ONCOIMMUNOLOGY
2022, VOL. 11, NO. 1, €2043037 (14 pages)
https://doi.org/10.1080/2162402X.2022.2043037

Taylor & Francis
Taylor &Francis Group

ORIGINAL RESEARCH

8 OPEN ACCESS ’ W) Check for updates

Pivotal antitumor role of the immune checkpoint molecule B7-H1 in pancreatic cancer

Alexandr V. Bazhin?, Katharina von Ahn?, Jasmin Fritz?, Henriette Bunge?, Caroline Maier?, Orkhan Isayev®, Florian Neff<,
Jens T. Siveke (<9, and Svetlana Karakhanova?

2Department of General, Visceral and Transplantation Surgery, University of Heidelberg, Heidelberg, Germany; ®PDepartment of Cytology, Embryology
and Histology, Azerbaijan Medical University, Baku, Azerbaijan; “Division of Solid Tumor Translational Oncology, German Cancer Research Center
(DKFZ) and German Cancer Consortium (DKTK), partner site University Hospital Essen, Heidelberg, Germany; 9Bridge Institute of Experimental Tumor

Therapy, West German Cancer Center, University Hospital Essen, University Duisburg-Essen, Essen, Germany

Abstract

Immune checkpoint molecule B7-H1 plays a decisive immune regulatory role in different pathologies
including cancer, and manipulation of B7-H1 expression became an attractive approach in cancer
immunotherapy. Pancreatic cancer (PDAC) is characterized by pronounced immunosuppressive environ-
ment and B7-H1 expression correlates with PDAC prognosis. However, the first attempts to diminish B7-
H1 expression in patients were not so successful. This points the complicity of PDAC immunosuppressive
network and requires further examinations. We investigated the effect of B7-H1 deficiency in PDAC. Our
results clearly show that partial or complete B7-H1 inhibition in vivo let to reduced tumor volume and
improved survival of PDAC-bearing mice. This oncological benefit is due to the abrogation of immuno-
suppression provided by MDSC, macrophages, DC and Treg, which resulted in simultaneous restoration of
anti-tumor immune response, namely improved accumulation and functionality of effector-memory CD4
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and CD8 T cells. Our results underline the potential of B7-H1 molecule to control immunosuppressive
network in PDAC and provide new issues for further clinical investigations.

Introduction

Immunotherapy has become nowadays a paradigm-shifting
approach for patients with advanced malignancies. Particularly,
the so-called immune checkpoint molecules (ICPM) attract an
enormous attention of scientists and clinicians due to the fact
that immunotherapy using antibody or inhibitors targeting these
molecules could demonstrate spectacular clinical responses.’
These exciting results led to the approval of antibody against
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), pro-
grammed cell death protein 1 (PD-1), and programmed cell
death-ligand 1 (PD-L1, B7-H1) for treatment of patients with
melanoma, non-small cell lung cancer, and renal cell
carcinoma.” Unfortunately, only restricted cohorts of patients
benefit from these treatments probably due to an intricate net-
work of strong immunosuppression.” Pancreatic ductal adeno-
carcinoma (PDAC) is one of such malignancies, which have not
responded to therapies with ICPM inhibitors in pilot clinical
trials.*

The regulatory cell-surface proteins of the B7-H family play
an important role in the modulation of immune responses.’
B7-homologue 1 (B7-H1, CD274, PD-L1), a ligand for PD-1
receptor, was described by Dong.® B7-H1 expression has been
found on the surface of macrophages, dendritic cells (DC), and
activated T cells, B cells, endothelial, and epithelial cells.”
Moreover, B7-H1 is ubiquitously present in tumor cells in
different types of cancer,” and its expression correlates with
a poor prognosis for the patient and contributes to tumor

immune evasion.” This makes B7-H1 and its regulation an
important target for ongoing investigations in the field of
cancer immunotherapy, with ICPM inhibitors.

B7-H1-deficient mice (B7-H1KO) were generated by Dong
and colleagues.'® In our recent research, we deeply investigated
this mouse strain and showed that B7-H1 deficiency in vivo
modulates several immunological parameters, including the
amount and composition of Gr1*CD11b" myeloid population,
the composition and activation state of the DC compartment,
the frequency and status of natural killer (NK) and NKT cells,
B cells, naive/memory state of CD8 T cells, production of IL-2
and IL-10 cytokines, and increased PD-1 expression in the
immune cells."" All these data underline the importance of B7-
H1 as a decisive immune regulatory molecule.

PDAC is one of the deadliest cancers in the world, with
5-year survival rates of only ~1% and median survival of 4-
6 months.'” The reasons for such a poor prognosis are multi-
ple, including rapid tumor dissemination, latent nonspecific
symptoms associated with a delayed diagnosis '* and a highly
immunosuppressive milieu.'"* Immunotherapy might be con-
sidered as an attractive approach to combat PDAC."” However,
one phase I trial using an antibody against B7-H1 did not
reveal any objective response by the patients,'® pointing the
complicity of immunosuppressive network induced by PDAC.
Despite B7-H1 supposed to be one of the crucial actors in this
immunosuppressive structure, the immunological outcome of
B7-H1 deficiency in PDAC is not fully characterized yet.
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In this work, we used both in vivo and ex vivo approaches to
inhibit B7-H1 and demonstrated that such inhibition indeed
reduces tumor volume and improves survival of PDAC-
bearing mice. This oncological benefit was due to the abroga-
tion of general immunosuppression and simultaneous restora-
tion of an antitumor immune response.

Materials and methods
Materials

Antibodies used are listed in the Suppl. Table 1. FoxP3 staining
Buffer Set was purchased from eBioscience. Collagenases III
and IV and Trypan Blue 0.5 % were obtained from Biochrom
AG. DNAse I was purchased from Roche. Dulbecco’s PBS
Solution (10x), HBSS Buffer, and RPMI 1640 were obtained
from PAA Laboratories GmbH. RBC Lysis Buffer (10x) was
purchased from BioLegend and Hyaluronidase by Linaris
GmbH. CD11b MicroBeads as well as Myeloid-Derived
Suppressor Cell Isolation mouse kit were purchased by
Miltenyi Biotec GmbH. Milliplex® MAP Kit, Mouse
Cytokine/Chemokine Magnetic Bead Panel, was purchased
from EMD Millipore Corporation Merck KGaA.
FluoSpheres®Carboxylate, Yellow-green (505/515) conjugated,
was obtained from Life Technologies. CFSE (5-(and6)-
Carboxyl-fluorescein diacetate succinimidyl eyter, CFDA SE)
and CD274 (B7-H1) Functional Grade Purified antibody were
purchased from eBioscience.

Mice

Two mouse strains in the age range 8-12 weeks were used. The
C57BL/6 wild-type mice were purchased by Charles River,
Sulzbach. The B7-H1KO mice were originally created by
Dong and colleagues by homolog recombination in embryonic
stem cells in a C57/Bl6 background'® and kindly provided by
Dr. Linda Diehl and Dr. Percy Knolle. The mice were kept in
the animal facility of University Heidelberg (IBF, Heidelberg)
and in the Department of Neuropathology (University
Hospital, LMU Munich) under specific pathogen-free (SPF)
conditions. Homozygous B7-H1KO mice were checked for
the KO genotype stability in regular intervals. Experiments
with animals were carried out after approval by the authorities
(Regierungspraesidium Karlsruhe and Regierungspraesidium
Oberbayern).

Orthotopic mouse model

The murine PDAC model has been induced as previously
described."” The i.p. treatment with anti-B7-H1 antibody or
IgG control (Functional Grade purified B7-H1 and IgG
control Ab, eBioscience; 150 pg/mouse in 150 pl) was
performed at day (d) 5, 8, 11, 15, 19 after cancer cell
transplantation. All in vivo primary results were obtained
from repetitive independent experiments, and “n” reflects
total amount of mice per group. Each in vivo experiment

data is shown in Suppl. Figure S1.

Preparation of tumor, spleen, and blood samples

Four weeks after the cell implantation, the mice were sacrificed
by cervical dislocation. Spleens and tumors were dissected, and
the size was determined using a slide vernier caliper. The
abdomen was examined for the presence of metastasis in the
liver, intestines, and peritoneum, as well as any adhesions or
abnormalities. The size of the metastasis was graded from + to
+++. Blood was allowed to clot and centrifuged at 600 g for
25 min. The clear serum supernatant was centrifuged at 9300 g
for 10 min and frozen at —20°C.

Preparation of a single-cell suspension

Isolated tumors were cut into small pieces and incubated in
5 ml of the collagenases digestion solution at 37°C. Tissue was
pressed through a 100 pum cell strainer and flushed with 10 ml
of PBS. The samples were centrifuged at 4°C, 400 g, 5 min, and
the supernatant was discarded. After adding 1 ml of erythro-
lysis buffer, the samples were resuspended, incubated for
2 min, and 10 ml of PBS was added to stop erythrolysis. After
another centrifugation step, the cells were resuspended in
10 ml of PBS and flowed twice through a 40 um cell strainer.
The cell concentration was adjusted to the 2 x 10° cells/50 pl.

Immunophenotyping with FACS

The splenocytes and tumor cells were stained with different
antibody combinations in several panels. In tumor-bearing
mice, CD45 antibody was used to differentiate between tumor
cells (CD457) and tumor-infiltrating leukocytes (CD45%). CD4/
CD8 panel: CD4/CD8 T cells as well as their subsets, naive
T cells (CD62LYCD44"), effector T cells (CD62L"CD44 "), cen-
tral memory T cells (CD62L"CD44"), and effector memory
T cells (CD62L"CD44™) were analyzed. DC panel: conventional
DC (CD11c™"CD11b*, ¢DC) and plasmacytoid DC
(CD11c™CD45R", pDC) were characterized, and the expres-
sion of MHC-II (I-A[b]), B7-H1, and CD80 and CD86 mole-
cules was investigated. For the analysis of suppressive cell
populations, the Treg panel and the MDSC (Myeloid-derived
suppressor cells) panel were used. Treg panel: the T regulatory
cells were gated as Foxp3"CD25" within the CD4 T-cell popula-
tion. Total MDSC were gated as CD11b"Gr1". The granulocytic
MDSC are characterized as Ly6C*Ly6G* and the monocytic
MDSC as Ly6C™€"Ly6G ™. To test functional status of MDSC,
the expression of Arginase-1 (Arg-1) and inducible Nitric Oxide
Synthase (iNOS) was examined.

To assess phagocytosis activity of macrophages (Grl™/
CD11b" F4/80" cells), Gr17/CD11b" cells were isolated in
two MACS-isolation steps, using Grl-negative- followed by
CD11b-positive selection. Isolated cells were incubated for
1 h at 37°C with the FluoSpheres®Carboxylate yellow-green
beads (Life Technology), at a concentration of 7.7x10° beads/
1x10° cells and examined by flow cytometry. The amount of
phagocytized beads was assessed by analyzing the fluorescence
intensity of the cells in the FITC channel. For the detailed
gating strategy, see Suppl. Figure S2A.



Extracellular staining

The cells were preincubated for 10 min with anti-CD16/CD32
mixture, and appropriate antibodies for cell surface molecules
were added to 50 pl of the cell suspension and incubated for
15 min at 4°C in the dark. The samples were washed twice,
resuspended in stain buffer, and analyzed on the BD Canto II
Flow cytometer.

Intracellular staining

First, extracellular staining with non-conjugated antibodies was
performed and the cells were fixed with 1 ml of the Fixation/
Permeabilization Buffer. The samples were then incubated for at
least 3 hours at 4°C in the dark. Afterwards, two washing steps
with Permeabilization Buffer were performed at 4°C, 400 g,
5 min and the intracellular and the conjugated extracellular
antibodies were pipetted to the samples. After two washing
steps with Permeabilization Buffer, the cells were resuspended
in stain buffer and analyzed on the BD FACS Canto IL

MACS (Magnetic Activated Cell Sorting)

MACS separation was performed as described elsewhere,'”
according to manufacturer instructions. For MDSC isolation,
Gr1M€"Ly6G* cells were magnetically labeled by Anti-Ly6G-
Biotin antibody and Anti-Biotin MicroBeads. The first flow-
through was pre-enriched in Gr1™Ly6G" cells. The positive
cells from the column were removed from the outside magnetic
field using the MACS buffer and a plunger. To increase the
purity of Gr1"™&"Ly6G" cells, the cells were passed through
using a new column. The first flow-through pre-enriched in
Gr1Y™Ly6G™ cells was further labeled with Anti-Gr1-Biotin
antibodies and Streptavidin MicroBeads to isolate
Gr19™Ly6G™ cells by positive selection. For macrophage iso-
lation, Gr1™ cells were magnetically labeled by Anti-Gr1-Biotin
antibody and Anti-Biotin MicroBeads and removed from the
suspension by positive selection. The Grl™ cells in the first
flow-through from the column were subsequently labeled by
Anti-CD11b- MicroBeads. To increase the purity of
Gr1 CDI11b" cells, they were run through a new second
column.

Co-cultures

The CFSE-labeled splenocytes were seeded at a concentration
of 2x10°/200 pl medium and with the cells of interests in 96-
well round bottom plates. One hour later, CD3 antibody (1 ug/
ml) and CD28 antibody (2 pg/ml) were added to activate the
cells. After 72 hours at 37°C, the supernatant was collected and
stored at —20°C for the Luminex assay. The cells were har-
vested, stained with appropriate antibodies, and analyzed by
flow cytometry.

LUMINEX (Bioplex) assay

LUMINEX assay was performed as described elsewhere,'®
according to the manufacturer instructions, and measured by
the Luminex® 100/200 System.
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Statistical analysis

All statistical analyses were performed using GraphPad Prism
Version 5.01 or 7.01. Distributions of continuous variables
were described by means, SE, median, 25% and 75% percen-
tiles, and were presented as indicated in the Figure Legends.
D’Agostino and Pearson omnibus normality tests were con-
ducted to estimate the distribution of data. The null hypothesis
(mean values were equal) versus the alternative hypothesis
(mean values were not equal) was tested by unpaired, two-
tailed T-test for normal distributed variants or by the Mann-
Whitney test for nonparametric distributed data. Survival ana-
lysis was done with Kaplan-Meier curves and statistically ana-
lyzed with the Log-rank test. All statistical tests were two-tailed.
The significance level was a = 5%.

Results

In this work, we used two approaches for B7-H1 inhibition
based on the Panc02 orthotopic model of PDAC. This model is
characterized by strong immunosuppression,'”'” which makes
it similar to human PDAC.

For the first approach, the murine PDAC cells of the Panc02
cell line were orthotopically injected in the B7-H1KO mice or
in the wild-type (WT) animals (control). For the second one,
only WT mice were used for Panc02 cell injection. In this case,
one group of the animals was treated with an antibody against
B7-H1 and another group became an isotype antibody
(control).

Notably, both cultured PDAC Panc02 cells and the tumors
generated from the orthotopic injection of Panc02 cells demon-
strated the expression of B7-H1 molecule (Suppl. Figure S2B).

Absence of B7-H1 reduces tumor volume and appearance
of peritoneal carcinosis and improves survival of
PDAC-bearing mice

First, B7-H1KO and WT BL6 animals (co) were transplanted
orthotopically with Panc02 cells, and tumor volume, metas-
tases, and survival of the tumor-bearing mice were analyzed
(Figure 1). B7-H1KO mice showed a decrease in the PDAC
tumor volume and a reduction of peritoneal carcinosis
(Figure 1A and C). No difference in liver and colon metastases
was observed (Suppl. Figure S3). Importantly, B7-H1KO
tumor-bearing mice demonstrated a clear survival benefit com-
pared to the WT animals (Figure 1B). For the second approach,
we operated WT mice and treated them with a monoclonal
antibody against B7-H1 (abB7-H1) or with an isotype control
IgG (co). The abB7-H1 treatment reduced tumor volume and
improved survival of PDAC-bearing mice (Figure 1D and E).
We detected also a decrease in a number of liver metastasis, but
the difference was not significant (Suppl. Figure S3). Thus,
inhibition of B7-H1 leads to an improvement of oncological
parameters of PDAC-bearing hosts.

We supposed that the oncological improvement in PDAC-
bearing mice observed was due to a restoration of the antitu-
mor immune response. To prove or disprove this hypothesis,
a profound investigation of antitumor immunity in the PDAC-
bearing mice has been carried out.
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Figure 1. Absence of B7-H1 reduces tumor volume and appearance of peritoneal carcinosis and improves survival of PDAC-bearing mice. (A) Tumor volume, (B) survival,
and (C) signs of peritoneal carcinosis of WT (co) and B7-H1KO (B7-H1) tumor-bearing mice; (D) tumor volume and (E) survival of WT tumor-bearing mice treated with an
antibody against B7-H1 (abB7-H1) or with an isotype control (co). Data are presented (A and D) as a scatter plot (mean with SD), n = 11-18, analyzed with the unpaired
T-test; (C) as stacked bars analyzed with the fisher's exact test; (B and E) with a Kaplan-Meier curves and analyzed with the log-rank (mantel-cox) test. **p < 0.01,

***p < 0.001, and ****p < 0.0001.

Inhibition of B7-H1 leads to a partial abrogation of
immunosuppression

As we showed previously, tumors of the Panc02 PDAC model
are strongly immunosuppressive due to the tumor accumula-
tion of high amount of Treg and MDSC,'”"” as well as due to
a building of an immunosuppressive cytokine milieu.'® Thus,
we investigated pro- and anti-inflammatory cytokines in the
serum of tumor-bearing mice studied in the previous section.
In the sera of B7-H1KO PDAC-bearing mice, we detected less
VEGF as well as a trend to diminished production of KC
(CXCL1) and IL10 (Suppl. Figure S4). Amount of ILlb,
TGEp, IL4, IL6, and IL13 were not changed significantly
(Suppl. Figure S4). Interestingly, in the serum of PDAC-
bearing mice treated with the B7-HI1 antibody, we could in
addition detect a significant decrease in the TGFp concentra-
tion (Suppl. FigureS4). These results reflect a lower level of
immunosuppression on the cytokine level in the tumor-
bearing hosts without B7-HI.

At the next step, we profoundly investigated immunosuppres-
sion on the cellular level in the tumor-bearing mice with or
without B7-HI expression. We found less Treg in tumors of B7-
H1KO mice and in WT PDAC-bearing animals treated with
abB7-H1 (Figure 2A and Suppl. Figure S2A). It should be noted
that in spleen, we could not see any difference in the Treg amount
between the mouse strains analyzed (data not shown). Also an
analysis of Tumor Infiltrating Leukocytes (TILs) did not reveal
any change in the amount of MDSC (Suppl. Figure S5). However,
splenocytes from the tumor-bearing mice demonstrated
a decrease in the amount of MDSC in B7-H1KO mice as well
as in WT PDAC-bearing animals treated with antibody against
B7-H1 (Figure 2B and Suppl. Figure S2A). It is important to note
that granulocytic MDSC (gMDSC) was more often detected in
TILs of WT tumor-bearing mice compared to B7-H1KO animals,
whereas monocytic MDSC (mMDSC) was prominently found in
TILs of B7-H1KO mice (Figure 2C and Suppl. Figure S2A).
Besides, based on the downregulation of their inducible nitric

oxide synthase (iNOS) and Arginase (Arg) expression, B7-HIKO
MDSC have to possess a low immunosuppressive capacity
(Figure 2D and Suppl. Figure S2A). Indeed, a proliferation assay
using T-lymphocytes as target cells revealed that MDSC from WT
mice are stronger immunosuppressive then MDSC from B7-
H1KO mice (Figure 3A and Suppl. Figure S2A).

Thus, the general PDAC immunosuppression depends on
the status of B7-H1 expression manifesting in modulation of
Treg and MDSC as well as their immunosuppressive function.

Since MDSC express high amount of B7-H1 (Figure 3B), it
was intriguing to investigate whether this immunosuppressive
molecule could reinforce the immunosuppressive effect of these
cells. We performed once more a proliferative assay, as men-
tioned above, using MDSC isolated from WT mice and incu-
bated them with T lymphocytes with or without an antibody
against B7-H1. We registered no effect of the antibody on pro-
liferation (data not shown). However, the addition of anti-B7-
H1 antibody in vitro led to an increase in the interferon-y (IFNy)
concentration in the co-culture supernatants (Figure 3C), indi-
cating that B7-H1 seems to be partially involved in the immu-
nosuppression by MDSC in these experimental settings. Thus,
B7-H1 could be engaged in the interplay of MDSC and T cells.

Inhibition of B7-H1 leads to a restoration of the antitumor
immune response in PDAC-bearing mice

We supposed that low level of immunosuppression in B7-
H1KO tumor-bearing mice can lead to the restoration of
the antitumor immune response, which can be responsible
for a better oncological outcome of tumor-bearing animals.
Therefore, we investigated in detail lymphocyte populations
generally involved in the antitumor response. For this pur-
pose, T cells and their subgroups were analyzed both in
spleen and tumor of WT and B7-H1KO tumor-bearing
mice. The analysis revealed a high amount of CD4" lym-
phocytes in spleens of B7-H1KO tumor-bearing animals
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Figure 2. Inhibition of B7-H1 leads to a decrease in amount of Treg and MDSC in tumor-bearing mice. (A) Amount of Treg is diminished in the tumor of B7-H1KO mice
(B7-H1) and of WT mice treated with antibody against B7-H1 (abB7-H1): data are presented as a scatter plot (mean with SD), n = 7-15, analyzed with the unpaired T-test.
(B) Amount of MDSC is diminished in the spleen of B7-H1KO mice (B7-H1) and of WT mice treated with antibody against B7-H1 (abB7-H1): data are presented as a scatter
plot (mean with SD), n = 8-15, analyzed with the unpaired T-test. (C) Distribution of MDSC subpopulations in tumor of mice, data are presented as a scatter plot (mean
with SD), n = 6-17, analyzed with the unpaired T-test. (D) Expression of iNOS and Arg is lower in the MDSC of B7-H1KO mice (B7-H1): data are presented as a colon bar
graph (mean with SD), n = 4-12, analyzed with the unpaired T-test. MFI - fluorescence intensity. *p < 0.05, **p < 0.01.

and in tumors of WT mice (Figure 4A,C and Suppl. Figure
S2A). Importantly, a stronger accumulation of effector-
memory CD4" lymphocytes was detected in the B7-H1KO
mice compared to WT animals (Figure 4B and Suppl.
Figure S2A). Regarding CD8" lymphocytes, their high
amount was detected both in tumor and spleen of B7-
H1KO animals compared to WT mice (Figure 4D,F and
Suppl. Figure S2A). Besides, a pronounced accumulation of
effector-memory CD8" lymphocytes was found in tumor
and in spleen of the B7-H1KO mice (Figure 4E,G and
Suppl. Figure S2A). Higher tumoral accumulation of
CD8" lymphocytes and their effector-memory subpopula-
tion were seen in the WT tumor-bearing mice treated with
an antibody against B7-H1, while control treated animals
showed lower accumulation of these cells (Suppl. Figure
S6). It should be noted that no difference in the B-cell
and NK-cell distribution either in tumor or spleen was
detected in the tumor-bearing animals investigated (data
not shown).

IFNy production by T cells serves as a marker of their
activation. Therefore, we measured intracellular IFNy produc-
tion by TILs and splenocytes obtained from PDAC-bearing
WT and B7-H1KO mice. We found higher level of activation
of different subpopulation of immune cells in TILs (Figure 5A)
and splenocytes (Suppl. Figure S7) isolated from B7-H1KO
animals compared to WT ones. Another important antitumor
characteristic of immune cells represents the cytotoxicity of
TILs against tumor cells. We hypothesized that the TILs from
B7-H1KO mice would possess better cytotoxicity then TILs
obtained from WT animals. For this purpose, CD45" cells
were isolated from tumors of both mice strains and co-
cultivated with the Panc02 cells. The experiments proved our
hypothesis (Figure 5B). The amount of IFNy-producing CD4
and CD8 cells was indeed much higher in the TILs from B7-
H1KO tumor-bearing mice as well as the percent of killed
tumor cells in the respective co-cultures. This means that
abrogation of B7-HI even only on the non-tumor cells
improves antitumor cytotoxicity of TILs.



e2043037-6 (&) A.V.BAZHIN ET AL.

A &
1.0 4 E3333
: " 4000
KRR
D034
® e = 3000 4 ==
G064 ﬁ”
® : 2000 -
oss £
fo2 1000
0.0 Lo —
coMDSC B7-H1MDSC Activation + + +
CD4 *cells MDSC - + +
ahB7-H1 - - +
B
Tumor Spleen
=)
£
L pancdadd  Mdeisds BN " Aand ] R bt | - "*T"'."—"' ! vy " hhb i S
B7-H1

Figure 3. MDSC from B7-H1KO tumor-bearing mice are less immunosuppressive as compared to their WT counterparts. (A) MDSC from tumors of B7-H1KO tumor-
bearing mice (B7-H1 MDSC) have lower suppressive capacity on the T-cell proliferation then MDSC from tumor of WT tumor-bearing mice (co MDSC). (B) Flow cytometry
analysis of the B7-H1 expression on MDSC in tumor and spleen. (C) Analysis of IFNy production by T cells co-cultured with MDSC with or without abB7-H1. A summary of
results of two independent experiments, each with 3-5 mouse probes presented as a colon bar graph (mean with SD), analyzed with the unpaired T-test. **p < 0.01 and

***%¥p < 0.0001.

Thus, the antitumor immune response in the absence
of B7-H1 seems to be restored due to higher immune cell
activation and improved cytotoxicity, as well as accumu-
lation of effector-memory lymphocyte in the tumor-
bearing mice.

Inhibition of B7-H1 improves functionality of DC

It is well-known that B7-H1 molecule is important for the
impeccable function of DC. Therefore, we investigated this
immune cell compartment more precisely. While the plasma-
cytoid (p) DC amount was reduced in the spleen of B7-H1KO
tumor-bearing mice compared to the WT ones, these DC
showed an improvement in their maturation state
(Figure 6A). However, the CD80 co-expression on the surface
of pDC was diminished in the absence of B7-H1 (Figure 6A).
In regard of CD80 expression on conventional (c¢) DC, we
detected a decrease in the CD80 expression intensity
(Figure 6B). Splenocytes of the B7-H1KO tumor-bearing
mice showed also an increase in the amount of CD86" mature
cDC (Figure 6B). However, their expression intensity was
reduced (Figure 6B). In addition, in the spleen of mice treated
with abB7-H1, a reduction of the cDC amount was registered
(Figure 6B). Finally, we saw no phenotypical differences in the

tumor DC of both models (data not shown). Activation and
proliferation of CD4" lymphocytes after co-incubation with
DC serves as a readout for the functionality of DC. Therefore,
we isolated DC from tumor and CD4" cells from spleen from
control WT tumor-bearing mice and co-incubated them with
or without an antibody against B7-H1. It should be noted that
the antibody alone did not affect the expression of CD69 and
CD25 markers on CD4" lymphocytes and their proliferation
(data not shown). However, blocking of B7-H1 with the anti-
body in co-cultures led to better activation of lymphocytes
(expression of CD69 and CD25) and influenced their prolifera-
tion (Suppl. Fig8).

Thus, the inhibition of B7-H1 expression improves the
function of PDAC tumor DC.

Inhibition of B7-H1 reduces amount of splenic and tumor
M2 macrophages in tumor-bearing mice and induces the
macrophage phagocytic activity

Macrophages play a dual role in tumor-bearing hosts: M1
macrophages are generally involved in antitumor immune
response, while M2 favorite tumor progression.”’ In our
PDAC model, splenic and tumor macrophages also
expressed B7-H1 on their surface (Figure 7A). Therefore,
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Figure 4. Accumulation of effector-memory lymphocytes in the tumor-bearing B7-H1KO mice. CD4* or CD8" lymphocytes in tumor (A and D) and spleen (C and F) and
their effector-memory subpopulation (B, E and G). Data are presented as a scatter plot (mean with SD), n = 7-19, analyzed with the unpaired T-test. *p < 0.05,

**p < 0.01, ***p < 0.001, and ****p < 0.0001.

we questioned whether the B7-H1 inhibition would influ-
ence this group of immune cells. We found that the amount
of macrophages (CD11b"Grl1™ cells) is decreased in tumor
and spleen from B7-H1KO mice compared to control WT
animals (Figure 7B). Importantly, the amount of M2
(CD206") macrophages was also reduced both in spleen
and tumor of the B7-H1KO mice (Figure 7B). Since phago-
cytic activity is an important feature of macrophages, we
analyzed it in the tumor macrophages obtained from both
tumor-bearing mice strains. Indeed, the macrophages from
tumor of B7-H1KO mice possessed better phagocytic activity
then CD11b*Grl™ TILs from tumor-bearing WT hosts.

These results suggest that B7-H1 expression is important
for macrophages and that the M2 immunosuppressive
macrophages are low presented in the absence of this check-
point molecule.

Discussion

In this study, we investigated for the first time in detail the
effect of total and partial B7-H1 deficiency in PDAC on the
regulation of immune response. Recently, we provided
a detailed expression pattern of PD-L1 and its receptor PD-1
on specific healthy mouse immune cells.”' Taking in account
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the ubiquitous PD-L1 expression demonstrated in this project
and in different studies on immune cells like MDSC,*
macrophages,”® Treg cells,”* DC,*® and of PD-L1 receptor
PD-1 on non-myeloid immune cells (CD8, CD4 and Treg),*'
we expected that the absence of B7-H1 on immune cell could
lead to a decrease in general immunosuppression and conse-
quently to reduced tumor growth.

Indeed, we show here for the first time that the reduction of
even only the host non-tumor B7-H1 in PDAC leads to the
restoration of immune response, tumor reduction, and survival
benefit. These results are in line with the recent observations in
colon and sarcoma tumor models.***” They also highlight the
intriguing discussion about the crucial role of the host immune
cells in general and particularly B7-H1"-positive immune cells in
the regulation of antitumor response.”® In our study, the favor-
able immune effects of B7-H1 antibody were surprisingly not
more, but sometimes even less pronounced then effects observed
in B7-H1KO tumor-bearing mice. This implies that aside from
various parameters determining the efficacy of immune check-
point inhibition in PDAC like tumor immunogenicity, initial
T-cell priming, immunosuppressive network, and T-cell anergy
and exhaustion, some limitations concerning explicit usage of
antibody could exist. Antibody delivery to the target tumor and
nontumor cells requires not only favorable pharmacokinetics
but also sufficient micro-vessel permeability, efficient penetra-
tion, and retention in the targeted tissue, which is controlled by

multiple characteristics of antibody and by clinical settings.*’
Moreover, the initial absence of B7-H1 molecule in B7-H1KO
might contribute to the development of more favorable, in con-
text of antitumor response, tumor microenvironment (TME).

Previous reports from Winograd et al. and Ma et al. demon-
strated that single anti-PD-1 blockade failed to show anti-
cancer activity in murine pancreatic cancer model.>>*' In the
first study, other models of pancreatic cancer were used,
namely the KPC mouse spontaneous PDA and the subcuta-
neous PDA tumor model, which might have a certain differ-
ences in organization of TME compared with our orthotopic
model.’> Moreover, in contrast to our approach, anti-PD-1
antibodies were used in both studies to block PD-1/B7-H1
axis. Taking in account that (i) PDAC tumor cells express B7-
H1, (ii) B7-H1 expression could be shown on the majority of
immune cells, whereby PD-1 expression was more restricted,"
and (iii) various immune cells expressing B7-H1 could be
modulated by B7-H1 blockage in their phenotypes and func-
tions even in healthy mice,"' the direct reduction of B7-H1
expression might be more encouraging. Besides, B7-H1 was
described to have an appreciable affinity for the CD80 costi-
mulatory molecule,”® and recent evidence suggests also that
a reverse signaling may exist downstream of B7-H1 in both
tumor and immune cells.>* These new B7-H1 characteristics
are not thoroughly investigated yet, but could make as well an
input into the outcome of the direct B7-H1 inhibition.
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Our Panc02 PDAC model has several benefits like presence
of an intact immune system and of strongly immunosuppressive
TME as well as scarcity in effector CD8+ T cells, making it
comparable with human PDAC and suitable for immunother-
apeutic preclinical studies. Other sides, this model (i) does not
develop a strong desmoplastic reaction and therefore differs in
TME and (ii) demonstrates, due to its carcinogen-derived
tumorigenesis, a high mutational burden.*® This may limit the
use of Panc02 model in immunotherapeutic approaches, since
these characteristics can modulate the efficiency of immunother-
apy. For example s.c. Panc02 tumor-bearing mice usually
respond better to immune checkpoint blockade.””?® In contrast,
in the work of Luheshi et al., Panc02 pancreatic tumor cells were
surgically implanted in matrigel to produce more robust TME,
similar to human PDAC. This study demonstrated that modula-
tion of the TME by a CD40 agonist antibody correlates with
improved antitumor reactions to, otherwise, poor responsive,
PD-L1 blockade, underlining relevance of TME variations in
therapeutic studies.””

Since human PDAC has generally lower mutation burden
unless it has mismatch repair (MMR) deficiency (d-MMR), the
promising results obtained in PDAC model might be

particularly relevant for this cohort of patients. Supportively,
d-MMR, including MMR protein loss and/or microsatellite
instability, was shown to be predictive of response to immu-
notherapy in pancreatic cancer.*®

Recent clinical trials reported no clinical benefit of single
agent B7-H1 blockade by antibody Durvalumab in pancreatic
adenocarcinoma.’® However, patients in clinical studies are
much more heterogenic then the experimental mice, which
are of the same line, age, tumor inoculation time, early injec-
tion time of antibody, etc. They often, like in this trial, repre-
sent a population of patients with mPDAC who had poor
prognoses and rapidly progressing disease. Most of the studies
enroll an unselected group of patients to treat, and the number
of respondents might appear insufficient to establish the asso-
ciation between clinical outcomes and B7-H1 expression.”” In
line, in recent years in PDAC studies, multiple evaluated tar-
geted therapies and cancer vaccines failed to show efficacy in
late-stage clinical trials.** Despite preclinical tumor models
partially reflect the human disease, the complex tumor envir-
onment of PDAC, which is genetically heterogenic, hypoxic,
fibrotic, immunosuppressive, and not highly immunogenic,
still differs in humans.
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Figure 7. Absence of B7-H1 abolishes the accumulation of M2 macrophages. (A) Flow cytometry analysis of the B7-H1 expression on macrophages in tumor and spleen.
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beads analyzed by flow cytometry, WT (co), B7-H1KO (B7-H1). Data are presented as a column bar graph summarized from two independent experiments, each with 3-5
mouse probes, and analyzed with the unpaired T-test. *p < 0.05, **p < 0.01, and ****p < 0.0001.

Our study clearly demonstrates that B7-H1 inhibition
approach has a therapeutic potential, despite disappointing
outcome in the first clinical trials. We believe that various
parameters and clinical settings should be further examined
and optimized in order to achieve in patients similar effects of
B7-H1 inhibition on immunosuppressive network and
immune response as were observed in our PDAC model.
Future studies should as well evaluate the possibilities to iden-
tify patients most likely to benefit from B7-H1 inhibition and
to develop the best combined therapies with B7-HI1 blockade
and other agents. Hereby, the simultaneous targeting of other
molecular or cellular components of PDAC immunosuppres-
sive network as well as individualized treatment for certain
patient populations could be promising approaches.

One of the crucial immunosuppressive axes is provided by
MDSC. We demonstrated previously that a decrease in MDSC
frequencies and in the systemic VEGF level leads to
a restoration of anti-cancer immune responses and an
improved survival of PDAC-bearing female mice and hypothe-
sized that MDSC are strongly involved in the PDAC-associated

immunosuppression.'” Also pancreatic cancer patients with
up-regulated B7-H1 display lymphocyte exhaustion and are
more enriched in MDSC.*! In this study, we observed in the
sera less VEGF in B7-H1KO. In spleens, we found a decrease in
the amount of MDSC in B7-H1KO tumor-bearing mice as well
as in WT PDAC-bearing animals treated with antibody against
B7-H1. This is also aligned with our foregoing observation that
B7-H1KO healthy mice have a reduced Gr1"CD11b" compart-
ment within myeloid cells'' and with strong indications that
signaling through B7-H1 can make an input in cancer immune
escape functionally related to MDSC.***

Not only the expansion of MDSC but also their iNOS /Arg
production and suppressive activity were partially B7-H1-
dependent in our study. In accordance, the role of B7-H1 in
MDSC function was highlighted in several other models. In vitro
studies with human gMDSC showed that targeting B7-H1 par-
tially impaired MDSC-mediated T-cell suppression.”> Human
bone marrow-derived B7-HI"MDSC are responsible for
immune suppression through a mechanism involving Arg-1
and IDO expression, and B7-H1 and MHC class II expression



on in vitro produced bone marrow-derived MDSC and MDSC
from patients with melanoma and colorectal cancer correlated
with T-cell dysfunction.** In hepatocellular carcinoma (HCC)
patients, higher percentages of B7-H1"MDSC was found, which
were inversely correlated with disease-free survival and were
reduced by HCC treatment.” Moreover, the majority of liver
MDSC, which are associated with liver metastases and suppress
antitumor immunity, express high level of B7-H1 and demon-
strate B7-H1-dependent mode of suppression.*® Also in multiple
myeloma, MDSC were characterized by high expression of B7-
H1, and PD-1/B7-H1 blockade made an input in the inhibition
of MDSC-mediated immune suppression and multiple myeloma
growth.”” Interestingly, age as a known factor encouraging
immunosuppression promoted accumulation of B7-H1* MDSC
in aged mice in lung cancer and enhanced tumor growth. These
pro-tumor effects could be diminished by inhibition of B7-H1
with specific antibody.** MDSC compartment is divided into two
subpopulations, and gMDSC was strongly presented in the WT
tumor-bearing mice while mMDSC was predominantly found in
the B7-HIKO mice. In contrast, in healthy B7-H1KO mice, the
ratio between Gr1*CD11b*Ly6C'™ and Gr1*CD11b*Ly6C™e"
subpopulations was shifted toward Gr1*CD11b*Ly6C"" cells."
Which role the ratio between gMDSC and mMDSC could play in
general and particularly in anti-cancer immunity is still the
matter of debate. However, several observations pointed to the
specific characteristics of gMDSC subset. For example, in pros-
tate cancer, gMDSC is supposed to exhibit a high pSTAT3 levels
and a high degree of immunosuppressive activity and high levels
of B7-H1.* Increased levels of gMDSC were also found in
individuals with initial phase of HIV infection, which correlated
negatively with CD4 T-cell levels. Moreover, this B7-H1 expres-
sion was utilized by gMDSC to inhibit proliferation and IFNy
secretion of CD8 T cells.”

Other closely related myeloid cells - macrophages — were as
well reduced in their numbers in tumor and spleen from
tumor-bearing B7-H1KO mice, but possessed better phagocy-
tic activity. Tumor-associated macrophages can restrict
immune engagement and therefore became an attractive target
in PDAC treatment.”’ In PDAC, the high number of macro-
phages was associated with poor prognosis.”® Phagocytosis and
intracellular killing activity of macrophages in tuberculosis can
be as well as significantly increased with PD-1/PD-L1
blockade.”® Development and progression of oral squamous
cell carcinoma are characterized by the augmented presence of
M2 macrophages with upregulated B7-H1 expression and cor-
related with increased capacity to induce T-cell apoptosis.”

Particularly important in our experiments is the concomitant
reduction of tumor-promoting M2 macrophages in spleen and
tumor of B7-H1KO mice, which are an important part of tumor
immune suppressive environment™ and are associated with
decreased survival and poor prognosis in pancreatic cancer.’”
Also in gastric adenocarcinoma cells, M2-like macrophage infil-
tration is highly associated with B7-H1 expression.” In this
work, we did not investigate other potentially important part
of tumor environment, namely cancer-associated fibroblasts
(CAFs), which represent a heterogeneous population of cells.
Recent studies, however, suggested that in some cancers, CAFs
express B7-H1, which can serve as a prognostic marker’”*® and
described a CAF subset that is associated with a poor response
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to anti-B7-H1 therapy.” Thus, further investigation of interplay
between tumor cells, CAFs, and immune cells could explore our
knowledge regarding immune checkpoint blockade therapy.

DC is one of the major cell compartments that express B7-H1
and can further up-regulate it in response to various
stimuli,”"*>% but less is known about the effect of B7-HI on
DC per se. We demonstrated that while in the tumor-bearing
mice the pDC subpopulation was reduced in the spleen of B7-
H1KO but showed an improvement in their maturation state, in
healthy B7-H1KO, the percentage of pDC was increased.'’ In
addition, in the spleen of PDAC mice treated with abB7-HI,
a reduction of the cDC amount was registered. This means that
B7-H1 molecule is involved in the regulation of DC subdivisions,
but the outcome is different in case of tumor presence or healthy
conditions. The CD80 co-expression on the surface of pDC and
cDC was diminished in the absence of B7-HI in tumor-bearing
hosts. In line, the same effect we previously observed in healthy
B7-H1KO."" Thus, this intrinsic regulation occurs independently
from tumor environment. Splenocytes of the B7-H1KO tumor-
bearing mice showed in this study an increase in the amount of
CD86" mature ¢cDC but reduction in the intensity of CD86
expression. Interestingly, the amount of CD86" pDC and
CD86 expression intensity was higher in B7-H1KO healthy
mice, whereas ¢cDC did not demonstrate any variations.!' So,
the modulation of maturation stage upon B7-H1 deficiency
seems to be as well partially tumor dependent.

In accordance with the observations of other research-
ers and our own previous findings discussed, we demon-
strated here that B7-H1 expression on DC correlates with
their stimulation capacity toward T cells, since the inhibi-
tion of B7-H1 expression improves the activation ability of
PDAC tumor DC. In our recent work, we showed that DC
represented only a small population in PDAC TILs, did
not possess tolerogenic phenotype and still could improve
the proliferation capacity of the co-cultured splenocytes.'”
This let us assume that DC are not a major player in the
context of immunosuppression in PDAC but rather a soft
tuner.!” However, it is known that DC has reduced func-
tions in several types of cancer, including PDAC, and
many clinical approaches aim to improve their stimulatory
potential.®!

Another important pivot point of cellular immunosuppres-
sion is Treg cells, which are highly enriched in the PDAC.'”"
Various observations demonstrated that B7-H1 expression
could encourage accumulation of Treg and that manipulating
of the PD-1/B7-H1 interaction can enhance the in vitro and ex
vivo expansion and function of Tregs.> **

In context of pancreatic tumor, we accordingly found less
Treg in tumors of B7-HIKO mice and in WT PDAC-bearing
animals treated with abB7-H1, while in healthy B7-H1KO
mice, we have rather seen a percentile increase in Treg within
the CD4 compartment.'' These results propose that the
absence of B7-H1 can modulate Treg incidental to tumor
presence.

Taken together, our findings demonstrate that B7-H1 defi-
ciency affects the most prominent suppression actors in
PDAC, by influencing their amount, constellation, and func-
tions. Consequently, we observed restoration of immune
response manifested in the increased accumulation of
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effector-memory CD4 and CDS8 cells and improved function-
ality of CD4 and CD8 compartments. Our results highlight
the great potential of B7-H1 molecule to control sophisticated
immunosuppressive network in PDAC. They also provide
new impulses for further clinical investigations to improve
the immunotherapy with checkpoint B7-H1 inhibition and its
clinical outcome.
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