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ABSTRACT

Background Ovarian adenocarcinoma (OVAD) frequently
metastasizes to the peritoneal cavity and manifests by

the formation of ascites, which constitutes a tumor-

promoting microenvironment. In the peritoneal cavity, two
developmentally, phenotypically and functionally distinct
macrophage subsets, immunocompetent large peritoneal
macrophages (LPM) and immunosuppressive small peritoneal
macrophages (SPM), coexist. Because peroxisome proliferator-
activated receptor y (PPARy) is a critical factor participating

in macrophage differentiation and cooperates with CCAAT/
enhancer binding protein {3 (C/EBPB), a transcription factor
essential for SPM-to-LPM differentiation, PPARy could be also
involved in the regulation of SPM/LPM balance and could be a
promising therapeutic target.

Methods To evaluate the 15(S)-hydroxyeicosatetraenoic acid
(HETE), a PPARY endogenous ligand, impact on ovarian tumor
growth, we intraperitoneally injected 15(S)-HETE into @ murine
ovarian cancer model. This experimental model consists in the
intraperitoneally injection of ID8 cells expressing luciferase into
syngeneic C57BL/6 female mice. This ID8 orthotopic mouse
model is a well-established experimental model of end-stage
epithelial OVAD. Tumor progression was monitored using an

in vivo imaging system. Peritoneal immune cells in ascites
were analyzed by flow cytometry and cell sorting. To determine
whether the impact of 15(S)-HETE in tumor development is
mediated through the macrophages, these cells were depleted
by injection of liposomal clodronate. To further dissect how
15(S)-HETE mediated its antitumor effect, we assessed the
tumor burden in tumor-bearing mice in which the PPARy

gene was selectively disrupted in myeloid-derived cells and

in mice deficient of the recombination-activating gene Rag2.
Finally, to validate our data in humans, we isolated and treated
macrophages from ascites of individuals with OVAD.

Results Here we show, in the murine experimental

model of OVAD, that 15(S)-HETE treatment significantly
suppresses the tumor growth, which is associated with
the differentiation of SPM into LPM and the LPM residency
in the peritoneal cavity. We demonstrate that C/EBPf and
GATAG play a central role in SPM-to-LPM differentiation
and in LPM peritoneal residence through PPARy activation
during OVAD. Moreover, this SPM-to-LPM switch is

1

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Among cells present in the ovarian tumor ascites,
immunocompetent large peritoneal macrophages
(LPM) and immunosuppressive small peritoneal
macrophages (SPM) play a dual role in the pro-
motion of ovarian tumorigenesis and cancer cell
chemoresistance.

= Data suggest that the differentiation of protu-
mor SPM towards LPM could decrease tumor
progression.

= Peroxisome proliferator-activated receptor y (PPARY)
participates in macrophage differentiation and co-
operates with CCAAT/enhancer binding protein 3 (C/
EBPp), critical transcription factor for SPM-to-LPM
differentiation, highlighting these transcription fac-
tors in the regulation of SPM/LPM balance.

WHAT THIS STUDY ADDS

= PPARYy activation by 15(S)-HETE ligand, inhibits tu-
mor progression in vivo on a murine model of ovari-
an adenocarcinoma (OVAD).

= PPARy activation promotes the differentiation of
SPM towards antitumor LPM and the LPM mainte-
nance in the peritoneum through C/EBPJ3 and GATA6
activation which contribute to counteracting cancer
immunosuppression.

= 15(S)-HETE treatment improves the effector/teg-
ulatory T-cell ratio in tumor ascites through a
macrophage-dependent mechanism.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= PPARy suppression of ovarian tumor growth and
tumor-induced immunosuppression, highlights this
nuclear receptor as a therapeutic target to restrain
OVAD development and strengthen PPARy agonist
use in anticancer therapy.

associated with the increase of the effector/regulatory
T-cell ratio. Finally, we report that 15(S)-HETE attenuates
immunosuppressive properties of human ovarian tumor-
associated macrophages from ascites.
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Conclusion Altogether, these results promote PPARy as a potential
therapeutic target to restrain OVAD development and strengthen the use
of PPARy agonists in anticancer therapy.

INTRODUCTION

Ovarian adenocarcinoma (OVAD) has the highest mortality
rate among gynecological malignancies, the main reason
for which is that about 60% of patients present an extensive
peritoneal carcinomatosis and most of them relapse within
12-18 months after therapy.' Platinum salts and taxanes have
been the primary treatments for patients with ovarian cancer
for many decades. The recent introduction of poly-ADP
ribose polymerase inhibitors into the treatment plan and
the improvement of surgical techniques have increased the
b-year survival rate,” but it remains at less than 50%.

Similar to many cancers, a chronic inflammation at the site
of the ovarian epithelium is associated with increased ovarian
cancer risk.” As the ovarian tumor grows, in addition to the
local inflammation, tumor ascites, which contains a complex
mixture of soluble factors and cellular components, provides
a proinflammatory and tumor-promoting microenviron-
ment in the peritoneal cavity.” We previously highlighted the
importance of the ascites in the promotion of ovarian tumor-
igenesis and the acquisition of cancer cell chemoresistance
through a macrophage-dependent mechanism.”

Among cells in the ovarian tumor microenvironment and
ascites, tumor-associated macrophages (TAMs) are the most
abundant infiltrating immune cells.” Through their plasticity,
macrophages can exert a critical role in the orientation of
the inflammatory response and hence the tumor develop-
ment. In established tumors, TAMs produce growth factors
(eg, epithelial growth factor, angiogenic factors (eg, vascular
endothelial growth factor (VEGF)) and proteases (eg, matrix
metalloproteinases9 (MMP-9)) that favor tumor-cell prolifer-
ation and survival, angiogenesis, and metastasis.” '’ TAMs also
exhibit potent anti-inflammatory and immunosuppressive
functions. TAMs present tumor-associated antigens poorly'"
and directly prevent T-cell activation by producing immuno-
suppressive factors (eg, interleukin (IL)-10 and transforming
growth factor (TGF){3) and upregulating immune check-
points (eg, programmed death ligand-1 (PDL-1), PDIL-2
and cytotoxic T lymphocytes antigen 4 that suppress T-cell
receptor signal.” "> TAMs can also suppress CD4" and CDS8'
T=cell effector functions indirectly by recruiting regulatory T
cells (Tregs) via CCL17 (C-C motif chemokine Ligand-17)
and CCL22 production.” Moreover, the antitumor immu-
nity of proinflammatory macrophages involves their release
of proinflammatory cytokines, reactive nitrogen and oxygen
intermediates that can also enhance neoplastic transforma-
tion, immunosuppression and metastatic potential of several
cancers including OVAD."*"’

Increasing evidence supports that TAMs complexity and
heterogeneity depend not only on their activation status
but also their ontogeny."® ' Although peripheral blood
monocytes are long considered to be intermediates in
the differentiation of tissue macrophages, several organ-
residentmacrophages have an embryogenicorigin." Thus,

cavity macrophages are derived from primitive precursors
and self-maintained locally under steady-state without a
significant input from circulating monocytes.**** In non-
steady state, such as cancers, macrophage populations of
different origins can coexist in a tissue. In the peritoneal
cavity, two physically, functionally and developmentally
distinct macrophage subsets, large peritoneal macro-
phages (LPM) and small peritoneal macrophages (SPM),
coexist.” While LPM (F4/80"#" CD11b™s" MHCII'"),
which are immunocompetent and appear to be origi-
nated from embryogenic precursors, are more abundant
under steady state conditions, SPM (F4/ 80'°Y, CD11b"Y,
MHCII"®"), which are immunosuppressive and gener-
ated from bone-marrow myeloid precursors, become
prevalent in inflammatory conditions.**

After inflammatory or infectious stimuli, the increase of
SPM is accompanied by LPM disappearance, also called
macrophage disappearance reaction (MDR).” This
LPM disappearance is associated with the LPM migra-
tion into the omentum due to reduced expression of
GATAG6. GATAG is a major transcription factor involved
in the emergence of peritoneal macrophage identity.*® In
conditions that LPM are greatly reduced, SPM can differ-
entiate into LPM, hence participating in the maintenance
of LPM in the peritoneal cavity.”” In a murine model of
ovarian cancer, SPM are enriched for proinflammatory
and proangiogenic factors that promote ovarian cancer
cell proliferation and mobilization in response to IL-17
and are associated with tumor progression.”® These data
suggest that the differentiation of protumor SPM towards
LPM could decrease tumor progression.

Because CCAAT/enhancer binding protein B (C/
EBPf) is a critical transcription factor for SPM-to-LPM
differentiation”” and C/EBPP cooperate with peroxi-
some proliferator-activated receptor y (PPARY) in cellular
differentiation,” * PPARY activation could promote the
antitumor response by increasing the transition of SPM
towards LPM. Furthermore, since PPARY can increase
GATA6 expression in allergic conditions,” targeting
PPARY could also directly impact the SPM/LPM balance
that allows LPM maintenance in the peritoneum.

PPARY is activated by a range of synthetic and endog-
enous ligands derived from the arachidonic acid metab-
olism. Among these ligands, 15-deoxy-A'*'“-PGJ2,
metabolized through the COX1/COX2 cyclooxygen-
ases, and 12-hydroxyeicosatetraenoic acids (HETEs)
and 15-HETEs, metabolized through b5-lipoxygenases
and 12-lipoxygenases or 15-lipoxygenases, respectively,
are essential for PPARy endogenous activation.” The
15-HETE/PPAR axis was identified as a critical compo-
nent of alternative polarization of macrophages. This acti-
vation was responsible for fungicidal and antitumorous
responses of macrophages through the arginase over-
expression and C-type lectin receptor (CLR)-mediated
rreactive oxygen species (ROS) production.” **

Several lines of evidence support that 15-lipoxygenase
expression and 15(S)-HETE production are lost in
several high-grade epithelial neoplasia.”®™ Despite the
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controversy over the influence of PPARY in colorectal
cancer, PPARY has consistently been shown as a tumor
suppressor in other types of cancer, such as mammary,
ovarian and skin cancer.’®*™*! Consistently, low expres-
sion of PPARY in epithelial ovarian cancer tissues is
associated with poorer survival of patients with OVAD.*
Thus, targeting PPARY in cancer treatment remains an
important research area.* "

In this study, we show that the antitumor activity of
15(S)-HETE in a mouse model of OVAD is mediated
through PPARY of macrophages. We also demonstrate
that 15(S)-HETE treatment orients the peritoneal macro-
phage population balance towards LPM by promoting
SPM-to-LPM differentiation and LPM peritoneal resi-
dence. Importantly, 15(S)-HETE promotes the differen-
tiation and the peritoneal attachment of human ovarian
TAMs and attenuates their immunosuppressive proper-
ties. Therefore, our study identifies PPARY as a potential
therapeutic target to restrain OVAD growth.

METHODS

Cell culture

The murine ovarian cancer cell line ID8 (kindly provided
by K Roby, University of Kansas, Kansas City, Kansas,
USA)*® was cultured in Dulbecco’s modified Eagle’s
medium (Invitrogen), supplemented with L-glutamine
(Invitrogen), penicillin, streptomycin (Invitrogen) and
10% heat-inactivated fetal calf serum (FCS). For biolumi-
nescence quantification, ID8 cells were transfected with
a lentiviral vector encoding firefly luciferase under the
control of the cytomegalovirus (CMV) promoter as well
as a puromycin selection gene (Addgene) as previously
described in a study conducted by Couderc et al.*

Mice

All mouse experiments were performed according
to protocols approved by the institutional ethics
committee (CEEAI22) with permit number 6555-
2016082912056664 v3 in accordance with European legal
and institutional guidelines (2010/63/UE) for the care
and use of laboratory animals. Wild-type (CD45.1 and
CD45.2) C57BL/6 mice were purchased from Janvier
Labs. PPARYM_/_ mice have been described and the
corresponding floxed littermates were used as controls
throughout all the experiments.50 5 RAG-2”/" mice were
purchased from Envigo.

Murine ovarian cancer model, 15(S)-HETE treatment and
adoptive transfer
ID8 cells expressing luciferase (5.10%cells/mouse in
200pL PBS) were administered intraperitoneally (i.p.)
into 8-9 weeks old syngeneic C57BL/6 female mice (n=6
per group). This ID8 orthotopic mouse model is a well-
established experimental model of end-stage epithelial
ovarian carcinoma.’

Mice were injected i.p. with 15(S)-HETE (Cayman
Chemicals) (12pg/mouse, 1day after ID8 injection and

then every 4days), with rosiglitazone (Cayman Chem-
icals) (56pg/mouse, 1day after ID8 injection and then
every 4days) or, for control groups, with saline solution
(NaCl 0.9%). For depleting macrophages, mice were
i.p. injected liposomal clodronate (Xygieia Bioscience,
250 pg per mouse) 1day before tumor cell injection and
then every 4days; control groups received control lipo-
some. At 7, 18, 35 or 50 days after ID8 cell injection, mice
were euthanized using CO, asphyxia.

Bone marrow cells were collected from CD45.1
C57BL/6 mice paw bones, femurs and tibias in PBS and
filtered. Red blood cells were lysed and bone marrow
monocytes were sorted by negative selection on MACS
columns (Monocyte Isolation Kit (BM) mouse, Miltenyi
Biotec). Bone marrow monocytes were injected in the
retro-orbital vein of CD45.2 mice (5.10°cells/mouse) 11
days after ID8 injection and mice were i.p treated with
200pL of BrdU (10mg/mL) 3hours before being eutha-
nized using CO, asphyxia 18 days after ID8 injection.

Assessment of tumor progression

Mice were monitored daily for signs of tumor progression
and evaluation of body weight. For in vivo imaging study,
mice were anesthetized by isoflurane, i.p. injected with
luciferin (150 pg/g body weight), and imaged 6 min later
with 30s exposure length using in vivo imaging system
(PerkinElmer). The luminescent images were analyzed
using Living Image V.4.4 software.

After mice euthanasia, peritoneal cells were removed
aseptically and supernatants (ascites fluids) were collected
for cytokines measurement. Luciferase activity was
measured on peritoneal cell samples and on diaphragm
and peritoneal membrane with a luminometer (EnVi-
sion, PerkinElmer). The volume of ascites fluid was deter-
mined by aspirating with a needle and syringe.

Macrophage cytotoxicity assay

Macrophages in ascites of mice were separated from other
peritoneal cells by a Percoll density gradient (Percoll,
Sigma-Aldrich) followed by 2hours of adhesion. Macro-
phages were co-cultured 72 hours with ID8 cells then the
number of viable ID8 cells was evaluated by measuring
the luciferase activity 10min after D-Luciferin addition
(Caliper, 9pg/mL) with a luminometer.

Flow cytometry

After mice euthanasia, peritoneal cells were harvested,
centrifuged and red blood cells were lysed with
ammonium-chloride-potassium (ACK) lysing buffer.
Omental cells were harvested after tissue digestion.”
All analyses were gated on viable cells after a Live/Dead
Staining (Molecular Probes LIVE/DEAD Fixable Violet
Dead Cell Stain Kit, Life Technologies).

For lymphocyte population infiltration/activation and
T helper 1 (Thl)/Th2 profile studies, peritoneal cells
were labeled with the following antibodies: CD3-PE,
CD4-VioBrightFITC, CD8VioGreen, CD25-PEVio770,
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NKI1.1-PerCPVio700, CD19-APCVio700, CD183-APC and
Foxp3-Vio667 (Miltenyi Biotec).

Peritoneal and omental macrophages were analyzed
by surface expressed MHCII and F4/80 detection using
MHCII-Vioblue and F4/80-APC  (Miltenyi Biotec),
respectively, in CD45" (VioGreen, Miltenyi Biotec) and
CD11b" (FITC, Miltenyi Biotec) cells. To identify the
origin of different populations, CD45.2-PerCPVio770
and CD45.1-PE antibodies (Miltenyi Biotec) were used.
Finally, cells were washed and resuspended in 300 pL. PBS
1% heat-inactivated FCS. To analyze cells proliferation,
peritoneal macrophage populations were stained with
anti-BrdU antibody (PE, Miltenyi Biotec).

Human ascitic macrophage populations were analyzed
by surface expressed markers CD14 and CD16 using CD14-
PerCPVio700 (Miltenyi Biotec) and CD16-VioBright R720
(Miltenyi Biotec) antibodies, respectively.

Appropriate fluorochrome-matched isotype anti-
bodies were used to determine non-specific background
staining. All stainings were performed on 100 pL of PBS
1% heat-inactivated FCS. A population of 10,000 cells was
analyzed for each data point. All analyses were done in a
BD Fortessa flow cytometer with Diva software. A multi-
plex bead-based immunoassay was used (BiolLegend,
LEGENDPlex Mix and Match System) for ascites cyto-
kine measurement. The gating strategies were detailed in
online supplemental figures 4 and 5.

Image flow cytometry

After mice euthanasia, peritoneal cells were harvested,
centrifuged and red blood cells were lysed with ACK lysing
buffer. Peritoneal macrophage population was analyzed
by surface expressed MHCII and F4/80 detection, respec-
tively, using MHCII-PE (Miltenyi Biotec) and F4,/80-PECy7
(eBiosciences) antibodies. Cells were washed, permeabi-
lized then incubated with 4’,6-diamidino-2-phenylindole
(DAPI) for nucleus staining, anti-PPARYy antibody (AF680,
Bioss) and anti-C/EBPPB (FITC, Biorbyt) or anti-GATA6
(FITC, Biorbyt) antibodies. Then, cells were washed
and resuspended in 300pL PBS”” 1% heat-inactivated
FCS. Appropriate fluorochrome-matched isotype anti-
bodies were used to determine non-specific background
staining. All stainings were performed on 100 pL of PBS”/"
1% heat-inactivated FCS. Individual cell images were
acquired using IDEAS software (Amnis Merck Millipore,
Billerica, Massachusetts, USA) on a 3-laser 6-channel
imaging flow cytometer (Image Stream X Mark II, Amnis
Merck Millipore) with x40 magnification. For each data
file, at least 50,000 single cells were acquired, debris and
doublets were excluded based on their area and aspect
ratio. Single-stain controls were acquired (all channels
on, no brightfield and no side scatter image), a compen-
sation matrix was calculated and then applied to the data
files using IDEAS software (Amnis Merck Millipore).
Briefly, focus cells were identified using the gradient root
mean squared (RMS) feature of the brightfield channel
(Ch04). Single cells were then identified from debris and

cell clusters using a plot of aspect ratio versus area of the
brightfield channel.

Peritoneal macrophage and lymphocyte cell sorting
Peritoneal cells were stained with the following antibodies:
CD45-APCy7 (BioLegend), F4/80-APC, MHCII-Vioblue
and CD3-PE (Miltenyi Biotec). The two peritoneal macro-
phage populations and lymphocytes were sorted with a
BD Influx cell sorter.

Macrophage ex vivo treatment

After mice euthanasia, peritoneal cells were harvested,
centrifuged and red blood cells were lysed with ACK
lysing buffer, then allowed to adhere for 2hour. After
washing, macrophages isolated from tumor-bearing
mice were treated or not with 15(S)-HETE (Cayman
Chemicals, 1 pM) or rosiglitazone (Cayman Chemicals,
5pM) for 48hours then lysed and used for real-time
PCR.

Isolation and treatment of macrophages isolated from
patients’ ascites
Ascitic fluids from individuals with ovarian cancer were
collected from chemotherapy-naive patients who under-
went a tumor surgical resection at the Claudius Regaud
Institute (IUCT Oncopole, Toulouse, France). Ascitic
fluids were obtained aseptically in heparinized vacuum
bottles from patients with pathologically confirmed
OVAD. Appropriate informed consents were obtained
from all cases. Fluids were passed through a 100 pM filter
to obtain a single cell suspension. TAMs were isolated
from patients’ ascites with a Percoll density gradient as
described previously in a study conducted by Hamburger
et al™

The fraction containing macrophages was allowed to
adhere for 2hours and then treated or not with 15(S)-
HETE (Cayman Chemicals, 1 pM) for 48 hours then lysed
and used for real-time PCR.

Reverse transcription and real-time PCR

Messenger RNA (mRNA) was isolated using the
RNAqueous-Micro Total RNA Isolation Kit (Thermo
Fisher) following the manufacturer’s protocol and
complementary DNA (cDNA) was synthesized according
to the manufacturer’s recommendations (Verso Kit,
Thermo Electron). Real-time quantitative polymerase
chain reaction (RT-qPCR) was performed in a total
volume of 10 pL with 60 cycles of 10s at 95°C, 10s at
60°C and 10s at 72°C using a LightCycler 480 system
and LightCycler SYBR Green I Master (Roche Diagnos-
tics). The primers (at a final concentration of 5pM) were
designed with the software Primer 3. The glyceraldehyde-
3-phosphate dehydrogenase (Gapdh) mRNA was used as
the invariant control. Serially diluted samples of pooled
cDNA were used as external standards in each run for
the quantification. Primer sequences are listed in online
supplemental table 1.
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Statistical analysis

For each experiment, the data were subjected to one-
way analysis of variance followed by the means multiple
comparison method of Bonferroni-Dunnett. P value<0.05
was considered as the level of statistical significance.

RESULTS

15(S)-HETE treatment inhibits OVAD progression in vivo
through macrophages

We evaluated the effect of 15(S)-HETE on the tumor
burden using an ovarian epithelial tumor murine
model.* ID8 cells expressing the firefly luciferase gene
(luc2) were intraperitoneally injected into syngeneic
female C57BL/6 mice, which resulted in peritoneal
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production after 18 days (figure 1A). The mice present
signs similar to advanced-stage 3 epithelial ovarian cancer,
including the development of ascites in the peritoneal
cavity and secondary lesions on the peritoneum walls and
other organs within the peritoneal cavity.””

Treating ID8 tumor-bearing mice with 15(S)-HETE
significantly decreased tumor-derived bioluminescence in
the abdomen, the peritoneal membrane, the diaphragm
and the ascites (figure 1B-E) as well as the ascites volume
and the weight gain (figure 1F).
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Figure 1

In vivo 15(S)-HETE treatment inhibits OVAD progression through macrophages. (A) Photographs of tumor burden in

peritoneal membrane, diaphragm and ascites of untreated tumor-bearing mice 50 days post-tumor cells injection. (B-E) In vivo
imaging (B) and quantification of peritoneal membrane (C), diaphragm (D) and ascites (E) tumor burdens by bioluminescence
in untreated or 15(S)-HETE-treated mice at days 7, 18, 35 and 50 post-ID8 implantation. (F) Ascites volume and weight gain of
untreated and 15(S)-HETE-treated mice 50 days post-tumor cells injection. (G) Cytotoxic activity of peritoneal macrophages
collected from the ascites of untreated and 15(S)-HETE-treated mice determined by the quantification of bioluminescence
intensity after 72 hours of co-culture with ID8-Luc tumor cells. (H-I) Peritoneal membrane and ascites tumor burden quantified
by bioluminescence (H) and weight gain (l) in mice without or with depletion of macrophages were evaluated at day 35 post-
ID8 implantation. Tumor burden and weight gain data are expressed as fold induction relative to corresponding untreated ID8
tumor-bearing mice. Results correspond to mean+SEM (n=6 per group) and are representative of at least three independent
experiments. *p<0.05, *p<0.01, **p<0.001 and ***p<0.0001 compared with respective untreated ID8 tumor-bearing

mice. #p<0.05and ##p<0.01 compared with untreated mice at day 7. HETE, hydroxyeicosatetraenoic acid; OVAD, ovarian

adenocarcinoma
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Figure 2 15(S)-HETE treatment promotes the differentiation of SPM towards LPM and the LPM maintenance in the

peritoneum. (A) Dot-plot showing SPM (F4/80°" MHCII"®") and LPM (F4/80"9" MHCII®") day 18 post-ID8 injection. (B)
Quantification of SPM and LPM in the F4/80" MHCII" population at days 7, 18 and 35 post-tumor cell injection. (C) Expressions

of differentiation marker genes in SPM and LPM sorted at day

18 post-ID8 injection. (D-E) SPM-to-LPM differentiation in

CD45.1" monocytes-transplanted CD45.2* host tumor-bearing mice treated or not with 15(S)-HETE at day 11-post tumor cells
injection (D) and CD45.1* macrophage infiltration (E) were quantified by flow cytometry using F4/80, MCHII, CD45.1 and CD45.2
markers. (F) Expressions of SPM-to-LPM differentiation marker genes in SPM and LPM sorted at day 18 post-ID8 injection. (G)
Tumor bearing mice treated or not with 15(S)-HETE were injected with BrdU 3 hours before euthanasia and BrdU incorporation
was assessed by flow cytometry. (H) Expression of peritoneal residency marker genes in SPM and LPM sorted at day 18 post-
ID8 injection measured using RT-gPCR. (I) Quantification of LPM in the peritoneum and omentum at day 18 post-tumor cell

injection. Results correspond to mean+SEM (n=6 per group) a

nd are representative of at least three independent experiments.

*p<0.05, *p<0.01, **p<0.001 and ****p<0.0001 compared with respective untreated ID8 tumor-bearing mice. ##p<0.01and
####p<0.0001 compared with SPM from untreated D8 tumor-bearing mice. $$$$p<0.0001 compared with peritoneal LPM
from untreated ID8 tumor-bearing mice. HETE, hydroxyeicosatetraenoic acid; LPM, large peritoneal macrophages; mRNA,

ability of macrophages from 15(S)-HETE-treated tumor
bearing mice to eliminate ID8 tumor cells. At day 35 post
ID8 injection, the percentage of ID8 cell death is strongly
decreased compared with day 18 post ID8 injection,
demonstrating that macrophages isolated from untreated-
mice ascites at day 35 post ID8 injection have decreased
antitumor activity (figure 1G). 15(S)-HETE-treatment of
tumor-bearing mice did not improve the ability of ascites
macrophages to kill ID8 cells at days 7, 18 and 35 post ID8
injection (figure 1G), supporting that 15(S)-HETE in vivo

messenger RNA; OVAD, ovarian adenocarcinoma; RT-gPCR, real-time quantitative polymerase chain reaction; SPM, small

peritoneal macrophages.

antitumor activity cannot be assigned to an increase of
the direct cytotoxic activity of macrophages.

To assess whether macrophages contribute to
15(S)-HETE’s  antitumor activity, we determined
15(S)-HETE’s antitumor activity in tumor bearing mice
selectively depleted of macrophages (online supple-
mental S1). Interestingly, macrophage depletion inhib-
ited 15(S)-HETE-induced antitumor activity (figure 1H)
and abrogated the reduced weight gain in 15(S)-HETE-
treated mice (figure 1I). These results indicated that the
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Macrophages isolated from the ascites of untreated or 15(S)-HETE-treated PPARY"*"* or PPARY""~ tumor -bearing mice

were analyzed for expressions of SPM-to-LPM differentiation markers (E) and peritoneal residency markers (F) using RT-
gPCR. Results correspond to mean+SEM (n=6 per group) and are representative of at least three independent experiments.
*p<0.05, *p<0.01 and ***p<0.001 compared with respective untreated ID8 tumor-bearing mice. C/EBP, CCAAT/enhancer
binding protein 3; HETE, hydroxyeicosatetraenoic acid; LPM, large peritoneal macrophages; mRNA, messenger RNA; PPARY,
peroxisome proliferator-activated receptor y; SPM, small peritoneal macrophages; RT-gPCR, real-time quantitative PCR; TAMs,

tumor-associated macrophages.

impact of 15(S)-HETE in tumor development is mediated
through the macrophages.

15(S)-HETE treatment promotes the differentiation of SPM
towards LPM and the LPM maintenance in the peritoneum
Based on suggested protumor and proangiogenic prop-
erties of SPM in the literature,28 we investigated the
influence of 15(S)-HETE treatment on the LPM/SPM
proportion in tumor ascites. As expected, LPM were more
abundant than SPM in the peritoneal cavity of tumor-
free mice (figure 2A). In tumor bearing mice ascites,
the proportion of SPM strongly increased whereas the
proportion of LPM decreased (figure 2A,B). 15(S)-HETE
treatment restored the LPM/SPM ratio similar to that of
tumor-free mice (figure 2A).

SPM had been reported to differentiate into LPM to
maintain the resident macrophage proportion during
inflammatory situations,”* * we therefore evaluated the
impact of 15(S)-HETE on SPM conversion towards LPM
using established markers® ** (figure 2C, online supple-
mental table 2). As expected, LPM sorted from ascites
of untreated tumor-bearing mice expressed high levels
of F4/80 (Adgrel), CD11b (ligam), CD80 and 12/15-
Lox (Alox15) and low levels of MHCII (Cd74), DC-SIGN
(Cd209b) and Dectin-1 (Clec7a) while SPM showed
a F4/80°" CD11b"" CD80™ 12/15lox*® MHCII"S"
DC-SIGN"8" Dectin-1"8" phenotype (figure 2C, online
supplemental table 2). Interestingly, SPM sorted from
15(S)-HETE-treated tumor bearing mice presented an

Prat M, et al. J Immunother Cancer 2023;11:¢007031. doi:10.1136/jitc-2023-007031
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15(S)-HETE treatment favors the presence of immunocompetent LPM. (A) SPM and LPM were isolated from

the ascites of untreated or 15(S)-HETE-treated mice at day 18 post-ID8 injection using F4/80 and MHCII markers. Their
respective phenotypes were determined by gene expression analysis of chemotaxis, immunosuppression, angiogenesis,
metastasis factors and of proinflammatory or anti-inflammatory cytokines using RT-gPCR. (B) Protein levels of chemotactic
factors and proinflammatory or anti-inflammatory cytokines in tumor ascites at days 7, 18 and 35 post-tumor cell injection
were evaluated by flow cytometry. Results correspond to mean+SEM (n=6 per group) and are representative of at least three
independent experiments. “p<0.05, **p<0.01 and ***p<0.001 compared with respective untreated ID8 tumor-bearing mice.
#p<0.05, ##p<0.01, ###p<0.001 and ####p<0.0001 compared with SPM from untreated ID8 tumor-bearing mice. HETE,
hydroxyeicosatetraenoic acid; IL, interleukin; LPM, large peritoneal macrophages; mRNA, messenger RNA; RT-gPCR, real-time
quantitative PCR; SPM, small peritoneal macrophages; TNF, tumor necrosis factor.

intermediate phenotype characterized by an induction of
genes highly expressed in LPM and a decrease of genes
weakly expressed in LPM. These results suggest that
15(S)-HETE treatment promotes the differentiation of
SPM into LPM in OVAD bearing mice.

To further confirm the impact of 15(S)-HETE on the
differentiation of SPM towards LPM, we adoptively trans-
ferred bone marrow monocytes from CD45.1 mice to
tumor-bearing CD45.2 mice, treated or not with 15(S)-
HETE. Flow cytometry analysis of peritoneal cells showed
that 15(S)-HETE treatment decreased the percentage of
CD45.1" SPM and increased the percentage of CD45.1"
LPM in tumor-bearing mice (figure 2D), without
significantly affecting the total recruited CD45.1 cells
(figure 2E). These results confirmed that SPM could
differentiate into LPM in an ovarian cancer model and
showed that 15(S)-HETE potentiated this differentiation.
C/EBP is a key transcription factor of the SPM-to-LPM
differentiation,”” we therefore evaluated the expression
of C/EBPP and its target genes. SPM and LPM from
untreated tumor-bearing mice expressed low levels of C/

EBPB (Cebpb), Mac2 (Lgals3), lo-hydroxylase (Cyp27b1)
and Pyk2 (Ptk2b) (figure 2F, online supplemental table
2). 15(S)-HETE treatment increased mRNA levels of
Cebpb, Lgals3, and Cyp27bl1 in both SPM and LPM and
increased Ptk2b expression in LPM (figure 2F, online
supplemental table 2). Altogether, these results support
that 15(S)-HETE treatment promotes SPM-to-LPM differ-
entiation through C/EBP expression and activation in
ovarian tumor-bearing mice.

LPM can selfrenew in the peritoneum.** However,
15(S)-HETE treatment did not enhance LPM prolifera-
tion measured by BrdU incorporation (figure 2G). The
reduced SPM/LPM ratio on 15(S)-HETE treatment could
be also the consequence of decreased MDR.* Thus, the
expression and the activation of GATAG6, a transcription
factor for LPM-specific genes involved in their peritoneal
adherence,26 were evaluated. As expected, the expression
of GATAG and its target genes were observed only in LPM
(figure 2H, online supplemental table 2). The 15(S)-
HETE treatment strongly increased LPM expression
of Gata6, Serpinb2, Selp (CD62p) and Thbsl (figure 2H,
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Figure 5 15(S)-HETE treatment improves the effector/regulatory T-cell ratio in tumor ascites through a mechanism dependent

on macrophages. (A) Macrophage and lymphocyte in ascites of untreated or 15(S)-HETE-treated mice at days 7, 18 and 35
post-ID8 cell injection were evaluated by flow cytometry after staining with appropriate markers. (B) Percentages of Th1/Th2
CD4" lymphocytes in the CD4* population at day 35 post-ID8 injection were evaluated by flow cytometry after staining with
CD183 antibody. (C) The per cent of cytotoxic CD8" lymphocytes in CD8* population at day 35 post-ID8 injection was evaluated
by flow cytometry after staining with CD183 antibody. (D) Lymphocytes activation at day 35 post-ID8 injection evaluated

by analyzing Prf1, Gzmb and Faslg expression using RT-qPCR. (E) Wild-type (RAG-2**) or RAG-27~ mice were injected
intraperitoneally with 5x10° ID8-Luc?2 cells then treated or not with 15(S)-HETE every 4 days. Peritoneal membrane, diaphragm
and ascites tumor burdens were evaluated at day 35 post-tumor cell injection by bioluminescence quantification. Tumor burden
data are expressed as fold induction relative to the corresponding untreated ID8 tumor-bearing mice. (F-H) Tregs infiltration

(F), the per cent of Th1 CD4" lymphocytes (G) and the per cent of cytotoxic CD8" lymphocytes (H) in macrophage-depleted
mice were evaluated by flow cytometry with appropriate markers at day 35 post-ID8 cells injection. Data are expressed as

fold induction relative to the corresponding untreated ID8 tumor-bearing mice. Results correspond to mean+SEM (n=6 per
group) and are representative of at least three independent experiments. *p<0.05, **p<0.01 and ***p<0.001 compared with
respective untreated ID8 tumor-bearing mice. #p<0.05, ##p<0.01and ###p<0.001 compared with untreated mice at day 7.
HETE, hydroxyeicosatetraenoic acid; NK, natural killer; RT-gPCR, real-time quantitative PCR; Th1, T lymphocyte regulator; Treg,

regulatory T cell.

online supplemental table 2). These data suggest that
15(S)-HETE treatment could inhibit LPM migration
from the peritoneum toward the omentum. The HETE-
induced LPM peritoneal residence was confirmed by
a higher frequency of LPM in the peritoneum associ-
ated with a lower proportion of LPM in the omentum
(figure 2I). Thus, these data suggest that the increase of
LPM following 15(S)-HETE treatment is associated with
both SPM-to-LPM differentiation and a LPM residency in
the peritoneal cavity.

PPARy mediates 15(S)-HETE treatment-induced C/EBPp and
GATAG activation

To examine the role of PPARy in 15(S)-HETE-induced
differentiation of SPM toward LPM through C/ EBPJ, we
investigated PPARy and C/EBP nuclear and cytoplasmic
localization in SPM and LPM from tumor-bearing mice
by image streamX. The 15(S)-HETE treatment increased
PPARY" and C/EBP" cells proportions in SPM and LPM
(figure 3A-D). The 15(S)-HETE induced PPARY and C/
EBPP nuclear localization in SPM and LPM (figure 3B,

Prat M, et al. J Immunother Cancer 2023;11:¢007031. doi:10.1136/jitc-2023-007031
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Figure 6 The antitumor activity of 15(S)-HETE is mediated by PPARYy in macrophages. (A) Ascites and diaphragm tumor
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CD8* and Tregs infiltrations evaluated by flow cytometry. (D-E) Percentages of Th1 CD4* lymphocytes in CD4" population (D)
and cytotoxic CD8" lymphocytes in CD8" population (E) were evaluated by flow cytometry with appropriate markers at day 35
post-1D8 cells injection. Results correspond to mean+SEM (n=6 per group) and are representative of at least three independent
experiments. *p<0.05, **p<0.01 and **p<0.001 compared with respective untreated ID8 tumor-bearing mice. #p<0.05and
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regulatory T cell.

online supplemental S2, merge DAPI/PPARY and DAP1/
C/EBPB) and PPARy and C/EBPf colocalization in SPM
and LPM (figure 3B, merge PPARY/C/EBPf). Moreover,
15(S)-HETE increased PPARY and C/EBPJ protein levels
both in SPM and LPM (figure 3C,D, online supplemental
S2).

We next evaluated the involvement of the PPARy-
GATAG6 axis in the 15(S)-HETE-induced macrophage
peritoneal retention in tumor-bearing mice. Although,
in LPM, 15(S)-HETE increased the GATA6" cells propor-
tion, GATAG protein level was not changed (figure 3A-D).
In SPM only the GATA6 protein level was augmented
following 15(S)-HETE treatment (figure 3A-D), indi-
cating that 15(S)-HETE influence macrophage peritoneal
retention through GATAG6 by increasing its expression in
SPM and the number of GATA6+ cells in LPM. Moreover,
15(S)-HETE induced PPARYy and GATAG6 nuclear localiza-
tion in SPM and LPM (figure 3C, 2online supplemental
S2, merge DAPI/GATAG6) and PPARY and GATAG6 colocal-
ization in SPM and LPM (figure 3C, online supplemental
S2, merge PPARYy /GATAG).

To validate the role of PPARY in C/EBPB and GATA6
activation, we assessed mRNA levels of their target genes
and of Cebpband Gata6in tumor bearing PPARY" “mice,
in which the PPARy gene (Pparg) was selectively disrupted
in myeloid-derived cells. The 15(S)-HETE treatment
increased the expression of Cebpb, Gata6 and their target
genes in macrophages from PPARYM* tumor-bearing
mice (figure 3E-F), as expected, but not in macrophages
from PPARY"™~ tumor-bearing mice.

Taken together, these results demonstrate that G/ EBPJ
and GATAG play a central role in SPM-to-LPM differen-
tiation and suggest their involvement in LPM peritoneal
residence through PPARY activation following 15(S)-
HETE treatment during OVAD.

15(S)-HETE treatment favors the presence of antitumor

LPM, which contributes to counteracting cancer
immunosuppression

To investigate LPM’s potential antitumor phenotype,
we evaluated mRNA levels of representative markers of
immunity/tolerance balance in SPM and LPM in ascites
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Figure 7 15(S)-HETE promotes the differentiation, the peritoneal attachment and attenuates immunosuppressive propertles of
human ovarian TAMs. (A-B) A representative dot-plot (A) and histogram quantification (B) of Infiltrated macrophages (CD14™
CD16""), Intermediate macrophages (CD14™*" CD16™*) and resident macrophages (CD14"9" CD16"9" in the CD14* CD16"/~
population of peritoneal macrophages (n=31 patients). (C-E) Peritoneal macrophages treated or not with 15(S)-HETE (1 uM) for
48hours and gene expressions of SPM and LPM differentiation markers (C), factors involved in SPM-to-LPM differentiation and
LPM residency (D) and in immunosuppression and metastasis (E) were evaluated by RT-qgPCR. Results are expressed as fold
induction relative to untreated TAM and correspond to mean+SEM of TAMs isolated from 16 patients. *p<0.05and **p<0.01
compared with the respective untreated tumor-associated macrophages. HETE, hydroxyeicosatetraenoic acid; LPM, large
peritoneal macrophages; mRNA, messenger RNA; RT-gPCR, real-time quantitative PCR; SPM, small peritoneal macrophages;
TAMs, tumor-associated macrophages.
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inhibition of tumor development. The 15(S)-HETE antitumor activity is mediated through PPARy of macrophages. 15(S)-HETE
treatment also orients the peritoneal macrophage population balance towards immunocompetent LPM at the expense of
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VEGFa: vascular endothelial growth factor.

of tumor bearing mice. Overall, as compared with SPM,
LPM highly expressed mRNA levels of Ccl3, Ccl4, Cxcl9
(CXC chemokine ligand 9) and Cxcl10 (figure 4A,
online supplemental table 3). Although Ccl17 and Ccl22
encoding immunosuppressive chemokines were highly
expressed in SPM, they were almost undetectable in
LPM. Consistently, LPM weakly expressed immunosup-
pressive markers Cd274 (PDL-1), Pded1lg2 (PDL-2), Ido2
(indoleamine 2,3-dioxygenase 2), Tgfb (tumor growth
factor-B) and 1110 (figure 4A). Mmp9 (matrix metallopro-
teinase 9) and Vegfa (vascular endothelial growth factor-o)
were also lowly expressed in LPM (figure 4A, online
supplemental table 3). Tnfa (tumor necrosis factor-o.) was
expressed similarly in SPM and LPM (figure 4A, online
supplemental table 3). Although the 15(S)-HETE treat-
ment did not affect the expression of Cc¢l3, Ccl4, Cxcl9,
Cxcl10, Cell7, Cd274, Mmp9, Vegfa and Tgfb in either SPM
or LPM, it significantly decreased the expression of Ccl22,

Pdcd1lg2, 1do2 and 1110 in SPM (figure 4A, online supple-
mental table 3).

Consistent with LPM accumulation and decreased
tolerance signature in LPM following 15(S)-HETE treat-
ment, protein levels of CCL3, CCL4, CXCL9, CXCL10
were increased whereas those of CCL22 and CCL17
were decreased in ascites of 15(S)-HETE-treated tumor
bearing mice from day 18 post-ID8 injection (figure 4B).
In line with decreased immunosuppressive markers, the
IL-10 protein level was strongly reduced in ascites from
15(S)-HETE-treated tumor bearing mice (figure 4B).
Conversely, protein levels of IL-1B and TNF-o. were
increased in ascites from 15(S)-HETE-treated tumor
bearing mice (figure 4B).

Altogether, these data demonstrate that the antitumor
effectof 15(S)-HETE treatmentis mediated by the increase
of immunocompetent LPM frequency in ascites, which
contributes to counteract cancer immunosuppression.
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15(S)-HETE treatment improves the effector/egulatory T-cell
ratio in tumor ascites through a macrophage-dependent
mechanism

To investigate whether the 15(S)-HETE treatment-
induced SPM/LPM balance change increased immune
cell recruitment and activation in the tumor microen-
vironment, we first evaluated immune populations in
ascites. Although the infiltration of natural killer cells
(NKI1.1+ cells) and macrophages (F4/80" cells) did not
change during tumor progression, CD4 (CD3" CD4"
CD257) and CD8 (CD3" CD8") T cells, Tregs (CD4" CD25"
FOXP3") and B cells (CD19") were significantly increased
(figure 5A). Although the 15(S)-HETE treatment did not
alter numbers of macrophages and B cells in ascites, it
significantly increased numbers of CD4 and CD8 T cells
at day 35 and significantly decrease the number of FoxP3"
Tregs from day 18 after tumor cell injection (figure 5A).

Because the tumor microenvironment is generally
considered to be immunosuppressive, we then evaluated
whether the 15(S)-HETE treatment promoted the activa-
tion of CD4 and CD8 T cells. The 15(S)-HETE treatment
contributed to polarizing CD4 T cells toward the Thl
subset (figure 5B). Moreover, the proportion of CD183"
CD8 T cells, a subset with enhanced cytotoxic potential,
was significantly increased in ascites from 15(S)-HETE-
treated tumor bearing mice (figure 5C). Consistent
with these findings, T cells (CD3") isolated from ascites
of 15(S)-HETE-treated tumor-bearing mice expressed
higher mRNA levels of perforin (PrfI), granzyme B
(Gzmb) and Fas-ligand (Faslg) (figure 5D). Thus, 15(S)-
HETE treatment promoted the recruitment of effective
Thl and cytotoxic T lymphocytes and decreased Tregs
frequency in tumor ascites. The 15(S)-HETE treatment
of tumor-bearing mice deficient of the recombination-
activating gene Rag2did not decrease the tumor burden of
peritoneal membrane, diaphragm or ascites (figure 5E),
further supporting the importance of lymphocytes in the
antitumor activity of 15(S)-HETE.

We then investigated whether the impact of 15(S)-
HETE on T cells was mediated through macrophages.
The decrease of Tregs frequency and increases of effective
Th1l CD4 cells and cytotoxic CD8 T cells in tumor ascites
of 15(S)-HETE-treated tumor-bearing mice were totally
abrogated after clodronate treatment (figure 5F-H),
supporting that 15(S)-HETE treatment promoted a T cell-
dependent antitumor response through macrophages.

The antitumor activity of 15(S)-HETE is mediated by PPARy in
macrophages

To further dissect how 15(S)-HETE mediated its antitumor
effect, we assessed the tumor burden in tumor-bearing
mice in which the PPARy gene was selectively disrupted
in myeloid-derived cells (PPARny/ 7). Tumor burdens in
PPARY"" mice were higher than those in wild-type mice
(figure 6A). Consistently, LPM were almost absent in
ascites from PPARYNH " (figure 6B). Moreover, CD4 and
CD8 T-cell infiltrations were lower while the infiltration
of Tregs was significantly higher in PPARY"”~ mice than

in PPARY""* mice (figure 6C). These data suggested an
antitumor role of PPARY in macrophages during OVAD
development.

Unlike in PPARY"* mice, 15(S)-HETE treatment did
not decrease the SPM frequency and did not increase the
LPM frequency and the number of CD4 or CD8 T cells,
and did not decrease the number of FOXP3" Tregs in
ascites in tumor-bearing PPARY"”~ mice (figure 6B-C).
The 15(S)-HETE treatment also did not increase frequen-
cies of Th1 CD4 T cells and cytotoxic CD183" CD8 T cells
in tumor-bearing PPARY"”™ mice (figure 6D-E).

The role of PPARy in the antitumor activity of 15(S)-
HETE was further supported by decreased tumor burden,
restored LPM/SPM ratio and increased expression of G/
EBPP and GATAG genes and their target genes in tumor-
bearing mice treated with rosiglitazone, a synthetic
PPARY-specific agonist” (online supplemental S3).

Altogether these results indicate that PPARy acts in
the signaling cascade leading to the inhibition of tumor
development, the LPM accumulation in ascites and the
enhancement of the effector T cells/Tregs ratio following
15(S)-HETE treatment.

15(S)-HETE promotes the differentiation and the peritoneal
attachment and attenuates immunosuppressive properties of
human ovarian TAMs
Three macrophage subsets (infiltrated, intermediate and
resident macrophages) with distinct phenotypes and func-
tions have been described in women'’s peritoneal cavity.”®
To validate above findings from the murine model in
patients, we first evaluated macrophage proportions in
cells isolated from the ascites of patients with ovarian
cancer. We found that infiltrated macrophages (CD14™¢"
CD16'") were most abundant whereas there were very few
intermediate macrophages (CD14™" CD16™") and no
resident macrophages (CD14"8" CD16"8") (figure 7A,B).
Consistentwith findings in mice, 15(S)-HETE treatment
induced expressions of ITGAM (CD11b) and ALOXI5,
slightly reduced HLADR expression, and did not signifi-
cantly affect CLEC7A (Dectin-1) expression (figure 7C).
The 15(S)-HETE treatment also enhanced the expres-
sion of C/EBPP and GATAG6 genes and their target genes
(CYP27BI1, LGALS3, SELP, SERPINB2, THBSI), suggesting
that 15(S)-HETE treatment could activate the differentia-
tion of macrophages isolated from human ovarian cancer
ascites towards LPM-like macrophages and could favor
their maintenance in the peritoneal cavity (figure 7D).
Moreover, 15(S)-HETE treatment decreased mRNA
levels of CD274, PDCDILG2, CCL17, CCL22, and MMPY.
(figure 7E). These data indicated that 15(S)-HETE had
similar effects on human TAMs as on mouse TAMs.

DISCUSSION

The growth of ovarian cancer is associated with the devel-
opment of peritoneal ascites containing proinflammatory
soluble factors and cellular components that provide a
tumor-promoting microenvironment.
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Here, we report that 15(S)-HETE treatment inhibits
tumor progression in a mouse model of OVAD that is
mediated through PPARY in macrophages. Consistently,
PPARY"”/" mice have an increased susceptibility toward
7,12-dimethylbenz[a]anthracene (DMBA)-mediated
breast, skin and ovarian carcinogenesis.*'

We showed that the SPM frequency strongly increases
while the percentage of LPM decreases in the perito-
neal cavity of untreated tumor-bearing mice. Consis-
tently, SPM mobilization in response to IL-17 in the
same murine model of ovarian cancer is associated with
tumor progression.”® Interestingly, we demonstrate that
the 15(S)-HETE treatment modulates the SPM/LPM
balance in ascites to closer to that in mice without tumor.
In agreement with the ability of SPM to promote ovarian
cancer development,”® our study characterizes SPM
as immunosuppressive, which is supported by reports
showing that only monocyte-derived alternative activated
macrophages express PDL-2 and can induce FoxP3"
Tregs differentiation.’” ®® Thus, the effect of 15(S)-HETE
treatment on the increase of LPM frequency in ascites
could counteract SPM-mediated immunosuppression.
Consistently, 15(S)-HETE treatment promotes the infil-
tration of CD4" Th1 T cells and cytotoxic CD8" T cells
in ascites. We also establish that the weak expression of
CCL17 and CCL22 in LPM of 15(S)-HETE-treated mice
is correlated with a strong decrease in the Tregs number
in ascites. These data support that 15(S)-HETE enhances
the effector T cells/Tregs ratio through the orientation of
immunoregulatory SPM toward LPM, which contribute
to attract and activate effector immune cells. These
observations highlight the involvement of macrophages
in T cell-dependent antitumor response on 15(S)-HETE
treatment.

This study also reveals that the SPM-to-LPM differen-
tiation induced by the 15(S)-HETE treatment involves
PPARy and C/EBPJ, which is supported by reported
close functional and physical links between C/EBPJ
and PPARY* and crucial role of C/EBPP in SPM-to-LPM
differentiation.?’ Furthermore, our results indicate that
15(S)-HETE treatment contributes to the maintenance
of LPM in the peritoneal cavity by increasing the expres-
sion of GATAG6, known to be involved in LPM residency in
the peritoneum,” and adhesion proteins, such as Thbsl,
CD62p and Serpinb2, encoded by GATA6-target genes.”
These results are also consistent with the PPARY activa-
tion in the preservation of GATA6 expression in bone-
marrow derived mast cells® and with the inhibitory effect
of 15(S)-HETE treatment on neutrophil migration in
inflammatory conditions.”” Resident macrophage migra-
tion to the omentum has been associated with the spread
of ovarian cancer cells to the same site, which worsens
the prognosis.”’ These data strengthen the importance of
maintaining LPM in the peritoneal cavity. To further vali-
date the requirement of C/EBPB and GATA6 on PPARY
activation for SPM-to-LPM differentiation, it would be
interesting to evaluate LPM differentiation and migration
by genetically invalidating C/EBPf and GATAG.

Finally, we demonstrate PPARy as a key component
in the 15(S)-HETE-triggered signaling cascade that
promotes T-cell antitumor response. Although several
studies have shown that PPARy induces TAM polariza-
tion toward M2 protumor phenotype via their ability to
suppress T-cell response,” * other findings showed that in
T-cell lymphoma and OVAD PPARY activation was able to
induce an antitumor phenotype of macrophages through
the conversion of tumor supporting macrophages to cyto-
toxic effectors.” Several studies have also indicated that
PPARY has immunostimulatory activities.'” * % Indeed,
mice deficient of PPARYy selectively in myeloid cells
have a decreased CD8" T effectors to Tregs ratio and an
impaired tumor rejection with granulocyte-macrophage
colony-stimulating factor (GM-CSF)-secreting tumor-cell
vaccines.”* Moreover, PPARy ligands reverse cytotoxic T
lymphocyte suppression induced by TAMs and decrease
Tregs infiltration.'” ®® PPARY activation has already been
suggested to directly suppress tumor cells.”® Indeed,
PPARY and its ligands are documented to induce differ-
entiation, growth inhibition and apoptosis of cell lines
derived from several types of cancer, including human
ovarian cancer, in vitro and in vivo. 070 PPARY ligands
have also been shown to potently inhibit angiogenesis.71
Synergistic therapeutic effects have been also observed
between PPARY ligands and conventional chemotherapy
drugs.” ™ Despite studies indicating a conflicting role
for PPARYy activation in macrophage differentiation
during tumor development, most studies strengthen the
use of PPARYy agonists in anticancer therapy.

The use of 15(S)-HETE as an antitumor agent is also
supported by the robust downregulation of 15-LOX in
various human cancers’*” and by the significant decrease
of the 15-HETE concentration in advanced epithelial
ovarian cancer ascites.” Many lines of evidence suggest
that 5-LOX and 12-LOX metabolites promote angiogen-
esis, carcinogenesis and tumor cell proliferation. 6-78
Agents that shift the balance of LOX activities from
procarcinogenic (12-HETE and 5-HETE) to anticarcino-
genic (15(S)-HETE) metabolism of polyunsaturated fatty
acids therefore have been proposed as approaches for
cancer prevention and/or treatment.

In conclusion, we show that 15(S)-HETE has an anti-
tumor activity in a murine model of OVAD that is medi-
ated through promoting the differentiation of SPM to
LPM and maintaining LPM in the peritoneum. LPM
contribute to counteract cancer immunosuppression
and to attract effector immune T cells (figure 8). These
results also establish a critical role of PPARY in macro-
phages in the 15(S)-HETE-triggered inhibition of OVAD
development, strengthening the use of PPARY agonists in
anticancer therapy.
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