. I, Tumor
growth curves of tumor-bearing mice and gross appearance of untreated and treated mice. Significance
was determined by Mann-Whitney and { tests. j, Flow cytometric analysis for GrzB  expression by
tamor-infiltrating CDE™ T effector cells (CDS'CD44") from MC tumor-bearing mice treated as
described above. Resulls are shown either as percentages of GrzB” cells amongst CDS™ T cells (black),
or percentages of GrzB CDR'CD44™ T cells amongst tumoral CD45 " cells (red). K, Flow cytometry of
PD-L1 expression on tumor-infiftrating 1gA" CD19" B cells in the different treatment groups. Lm,
Scrum igA (1), and IpG (m} concentrations 1n the different treatment groups described in panel h. n,
The experimental scheme for the expenment whose tesults are shown m Fig, 4g.h. B celis were
isolated from WT, Pdil/2” and J1107 mice and 5 % 10° cells {purity 98%) were i.p. transferred into
MC tumor-bearing Ji7 mice (16 days after MC cell inoculation). After 2 days (day 18), the mice were
given 3 oxaliplatin treatment cycles and analyzed. o, Flow cytometric analysis of splenocytes after
statning with CD45 and CD19 antibodies, confirming presence of B cells in the ABCT groups. Shown
are percentages and absolute B celf numbers in spleen.

Figure 13: Low dose cisplatin treatment is devoid of immunogenic activity and low dose
oxaliplatin dees not affect gut barrier function. a, Flow cytometry of MC cells stained with
Annexin V and propidium jodide 24 hrs after treatment with cither oxaliplatin or cisplatin (both at 20
LMD b, Flow cytometry analysis of MC cells treated as above and stained with antibody to the

autophagy marker LC3A. e-e, MC tumors were raised in WT and /2™ mice untit 400 mm® in size, after
which the mice were treated with cither cisplatin or oxaliplatin at 6 mg/kg (n=4-5 per group). After 3
weekly chemotherapy cycles, mice were sacrificed. ¢, Tumor weights; left panel: WT mice; right
panel: JA™ mice. d, e, Flow cytometry of umor-infilirating CD8 (d) and CD4 (e) cells. Left panel: WT
mice, right panek: Jh mice. f, Gut permeability was measured in WT mice before and after low (1LI))
and high (HD)} dose oxaliplatin treatment using orally administered fluorescein isothiocvanate (FITC)—
dextran, Shown are FITC-dextran concentrations in serum {prg/mb) (n=5 mice per group). g, Serum [gA
concentrations in naive WT (FVB) and Tefbr2*® mice before and after oxaliplatin treatment, h, IgA
staining of colon sections of unircated or LD oxaliplatin-treated WT mice. Magnification bars: 100
um, ik, Flow cytometry of CD8" (i), CD4™ (§) and Nk1.1" (k) cells in spleens of natve WT and
Tthr2? mice without or with oxaliplatin treatment. AH results are means & s.¢.m. Mann-Whitney and t

tests were used o calculate statistical significance shown as *P , 0.05; *¥P , 0.01; ***P , 0.001.
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Figure 14: Immunogenic chemotherapy supports adoptive T cell transfer only in the
absence of B cells. a, The experimental scheme: Immunogenic TRAMP-(C2 cells were s.c. inocutated
mnto WT or Tc;ﬁ""“ mice. After 30 days, the mice were divided into 4 groups (n=4-5 each group): 1)
control, 2) oxaliplatin (weekly), 3) ATCT. 4) ATCT plus oxaliplatin (weekly). The first oxaliplatin
cycle was given at day 31, Two days after the second cyele, CD8" T cells from CD45. IxCD45.2 WT
mice (3 x 10° cells) were transferred into tamor-bearing mice and this was followed by two more
oxaliplatin cycles after which mice were sacrificed for analysis on day 59. b, Tumor volumes {mm’)
o, Flow cytometric analysis of spleen {¢) and tumor {d) cclis after staining with CD45.1, CD45.2,
CD38 and TCRap antibodies, confirming expansion of adoptively transterred T cells. e, tumor growth
curves. f, The experimental scheme. Immunogenic TRAMP-C2 cells were s.c. inoculated into WT or
Ragl™ x OT-1 mice {no B cells), that harbor CD8™ T cells specific for chicken ovalbumin which is not
expressed by TRAMP-C2 cells. After 30 days, tumor-bearing Ragl™ x OT-1 mice were divided into 4
groups (n=3-4 mice per group): 1) control, 2) oxaliplatin treatment, 3) ATCT, 4) oxaliplatin treatment
plus ATCT. The first oxaliplatin cycle was given at day 31, Two days after the second oxaliplatin
eycle, CDR' T cells (3 % 10% from CD43. 1xCD45.2 mice were adoptively transferred into tumor-
bearing mice, which were sacrificed on day 59 and analyzed. g, Flow cytometric analysis of tumor-
infiltrating cells stained with CD45.1, CD43.2, CD8 and TCRap antibodies, confirming infiltration of
adoptively transferred T eclls, h, Flow cytometric analysis of rzB  expression i adoptively
transferred, tumor-infiltrating, CD8™ effector cetls (CD45.1'CDR'CD44") from tumor-bearing mice
treated as above. §, Tumeor volumes (mm’). j, tumor growth curves. k-g, Sixteen weeks old
TRAMP;Ragl™ mice (no B and T cells) were treated with oxaliplatin (weekly). One day after the 1%
treatment cycle, CFSE-labeled splenocytes from either WT (B and T cells, SP-WT) or JA™ (T bui no B

3° T cells per mouse: 4-5 mice

cells, SP~JF’;"’L} mice were transferred into the tumor-bearing mice {3 » I
per group). k, 1, After 6 days, one mouse from cach group was sacrificed, and the proliferation of CD8™
{k) and CD4" (1) T cells in bone marow {BM), spleen and prostates was analyzed by CFSE staining
and flow cytometry. m-qg, After 3 more oxaliplatin cycles (4 weeks in total), the mice were sacrificed
and analyzed, m,n, Flow cytometric analyses of CD19" B lymphocytes for TIM-1 expression in
spleens (m) and prostates (m}) of above mice. o-q. Flow cytometric analyses of T lymphocytes.
Percentages of CD8™ and D4 T cells in LN (o); spleens (p); prostates (q) of above TRAMP, Ragl™
mice. Red: splenocytes from WT mice (T and B cell transfer), blue: splenocytes from Ji™ mice (T cell

transfer). r, The experimental scheme for Fig. 5j. MC tumor-bearing Ragl™ mice (ne B and T cells)

14



19

WO 2016/149485 PCT/US2016/022855

were treated with oxaliplatin (weekly). One day after 1% oxaliplatin treatment, 5 x 10° T cells (negative
sclection) from WT mice immunized with MC cell lysate’ were adoptively transferred into tamor-
bearing mice (4-3 mice per group), slong or in combination with § % 10 B cells from WT or ?fgﬂ)f";?ﬂ
mice (purity 98%). Alter 2 more oxaliplatin cycles (3 weeks total), the mice were sacrificed and
anatyzed. s, Serum lgG analysis of above mice. £, Flow cytometric analysis of splenocytes after
staining with CD45 and CD19 antibodies. Al results are means + s.e.m. Mann-Whitney and 1 tests
were used to calculate statistical significance. Stalistical significance is given by *P _ 0.05; **P , 0.01;
AP, 0001,

Figure 15: Analysis of lymphocytes and monocytes in tumor-free mice, gating strategies
and staining controls, WT, JA™", fga™ and Tefbr2?” mice in the FVB background and WT, Pdl1/27,
1107 and Jga™ in the CSTBLG background were analyzed for the distribution of immune markers. a,
Spleen weights of WT, b and Tgfbr2?® mice in the FVB background. b, Flow cytometry of
splenocytes for the following markers: CD3 (feft), CD¥ (middle), CD4 (right), gated on the splenic
CD45" pepulation. ¢, Absolute cell numbers of splenic CD3" (left), CD8™ (middle), and CD4™ (right)
cells are shown (percentage = cell count of whole spleen). d,e Flow cytometry for TNF and TFNy in
CDE" cells from tumor-free WT, JA™, Tofbr2™ and Iga™™ mice (1=6-R8) that were re-stimulated in vitro
with PMA/ionomycin and the representative flow cyltometry panels (e). f,g, Flow cvtometry of
splenocytes from WT and Tgfbr2™ for: CDI9 IgM” cells (£ and IgA (g) gated on the splenic CD45°
population. h-m, Flow cytometry of splenocytes from WT, P12 and 11" mice for
CD45°CD19 IgM " cells (h), CD45 1pA " cells (i), PD-L1 expression by CD19 IgM ™ cells (§), and 1L-
10 expression by CD19" cells (k). Lm, Scrum IgA and igG concentrations were analyzed in WT,
Pdl1/2" and 107" mice (n=4-5 mice per group}), All results are means + s.e.m. Mann-Whitney and t
tests were used to calculate statistical significance shown as *P, 0.05; **P , 0.01; **¥P , 0.001. The
different gating strategies and staining controls are shown. n, Gating strategies for analysis of
splenocytes: lymphoceyte gate, dead cell exclusion, doublets exclusion, and gating on the CD45™
population, o, Gating strategies for tuwmor-infiltrating lymphocytes: Tymphocyte gate, dead cell
exclusion, doublets exclusion, and gating on the CD45™ population. p, Flow cytometric analysis of 1L-
10 and IgA expression, gated on the CD45" population: 1) isotype control (no staining), 2) non-
stimulated splenocytes: showing IgA staining, but not TL-10, 3) stimulated splenocytes from JI97
mice showing IgA staining, but not 1L-10, 4) stimulated splenocytes from WT mice showing IgA and

I1-10 staining. g, Flow cytometric analysis of IL-10 and CD19 expression, gated on the CD19'B2207
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population. left: stimulated cells from J//07 mice, showing B cell staining, but not IL-10; right;
stimulated cetls from WT mice showing B cell staining and L-10 staining. r; Flow cytometric analysis
of 1L-10 and IgA cxpression, gated on the 1gA” population: teft: stimulated celis from 7107 mice,
showing TgA cell staining, but not IL-10: right: stimuldated cells from WT mice showmg IgA and IL.-10
staining. These results confirm 1L-10 production by IgA™ cells. s, Flow cytometric analysis of p-
STATI staining with corresponding isotype control.

Figure 16: Anti-PD-L1 treatment induce hepatocelfular carcinoma tumor regression only
when combined with oxaliplatin, WT mice bearing Hepatocellular carcinoma tumors (DEN-treated)
were divided 1nto four treatment groups. 1} 1sotype control {1g(G2a); 2) oxaliplatin (weekly), 3) anti-PD-
L1 (weekly), 4) oxaliplatin and anti-PD-L1 (weekly), Atter 4 treatment ¢ycles, mice were sacrificed
and analyzed. Tumor size are shown. Significance was determined by t tests.

Figure 17: Amino acid sequence of programmed cell death 1 higand 1 isoform a precursor (PD-
L1) Homo sapiens) A. NCBI Reference Sequence: NP_054862.1 (SEQ 1D NO:(1), B. Entrez Gene:
29126, NCBI Reference Sequence: NC_000009.12 (SEQ ID NO:02), C. Entrez Gene: 29126, NCBI
Reference Sequence: NC_000009.12 {SEQ ID NO:03), and D. Entrex Gene: 29126, NCBI Reference
Sequence: NC_000009.12 (SEQ ID NO:04).

Figure 18: Amino acid sequence of interleukin 10 {IL10) (Homo sapiens) NP 00563.1 ;
Entrez Gene: 3586 (SEQ 1D NO:0S).

Figure 19: Amino acid sequence of portions of immunoglobulin A (IgA). A,

IGHA1 _HUMAN,PO1876, Entrez Gene: 3493, NCBI Reference Sequence: NC_000014.9, containing
ig alpha-1 chain C region, Binding site PO1876{352] (SEQ 1D NO:06), B. IGHA2 HUMAN, Entrez
Gene: 3494 , PO1877, containing Ig alpha-2 chain C region PO1877 [1-340], PRO_ 0000153567 (SEQ
ID NO:07).

DEFINITIONS
To facilitate understanding of the invention, a number of terms are defined below.
“Oxaliplatin” is a non-mycloablative or lymphodepleting chemotherapy drug. Exemplary
dosage include 3(}~65mgfm2 weekly or every two weeks, and may be adjusted to mimimize Iymphocyte
and/or T cell number depletion. In one embodiment, the number of white blood cells s calculated
weekly using, for example, a hemocytometer or flow cytometer. The dosage is decreased if the

lymphocyte, and more particularly T cell , number decreases.
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“TGF beta receptor ligand” i3 a molecule that binds to the TGF beta receptor, and is
exemplified by Bone morphogenetic proteins (BMPs), Growth and differentiation factors (GDFs),
Anti-miillerian hormone (AMH), Activin, Nodal, and TGFR%.

“Treating” disease (e.g., cancer) refers to delaying, reducing, palliating, amehorating,
stabilizing, preventing and/or reversing one or more symptoms (such as objective, subjective,
pathelogical, clinical, sub-clinical, etc.) of the disease. Objective symptoms are exemplified by tumor
size {e.g. dimensions, weight and/or volume), tumer number, rate of change in tumor size and/or
number, presence of metastasis, metastasis size {c.g. dimensions, weight and/or volume), mctastasis
number, and/or rate of change in metastasis s1ze and/or number. Subjective symptoms are exemphified
by patn, fatigue, efe. Cancer symptoms may be assessed by, for example, biopsy and histology, and
blood tests to determine relevant enzyme levels or circulating antigen or antibody, and imaging tests
which can be used to detect a decrease in the growth rate or size of a ncoplasm,

The terms "therapeutic amount," "pharmaceutically effective amount,” and "therapeutically
effective amount,"” are used interchangeably herein to refer to an amount that is sufficient to achieve a
desired result, such as treating disease.

“Cancer cell” refers to a cell undergoing early, intermediate or advanced stages of multi-step
neoplastic progression as previously described (Pitot et al., Fundamentals of Oncology, 15-28 (1978)).
This includes cells in early, intermediate and advanced stages of neoplastic'progression including “pre-
neoplastic cells (i.e., “hyperplastic cells and dysplastic cells), and neoplastic cells in advanced stages of
neoplastic progression of a dysplastic celi,

“Metastatic” cancer cell refers to a cancer cell that is translocated from a primary cancer site
(i.e., a location where the cancer cell itially formed from a normal, hyperplastic or dysplastic celi)to
a site other than the primary site, where the translocated cancer cell lodges and proliferates.

“Cancer” refers to a plurality of cancer cells that may or may not be metastatic, such as prostate
cancer, liver cancer, bladder cancer, skin cancer {e.g.. cutaneous, melanoma, basal cell carcinoma,
Kapost's sgrcoma, ¢tc.), ovarian cancer, breast cancer, lung cancer, cervical cancer, pancreatic cancer,
colon cancer, stomach cancer, esophagus cancer, mouth cancer, tongue cancer, gum cancer, muscle
cancer, heart cancer, bronchial Cancer, testis cancer, kidney cancer, endometrium cancer, and utcros
sancer. Cancer may be a primary cancer, recurrent cancer, and/or metastatic cancer. The place where a
cancer starts in the body is called the “primary cancer” or “primary site.” If cancer cells spread to

another part of the body the new area of cancer is called a “secondarv cancer” or a “metastasis.”
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“Recurrent cancer” means the presence of cancer afier treatment and after a period of time during
which the cancer cannot be detected. The same cancer may be detected at the primary site or

., A8 g motastasis,

in]

somewhere else in the body, ¢.

“Epithelial cancer” refers to cancer that starts i epithelial tissues. Epithelial tissue covers the
outside of the body as the skin, covers-and lines all the organs inside the body, such as the organs of
the digestive system, and lines the body cavities, such as the inside of the chest cavity and the
abdontinal cavity.

The term "spectfically binds" and "specitic binding" when made in reference to the binding of
antibody to a target molecule (e.g., peptide) or to a target cell {e.g., immunosuppressive B cells), refer
to an interaction of the antibody with one or morc ¢pitopes on the target molecule or target ecll where
the interaction is dependent upon the presence of a particular structure on the target molecule or target
cell. Forexample, if an antibody is specific for epitope "A" on the target cell, then the presence of a
protein-containing cpitope A (or free, unlabeled A} in a reaction containing labeled "A™ and the
antibody will reduce the amount of labeled A bound to the antibody. In one embodiment, the level of
binding of an antibody to a target molecule or target cell is determined using the “IC50” ie., “half
maximal inhibitory concentration™ that refer to the concentration of a substance {e.g., inhibitor,
antagonist, etc.) that produces a 50% inhibition of a given biological process, or a component of a
process {¢.g., an enzyme, anttbody, cell, cel receptor, microorganism, ete.}. It is commonly used as a
measure of an antagonist substance’s potency.

“Mammalian subject” includes human, non-human primate, muring (¢.g., mouse, rat, guinca
pig, hamster), ovine, bovine, ruminant, lagomorph, porcine, capring, equine, caninge, feling, ave, efc).

A subject “in need™ of treatment with the invention’s methods includes a subject that is
"suffering from disease."” i.e., a subject that is experiencing andior exhibiting one or more symptams of
the disease, and subject “at risk” of the disease. A subject “in need” of treatment includes animal
models of the disease. Subject “at risk” of disease refers to a subject that is not currently exhibiting
discase symptoms and is predisposed to expressing one or more symptoms of the discase. This
predisposttion may be genetic based on family history, genetic factors, environmental factors such as
exposure to detrimental compounds present in the environment, efc.). It is not intended that the present
invention be limited to any particular signs or symptoms. Thus, it 1s intended that the present

invention encompass subjects that are experiencing any range of discase, from sub-~clinical symptoms
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to full-blown disease, wherein the subject exhibits at east one of the indicia (e g, signs and symptoms)
associated with the discase.

“Immunosuppressive B cells,” “inmmumosuppressive plasmocyte cells,” “immunosuppressive
plasma cells.” interchangeably refer to B lymphocyte cells that impede T-cell-dependent immunogenic
chemotherapy (sce examples 2-6) and are charactenized by expressing PE-L1 (exemplitied in Figure
17) and Interfeukin-10 {exemplified in Figure 18) (IL10" PD-L1"). In some embodimerts,
immunosuppressive B cells further express immunoglobulin A (IgA” IL16" PD-L17) (Figure 19). In
onc embodiment, immunosuppressive B cells are distinet from the LT-producing CD207 B cells.

“tmmunogenic cell death” (“1CD”} s a form of cell death caused by some cytostatic agents
such as oxaliplating cyclophosphamide, and mitoxantrone (Galluzzi et al,, Cancer Celi, 2013 Dec
14:28(6):690-714) and anthracyclines, bortezomib, radiotherapy and photedynamic therapy (PDT)
{Garg et al, (2010)"bmunogenic cell death, DAMPs and anticancer therapeutics: an emerging
amalgamation.”. Biochim Biophys Acta 1803 (1 53-71). Unlike normat apoptosis, which is mostly
nonimmunogenic or even telerogenic, immunogenic apoptosis of cancer cells can induce an effective
antitumour immune response through activation of dendritic cells (DCs) and consequent activation of
specific T cell response. ICI) is characterized by secretion of damage-associated molecular patterns
{(DAMPs).

Thie terms “prograinmed cell death 1 ligand 1 isoform a precursor” and PD-L17” (also known as
CD274, B7-H; BTHI; PDLI; PD-L1; PDCDILIL; PDCDILGY) refer to the immune inhibitory receptor
ligand that is expressed by hematopoictic and non-hematopoictic cells, such as T cells and B cells and
vartous types of tumor cells. The encoded protein is a type | transmembrane protein that has
immunogltobulin V-like and C-tike domains. Interaction of this ligand with its receptor inhibits T-cell
activation and cytokine production. During infection or inflammation of notmal tissue, this interaction
is important for preventing avtoimmunily by maintaining homeostasis of the immune response. In
tumor microenvironments, this interaction provides an inumune escape for tumor cells through
eytotoxic T-cell inactivation. Expression of this gene in tumor cells is considered to be prognostic in
many types of human malignancies, including colon cancer and renal celt carcinoma. Alternative
splicing results in multiplc transcript variants, Human PD-L1 amino acid sequence is exemplified by
SEQ 1D NO:01-04 (Figure 1 7).

The terms “interleukin 107 and “IL-107 (also known as CSIF; TGIF; GVHDS; IL10A) refer to

a evtokine produced primarily by monoevtes and to a lesser extent by lvmphocytes. This cytokine has
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pletotropic effects in immuonoregulation and intlammation. It down-regulates the expression of Thl
cytokines, MH{ class 11 Ags, and costimulatory molecules on maerophages. It also enhances B cel
survival, proliferation, and antibody production. Human interfeukin 10 amino acid sequence is
exempiilied by SEQ D NO:OS (Figure 18).

The terms “immunoglobulin A" “lgA " and “Ig alpha” refer to the major immunoglobutin
class in body secretions. It may serve hoth to delend against local infection and to prevent access of
foreign antigens to the general timmunoelogic systers. Portions of human IgA amino acid sequences are

excmplified by SEQ 1D NO:06-07 (Figure 19).

W "o,

The terms "reduce,” "inhibit,"” "diminish," "suppress,” "decrease,” and grammatical equivalents
when in reference to the fevel of any molecule (eig., amino acid sequenee, and nucleic acid sequence,
antibody, ete.), cell {e.g., B cell, T cell, tumor cell), and/or phenomenon {e.g., discase symptom), ina
first sample (or in a first subject) relative to a second sample (or relative to 8 sccond subject), mean
that the guantity of molecule, cell and/or phenomenon in the first sample (or in the first subject) is
lower than in the second sample (or in the second subject} by any amount that ts statistically significant

using any art-accepted statistical method of analysis,

L2 1} W oAt

The terms "increase,” "elevate,” "raise,” and grammatical equivalents (including “higher.”
“wreater,” ezc.) when in reference to the level of any molecule (e.g., amino acid sequence, and nucleic
acid sequence, antibody, ete. ), cell{e.g., Beel, T celt, tumor cell), andfor phenomenon (e.g., discase
symptom), in a first sample (or in a first subject) relative to a sccond sample (or relative to a second
subject), mean that the quantity of the molccule, celt and/or phenomenon in the first sample {or in the
first subject) is higher than in the second sample (or in the second subject) by any amount that is

statistically significant using any ari-accepted statistical method of analysis.

DESCRIPTION OF THE INVENTION

The invention provides a method for treating cancer in a subject in need thereof, wherein said
subject comprises cancer tissue that contains epithelial cancer cells and immunosuppressive B cells,
and wherein said method comprises administering to said subject a therapeutically effective amount of
a} one or more first composition that causes immunogenic cell death and/or'of said epithelial cancer
cells, and b) one or more second composition that reduces one or both of the number and function of

said immunosuppressive B cells in said cancer.
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Data herein show that successhil eradication of large tumors in prostate (Examples 1-7) and
hiver (Example 8) by immunogenic chemotherapy requites removal of  immunosuppressive
plasmocytes that are present both in mouse and human PC. Three different, spontancous and
transplantable, mouse models of PC contain IgA” plasmocyvtes that strongly suppress activation of
CDR" TIL after treatment of tumor-bearing mige with oxaliptatin. Unlike cisplatin, oxaliplatin induces
immunogenic cell death that augments CTL activation and consequent tumor eradication™. Although
oxaliplatin causes regression of small tumors (< 100 mm?), it does not induce CTL activation and
cradication of large (> 400 mm’) prostate tumors, despite induction of a DNA damage response, The
main impediment to successful eradication of large tumers are tumor-infiltrating immunosuppressive B
cells, that express igA and CD138 but haye down-regutated CD20 expression and therefore exhibit a
typical plasmocyte phenotype. Nearly all of these cells express PD-L1 and about half of them also
express [L-10 and Fas-L. Imporantly, genctic analysis confirms that much of the immunosuppressive
activity is derived from IgA " PD-L1UTIL-10" cells. Development of these cells, which are distinct from
the LT-producing CD20" B cells that infiltrate androgen-deprived prostate tumors and stimulate CRPC
emergence through the IKKa-Bmil module™, depends on TGFPR signaling. Nonetheless, the IgA”
plasmocytes may have evolved from CD20'LT" B cells upon encounter of high TGFp concentrations
and antigen in the PC microenvironment after oxaliplatin treatment. Ablation of T cell TGFBI was
reported to augment CTL activation and inhibit tumor growth in TRAMP mice™, and some of the IgA”
plasmocytes in human PC are located next to T cells. Another important TGF source are the aSMA™
myofibiroblasts that also reside next to IgA" cells in oxaliplatin-treated mouse tumors and human PC
samples'®, Alternatively, LT-producing B cells may also stimulate the 1gA CSR, as signaling via LTS
receplor on gut Jaming propria stromal cells is required for IgA production™. Although the anti-
inflarpmatory activity of intestinal IgA-producing cells is well knownm, this is the first time IgA~
plasmocyles were found to suppress anti-tumor mmunity.

As long as numerous IgA” plasmocytes are present within prostate tumors; oxaliplatin fails to
evoke a productive CTL-dependent anti-tumor response. Instcad, CD8" TiL express markers of
exhaustion, including PD-1, TIM-3 and BTLA®, Suppression of the anti-tumor CTL response by IgA~
plasma cells requites PD-L1 and 1L-10, both of which can induce anergy or exhaustion™ . Suppression
may also involve Fas-L which can kill activated TILs™. B cell-mediated immunosuppression is also
scen in adoptive transfor experiments, where B cells block the ability of transferred T cells to fully

eradicate large prostate timors in oxaliplatin-treated TRAMP mice or in mice bearing TRAMP-C2 or
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MC tumors. nmunosuppression requires TGFER2 expression on B cells, suggesting it 1s mediated by
fgA’ plasmocytes. Yet, other mechanisms by which B cells regulate anti-tumor immunity were
previously proposed ™™, including indirect control of T eell infiltration via macrophages™ and 1L-10
production by Breg celis®. However, Breg-mediated suppression was only found to affect CD4™ T
helper cells™H% . Notably, IL-10-expressing IgA™ cells are most abundant in therapy-resistant and
metastatic human PC and circulating IgA is a well-established adverse prognostic indicator i PCY.
Data herein demonstrate that elimination or inhibition of tumor infiltrating IgA " plasmocytes is
important to successful immunotherapy of cancer (such as PC, liver cancer, erc) as long as an
immunogenic chemotherapentic, such as oxaliplatin, 15 also used. Data herein also show that
immunogenic  chemotherapy enhances response rates {0 PI-1 or PD-L1 blockade m other
matignancies, including bladder cancer and cutaneous melanoma where up to 35% of the patients were

. AR50
found to be responsive™ >,

The invention’s methods use a first composition that induces immunogenic celt death (ICD),
and that is referred to as “immunogenic chemotherapeutic compound” or “chemoimmunotherapeutic
compourd.” This first composition is exemplified by oxaliplatin, cyclophosphamide, and mitoxantrone
{Galluzzi et al., Cancer Cell. 2015 Dec 14;28(6):690-714) and anthracyclines, bortezomib,
radiotherapy and photodynamic therapy (PDT) (Garg et al. (2010)"Immunogenic cell death, DAMPs
and anticancer therapeutics: an emerging amalgamation.”. Biochim Biophys Acta 1805 (1): 53-71).
doi:10.1016/.bbcan.2009.68.003. PMID 19720113

In one preferred embodiment, the compound that causes immunogenic celt death comprises
oxaliplatin.

The invention’s methods use a second composition, in combination with the above-described
first composition, wherein the second composition reduces one or both of the number and function of
the immunosuppressive plasmocyte cells in the cancer that is bemg treated. In one embodiment, the
second composition that reduces one or both of the number and function of the immunosuppressive
plasmocyte cells comprises antibody that specifically binds to said immunosuppressive B cells, This is
illustrated by the use of a combination of anti-CD19 antibody (Int I Mot Cell Med. 2015
Summer;4(3):143-51 Anti-CD 19 Monoclonal Antibodies; a New Approach to Lymphoma Therapy.
Naddafi F, Davami ) and anti-CD20 antibody (rituximab). Exemplary antibody dosage is 375 mg/m®

intravenous infusion on day 1 of the first of 4 to 3 cycles.
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In one embodiment, the second composition that reduces one or both of the number and
function of the immunosuppressive plasmocyte cells comprises anti-PDL1 antibody {also referred to as
“anti-PD-L1 antibody” and “aPDL1"). Exemplary anti-PDL1 antibodies that reduce the function,
development, and/or number of PD-L1), are commercially available (Genentech) and are in clinical
trials (Sec, A Phase 1 Study of Atczolizumab {an Engincered Anti-PDL1 Antibody) in Patients with
Locally Advanced or Metastatic Solid Tumors. ClinicalTrials. gov Identifiers NCT01375842).

In one embodiment, the second composition that reduces one or beth of the number and
function of the immunosuppressive plasmocyte cells comprises “anti-CDI9-CAR T cells,” which are
chimeric Antigen' Receptor T Cells against CD1 9 for Multiple Mycloma, described in Garfalictal,, N
Engl J Med, 2015 Sep 10;373(11):1040-7.

In one embodiment, the immunosuppressive B cells comprise TGF beta receptors, and the
second composition that reduces one or both of the number and function of said immunosuppressive
plasmocyte cells in the cancer being treated is a compound that inhibits binding of said TGF beta
receptor to a TGF beta receptor ligand, and is exemplified by the small molecule “ALKS inhibitor,”
which is in clinical trials (Herberiz et al., Drug Des Devel Ther. 2015 Aug 10:9:4479-99, doi:
10.2147/DDDT.S86621. eCotllection 2015).

The term "administering” to a subject means delivering a molecule to a subject.
“Administering” a composition to a subject in need of reducing a disease and/or of reducing one or
more disease symptoms includes prophylactic administration of the composition {i.e., before the
disease and/or one or more symptoms of the discase are detectable) and/or therapeutic administration
of the composition (i.e., after the discase and/or onc or more symptoms of the discase are detectable).
The invention’s methods include administering a combination of a tirst composition that causes
imnunogenic cell death, and 4 second composition that reduces one or both of the number and
function of immunosuppressive plasmecyte cells. The first and second compositions may be
administered simultancously at substantially the same time, and/or administered sequentially at
different times in any order (first composition followed second compesition, or second composition
followed by first compeosition). For example, administering said sccond composition substantially
shimuttancously and sequentially in any order includes, for example, (a) administering the first and
second compositions siimultancously at substantially the same time, followed by administering the first
cornposition then the second composition at different times, (b) administering the first and second

compositions simultaneously at substantially the same time, followed by administering the second
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composition then the first composition at diftferent times, {c¢) administering the first composition then
the sccond composition at different times, followed by administering the first and second compositions
simultancously at substantially the same time, and (d) administering the second composition then the
first composition at different times, followed by administering the first and second compositions
simultancously at substantially the same time.

Administering may be done using methods known in the art {e.g., Erickson et al., U.S. Patent
6.632,979; Furwta et al., U.S. Patent 6,905,839, Jackobsen et al.,, U.S. Patent 6,238,878; Simon et al.,
L1.S. Patent 5,851,789). The invention’s compositions may be administered prophylactically (i.e.,
before the observation of disease symptoms) and/or therapeuticatty (fe., after the observation of
discase symptoms). Admmistration also may be conconiitant with {7.€,, at the same fime as, or during)
manifestation of one or more discase symptoms. Also, the invention’s compositions may be
administered before, concomitantly with, and/or after administration of another type of drug or
therapeutic procedure {e.g., surgery).

Methods of administering the invention's compositions include, without limitation,
administration in parenteral, oral, intraperitoneal, intranasal, topical and sublingual forms. Parenteral
routes of administration include, for example, subcutaneous, intravenous, intramuscular, intrastermal
injection, and infusion routes. In a preferred emibodiment, administration in intraperitoneal and/or
infravenous.

Antibody treatment of human beings with cancer is known in the art, for example in U.S. Pat.
Nos. 5,736,137, 6,333,410; 5,475,002; 5,585,499; 5,846,545; 7,202,346; 6,340,701; 6,372,738;
7.202,346; 5,846,545; 5,585,499, 5,475,092; 7,202,346; 7.662,387; 7,662,387, £,429,295; 7,660,425;
5,057,313.

The invention’s antibodies may be administered with pharmaceutically acceptable carriers,
diluents, and/or excipients. Examples of suitable carriers, diluents and/or excipients inchude: (1)
Dulbecco's phosphate bultered saline, pH about 7.4, containing about 1 mg/m!} to 25 mg/m! human

serum albumin, (2) 0.9% saline (0.9% w/v NaCl), and (3) 5% (w/v) dextrose,

A} Prostate Cancer

Cancer development and response to therapy are strongly influenced by innate and adaptive
immunity. For example, androgen depletion and malignant progression affect recruitment of
lymphocytes inte prostate tumors, including B cells that produce Tymphetoxin and thereby stimulate

expansion of androgen-deprived prostate cancer (PC} progenitors. Normally prostate cancer does not
24



LA

19

20

[\
LA

WO 2016/149485 PCT/US2016/022855

respond to an immunogenic (low) dose of oxaliplatin. The invention’s methods sensitize prostate
cancer to low-dose oxaliplatin and achieve nearly complete tumor climination through activation of
cytotoxic T cells. The invention’s method is based on removal or inactivation of immunosuppressive B
cells that accomulate in prostate tumors and prevent the activation of eytotoxic T cells.

Aggressive prostate cancer 15 refractive to chemotherapy and so far atiempts to treat prostate
cancer with immune checkpoint inhibitors have failed. Data herein (Examples 1-7) show that prostate
cancer does not respond to low immunosuppressive doses of oxaliplatin, a chemotherapeutic drug, due
to accumulation of immunosuppressive B cells that prevent the activation of cytotoxic T cclls, By
getting rid of those B cells we were able to fully sensitize prostate tumors to low doses of oxalipiatin
and achieve nearly complete tnmor climination, Immunosuppressive B cells are presentin both mouse
and human prostate cancer,

Data herein (Examples 1.7) show that B cells also determine how PC responds to the
immunogenic chemotherapeutic agent oxaliplatin, which at a low, non-myelesuppressive, dose induces
immunogenic cell death that can promote activation of tumor-directed cytotoxic T cells (CTL).
However, three different mouse models of PC do not respond to oxaliplatin unless genetically or
pharmacologically depleted of B cells, The B lymphocytes found to suppress CTL activation are
plasmocytes that express IgA, IL-10 and PD-L1, whose appearance depends on TGFB-receptor
{TGFPR) signaling. Elimination of these cells, which also infiltrate human therapy-resistant PC, allows
CTL-dependent eradication of oxaliplatin-treated tumors.

Currently, there are immunc checkpoint therapics based on inhibition of CTLA4, PD-1 or PD-
L1. Also, there are B cell targeting drugs such as Rituxan. However, immunosuppressive B cells are
completely refractory to these drugs.

Data herein (Examples 1-7) confirmed the efficacy of the invention’s method in two mouse
models of prostate cancer, and also confirmed the presence of immunosuppressive B cells in human
prostate cancer. Since CRPC is refractory to most therapies™'", data herein in Examples 1-7 examined
the role of B cells in acquisition of chemotherapy resistance, We focused our studics on oxaliplating an

. . . 15 . o ge o . PRI
immunogenic chemotherapeutic drug™ that is effective in aggressive PC™

B) Liver cancer;
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Example 8 shows that immunosuppressive B cells are present in hepatocellular carcinoma
tumors, and the combination therapy of oxaliplatin with checkpoint inhibitor (aPDLA) decreased the

mumber of Hver tumors.

EXPERIMENTAL
The following serve to illustrate certain preferred embodiments and aspects of the present
invention and are not to be construed as limiting the scope thereof. See Shalapour et al., Nature (2015)

S21(7550):94-8. doi: 10.1038/nature 14395,

EXAMPLE I: Materials and Methods

ANl TRAMP mice, their derivatives and s.c. Myc-Cap transplantation were in the FVB genetic
hackground and their basic irmmune parameters are shown in Fig. 15a-m. For s.c. TRAMP-C2 tumors,
CS57BLI6 mice were used. In both s.c. tumors, 2-3 % 10° cells/mouse were transplanted. More detailed

information is as follows.

Animal models

C37BL/6-and FVB contrel mice were purchased from Charles River Laboratories and CD45. 1
mice' were purchased from Jackson Laboratory, and all were bred at the University of California San
Dicgo (UCSD) animal facility. C57BL/6-Ta(TRAMPI8247Ng/J (TRAMP mice) were backcrossed to
the FVB strain for more than 10 generations. The median survival of TRAMP-FVB mice was 23 wieks
compared to 52 wecks for TRAMP-C57BL/6 mice. TRAMP mice were crossed with B cell-deficient
(J") mice’, CTL-deficient (Cd8a™ ) mice® or Ragl”™ mice, which fack both B and T cells”, all in the
FVB-background, OT-] mice were obtained from Taconic’. Tefbr2™" (FVB-background) mice were
obtained from Dr. Hal Moses at Vanderbilt University’, Terb™, Cd19-Cre, 167 and CD45.1 mice
were purchased from the Jackson Laboratory. IgA gene-deficient (Jza™) mice® were obtained from
Baylor College of Medicing. Pdl1/2” mice were obtained from Genentech (San Francisco, CA). Cdl9-
Cre and Iga™™ mice were backerossed to the FVB strain for more than 10 generations, All mice were
maintained in filter-topped cages on-autoclaved food and water at the UCSD animal facility and all
experiments were performed in accordance with JCSD and NIH guidelines and regulations.
The number of mice used in each experiment and the number of experiments are shown in Table 1

below.
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Table 1
Experimental genotype control oxali (cispl) nuntber of experiments
MC-WT 2 24 (+6cisph) 6
TR-WT 52 21 6
MC-Ji™ 18 4+ cisph 4
TR-2 9 18 4
MC-Cd8a™ 19 3 2
TR-Cd8a™ 9 1% 3
MC-Rag™ 9 10 2
TR-Rag” 9 9 2
MC-Tefbr2"® 7 f o 3
MC-Tga™ 8 9 3
MC-Ji"+ B eell transfer - 14 2
MC-WT+ aPD-L1 10 10 2
TRAMP-CZ model 10 10 3
TRAMP-C2 model T cell traasfer 8 & 2
FVB control 17 13 2
MC-Rag” T cell + B cell transfer 18 2
MC-WT + B cell depletion 14 16 ]
MC-Cda™" "B cell depletion & 6 ]
Total 220 243 02

Total number: 468

Mouse treatment studies were “matched design control trials.” Accordingly, mice were
randomly chosen and paired based on sex (male), age (Fig. 6a)and tumor sive. For transplanted tumor
5 models, tumor sixe was defined by the median tumeor volume {e.g. 400 mm’, for late treatments, Fig.
6a.f). For TRAMP transgenic tumor maodcls, treatment decisions were imade based onage and muce
were randomly chosen including a control littermate. An identification code was assigned to ¢ach
tumeor-bearing mouse both in the transplanted and transgenic models, and the investigators were
biinded to treatment allocation at the time of tumor volume measurement, agtopsy and analysis.
16 Flow cytometry and lymphocyte isolation
Forlymphocytes isolated from spleen and lymph nodes, standard protocols using filters have
been used. Lymphocytes were isolated from human blood using Ficoll-Pague PLUS (GE Healthcare
Life Science} according to manufacturer’s recommendations. For tymphogyte isolation from tumors
{mouse and human), tumors were cut into small picces and incubated in dissociation solution (RPMI
15 medium supplemented with §% FBS, collagenase type T (200 Uimi), coltagenase type TV (200 U/ml),
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and DNase I (100 pg/ml) for 30 min at 37° C. After incubation, cell suspensions were passed through a
50 um cell strainer and washed twice. For targe twmors (> 0.7 g), hematopoietic cells were pre-
enriched using density gradient centrifugation {Percoll or Ficoll), and red blood cells were tysed (RBC
Lysis buffer, nrulti-species; eBioscience). For blocking of Fe-mediated interactions, mouse cells were
pre~incubated with 0.5-1 ug of purified anti-mouse CD16/CD32 (93} per 100 ul and human cells were
incubated with FeR blocking reagent (Miltenyi Biotec). Isolated cells were stained with labeled
antibodies in PBS with 2% FCS and 2 mM EDTA or cell staining buffer (Biolegend). Dead celis were
excluded based on staining with Live/Dead fixable dye (eBioscience), For intracellular cytokine
statning, celis were restimuiated (Myc-Cap cell lysate, PMA/tonomycin or PMA/Ionomycin/LPS, as
indicated) in the presence of a protem transpott inhibitor cocktail containing Breteldin A and
Monensin (eBioscience), as indicated. For CD107, a staining antibody was added to the culture during
the stimulation, After S tus, cells were fixed and permeabilized with 8D Cytofix/Cytoperm reagent
for cytokine staining. BD™ transcription factor buffer was used for Foxp3 and T-bet staining and
BD™ Phosflew was used for p-SMAD2/3 and p-STAT staining (BD Biosciences) according to
manufacturer’s recommendations. After fixation/permesbilization, cells were slained with labeled
antibodies of interest. Mareover, /{10 and f-actin mRNA expression were analyzed on single cell level
by flow cytometry in combination with CDA43, IgA and IL-10 protein staining, using FlowRNA TI
Assay kit (Affymetrix eBioscienice) according to manufacturer’s protocols’. Cells were analyzed on a
Beckman Coulter Cyan ADP flow cytometer, Data were analyzed using Flowlo software (Treestar),
immune cclt analysis of tumor-free mice of different genetic backgrounds (C37BL/6 and FVB) and
different genetic ablations arc shown in Fig, 15a-m. The gating strategies and isotype controls for p-

STATI and IL-10 staining are shown in Fig. 15n-q.

Adoptive lvmphocyte transfer

For adoptive T cell transfer (ATCT) CDS™ T cells were isolated from single cell suspensions,
prepared from spleens and lymph nodes as described above, using UDRa~specific microbeads and
MACS-cotumns (both Miltenyi Biotee GmbH, Bergisch Gladbach, Germany), and 5 x 10°CD8™ T
cells were fransferred intraperitoneally (1Lp.; Fig. 14a-)), For adoptive B cell transter (ABCT), B cells
{(B2207/CD19") were isolated from single cell suspensions prepared from spleens using CD19- and
B220-specific microbeads and MACS-columns, and 5 x 10°B cells were transferred 1.p. (Fig. 4g-h,

Fig. 12n,0). For adoptive splenocytes transfer (ACT), single cell suspensions prepared from spleens
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were transferred 1.p., with one total spleen injected per mouse. Labelling with 5- (and 6-)
carboxyfluorescein diacetate succinimidyl ester (CFSE; Molecular Probes, Eugene, OR) was done
according to manufacturer’s protocel. 5 » 1 0° CDY" T eells or 7 % 10° B cells were transferred (equal
to one spleen per mouse; Fig. 5a-i and Fig. 14k-q). For combined adoptive B and T cell transfer (Fig.
5i-1, Fig. 14rt), T cells were isolated from WT-FVB mice immunized with a Myc-Cap cell lysate as
previously described'®. Specifically, Myc¢-Cap cells were incubated in virro with oxaliplatin (40 uM)
for 48 hrs. The extent of cell death was determined by flow ¢ ytometry, showing that more than 90% of
cells were positive for Annexin V and PI. The dead cells were injected subcutaneously (s.c.) into WT-
FVBmice. Seven days later, T cells were isolated from single cell suspensions of spleen and LN using
a Pan T cell isolation Kit {Miltenyt Biotec). B cells were isolated from spleens of naive FVB-WT or
FVB-Tgfhr2' mice using 2 Pan B cell isolation kit (Miltenyi Biotee). MC-tumor bearing Ragl™" mice
received 5 % 10° T cells with or without § % 10° B cells (98% pure) from WT or Tgfbrl?ﬁ‘? mice. Purity
was analyzed on a Beckman Conlier Cyan ADP flow cytometer and was always > 98%.

Absolute numbers of particular immune cells in spleen were calculated by multiplying the
(D45 cell number from onc spleen by the percentages of the particular cell type amongst CD45” cells.
Absolute numbers of particular immune cells (e.g. CD8” cells) in tumors was caleulated by multiplying
the cell number 1t onie tumor portion by the percentages of the corresponding cell type in vital tumor

cells divided by the weight of the analyzed tumor fragment.

Subeutaneous tumor motdels
2 % 10° Mye-Cap' or 3 x [0° TRA MP-C2" cells {purchascd from ATCC) were s.c. injected
into the nght flank. Tumors were measured every 2-3 days using a caliper. Tumor volumes were

calculated as width® » fength /2,

Immune-mediated B cefl depletion

B cells were depleted as previously described'”’. Mice were weekly injected (1p.) with a
mixture of monoclonal antihodies, each at 130 pgfmouse: rat anti-mouose CD19 (clone 1D3), rat anti—
mouse B220 (clone RA36B2), and mouse anti-mouse CD22 (clone CY34). After 48 hrs, the mice were
injected with a secondary antibody (mouse anti—rat kappa chain; GeneTex) at 150 pg/mouse. In
addition, mice were injected weekly, but not on the same day, with 250 pg/mouse rat anti-rmouse CD20

{Genentech). Rat anti-mouse 1gG2a and 1g(G1 were used as isotype controls. Mice were treated for 3
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weeks in total (Fig. 1g; Fig. 7i-p).

Oncomine data analysis

In silico analysis of haman IgA (JGHATY mRNA expression was performed using 15 PC
MICToarray gene datascts 72 from the Oncomine database (Compendia Biosciences; Ann Arbor, M1,
USA; www.oncomine.org)’ comparing a combined 126 carcinoma/adenocarcinoma specimens 10 30
normal {either benign, disease-free normal and/or normal adjacent) tissue specimens. Evaluation

criteria were set as p < (.05, fold change > 2.0, and gene rank in the top 10%.

Analysis of human specimens

Paraffin-embedded specimens from a'total of 110 PC patients were integrated into a tissue
microarray system (TMA) constructed at the Clinical Institute of Pathology at the Medical University
of Vienna (MUV). All of the human specimens used for TMA construction were approved by the
MUV Research Ethics Committee (1753/2014). The cohort included 87 patients with early PC (E-PC),
9 patients with therapy-resisiant PC {TR-PC), and 15 patients with metastatic PC {(M-PC}. Patients’

demographic and histopathological features are shown below in Table 2.

Tabie 2

Ratio CD204+/CDE+ (IRA%) fgA=CDI38+ double positive

cases
N Median (13" quariile) pe 8% gt
Al cases [REE 825 (0.06-1.003 41.8
Patient demographics
<75 ys. 43 .20 (0.10-0.36) 37.2 ,
Age , 0.49 0.16
=75 yrs. 43 G:A3¢0.07-0.75) 233
NA 24
Tumor features
pt2 .23 (G.10:60.47 35.
e o 30 023 (0:10:0.47) 0.48 37 .81
pT ataging pl3/ptd %6 $3.15 {0.06-0.66) 333
NA® i8
<6 36 $.23(0.01-1.0%) AR
Gleason grade | 7 43 0:12 (0.07-0.35) 0.0 326 0.23
=8 13 $.34(0.19:0.75) 53.8
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NA® iR
Early stage 86 0.20 (0.07-0.51) 302

Stage of disease | Therapy resistance g 0:67 (0.34-135) <001 TR <0001
Metastasis i5 2.63(0.33-844) 867

I Not available INA) cased were not- tnchded i the analysis.
b Ratio CD2TCDRT colls (HRA%) fs expressed as percentage immunoréactive area
* By Mann-Whitriey test:

By Chi-square test.

TMA were designed to provide two cores of normal prostate tissue and four cores of PC tissue
from cach E-PC patient, and 3-6 cores of tumor tissue for cach TR-PC and M-PC patient. Stained
TMA shides were digitalized by virtual microscopy at 20'x magnification with a fixed hight intensity
and resolution into a bright-field image using the Nanozoomer (Hamamatsu) scanner. Computer-
assisted image analysis of individual TMA core images was used to quantify the percentage of CD8”™
and CD20” immune reactive area (IRA%) as a proportion of the total digitized haematoxylin-stained
region, as previousty described™, For cach PC paticnt, the mean continuous values of CD8" and
CD20" IRA% in TMA cores without technical artifact for normal and tumor prostate tissue were
calculated and used for subscquent statistical analysis, The presence of CD1387 and IgA ™ double
immunereactivity for plasma cells in the stromal compartment or directly contacting a cancer cell was
semi-quantitatively scored in TMA cores for each patient by an investigator who was blinded to the
patients tumor features. A value of 0 was assignedto tissue cores withoul evidence of stromal
CD138 /IgA" double immunoreactive cells and a value of 1 was recorded when CD138 /IgA" double
immunoreactive cells were present.in the stromal compartment. Farthermore, after approval from the
UCSD institutional review board (IRB), whole tissue slides were subiected to immunohistochemical
(IHC) analysis of aSMA™/IgA, CD$/IgA and IL-10 /IgA double staining from a cohort of formalin-
fixed, paraffin-embedded (FFPE) radical prostatectomy specimens. As previously described™, this
cohort included up to 50 patients, which were selected based on known clinical outcome according to
risk categaries of low-, intermediate- and high-risk groups based on the D’ Amico risk classification™,

Anonymized fresh prostatéctomy and blood samples from consented human subjects, and de-
identified clinical information were provided under the UCSD Moores Cancer Center Biorepository
and Tissue Technology IRB approved pretocel and provided to investigators (M.K., C.J.K., CAM.I,
D.E.H.} with Cancer Sample Banking Committee approval, Fresh, de-identifted samples of human
prostate tissue and blood in 10 mi EDTA-coated tubes were collected from patients undergoing radical
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prostatectony for clinically localized, intermediate or high risk PC, Gleason grade 3+4 or higher. A
board-certified genttourinary pathologist (D.E:R.) collected samples of fresh prostate tumor and

adjacent benign tissue, within § hr of radical prostatectomy, that were 5-10 mm in diameter,

Immunostaining

Tissues were embedded in Tissue Tek OCT (Sakura Finetek, Torrance, CA, USA) compound
and snap-frozen. Tissue sections were fixed in cold aceione/methanol or 3% PFA for 3-10 min and
washed with PBS. Stides were blocked with Tx PBS/ 1% normal donkey or goat serum for surface
staining or 0.2% gelatin (from cold water fish skin; Sigma-Aldrich) /PBS/1% normal donkey or goat
serum for intracetinlar staining for 30 mm. Seetions were incubated with primary antibodies for 1 or 12
hrs at RT or 4° C, respectively, After washing with PBS, secondary antibodies were added for | hr at
RT. As nepative controls, samples were incubated with isotype-matched control antthodies or
secondary antibodics only. After staining with DAPI, sections were covered with Vectashicld
Mounting Mediwm (Vector Laboratories, Burlingame, CA USAY. TMA tissue slides from formalin-
processed and paraffin-embedded tumor sections were processed for immunchistochemistry. After de-
paraffinization and rehydration, sections were immersed i a pre-heated antigen retrieval water bath
with a pH 6.1 citrate buffer, or Dako Target Retrieval Solution for 20 minutes at 95-96°C.
ImmPRESS™ Polymer System Diaminpbenzidine tetrahydrochioride (DAB) peroxidase substrate-
based chromogens were used for single staining of CD8, CD20 and for 1A staining when combined
with CD138 and for aSMA staming when combined with IgA for IHC of human samples.
tmmPACT™ Vector® NovaREDT™ peroxidase substrate-based chromogens were used for CD138
staining when combined with IgA for IHC of human samples. ImmPACT™ Vector® Red Alkanine
Phosphatase substrate-based chromogens were used for IgA staining when combined with aSMA for
Laboratories), Nuclet were hightly counterstained with a freshly made haematoxylin solution then
further washed in water and mounted. Sections were examined using an Axioplan 200 microscope with
AxioVision Release 4.5 soltware (Zeiss, Jena, Germany) or TCS SPE Letca confocal microscope

{Leica, Germany).

Antihodies
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Antibodies specific lor the [oltowing antigens were used: mAb rabbit to cleaved Caspase 3 (#
9661} or poyH2ZAX (Ser139; 20E3) (Cell Signaling Technology, Danvers, USA), pAb rabbit to: CB3
{Dako, 1S503); oSMA (Dako); Tim<3 (BR.2C12}; Tim-1 (RMT1-4); p-SMAD2/3 (D27F4); LC3B
(D11yand CDI138 (Syndecan-1) (anti-mouse Biolegend,; anti-human Dako MI15); IgA (mA-6E1,
mli-44:2 mRMA-1, anti-mouse cBioscience/Biolegend; anti-human for THC: Dako, A0262; for
FACS: Miltenyi); AID (MAID-2); CD8a (m53-6.7, human DAKO, C8/144B); CD45 (hOKT4); CD20
{AISB12, hL26); CD44 (IM7); CD4RM4-5); B220 (RA3-6B2); CD19 (D3, hHIB19); IgM (11/41);
fgD (11-26¢); TNE (MP6-XT22); IFNy (XMG1 2); GrzB (NGZB). CD107a (eBio1D48); PD-1 (J43);
PE-LI {MIH3); FAS-L1 (MFL3); Ki67 (SolA13); 1gG2a (m2a-15FR); 1gG1 (M1-14D12); 1L-10
{(mJESS-16E3; KIES3-9D7: IHC: hiL-10: AF-217-NA): CD69 (H1.2F3); FoxP3 (FIK/16s), CDTic
{(N418): CD11b (M1/70); MHCII (M5/114:15.2); Gr-1 (1 A8-166g); F4/80 (BMS8) and NK 1.1
{NKR PIC) (all from eBioscience); CD31 (PECAM-1, MEC 13.3); CD45 (m30-F1 1), p-STATI
{pY701)and p-STAT3 {pY705) (BD Biescicnce): and aSMA (anti-mousc ab5694; anti-human:
BAKOQO, 1A4). The following Alexa 5394-, Alexa 647-, Alexa 488-conjugated secondary antibodies
were used: donkey anti-rat Ig(3, donkey anti-rabbit lg(s, donkey anti-goat 1gG and goat anti-rat 1gG

{Molecular Probes, Invitrogen).

ELISA

Anti-SV40 Tag immunoglobulin ELISA was performed as previously described™. IgA and IgG
ELISA kits were purchased from eBioscience, and used according 1o manufacturer’s protocols.
Tumoral single cell suspension has been prepared as described above in the flow ¢ytometry section,
and was washed 2-3 times with 1xPBS/ZmMEDTA/2% FCS, to remove soluble IgA. Thereafter, about
3 x 10%cells / 24-well were plated in either 10% FCS/DMEM or Hybridoma medium (Life
Technology). After 24 hrs, the supernatants were analysed for IgA content. Media without cells were

used as controls.

Treatment with chemotherapy or antibodies

Oxaliplatin was diluted m 3% dextrose and 1.p. injected weekly at & mg/ke as indicated. Anti-
PD-L1 antibody was 1.v. injected at 10 mg/kg onee, followed by 5 mgike bisweckly, Mice were treated

for three weeks for atofal of 7 doses/arimal,
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Total RNA was extracted using an RNeasy Plus kit (Qiagen). RNA was reverse transeribed

using an IScript kit (Biorad), Q-RT-PCR was performed using Ssofast EvaGreen supermix (Brorad) on

2 Biorad CFX96 machine. Primer sequences arc listed below and generally were ebtamed from the

NIH gPrimerDepot (hitp:/mouseprimerdepot.nci.nih.gov). The relative expression levels of target

genes were measured in triplicates and normalized against the level of RPL32 expression. Fold-

difference (as relative mRNA expression) was calculated by the comparative CT method (2(CHRPI37gene

af interosi)y

2
Table 3

Name primer 1 primer 2
IFNy TGAACGCTACACACTGCATCT GACTCCTTTICCGCTIOCTGA
TNFE GOTCTGOGECATAGAACTGA CAGCCTCTICICATTCLIGT
IL-10 GOTTGCCAAGUCTTATCGGA ACCTGOTCEACTGCCTTEOT
Perforin TGGAGGTTTTTGTACCAGGU TAGCCAATTTIGCAGCTGAG
TGFp1 | AAGTTGGCATGGTAGCCOTT GGAGAGCCCTGGATACCAAC
NOS2 TCCAGGGATTCTGGAACATY GAAGAAAACCCCTIOTGCTG

Arginase |

TYTTTCOAGUAGACCAGETT

CATGAQCTUCAAGCUAAAGT

Granzyme B

CTCTCGAATAAGGAAGCCCT

CTGACCTTGERCTCTGGECT

RPL32 TIGTGAGUAATCTUAGUACA GGGAGCAACAAGAAAACCAA
IL.-21 CCOTTGICT GTC TGO TAGTCATOT T | GGA GGC AT CTGGCCC
L-12p35 GAGUACTTGAAGATGTACCAG CTATOCTGIGTGAGUAGGGU
[L-12p40 GAC CCT GOC CAT TGA ACT GGU CAA CGTTGC ATCCTAGGA TCG
PD-L1 TGO TGC ATA ATC AGCTAC GG CCA CGG AAATTCTOCT GGT TG

Statistical analysis

Drata are presented cither averages & S.E.M or median of continuous values and were analyzed

by Swdents’ t-test or Mann-Whitney-U, respectively, for comparison of two groups. Kruskal-Wallis

test was used to compare three or more groups. Long-rank (Mantel-Cox} tests were used to compare

survival curves. Fisher's exact Chi-square P values were used to calculate statistical significance of

categorical values between groups. Two tailed p-values of < 0.05 were considered significant.

Unpaired t test-independent studies were used to determine the minimian sample sizes (StatsDirect

Version 2.8.0). GraphPad PRISM software was used for statistical analyses.
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EXAMPLE 2: B cells confer oxaliplatin resistance

Using the TRAMP modet of spontancous PC which gives rise to metastatic tumors with a
neuroendocrine phenotype typical of aggressive, drug resistant human PCY, we examined how B and
CDR" (CTL) lymphocytes affect the response to low dose (LD) oxaliplatin by crossing TRAMP (FVB)
mice to either B cell (J7)™" % or CTL ( CdSa"’ﬂf}if’ deficient mice. Although early (£ 0.2 g) tumors
responded to oxaliplatin regardless of their B cell status (Fig. 6a.b), upon reaching > 0.7 g, tumors in
WT TRAMP mice became largely resistant to “late” chemotherapy (Fig. 1a). However, PC growth m B
cell-deficient TRAMP:Ji mice remained oxaliplatin sensitive (Fig. ta), although the B celt deficiency
had ligtle effect on tumor development and histology (Fig. 6b-c). By contrast, CD8” cell deticiency
modestly attenuated therapeutic responsiveness in small tumors, but barcly impacted large, oxaliplatin-
resistant, tumors (Fig. la; Fig. 6b}, Similar results were obtained in a different model based on s.c.
transplantation of Myc-Cap (MC) cells' (Fig. 6£,g). Whereas small MC tumors (< 100 mm®} were
chemotherapy responsive even in WT mice (Fig. 6g), large MC tumors (> 350-400 mm’) shrank upon
oxaliplatin treatment onlv in J& mice (Fig. 1b-d). No response was observed in Cd8z” mice.
Oxaliplatin responsiveness was associated with enhanced caspase 3 activation (Fig. le,f), indicating
more effective apoptosis. However, the tiunoral DNA damage response measured by histone H2AX
phosphorylation was similarly activated by oxaliplatin, regardicss of host genotype (Fig. 6h,i).
Oxaliplatin treatment enhanced tumor infiltration with CD457 cells in WT and J&™ mice {Fig, 1¢), but
induction of myofibroblast activation and CD31 infiliration was more pronounced in WT mice (Fig.
6;-1). LD oxaliplatin enhanced TRAMP mousc survival in a manner dependent on CTL and inhibitable
by B cells (Fig. 6m-p). B cell immuno-depletion also enhanced oxaliplatin-induced tumor regression

and the effect was CTL-dependent (Fig. 1g).

EXAMPLE 3: B cells suppress CTL activation

Enhanced oxaliplatin responsiveness in B cell-deficient mice reflected more offective CTL
activation. Oxaliplatin stimulated CDR* cell recruitment in both TRAMP and TRAMP:Ji™" mice,
although many more tumoral CDS™ cells were found in the latter (Fig. 2a; Fig. 7a), The B cell
deficiency also enhanced CD8' cell recruitiment into MC tumors after LD oxaliplatin treatment (Fig.

2b.c: Fig. 7b). CD4™ T eell recruitment was also enhanced by B cell absence (Fig. 7e,d). The B cell

deficiency strongly enhanced induction of perfonn, v interferon (IFNy) and TNF by oxabiplatin in MC
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tumors, with TNF and IFNy produced by CDR cells (Fig. 2d-£; Fig. 7). Oxaliplatin-treated MC
tumors of A" mice also contained more CDY” cells with activated STATI (Fig. 78). J&™ tumors and
spleens also contained more protiferative CD8 CD44™GrzB Ki67" colis before and especially after
oxaliplatin treatment (Fig. 2¢) and fewer “exhausted”™ tumoral CDR'CD44 PD-1"Tim3" and
CDR'BTLAM cells (Fig. 2h.i; Fig, 7¢), whose presence in WT tumors was clevated after oxaliplatin
treatment. Similar results were observed upon analysis of “exhausted” splenic CD8 cells (Fig. 7h). B

cell immuno-depletion also enhanced tumoral CTL activation (Fig. 7i-p).

EXAMPLE 4: The immunosuppressive B cells are IgA” plasma cells

Which tumor mfiltrating B celis suppress CTL activation? Oxaliplatin treatment greatly
increased the number of tumoral B220°CIDM9" B cells (Fig. 3a, Fig. 8a.b). After 3-4 cycles of
oxaliplatin treatment, at Jeast 40% of the tumoral B cells were CD19 B220°YC D138 plasma cells,
depending on the tumor model used, 40-80% of which expressed IgA (Fig. 3bie; Fig. Be-1) As
described", plasma cells down-regulated CD20 expression (Fig. 8c-1). IgA™ B cells became detectable
48 hrs after the first oxaliplatin cycle, and their abundance increased to nearly 80% of B220" cells
after additional cycles (Fig. 8g,1). When cultured ex vivo, tumoral IoA™ B cells released soluble IgA
(Fig. 9a). Oxaliplatin treatment also increased serum IgA, but had little eftect on serum IgG, in both
TRAMP and MC-tumor models (Fig. 9b-¢). IgA” cells with plasmocyte morphology were often found
adjacent to o smooth muscle actin (aSMA)-expressing myofibroblasts {(Fig. 3d), cells that produce
CXCLI3Y, Oxatiplatin-induced 1gA" B cells from spleen and MC tumors expressed activation-
induced cytokine deaminase (A1D) (Fig. 9f,g), suggesting recent occurrence of class-switch
recombination (CSR).

The TgA CSR is induced mainly by TGFB in combination with CD40L, JL-21, T1.-10 or [L-
6'""®_Accordingly, oxaliplatin treatment increased the proportion of tumoral B cells undergoing TGFp
stgnaling, including phosphorylated SMAD2/3 in B cells and higher Tg/b/ mRNA in tumors (Fig. 3e;
Fig. 9h-j). 1L-21 ensures TGFB-induced IgA CSR, via STAT3 signaling™. Indeed, oxaliplatin
treatment increased IL-21 expression and enhanced STAT3S phosphorylation in tumoral B cells (Fig.
9k,13. Oxaliplatin also increased /770 mRNA expression in tumors, the number of tumor-infiltrating IE-
10 producing B ¢ells and the amount of 1L-10 per B cell (Fig, 3fg; Fig. 9m), mainly in IgA"CD19”
plasmocytes (Fig. 3h-i), 50% of which contained both L-10 mRNA and protein (Fig. 9n), Oxaliplatin

also induced Fas Hgand (Fas-L) and PD ligand 1 (PD-L1), and about 50% of the [sA™ B cells
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expressed both molecules (Fig. 3k,1, Fig. 812i). Similarly, about 40% of oxaliplatin-induced IgA™ cells
expressed both PD-L1 and 1L-10 (Fig. §j). Some PD-L1" B cells (nearty 90% of which werg IgA™)
showed SMADZ/3 phosphorylation (Fig. 9i). Notably, LTa/B-producing B ¢ells did not express IL-10
and their abundance was barely increased by oxaliplatin (Fig. 90,p). CD19" cells from either unitreated
or oxaliplatin-treated tumors did not express CD3, a marker of B regulatery {Breg) cells'? (Fig. 9q).
Oxaliplatin treatment induced other immunoregulatory molecules, including Nos2, Argl, IL-12p35
and IL-12p40, but no differences were observed between tumor-bearing WT and Jh” mice, although
the latter expressed higher levels of anti-tumorigenie™ 1L-12 (Fig, 10a-d). B cell deficiency or
depletion had no significant cffcet on tumoral NK cells, myeloid CD11b Gl cells, macrophages or
Treg (Fig. 10¢-1), Thus, unlike mouse squamous cell carcinoma, where B cells modulate tumor growth
and therapeutic responsiveness through effects on macmp‘hagesz'i, B cells i murine PC impede

immunogenic chemotherapy by suppressing CTL activation,

EXAMPLE 5; 1gA” plasma cells in human prostate cancer

Human PC samples (n=110) were analyzed for CDS' T cells and CD20" B cells (Fig. 11a.b).
Comparison of CDS§ and CD20 immune reactive areas {(IRA) in matched normal versus tumor tissue
specimens from 87 early stage PC (E-PC) patients indicated higher CD8 ™ and CD20" cell counts in
tumor tissue (Fig. 11c,d). Moreover, patients with therapy-resistant PC {TR-PC) or metastatic PC (M-
PC) cxhibited reduced tumoral CD8 " eelt density relative to E-PC patients (Fig. 11c). By contrast, E-
PC contained fewer B cells than TR-PC and M-PC, where B cells were most abundant (Fig. 11£). E-PC
specimens displayed higher CD8/CD2( ratio and lower CD20/CDS ratio than TR-PC and M-PC (Fig,
11gh). Enmunofluorescence (IF) and immunohistochemical (IHC) analyses of human PC specimens
revealed IgA" cells in a scattered formation, especially in the high risk group, frequently next to
aSMA™ myofibroblasts (Fig. 3m; Fig. 11i-k, and o), as found in mice. CD20" B cells were found both
scattered and clustered in lymphoid follicle-like' areas (Fig. 11b,1). IL-10-producing IgA” CD138"
cells were also detected in human PC and some IgA " cells were adjacent to CD8' T cells and
expressed little CD20 (Fig. 115-1). Approximately 25% of the 1gA" cells in fresh prostatectomy
specimens expressed 1L-10 and they were enniched in the malignant pertion of the prostate (Fig,
T1m,n). IgA " CD138" plasmocytes exhibited higher density in TR-PC and M-PC than in E-PC (Fig.
tlo,p) and patients with higher | gA'CD138" cell counts showed lower CDR/CD20 ratio (Fig. 11q). la

silico analysis of human IgA (JGHAI mRNA in PC Oncomine datasets ™ revealed elevated JGHA]
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mRNA in mahgnant versus healthy prostates in 11 of 15 datasets. Of these, 5 showed a significant

. e : g s - . ek s

increase {p<-0.05) and 3 showed a > 2-fold change. Results of ong analysis® are presented (Fig: 111)

and are consistent with carlier findings regarding lymphocyte infiliration and activation of the IKKa-
894

Bmil module by B cells in mouse PC™™, suggesting that tumor inliltrating lymphocytes also control

malignant progression and response to therapy in human PC.

EXAMPLE 6: Immunosuppressive plasmocytes depend on TGF} signaling, PD-L1 and 1L-10

We examined mechanisms responsible for gencration of tumoral IgA” plasmocytes and their
immunosuppressive function. Consistent with prior knowledge regarding the IgA CSR'™ and
presence of activated SMADZ/3 in PE-Li-expressing B cells, TGFp receptor I {TGFPR2)*® ablation
in B cells (\ng‘br}’m) enhanced the response of MC tumors to oxaliplatin (Fig. 4a), decreased the
number of tumor-infiltrating, but not splenic, B cells (Fig, 4b and Fig. 12a) and inhibited oxaliplatin-
induced IgA” plasmocyte generation without affecting Gl or 1gG2a” cells (Fig. 4c; Fig. 12b-d). IgA
ablation also potentiated the response to oxaliplatin without reducing tumoral B cell number (Fig,
4a,b}). Both TGFBR2 and IgA ablations increased serum IgG independently of oxaliplatin, prevented
appearance of tumoral PD-L1" or IgsA'1L-10" B cells after oxaliplatin treatment, but had almost no
eftect on 1L-10 production by BEZOMZgA' B cells (Fig. 12e-g). TGFPR2 ablation in B cells or IgA
deficiency also increased tmoral CTL density, wmoral IFNy-production and surface CD1(7a
expression by CDS8' T cells isolated from oxaliplatin-treated mice after ex vive stimulation with MC
lysates or PMA/ionomyein (Fig, 4e.f). These results are consistent with clinical observations,
describing systemic and organ-specific autotmmune discases as major manifestations of IgA
deficiency™, which suggest that IsA" cells suppress activation of auto-reactive T cells.

Suppressor B cells may attenuate T cell activation via PD-L1%. Treatment of mice bearing MC
tumors with a combination of oxalipfatin and anti-PD-L1, but not anti-PD-L1 alone, irhibited tumor
growth, increased GrzB expression by effector T cells, downregulated PD-L1 expression on IgA” B
cells, and reduced serum IgA, but not 1gG (Fig. 12h-m). Furthermare, reconstitution of MC turnor-
bearing JH hosts with B cells deficient in either PD-L1 or TL-10 failed to inhibit oxaliplatin~-induced
tumor regression (Fig, 4g.h; Fig. 12n,0). PD-L1 ablation did not affect IL-10 expression and 1L-10
ablation had no effect on PD-LT (Fig. 151k}, indicating that both molecules are needed for plasmocyte-

medipted immunosuppression.
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All of the above experiments used LD oxaliplatin because of its well-described immunogenic
properties™. The related compound cisplatin, however, is devoid of immunogenic activity™,
Although both oxalipiatin and cisplatin induced apoptotic cell death of MC cells, oxaliplatin, was more
effective in stimulating autophagy (Fig. 13a.b). Importantly, only LD oxaliplatin led to regression of
MC tumors raised in Ji™ mice, whereas LD cisplatin was ineffective {(Fig. 13¢). Correspondingly, only
oxaliplatin increased the abundance of tumor infiltrating CDS™ and CD4” cells in Jir® mice (Fig.
13d.e). LD, but not high dose, oxaliplatin did not increase intestinal permeability and had no effect on

fgA production and other immune parameters in tumor-free WT ar Tg/be2™ mice (Fig. 13£k),

EXAMPLE 7: Adoptively transferred T cells eliminate tumors in the absence of B cells

We examined whether immunogenic chemotherapy also potentiates the effectivencss of
adoptively transferred T cells (ATCT), We grew immunogenic TRAMP-C2 PC cells™ in B cell-
containing Terf” mice and combined oxaliplatin treatment with ATCT (Fig, 14a). Higher tumor
volumes in ferf relative to WT mice confirmed TRAMP-C2 immunogenicity (Fig. 14b). However,
despite successful T cell take and elevated CD8" cell count afier oxaliplatin no tumor rejection took
place (Fig. 14¢-¢). Different results were obtained in Ragl™ mice, which lack T and B cells (Fig. 141).
We raised TRAMP-C2 tumors in Rag!™";OT-1 mice, which lack B cells and polyclonal T cells but
harbor CD8" T cells directed against chicken ovalbumin (Ova)”’. These mice were used instead of
simple Ragl™ mice to avoid lymphopenia-induced proliferation of CD8” cells, which can non-
specificatly increase T cell effector function®’ . Adoptively transferred CD8” T cells expanded and
expressed GrzB in Rag?™ ;071 hosts, especially after oxaliplatin treatment (Fig, 14g,h).
Consequently, temor growth was inhibited in mice receiving ATCT together with oxaliplatin (Fig.
141,j).

More dramatic results were obtained in TR4MP; Ragl ” mice transplanted with CFSE-labeled
splenocytes from either naive WT (B and T cell transfer) or JA™ (T cell transfer) mice at 16 weeks of
age (Fig. 5a). Six days later, CD8 ¢ell profiferation was confirmed in BM, spleens and prostates of
transplanted mice, indicating successful T celf take, although lower T cell proliferation was scen when
T and B cells were co-transferred (Fig. 14k}, Thirty days after lymphoeyte transfer, prostate tumors
were analyvzed. Oxaliplatin led to tumor regression in mice receiving T and B cells, but in mice
receiving only T cells it induced complete tumor regression {Fig. 5b,c). Transplantation with both T

and B cells combined with oxaliplatin treatment led to appearance of CD19" B cells in spleen and
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prostate and restored serum IgA and IgG (Fig. 5d-f). IgA and IgG directed against SV40 T antigen, the
TRAMP oncogene, were detected after B and T cell transfer, indicating a tumor-specific humoral
response (Fig. Sg.h). Transferred B cells showed higher expression of TIM-1 (Fig. 14m,n), a molecule
involved in regulation of IL- 10 expression and tolerance induction™, Co-transplantation ot B and T
cells also led to appearance of Ch4" and CD8 cells in ymph nodes and spleen, but T cell number was
considerably lower in prostate tumors (Fig. 51; Fig. 14o-q). However, transplantation with B cell-
deficient splenocytes led to robust T cell infiliration into prostate tumors {Fig. 5i; Fig. 14q). To further
confirm that IgA”™ B cells attenuate the response to immunogenic chemotherapy by inhibiting T cell
activation, we raised MC tumors in Ragl™™ mice and transplanted the mice with T cells from WT mice
that were immunized with MC ¢ell Tysate, with or without naive splenic B cells from WTor 'Tgfhrzjg
mice. In this case, oxaliplatin induced tumor regression and CTL activation only in mice receiving T
cells, or T cells + TGEPR2-deficient B cells, which preduced just a low amount of 1gA (Fig. 5i-t; Fig.
{4r-1). Hence, only B cells that have undergone TGFBR signaling and IgA CSR suppress CTL

activation.

EXAMPLE 8: Anti-PD-L1 treatment induce hepatocellular carcinoma tumor regression only
when combined with oxaliplatin,

Liver cancer rates are rapidly growing while all other cancers are declining (Ryerson ot al,
{2016}, Annual Report to the Nation on the Status of Cancer, 1975-2012, Cancer. doi:
10.1002/cncer.29936). Figure 16 shows that immunosuppressive B cells are indeed also present in liver
cancer, and the combination therapy of oxaliplatin with checkpoint inhibttor (aPDL1) decreased the

ninber of Bver lumots..
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CLAIMS

We elaim;

i. A method for treating epithelial cancer in a mammalian subject in need thereof, wherein said
subject comprises cancer tissue that contains epithelial cancer cells and immunosuppressive B cells,
and wherein said method comprises administering to said subject a therapeutically effective amount of
a} one or more first composition that causcs immunogenic cell death, and
by oncor more second composition that reduces one or both ofthe number and function of
satd immunosuppressive Bocells in said cancer.
2 The method of Claim 1, wherein said first composition that causes immunogenic cell death i
setected from the group consisting of oxaliplatin, cyclophosphamide, and mitoxantrone,

anthracyclines, and bortezomib.

3 The method of Claim 2, wherein said first composition that causes immunogenic cell death

comprises oxaliplatin.

4, The method of Claim 1, wherein said sceend composition that reduces one or both of the
number and function of said immunosuppressive B cells in said cancer comprises an antibody that
specificatly binds to said imnrunosuppressive B cells,

5. The method of Claim 4, wherein said second composition that reduces one or both of the
number and function of said immunosuppressive B cells in said cancer comprises anti-CD 19 antibody

and anti-CD?0 antibody.

6. The method of Claim 4, wherein said second comiposition that reduces one or both of the

number and function of said immunosuppressive B cells in said cancer comprises anti-PDLT antibody.
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7. The methed of Claim 1, wherein said second composition that reduces one or both of the
number and function of said immunosuppressive B cells in said cancer comprises anti-CD19-CAR T

cells,

8. The method of Claim |, wherein said immunosuppressive B cells comprise TGE beta recepiors,
and wherein said second composition that reduces one or both of the number and function of said
immunosuppressive B cells in said cancer is 8 compound that inhibits binding of said TGF beta

receptor to a TGF beta receptor ligand.

9, The method of Claim 8, wherein said sccond composition that inhibits binding of said TGF

beta receptor to a TGF beta receptor comprises ALK S inhibitor.

10.  The method of Claim [, wherein said epithelial cancer is selected from the group consisting of

prostate cancer, Hiver cancer, bladder cancer, lung cancer, and cutaneous melanoma.

11.  The method of Claim 10, wherein said prostate cancer is selected from the group consisting of

castrate-resistant prostate cancer (CRPC), recurrent prostate cancer, and metastatic prostate cancer.

12, The method of Claim 1, wherein said epithelial cancer is selected from the group consisting of

primary cancer, recurrent cancer, and metastatic cancet.

13.  The method of Claim 1, wherein said administering comprises administering said first

composition and said second composition substantially simultanecusly.

4. The method of Claim 1, wherein said administering comprises administering said first

cornposition and said second composition sequentially in any order,

15, The method of Claim 1, wherein said administering comprises administering said first

composition and said second composition substantially simultancousty and sequentially in any order.
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WO 2016/149485 PCT/US2016/022855

Amino acid sequence of programmed cell death 1 ligand 1 isoform a precursor (PD-L1) Homo
saptens) SEQ ID NO:01-04

A. NCBI Reference Sequence: NP 054862.1 (SEQ 1D NO:01)

L mrifaviifm wywhilnatt vivpkdlyvwy ey aalisyweame
&1 dkniigfvhg esdlkvghse qurarllk'q gl vy rofaisvay
121 advkritvky mapynkingy Iivvdpvtss he dhgvlzakte
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241 1wilgaille lgvaltfifr lrkgrrasdvk ke

HEVE VS WIS ¥ o RIS AINIRANN A SRR Ty AGA Y
9136, NCEE Reference Seguenoe: NO UGG 13 EEL 1 NI

i
%
5
gt
i
ot
s,
-~
1
4
=,
W
b4}
wrst
]
i<
5%
gkt

FNVTITLRINT

WNHTARLVIPELELAEPPHERTHLVILGAILLCLEVALT
&
o

MRIFAVEIFMT YRHLENAPYNEINCRILYVYVEEPVTSERELTCOAR

GYRPKARVIWDSSDHQVLSGHTTITNSKREEFLENVISTLRINTTINEIFYCTEFRRLEE

EENHTAELY IFELFLARPEFRERTHLVILGATLLCLAGVALTFIERLREGHRMMEVEKIGT
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Aminoe acid sequence of interlenkin 10 (FL16) ( Homo sapiens) NP_08563.1 ; Entrez Gene: 3586
(SEQ ID NO:05):

]

MHSSALLOCLYLLTGVRASPGOGTOSENSCTHFPGNLENMLEDL

REAFSRVETEPOME DO LN L LLEES LLE DFRGY LGCCALSEMIQF Y LREEVMPOARNDD

Figure 18
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A. IGHAT HUMAN,P01876, Entrez Gene: 3493, NCBI Reference Sequence: NC_000014.9,
containing Ig alpha-1 chain C region, Binding site PO1876{352] (SEQ ID NO:06)

ASPTSPKVEP LSLCSTQPDG NVVIACLVQG FFPQEPRLSVT WSESGQGWTA
RNFPPSQDAS GDLYTTSSOL TLRATQCLAG - KSVTCHVKHY TNPSQDVTVP
CPVPSTPPTP SPSTPPTPSP SCCHPRLSLH RPALEDLLLG SEANLTCTLY
GLRDASGVTE TWTRSSGKSA VOGPPERDLL GOYSVSSVLE GCAEPWNHGK
TETCTAAYPE SKTPLTATLS KSGNTFRPEV HLLPPPSEEL ALNELVTLTC
LARGFSPKDV LVRWLQGSQE LPREKYLTWA SRQEPSQGTT TFAVTSILRY
AAEDWEKKGDT FSCMVGHEAL PLAFTOKTID RLAGKPTHVN VEWVMAEVDG
TCY

B. IGHA2 HUMAN, Entrez Gene: 3494 , P01877, containing Ig alpha-2 chain C region
PO1877 [1-340], PRO_0000153567 (SEQ 1D NO:07)

ASPTSPKVFPLSLDSTPODGNVVVACLVQGFFPQEPLSVTWSESGQNVTARNFPPSQDAS
GDLYTTSSQLTLPATQURDGKSVTCHVKHYTNPSQDVTVPCPVPPPPPCCHPRLSLHRPA
LEDLLLGSEANLTCTLTGLRDASGATETWTPSSGKSAVQGPPERDLCGCYSVSSVLPGCA
OPWNHGETFTCTAAHPELKTPLTANITKSGNTFRPEVHLLPPPSEELALNELVTLTCLAR
GFSPKDVLYRWLAGSQELPREKYLTWASRQEPSQGTTTFAVTSILRVAAEDWKKGDTESC
MVGHEALPLAFTOKTIDRMAGKPTHVNVSVVMAEVDGTCY

Figure 19
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