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ABSTRACT

The infiltration of myeloid cells helps tumors to overcome immune surveillance and imparts resistance to
cancer immunotherapy. Thus, strategies to modulate the effects of these immune cells may offer a
potential therapeutic benefit. We report here that tasquinimod, a novel immunotherapy which targets
S100A9 signaling, reduces the immunosuppressive properties of myeloid cells in preclinical models of
bladder cancer (BCa). As single anticancer agent, tasquinimod treatment was effective in preventing early
stage tumor growth, but did not achieve a clear antitumor effect in advanced tumors. Investigations of
this response revealed that tasquinimod induces an increase in the expression of a negative regulator of T
cell activation, Programmed-death-ligand 1 (PD-L1). This markedly weakens its antitumor immunity, yet
provokes an “inflamed” milieu rendering tumors more prone to T cell-mediated immune attack by PD-L1
blockade. Interestingly, the combination of tasquinimod with an Anti-PD-L1 antibody enhanced the
antitumor immune response in bladder tumors. This combination synergistically modulated tumor-
infiltrating myeloid cells, thereby strongly affecting proliferation and activation of effector T cells.
Together, our data provide insight into the rational combination of therapies that activate both innate and
adaptive immune system, such as the association of ST00A9-targeting agents with immune checkpoints
inhibitors, to improve the response to cancer immunotherapeutic agents in BCa.

Abbreviations: APC, Antigen-presenting cells; DAMP, Damage-associated molecular pattern; EMEM, Eagle’s minimum
essential medium; FACS, Fluorescence-activated cell sorting; FDA, Food and Drug Administration; FFPE, Formalin fixed
paraffin embedded; MDSCs, Myeloid-derived suppressor cells; MFI, Median fluorescence intensity; MRI, Magnetic reso-
nance imaging; PD-1, Programmed death 1; PD-L1, Programmed-death-ligand 1; PMA, Phorbol 12-Myristate 13-Acetate;
RPMI, Roswell Park Memorial Institute medium; TAMs, Tumor-associated macrophages; TILs, Tumor-infiltrating lympho-
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Introduction

BCa is the most common urinary tract cancer with an estimated
incidence of 386,000 cases and 150,000 deaths per year world-
wide.! Significant progress has been made in the last decades in
understanding the biology of BCa. Overactivation of the PI3K/
AKT/mTOR and MAPK pathways as well as epigenetic altera-
tions are frequently found in bladder tumor cells.” In addition to
changes in the tumor cells themselves, the tumor microenviron-
ment (TME) plays a major role in promoting tumor develop-
ment and metastasis.” Several cell populations of the TME are
implicated in tumor growth and progression such as endothelial
cells, pericytes, fibroblasts, regulatory T cells (Tregs) and mye-
loid cells.* The myeloid lineage cells are a heterogeneous popula-
tion of bone-marrow derived cells, such as tumor-associated
macrophages (TAMs) and myeloid-derived suppressor cells
(MDSCs), which are actively recruited to the TME.

TAMs play a key role in promoting tumor cell proliferation,
angiogenesis and repression of adaptive immunity.” Two

distinct subsets of TAMs have been proposed. Type 1 macro-
phages (M1) express multiple pro-inflammatory factors and
cytokines, such as IL-12 and iNOS and exert antitumor immu-
nity. In contrast, type 2 macrophages (M2) express a wide vari-
ety of anti-inflammatory molecules, such as IL-10, TGF-p3, and
Arginase-1. The M2 phenotype predominates in most human
tumors and provides an immunosuppressive microenviron-
ment that fosters tumor growth.°

MDSCs are a heterogeneous immature cell population that
increases during inflammation and cancer, and suppresses T-
cell activation.” S100A9 regulates the accumulation of MDSCs,
leading to tumor-promoting immunosuppressive functions.®
Mice lacking S100A9 rejected implanted EL4 tumors, whereas
STAT-3 inducible upregulation of S100A9 increases the accu-
mulation of tumor-associated MDSCs.” Administration of
wild-type MDSCs to S100A9 null-mice reversed this effect.
Moreover, a recent study showed that SI00A9 may be useful as
a molecular imaging marker to monitor MDSCs and TAMs
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activity in primary tumor lesions.'® S100A9 imaging revealed a
strong correlation with tumor growth and metastasis
formation.

In addition to myeloid cells, which negatively regulate T cell
function, a large number of immune checkpoints such as PD-
1/PD-L1, CTLA-4, Tim-3 or LAG-3 are implicated in tumor-
induced immunosuppression.'' In particular, the PD-1/PD-L1
axis attenuates antitumor immunity via several mechanisms
such as T cell anergy, exhaustion and apoptosis.'> PD-L1 is
expressed on multiple lymphoid cells (B cells, T cells), myeloid
cells (MDSCs, TAMs) as well as on tumor cells in a wide variety
of tumor types, including melanoma," non-small cell lung,"*
and bladder carcinomas.'® Interestingly, patients with superfi-
cial BCa showed lower PD-L1 expression than those with inva-
sive BCa.'® Moreover, blockade of the PD-1/PD-L1 axis was
shown to induce a potent antitumor immune response in pre-
clinical mouse models as well as in the clinic.'”'® Based on the
efficacy of Anti-PD-L1 directed therapy, the FDA granted a
Breakthrough Therapy Designation for the use of Anti-PD-L1
(MPDL3280A) in metastatic BCa in 2014.

Tasquinimod is a small molecule with a quinoline-3-carbox-
amide structure that binds to SI00A9 and blocks its interaction
with TLR4, RAGE and EMMPRIN expressed on different sub-
sets of myeloid cells."”** Tasquinimod has been shown to exert
immunomodulatory, anti-angiogenic and anti-metastatic prop-
erties in preclinical studies.*"*

In this study, we screened first multiple human tumors for
S100A9 expression. Among all tumor types, BCa appears to
express the highest amounts of S100A9. Then, we tested the
activity of tasquinimod in preclinical models of BCa. We
hypothesized that tasquinimod induces a tumor inflammatory
state that could enhance PD-L1 expression in the TME which
in turn may reduce tasquinimod-induced antitumor response.
We therefore investigated whether the association of tasquini-
mod with Anti-PD-L1 may enhance the antitumor immunity.
This study also explored the mechanisms of reciprocal commu-
nication between tumor-infiltrating myeloid cells and T cells.

Results
S100A9 is highly expressed in human BCa

It is well known that tasquinimod inhibits in a dose-dependent
way the interaction between S100A9 and TLR4 or RAGE,"” and
reduces TNF« release upon LPS challenge in a S100A9-depen-
dent model in vivo.** Recent data have also shown that tasqui-
nimod significantly improved the survival of DP42 tumor-
bearing mice but lost its antitumor activity in S100A9 knock-
out mice model.”” These data all together confirm that SI00A9
is a pharmacological target of tasquinimod. This protein
appears to be critical for tumor growth and progression.>
However, little is known about S100A9 expression and distri-
bution in human cancer tissues. Here, we performed a compar-
ative study of S100A9 gene expression across multiple tumor
types, which aimed to identify potential therapeutic indications
for tasquinimod. S100A9 mRNA was variable among all tumor
types analyzed and heterogeneous among individual data sets,
reflecting the differences in the number of patients and the
related clinical parameters (Fig. 1A). Nevertheless, S1I00A9

mRNA was detected in all tumor samples. Very low S100A9
mRNA expression (ACt<0.6) was observed in gastrointestinal
stromal tumors (GIST). Low to medium expression
(0.6<ACt<17) was noted in several tumor types, such as thy-
roid, testicular and renal cancers. Interestingly, the highest
mRNA expression of S100A9 (ACt>17) was observed in
esophageal and BCa compared to other tumor tissues. In this
report, we focused our study on the understanding of the role
of S100A9 in BCa.

First, we examined whether S100A9 protein was predomi-
nately expressed in the tumor cells and/or the stromal compart-
ment of the human bladder tumors. Weak to moderate
expression of S100A9 protein in tumor cells was observed in
93% of the analyzed tumors (Fig. 1B and C). However, strong
S100A9 staining was always observed in the tumor stroma
(Fig. 1C). Therefore, these data gave rise to the question
whether stromal S100A9 may be a critical factor for the growth
and the progression of BCa and whether bladder tumors could
be targeted by pharmacological inhibitors of SI00A9 signaling.

To this end, we investigated the ability of tasquinimod to
exert an antitumor activity in preclinical models of BCa using
two different animal models: the MBT-2 mouse model and the
AY-27 rat model. Both primary tumors express SI00A9 protein
exclusively in the stromal compartment (Fig. 1D).

Tasquinimod prevents the growth of bladder tumors

Previous investigations revealed that the human and murine
S100A9 share a higher degree of functional homology than of
sequence similarity.”® In addition, the binding of tasquinimod
to S100A9 does not appear to be species specific.>* Thus, the
dosage regimens of tasquinimod treatment was based on the
pharmacokinetics parameters (bioavailability) and the tolerated
doses in animals. Previous studies have shown that tasquini-
mod at 30 mg/kg did not induce any organ/systemic toxicity or
weight loss in mice (data not shown). However, a dose level
between 0.3 and 3 mg/kg/d is recommended in rats.

Tasquinimod treatment at the dose of 2 mg/kg prevented
intravesical AY-27 tumor growth in rats (Fig. 2A and B) and
induced a reduction of 60% in tumor weight (Fig. 2D) as com-
pared to the control group. In contrast, cisplatin, a current stan-
dard of care treatment for muscle-invasive human BCa, showed
only very moderate activity in this model (Fig. 2C and D).

The activity of tasquinimod in the MBT-2 model was also
assessed with oral administration of tasquinimod at 0.1, 1, 10
and 30 mg/kg twice daily in C3H/HeNRj mice which possess a
normal TLR-4 response (Fig. 2E). Tasquinimod at the doses of
0.1 and 1 mg/kg was not sufficiently effective to inhibit tumor
growth. In contrast, tasquinimod prevented MBT-2 tumor
growth in a dose dependent-manner at 10 and 30 mg/kg. These
data obtained from two different models suggest that SI00A9-
targeting agents like tasquinimod have potential activity against
BCa.

We also found that tasquinimod was effective in preventing
MBT-2 tumor growth in TLR4-defective C3H/He] mice
(Fig. S1). This potentially suggests that the antitumor activity
of tasquinimod was not dependent on TLR4 signaling but
rather to S100A9 interaction with RAGE or EMMPRIN in BCa
model.



ONCOIMMUNOLOGY e1145333-3

A S100A9 mRNA levels

Adrenalglands (n=7)-

Bladder (n=21)-
blood (n=34)-

Breast (n=23)-

Colon (n=10)-

Endometrium (n=18)-

Esophagus (n=17)-

GIST (n=6)-

liver (n=14)-

Lung (n=19)

Ovary (n=20)

Pancreas (n=16)-

prostate (n=21)

Renal (n=12)-
Stomach (n=7)

Testis (n=18)

Thyroid (n=17)-

dulli

°
o

Fraction of samples

 Low expression (ACt<0.6)
E Medium expression (0.6<ACt<17)
| High expression (ACt>17)

0.6

2
o

B S100A9 staining in bladder tumor cells

[ weak
Bl Moderate
Il Strong

D S100A9 staining

-

MBT-2 tumor

C

AY-27 tumor

Figure 1. ST00A9 is expressed in human tumors. (A) Fraction of samples with low (ACt<0.6), medium (0.6<ACt<17) or high (ACt>17) mRNA expression levels normal-
ized to Hmbs across 17 different human tumor types. (B) Percentage of bladder samples (n = 14) with weak, moderate or strong immunohistochemistry staining for
S100A9 in paraffin-embedded tumors (C) Representative images from urinary BCa showing variable S100A9 expression exemplifying (C1) weak (W) or (C2) moderate (M)
staining intensities in tumor cells. Original magnification X50, inset X200. Arrow: stromal cells showing strong staining. Scale bars: 100 um. (D) Representative images
showing S100A9 strong staining in stromal cells of MBT-2 and AY-27 tumors. Original magnification X200.

Tasquinimod reprograms the immunosuppressive
properties of the BCa microenvironment

To investigate the mechanism by which tasquinimod induces
the antitumor response in vivo, we performed gene expression
profiling in AY-27 tumors treated with tasquinimod at the dose
of 2 mg/kg (Fig. 2F), and in MBT-2 tumors treated with

different doses of tasquinimod (Fig. 2G). Interestingly, in both
models, tasquinimod induced a significant increase in the
expression of different markers of type 1 macrophages (M1),
such as Nos2, Cxcl5, Cxcl9 and Cxcl11 (Fig. 2F and G).

IL-12 is a pro-inflammatory cytokine that is known to be
secreted by antigen-presenting cells (APC) in response to
pathogens.”” IL-12 induces T-bet and controls the
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Figure 2. Early treatment with tasquinimod prevents tumor growth in two preclinical models of BCa. (A-D). AY-27 tumor cells (10°) were injected orthotopically in the
bladder of female rats. Mice were left (A) untreated (Control) or treated with (B) tasquinimod 2 mg/kg (oral gavage, twice daily), or with (C) cisplatin 2 mg/kg (Intraperito-
neal injection, once per week) at day 4 post-tumor cell inoculation. Each curve corresponds to the tumor growth of a single tumor monitored by MRI measurements at 4,
31, 41 and 48 d post-tumor cell inoculation (n = 10 animals per group). (D) Weight of AY-27 tumors left untreated or treated with tasquinimod or cisplatin at the end of
the experiment (day 48) (One-way ANOVA; ***p < 0.001). (E) MBT-2 tumor cells (10°) were injected subcutaneously into C3H/HeNRj mice. Treatment with 4 doses of tas-
quinimod: 0.1-1-10 and 30 mg/kg was initiated the next day following tumor cell injection. MBT-2 tumor growth for each dose of tasquinimod treatment as compared
to control. Fold change of mRNA expression of different inflammatory genes in (F) AY-27 and (G) MBT-2 treated tumors relative to their respective control set to 1. Data

are mean =+ SEM (n = 10 mice). Asterisks denote statistical significance (One-way ANOVA; *p < 0.05; **p < 0.005; “**p < 0.001).




differentiation of naive T cells into Thl cells.”® It is also a
potent inducer of IFNy production. Interestingly, Il-12b, T-bet
and Ifng mRNAs were found to be increased in AY-27 tumors
treated with tasquinimod (Fig. 2F). We also examined the
expression of Serpinb2 that encodes a protease inhibitor whose
expression has been shown to correlate positively with
increased survival of patients with breast cancer or pancreatic
carcinomas.” A dose-dependent increase in I-12b and Ser-
pinb2 was observed in MBT-2 tumors treated with tasquini-
mod (Fig. 2G). Moreover, an increase in the expression of
different pro-inflammatory cytokines, IFNy, IL-1«, IL-18 and
TNF-o, was observed in AY-27 tumors treated with tasquini-
mod as compared to control and/or cisplatin (Fig. S2C-F). Sim-
ilarly, the expression of other pro-inflammatory cytokines such
as MIG, IP-10 and LIX was upregulated in MBT-2-treated
tumors at the highest dose used for tasquinimod 30 mg/kg as
compared to control (Fig. S3). Taken together, these data
showed that tasquinimod induced an increase in pro-inflam-
matory cytokines and inflammatory related genes in the TME,
which were consistent with impaired bladder tumor growth.

Tasquinimod modulates immunoregulatory myeloid cells

The profile of the different immune cells that infiltrated pri-
mary tumors after tasquinimod treatment was also investigated.
We chose the dose of 30 mg/kg that showed the greatest antitu-
mor activity in the MBT-2 model (Fig. 2E). We found that tas-
quinimod neither changed the percentage of CD4™ (Fig. S4A),
CD8+ (Fig. S4B) tumor-infiltrating-lymphocytes (TILs), nor
NK cells (Fig. S4E). In addition, the percentage of tumor-infil-
trating myeloid cells CD11b+ (Fig. 3B), macrophages CD11b+
F4/80+ (Fig. 3C) or MDSCs (Fig. S4D) were not modified by
tasquinimod treatment. The percentage of tumor-infiltrating
CD8+ cells was also unchanged in AY-27 tumors treated with
tasquinimod (Fig. S2G). However, a decrease in the expression
of CD206+, a M2 TAM phenotype marker, gated on CD11b+
F4/80+ (Fig. 3D) was observed in MBT-2 tumors treated with
tasquinimod. To conduct a detailed phenotypic and molecular
analysis of myeloid cells exposed to tasquinimod treatment, we
isolated CD11b+ (purity more than 95%) from tumors and
evaluated the expression of different markers of alternatively
(M2) or classically activated (M1) macrophages based on the
classification reported in several studies.>**° Isolated CD11b+
cells derived from tumors treated with tasquinimod had
decreased expression of M2-associated genes such as Fl3al,
Tgtbl, Fnl, Mrcl/CD206, Ccl2, Ccl7, Arginase-1 and Lgalsl,
whereas expression of M1-associated genes including Nos2,
Tnf, Cxcl9, Cxclll and Serpinb2 was increased (Fig. 3E).
Together, these data indicated that tasquinimod was able to re-
educate tumor-infiltrating myeloid cells toward a M1 pheno-
type, which was associated with a marked antitumor response.
Our data strongly suggest that tasquinimod induced the activa-
tion of the innate immune system within the TME.

Expression of PD-L1 is increased in tumor tissue following
tasquinimod treatment

We also investigated whether tasquinimod was able to inhibit
tumor progression on established tumors when given at a later
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time point after tumor implantation. To this end, animals were
treated when MBT-2 tumors reached a tumor volume ranging
between 50 and 100 mm’(Fig. 4A and B). In this setting, sur-
prisingly, tasquinimod (30 mg/kg) lost its ability to inhibit
tumor growth. Despite the immune stimulatory effects of tas-
quinimod that were still maintained (Table S1), an optimal acti-
vation of the adaptive immune response to eradicate primary
tumors seems to be compromised. We hypothesized that this
resistance to tasquinimod treatment may be due to the induc-
tion of T-cell inhibitory pathways, such as the PD-1/PD-L1
axis. Indeed, the mRNA expression of PD-L1 was found to be
increased in MBT-2 tumors treated with tasquinimod
(Table S1). In addition, we observed an increase in the expres-
sion of PD-L1 gated on CD11b+ cells, including monocytic
MDSCs, derived from MBT-2 tumors (Fig. 4C and D; Fig. S5).
The expression level of PD-1 was not changed as a result of tas-
quinimod treatment (Fig. S2B and S4C). These data suggest
that the alterations in the PD-L1 expression may be responsible
for the lack of tumor growth inhibition in established MBT-2
tumors exposed to tasquinimod treatment. Our findings identi-
fied elevated PD-L1 expression on myeloid cells as a potential
resistance mechanism by which tumors escape the effects of
tasquinimod treatment. These findings indicate that the use of
a combined treatment regimen including tasquinimod and PD-
L1/PD-1 axis blockade may overcome this resistance.

Treatment of combined tasquinimod/Anti-PD-L1 enhances
antitumor effects in BCa

As observed with tasquinimod treatment in the MBT-2 tumor
model, anti-PD-L1 prevented tumor development when given
as a single agent on day 1 after tumor cell inoculation
(Fig. S6A). However, the antitumor activity of Anti-PD-L1
alone was lost in treating established tumors, potentially due to
the increase in the tumor burden (Fig. 5B and Fig. S6B). There-
fore, we investigated whether combining a modulator of mye-
loid cell functions and an immune checkpoint inhibitor may
enhance the antitumor response (Fig. 5A). The results showed
that mice treated with tasquinimod in combination with Anti-
PD-L1 exhibited a significant slow-down in tumor growth
(Fig. 5B; Control 413 + 51 mm?; Anti-PD-L1 325 + 52 mm’;
tasquinimod 343 =+ 67; combination 129 & 15 mm®) and tumor
weight (Fig. 5C) as compared to single treatments or control
group. We demonstrated that the combination was superior
to monotherapy with either agent in exerting an antitumor
response.

Combination of treatments increases the activation
of T cells

We next examined whether combined treatments could
activate adaptive immune responses. We analyzed the per-
centage of TILs and their ability to release effector cyto-
kines. The combination of tasquinimod with Anti-PD-L1
induced a 2.7-fold increase in CD8+ TILs (Fig. 6A). In par-
allel, a significant increase in the percentage of lymphocytic
cells producing granzyme B was also observed in the combi-
nation treatment group compared to control (Fig. 6B). We
also analyzed the cytokine expression profile in tumors
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exposed to treatment for 7 d (Fig. 6C). IL-7 and IL-15, both  greater extent than IL-2.>! Strikingly, strong increases in the
belonging to IL-2 superfamily, have been reported to production of IL-7, IL-15 and IL-12 were found in the
increase the survival and cytotoxic effects of T cells to a tumors treated with the combination of tasquinimod and
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Anti-PD-L1 as compared to control (Fig. 6C). These cyto-
kines were not significantly increased in the single treat-
ment groups.

To further investigate the immune responses that were
induced by the combination of tasquinimod with Anti-PD-L1
in the MBT-2 tumor model, we isolated splenocytes from
tumor-bearing mice and subjected them to stimulation with
PMA/ionomycin for 4 h. An increase in the intracellular
expression of IL-2, IFNy and TNF-a gated on CD8+ was
found in the combination group as compared to control
(Fig. 6D). CD8+ producing IFNy was also increased in the
tumors treated with Anti-PD-L1 alone. In addition, high
amounts of IFNy into the serum of mice treated with the com-
bination therapies were found as compared to single agents or
to the control group (Fig. 6E). These data all together indicated
that the combination of tasquinimod with Anti-PD-L1 treat-
ment activated the adaptive immune system to exert a cytotoxic
immune response.

Activation of both innate and adaptive immune cells is
required to induce a potent immune response

To further understand the mechanism that underlies the
observed increase in CD8™ cells producing cytotoxic cyto-
kines in the combination group, we hypothesized that

myeloid cells derived from treated tumors may directly
interact with T cells and affect their function. To this end,
we isolated myeloid cells CD11b" from tumors and put
them in culture with T cells derived from the spleen of
naive mice.

The immune modulation of CD11b* derived from
established tumors treated with tasquinimod has limited
ability to increase the proliferation of stimulated CD8" T
cells ex vivo (Fig. 7A and B). In addition, blockade of PD-
L1 in CD11b+ derived from Anti-PD-L1 treated tumors
had also moderate ability to activate T cells ex vivo.
Importantly, combining modulators of both myeloid cells
and T-cell inhibitory functions strongly increased the per-
centage of proliferating CD8+ cells. This was accompa-
nied by a potent secretion of IFNy into the supernatant as
compared to control, tasquinimod alone or Anti-PD-L1
alone (Fig. 7C). In summary, we found that the combina-
tion of tasquinimod with Anti-PD-L1 in MBT-2 tumors
modulates immunosuppressive myeloid cells affecting
CD8™" T cell proliferation and production of IFNy. These
data further corroborate the synergistic interplay between
myeloid cells and T cells and suggest therapeutic antitu-
mor interventions aimed at modulating the communica-
tion between cell populations of both the innate and
adaptive immune system.
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Figure 5. Combination of tasquinimod with Anti-PD-L1 therapy synergistically reduces tumor growth. (A) Study design: Subcutaneous MBT-2 tumors were allowed to
grow until reaching an average size ranging between 50 and 100 mm? (day 8). Mice (n = 16) were treated with 1gG2B (control), Anti-PD-L1, tasquinimod or the combina-
tion of tasquinimod + Anti-PD-L1. (B) Tumor growth curves represent serial caliper measurements. Error bars indicate mean + SEM (One-way ANOVA; **p < 0.005,
***p < 0.001). Tumor weights at the endpoint (day 15) are shown in (C) (Kruskal-Wallis test; *p < 0.05, **p < 0.005, “**p < 0.001). The experiments were repeated at

least four times. Results from one representative experiment are shown.

Discussion

In this report, we found that SI00A9 was highly expressed in
human BCa. We also observed the differential abundance of
S100A9 expression in bladder tumor cells, whereas stromal cells
always expressed high levels of SI00A9. Elevated S100A9
expression in tumor stroma has been previously reported to be
correlated with increased tumor cell invasiveness, macrophages
recruitment, interleukin-6 production and a shorter survival in
patients.”>” Here, we investigated the role of stromal S100A9,

including the myeloid compartment, in BCa progression. To
this end, we used two preclinical models: MBT-2 and AY-27,
both expressing S100A9 protein exclusively in the tumor
stroma. We found that tasquinimod, a SI00A9-targeting small
molecule, prevented tumor growth in both models. The antitu-
mor effects of tasquinimod may be explained by its ability to
re-educate the TME, and particularly the myeloid cell compart-
ment, toward a pro-inflammatory antitumor milieu. These
observations fully corroborated with earlier investigations
showing that tasquinimod was able to modulate tumor-
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Figure 6. Combination of tasquinimod with Anti-PD-L1 increases cytotoxic T cell activity. (A) Quantitative data of the percentage of tumor-infiltrating CD8™" cells on day
15 after treatment (n = 6). (B) Left panel: Representative images showing immunostaining for granzyme B (brown staining) in tumors from control or treated groups.
Original magnification: X200, inset: tumor overview. Scale bar: 50 «m. Right panel: Quantification of granzyme B positive cells on tumor sections expressed as a percent-
age of total cells using an antibody against granzyme B (Kruskal-Wallis test; “p = 0.0326). (C) The concentration levels (pg/mL) of the following cytokines: IL-18, IL-7, IL-
12(p70) and IL-15 in tumor lysate from each group were quantified using Luminex Technology (n = 5). (D) Splenocytes (n = 5) from each group were stimulated with
PMA/ionomycin in the presence of Brefeldin A. IL-2, TNF-« and IFNy production was examined by intracellular staining. Representative data (means &= SEM) showed the
percentage of the different cytokines gated on CD8" analyzed by flow cytometry. Asterisks denote statistical significance using one-way ANOVA (*p < 0.05; **p < 0.005).
(E) Bars represented IFNy concentrations in the serum of 10 mice from each group of treatment. p values were calculated based on Kruskal-Wallis test between the differ-

ent groups (“p < 0.05; **p < 0.005).

infiltrating macrophages in mouse models of prostate cancer
and melanoma.*

Surprisingly, tasquinimod treatment alone was shown
effective in suppressing early stage tumor growth, but hav-
ing minimal antitumor effect in rejecting established late
stage tumors. These data raised the question whether tas-
quinimod may primarily prevent the early establishment of
an immunosuppressive TME but once in place, the immu-
noregulatory functions of this environment could not be
reversed by treatment. Nonetheless, we found that tasquini-
mod was also able to induce inflammatory stimuli in an
established tumor milieu.

It is well know that tumors with a broad pro-inflammatory
chemokine profile, as seen with tasquinimod treatment, are
indicative of innate immune activation.”” Similarly, traditional
chemotherapy or radiotherapy also triggers innate immune
activation through a process involving immunogenic cell
death.’*” However, these tumors can escape immune surveil-
lance and become resistant to therapeutic interventions
through the activation of T cell-inhibitory pathways.”” Indeed,
previous reports have shown that the PD-1/PD-L1 axis might
be a key mechanism of acquired radioresistance in tumors.***'
In agreement with these findings, we found that once bladder
tumors progress, tasquinimod alone was not sufficient to
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Figure 7. Combining a modulator of infiltrating-myeloid cells and an inhibitor of PD-1/PD-L1 axis increases T cell proliferation and T cell producing IFNy. Myeloid cells
CD11b+ were isolated from tumors using BD FACSAria Il (BD Biosciences). T cells were isolated from spleen of naive mice using mouse pan T cell isolation Kit (Miltenyei).
CFSE-labeled T cells were stimulated with CD3/CD28 beads ratio 1:1 (Life Technologies). Stimulated T cells were cultured with CD11b+ (at a ratio CD11b:T cells of 1:1)
and incubated for 72 h at 37°C. (A) Representative histograms obtained by FACS analysis showing the fluorescence intensity of CFSE-T cells gated on CD8™. (B) The per-
centage of proliferating CD8™ cells from the different treated groups is shown. (C) IFNy secretion in the supernatant of the co-culture is measured 72 h following incuba-
tion at 37°C using Luminex Technology. Experiments were repeated twice (Kruskal-Wallis test, “p < 0.05).

achieve a complete activation of the immune system to elimi-
nate primary tumors. One potential explanation for the
observed resistance to tasquinimod treatment was the reported
upregulation of PD-L1 in myeloid cells, potentially induced by

the tumor inflammatory state related to tasquinimod treatment.
The high expression of PD-L1 limits an efficacious immune
response and thus promotes tumor relapse. Here, we demon-
strated that tasquinimod increased the protein expression of



IL-18 in tumors (Fig. 6C) which may in turn upregulate PD-L1
expression. This leads to an “inflamed” phenotype rendering
tumors more sensitive to T-cell-mediated killing induced by
the inhibition of the PD-1/PD-L1 axis.

The prevention of tumor growth by tasquinimod was also
accompanied by an increase in the expression levels of PD-L1
(Fig. 3E; Fig. S2A). Here, we have shown that tasquinimod
modulates the innate immune system. In early stage tumors,
the competing kinetics between the tumor growth and the
innate immune responses was in favor of a reduction in the
tumor burden following tasquinimod treatment. However, this
immune activation by tasquinimod was not sufficient to eradi-
cate advanced tumors.

Multiple clinical trials with immune checkpoints inhibitors,
such as antibodies against PD-1 or PD-L1, are currently ongo-
ing in several types of cancer, including BCa.**** Early results
with antibodies targeting PD-L1 have shown promise as poten-
tial therapeutics in this setting.*> Nevertheless, some patients
do not respond to Anti-PD-L1 therapy.

In a phase II clinical study, tasquinimod improved progres-
sion free survival in patients with minimally symptomatic
metastatic castration-resistant prostate cancer.*> In a pivotal
phase III clinical study, tasquinimod reduced the risk of radio-
graphic cancer progression or death (rPFS HR = 0.69; 95%
CI: 0.60-0.80) in patients with metastatic castration-resistant
prostate cancer who had not received chemotherapy. However,
tasquinimod did not extend overall survival (HR = 1.09; 95%
CI: 0.94-1.28).%¢

It is important to note that therapeutic immune interven-
tions with single agents modulating innate immune system
appear to be limited because of the plasticity of innate cells
within the TME.*”*® Thus, approaches that involve the combi-
nation of innate immune system activation with immune
checkpoints inhibitors may be capable of generating a more
potent antitumor immunity and an increase in the efficacy of
either treatment alone.

Our results demonstrated that tasquinimod/Anti-PD-L1
treatment elicited a synergistic tumor growth inhibition along
with a potent antitumor immune response with the increase in
the expression of IL-7 and IL-15 in the tumors of treated ani-
mals. Previously published data have shown that tumor-specific
T cells activated and expanded with IL-7/IL-15 ex vivo and
transferred back into tumor-bearing mice induced tumor
regression.”” Both cytokines have been shown to promote
tumor immunity by enhancing the function of effector immune
cells. In addition, advances in adoptive cell therapy have relied
on the use of such cytokines to create an optimal in vitro stimu-
lation and expansion of effector T cells.” Indeed, we found that
the increased expression of IL-7 and IL-15 in tumors treated
with combined tasquinimod/anti-PD-L1 was associated with
an upregulation in the production of granzyme B. Granzyme B
is known to be released by both cytotoxic T cells and NK cells.
However, the density of NK cells was very low in MBT-2
tumors (Fig. S4E). This potentially suggests that the majority of
this serine protease is produced by CD8" cells and reflects an
enhancement in their killing abilities in the TME. Interestingly,
the increase in the infiltration of cytotoxic T cells was only seen
in the combination group. In addition, after combined tasqui-
nimod therapy and PD-L1 blockade, the production of pro-
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inflammatory cytokines IFNy, TNF-« and IL-2 by CD8 T cells
from spleen were greatly increased. High IFNy levels were also
detected in the serum of mice treated with the combination of
treatments. All these data indicate that tasquinimod synergizes
with Anti-PD-L1 to induce a potent antitumor immune
response mainly through a cytotoxic T-cell-dependent mecha-
nism. However, further analysis, such as the depletion of CD8"
cells in the combination group, may conclusively demonstrate
their involvement.

The immunomodulation of myeloid cell functions by
tasquinimod was not sufficient to mediate T cell producing
IFNy ex vivo, probably due to the upregulation of PD-L1
on myeloid cells which dampens the effector T cell
response. In addition, blocking PD-L1 receptors on mye-
loid cells alone induced a limited increase in the prolifera-
tion of CD8" T cells since their suppressive functions,
including their ability to produce immunosuppressive mol-
ecules such as Lgalsl, Tgfbl and II-10 were not modulated
by anti-PD-L1 treatment (Fig. S7). Both molecules, tasqui-
nimod and Anti-PD-L1, were crucial to induce a strong
activation of T cell expansion and production of IFNy ex
vivo and also to increase the infiltration of cytotoxic T
cells in tumors in vivo. Moreover tasquinimod alone at the
dose of 30 mg/kg was not able to increase the median sur-
vival of mice (27 d) compared with 29 d for control mice
(Fig. S8). However, despite the ability of Anti-PD1 treat-
ment to increase the median survival of mice to 43 d, the
combination of tasquinimod with Anti-PD1 was superior
to either agent used alone.

Our data are in agreement with preliminary clinical results
of Anti-PD-L1 (MPDL3280A) in urothelial BCa where a low
signature of myeloid associated markers correlated with a better
response to Anti-PD-L1 therapy, suggesting a potential role of
myeloid cell biology in resistance to this type of therapy.”"*
These data highlight the importance of profiling tumors for
rationally designing combination therapies based on the
expression levels of myeloid markers and also taking into con-
sideration the presence of T cells and PD-L1 expression as
reported by Teng and colleagues.” Here, we demonstrated that
in tumors with high levels of immunosuppressive myeloid
markers, a full immune engagement of the myeloid cells to
induce T cell activation requires (i) an innate immune modula-
tion, (i) an inflamed tumor milieu leading to an increase in
PD-L1 expression and (iii) an adaptive immune stimulation to
release the brakes using PD-1/PD-L1 inhibitors.

In summary, the combination of tasquinimod with
Anti-PD-L1 antibody synergizes to promote tumor regres-
sion and modulation of the TME in animal models of
BCa. A combination of therapeutic strategies to improve
innate immune system activation and T cell trafficking
into the TME was found to be much more effective than
either agent alone in this tumor type. Additional therapeu-
tic strategies for combination of drugs that target the
innate immune system, such as tasquinimod, and vaccina-
tion or T cell transfer should also be considered to
increase the number and potency of tumor specific T cells,
before blocking T-cell inhibitory pathways. All these com-
bination strategies may be necessary to achieve clinical
benefit in BCa patients.
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Materials and methods
Cell lines

MBT-2 was purchased from the JCRB Cell Bank and cultured
in EMEM (Life Technologies) supplemented with 10% fetal
bovine serum. AY-27 was provided by Oncodesign (Dijon,
France) and maintained in RPMI 1640 supplemented with 10%
fetal bovine serum. The cell lines were free of mycoplasma con-
tamination. No other authentication assay was performed.

In vivo experiments

6 to 7 week old male C3H/HeNRj mice were purchased from
JANVIER Labs. 5 to 6 weeks old female Fischer 344 (F344/
IcoCrl) rats were obtained from CHARLES RIVER.

MBT-2 cells (1 x 10° were injected subcutaneously
into the flanks of mice and resulting tumors were allowed to
grow for 21 d. Tumors were measured by caliper and tumor
volume (mm®) was calculated using the formula = (Width)?
x Length/2.

Animals were treated with different doses of tasquinimod (0,
1, 1, 10 and 30 mg/kg) by oral gavage at a volume of 10 mL/kg
twice a day for 21 d. To block PD-L1, 200 g of Anti-PD-L1
(1I0F.9G2; BioXCell) or its isotype control (LTF-2; BioXCell)
was administered in a volume of 100 uL by intraperitoneal
route to mice every 3 d for a total of three to four injections for
each experiment.

Procedures for the intravesical AY-27 cancer model were
performed by Oncodesign (Dijon, France). Tumor cells (1 x
10°) were injected orthotopically into the internal face of the
bladder wall. Treatment with tasquinimod was initiated on day
4 at a dose of 2 mg/kg twice a day for 28 consecutive days. Cis-
platin (CDDP, EBEVE) was given at 2 mg/kg once a day every
7 d starting day 4 following tumor cell inoculation. All the mag-
netic resonance images (MRIs) were performed using Para-
Vision® (Bruker Biospin).

All procedures using animals were validated by the Animal
Care and Use Committee of Oncodesign (Oncomet) and
IPSEN (C2EA), and were authorized by the French Ministry of
Research.

FACS analysis

Single cell suspensions were prepared from tumors by incubat-
ing the tumors cross-cut into small pieces in 8 mg/mL Collage-
nase IV (Life Technologies) and 0.1% DNase (Sigma-Aldrich)
for 45 min at 37°C. Cells were blocked with Fc-blockers
(2.4G2), and then stained with different antibodies against
CD11b (M1/70), F4/80 (clone BM8), CD206 (C068C2), Ly6C
(AL-21), Ly6G (1A8), CD4* (RM4-5), CD3¢ (145-2C11), NK-
1.1 (PK136) and CD8a (53-6.7) purchased from BD Bioscien-
ces, eBioscience and BioLegend. For cytokine staining, cells
were stimulated in vitro with Leukocyte Activation Cocktail for
4 h in the presence of GolgiPlug™ (BD Biosciences), permeabi-
lized and fixed using BD Cytofix/Cytoperm™ (BD Bioscien-
ces), then stained with anti-IL-2 (JES6-5H4), anti-TNF-«
(MP6-XT22), and anti-IFNy (XMG1.2) antibodies purchased
from eBioscience. Flow cytometric analysis was performed with
a BD Fortessa X-20 (BD Biosciences). Data were analyzed using

Flow]Jo software (Tree Star Inc.). CD11b* sorting was run on a
BD FACSAria™ II (BD Biosciences) with the support of the
Curie Institute core Facility (Orsay, France) and the final purity
reached was more than 95%. Alternatively, CD11b™ cells were
separated using MACS® microbeads (Miltenyi). This procedure
yielded predominantly CD11b* cells with purity greater than
80% as assessed by FACS analysis.

Ex vivo T cell proliferation assay

T cells (1 x 10°) were isolated from the spleen of naive mice using
a Pan T cell isolation kit (Miltenyi). T cells were labeled with
CellTrace™ CFSE Cell Proliferation Kit (Life Technologies) and
activated by Dynabeads® Mouse T-Activator CD3/CD28 (Life
Technologies) at a bead-to-cell ratio of 1:1. Isolated CD11b+ cells
(1 x 10°) from tumors were added to labeled T cells at a ratio
CD11b:T cells of 1:1 and were incubated in culture for 72 h.

Cytokine induction assay

Splenocytes (1 x 10°) were stimulated with a mix of PMA and
ionomycin in the presence of GolgiPlug™ for 4 h (BD Bio-
sciences). Cells were harvested and stained for surface markers,
then permeabilized, fixed and stained for intracellular cytokines
with anti-IL-2 (JES6-5H4), anti-TNF-o (MP6-XT22), and anti-
I[FNy (XMG1.2) antibodies.

Immunochemistry

S100A9 staining was performed on FFPE tissue sections from
human tissue microarray (TMA) consisting of multiple cancer
tissues (cancer survey, Origen and Top 4 multi tumor from
Asterand) or BCa tumors (FFPE TMA, #BLC241 and urinary
bladder carcinoma section #HuCAT416, Usbiomax). The
tumor sections were incubated with an antibody against
S100A9 (1:5000; Abcam #ab92507) after antigen retrieval in a
low pH solution (Dako) and peroxidase/diaminobenzidine
reaction. Staining intensity was assessed semi-quantitatively.

Animal tumors were sampled, cut in two pieces and either
embedded in OCT compound or immersion-fixed in formalin
for 24 h and embedded in paraffin. FFPE sections (5 um) were
incubated with granzyme B (1:100; Abcam #ab4059), S100A9
(1:1000; R&D systems #AF2065/ Abcam #ab62227) or CD8"
(1:200; AbD Serotec #MCA48R) antibody after antigen retrieval
in low pH solution (Dako). Staining was revealed by peroxi-
dase/diaminobenzidine reaction. Image analysis was performed
on slide scans using Halo software (Indica labs). Granzyme B
Stained cells were counted and were reported in relation to the
total number of cells in the tumor section.

Cytokine determination by Multiplex assay

Cytokines were extracted from a 1 mm thick section of frozen
OCT-compound (VWR, France) embedded tumors. After three
washes in PBS, the pellet was resuspended in PBS + Protease
Inhibitor Cocktail (Roche) and ground by ceramic beads in a
homogenizer (Fastprep®, MP Biomedicals). The different sam-
ples were assayed for protein concentration. Cytokines were
measured using Multiplex immuno-assay kits (Merck-



Millipore) according to the manufacturer’s instructions. Signal
detection was performed on Luminex 200 (Luminex), and the
Median Fluorescence Intensity (MFI) was recorded.

Quantitative Real-time PCR (qRT-PCR)

Cancer Survey cDNA Array was purchased from Origene and
comprised 381 ¢cDNA (2-3 ng/well) from 17 human tissues
types either from normal or disease area.

RNA extraction of murine CD11b* was performed using the
PicoPure® RNA Isolation Kit (Life Technologies). RNA in
tumors was isolated from 100 um thick cryosections of OCT-
embedded tumors using Trizol Reagent (Life Technologies).
cDNAs were prepared using the High-Capacity cDNA Reverse
Transcription Kit (Life Technologies) following the manufac-
turer’s instructions. cDNA from CD11b" isolated cells was
pre-amplified (14 cycles) using the TagMan PreAmp Master
Mix (Life Technologies). Real time PCR (q-PCR) was per-
formed with a two-step PCR protocol (95°C for 10 min, fol-
lowed by 40 cycles at 95°C for 15 s and 60°C for 1 min) using
Tagman gene expression (Life Technologies). The probes that
were used are documented in Table S2. Hmbs was used as
“housekeeping” gene whose expression was correlated to other
housekeeping quantified genes (e.g. Cyclophilin A). Expression
levels were calculated as normalized ACt expression values
between target gene and “housekeeping” genes.

Statistics

Data were analyzed using the Prism 6.0 software (GraphPad
Software) and validated by a biostatistician. Experiments were
repeated two to four times as required. Normal data distribu-
tion was evaluated using the Shapiro-Wilk test. In this case, the
p values were assessed by either Student’s t test or by analysis of
variance (ANOVA). For other data distributions, a Mann-
Whitney or Kruskal-Wallis test was used. A p value less than
0.05 was considered statistically significant ("p <0.05; *"p <
0.01; *p < 0.001).
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