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Abstract

The noncanonical Wnt ligand Wnt5a is found in high concentrations in ascites of women with
ovarian cancer. In this study, we elucidated the role of Wnt5a in ovarian cancer metastasis. Wnt5a
promoted ovarian tumor cell adhesion to peritoneal mesothelial cells as well as migration and
invasion, leading to colonization of peritoneal explants. Host components of the ovarian tumor
microenvironment, notably peritoneal mesothelial cells and visceral adipose, secreted Wnt5a.
Conditional knockout of host WNT5A significantly reduced peritoneal metastatic tumor burden.
Tumors formed in WNT5A knockout mice had elevated cytotoxic T cells, increased M1
macrophages, and decreased M2 macrophages, indicating that host Wnt5a promotes an
immunosuppressive microenvironment. The Src family kinase Fgr was identified as a downstream
effector of Wntba. These results highlight a previously unreported role for host-expressed Wnt5a

Corresponding Author: M. Sharon Stack, University of Notre Dame, 1234 Notre Dame Ave., South Bend, IN 46617. Phone:
574-631-4100; Fax: 574-631-2156; sharon.stack.11@nd.edu.

Authors’ Contributions

Conception and design: M. Asem, M.S. Stack

Development of methodology: M. Asem, Y. Liu, J. Yang, I. Guldner, S. Zhang

Acquisition of data (provided animals, acquired and managed patients, provided facilities, etc.): M. Asem, C. Oyama, A. Claure
De La Zerda, VY. Liu, J. Yang, T.S. Hilliard, J. Johnson, E.I. Harper, I. Guldner, S. Zhang, T. Page-Mayberry

Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): M. Asem, C. Oyama, A.
Claure De La Zerda, Y. Liu, J. Yang, I. Guldner

Writing, review, and/or revision of the manuscript: M. Asem, T.S. Hilliard, I. Guldner, M.S. Stack

Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): M. Asem, A.M.
Young, Y. Liu, J. Yang, S. Zhang

Study supervision: M. Asem, M.S. Stack

Other (prepared tissue sample gel through “tissue fixation” for the slides; analyzed slide images for data on cancer cells
present across control and experimental specimens): A.G. Claure De La Zerda

Other (histologic and IHC interpretation and correlation): W.J. Kaliney

The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Note: Supplementary data for this article are available at Cancer Research Online (http://cancerres.aacrjournals.org/).

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.


http://cancerres.aacrjournals.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Asem et al. Page 2

in ovarian cancer metastasis and suggest Fgr as a novel target for inhibition of ovarian cancer
metastatic progression.

Significance:

This study establishes host-derived Wnt5a, expressed by peritoneal mesothelial cells and
adipocytes, as a primary regulator of ovarian cancer intraperitoneal metastatic dissemination and
identifies Fgr kinase as novel target for inhibition of metastasis.

Introduction

The majority of women diagnosed with ovarian cancer succumb to metastatic disease
characterized by diffuse intraperitoneal carcinomatosis (1). Ovarian tumors are genetically
highly heterogeneous, exhibiting massive genomic and transcriptomic plasticity; however,
no single genetic alteration has yet been found to be a clinically actionable genetic change
(2-4). Thus, a more comprehensive understanding of tumor-host interactions in metastasis
may highlight novel strategies for therapeutic intervention. Widespread intraperitoneal
metastasis results from direct extension or exfoliation of cells from the primary tumor into
the peritoneal cavity. Hematogenous metastasis with peritoneal homing has also been
reported (5, 6). Metastasizing cells colonize the omental fat pad, the ovary, and peritoneum.
Matrix-detached cells survive in a complex ascites fluid phase, yet subsequently adhere to
the mesothelial cells of the peritoneal membrane that covers abdominal organs, anchor in the
collagen-rich submesothelial matrix, and proliferate to produce hundreds of widely
disseminated secondary lesions (6).

Ascites fluid functions as a rich reservoir of soluble and cellular components that influence
primary tumor growth, progression, and metastasis (7). We previously found high levels of
Whntb5a in ascites fluids of women with ovarian cancer (8). This noncanonical Wnt ligand is
of interest because of its role in regulation of cell polarity and morphogenesis and its link to
cancer initiation and progression (8). Moreover, conflicting data have been reported on the
role of Wnt5a in ovarian cancer progression. In one study, expression of Wnt5a was lower in
primary ovarian tumors relative to normal ovarian surface or fallopian tube epithelium. Low
Whnt5a expression was correlated with both tumor stage and overall survival, suggesting that
loss of Wnt5a is predictive of poor outcome (9). In contrast, several additional studies report
that high Wnt5a expression in ovarian cancer tissues correlates with poor prognosis and
demonstrate Wnt5a upregulation in platinum-resistant tumors, suggesting a role for Wntba
in acquired chemoresistance (10-12).

In the current study, we have used a comprehensive suite of in vitro, ex vivo, and in vivo
analyses to elucidate the role of Wnt5a in ovarian cancer metastasis. Herein, we demonstrate
that Wnt5a is contributed by host cells in the peritoneal microenvironment, specifically
peritoneal mesothelial cells and visceral adipose tissue. Conditional knockout of host
WNT5A significantly reduces tumor burden and alters the immune landscape of peritoneal
tumors. The Src family kinase Fgr is identified as a hovel downstream effector of Wnt5a in
ovarian cancer cells and selective inhibition of Fgr kinase activity abrogates prometastatic
cellular activity. Together, our results highlight a previously unreported role for host-
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expressed Wnt5a in modulation of ovarian cancer metastatic success in the peritoneal
microenvironment.

Materials and Methods

Reagents

Cell culture

Recombinant Wnt5a protein (rWnt5a), Proteome Profiler Human Phospho-Kinase Array,

and Proteome Profiler mouse cytokine array were purchased from R&D Systems. Rat tail

collagen type | was purchased from Corning Cellgro. 4-Hydroxytamoxifen was purchased
from Sigma-Aldrich. TL02-59 was purchased from ProbeChem.

The epithelial ovarian carcinoma cell lines DOV13, OVCA429, and OVCA433 were
provided by Dr. Robert Bast (University of Texas MD Anderson Cancer Center, Houston,
TX). OVCAR3, OVCARS5, and OVCARS cells were obtained from ATCC. OVCARS cells
were maintained in RPMI11640 medium (Corning Cellgro), containing 10% FBS (Gibco),
1% penicillin/streptomycin (Lonza), and 1% L-GlutaMax (Thermo Fisher Scientific).
OVCARS5 and OVCARS cells were maintained in DMEM medium, containing 10% FBS,
1% penicillin/streptomycin, and 1% Non-Essential Amino Acids (Gibco). DOV13,
OVCA429, and OVCA433 were maintained in minimal essential medium (Gibco)
containing 10% FBS, 1% nonessential amino acids (Corning Cellgro), 1% penicillin/
streptomycin (Lonza), 1% sodium pyruvate (Corning Cellgro), and 0.1% amphotericin B
(Cellgro); DOV13 medium was additionally supplemented with 10 ug/mL of insulin
(Gibco). Cell lines were tested and authenticated by Genetica DNA Laboratories using short
tandem repeat DNA profiling and were found to be >95% concordant. Cells tested negative
for Mycoplasmain 2017. The C57BI/6 syngeneic mouse ovarian cancer cell line (ID8) with
a CRISPR/Cas9-generated 7RP53gene deletion (designated 1D8-Trp5377), generously
provided by Dr. I. McNeish, Glasgow, United Kingdom, was tagged with red fluorescent
protein (RFP) and maintained as described previously (13, 14). Primary human peritoneal
mesothelial cells (Zen-Bio) and the normal human peritoneal mesothelial cell line LP9
(Coriell Institute, Camden, NJ) were maintained in Medium 199, Ham 12 medium,
containing 15% FBS, 10 ng/mL EGF, 400 ng/mL hydrocortisone, 1% penicillin/
streptomycin, 1% L-GlutaMax (Thermo Fisher Scientific), and 1% HEPES. Murine primary
peritoneal mesothelial cells (MPMC) were isolated from 4- to 6-month-old C57BI/6 J mice
as described previously (15). Primary mesothelial cells were grown in modified Connell’s
Medium composed of DMEM/F12 p GlutaMAX (Gibco), 15% FCS, 0.4 pg/mL
hydrocortisone, 10 ng/mL EGF, 1% ITS (insulin, transferrin, selenium), 1 mmol/L sodium
pyruvate, 0.1 mmol/L B-mercaptoethanol (2-ME), 1% nonessential amino acids, 1%
penicillin/streptomycin, and 2% Mycokill (PAA). All cells were maintained at 37°C, 5%
CO, in humid air. To produce conditioned media (CND), cells were grown to approximately
80% to 100% confluence and washed three times with PBS prior to addition of serum free
medium for 24 hours.
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Organotypic mesomimetic adhesion assay

Human LP9 peritoneal mesothelial cells were grown on cover slips containing type |
collagen gels (10 pg/mL) until confluency. RFP-tagged OVCAR3, OVCARS5, and OVCARS8
cells were serum starved overnight then treated with serum-free media, rWnt5a protein (0.4
pg/mL), LP9-CND, or LP9-Wnt5aKC-CND for 24 hours. In some experiments, cells were
pretreated with Wnt5a function-blocking antibody (MAB645, R&D Systems) or control 1gG
at 2 ug/mL for 24 hours prior to use. Cells (5 x 10%) from each treatment condition then
were added atop of the confluent mesomimetic and allowed to adhere for 20 minutes and 1
hour, respectively. Mesomimetic cultures were washed with PBS; adherent cells were
imaged with Echo Revolve fluorescent microscope and quantified using ImageJ software.
The assay was done in three experimental replicates and repeated in three biological
replicates for all conditions.

Ex vivo adhesion assay

To evaluate adhesion to mesothelial cells on intact peritoneal tissue, an ex vivo peritoneal
explant assay was used (16). An optically clear solid support was prepared using Sylgard
184 Silicone Elastomer Kit (Thermo Fisher Scientific) according to the manufacturer’s
specifications. Mice were first euthanized by CO, inhalation followed by cervical
dislocation and then rapidly dissected using a ventral midline incision. After skin removal,
the parietal peritoneum lining the ventral abdominal wall was dissected to remove a 1.2 x
1.2 cm? piece of peritoneal tissue immediately adjacent to the midline in the lower two
abdominal quadrants. The tissue explant was then pinned mesothelialside up to the silastic
resin using fine gauge dissecting pins and the explant immersed in PBS. RFP-OVCARS5 and
RFP-OVCARS cells were serum starved overnight then treated with serum-free media,
rWhnt5a protein (0.4 pg/mL), LP9-CND or LP9-Wnt5aKO-CND for 24 hours. RFP-OVCARS5
and RFP-OVCARS cells (5 x 10%) from each treatment condition were added to the explant
and incubated for 30 and 90 minutes, respectively, at 37°C, were vigorously washed in PBS
(five times), and mounted onto a glass coverslip. Adherent cells were imaged with either the
Echo Revolve fluorescent microscope or EVOS FL digital inverted fluorescence microscope
and cells were counted manually using ImageJ software. The assay was done in three
experimental replicates and repeated in three biological replicates for all conditions.
Additional explants were processed for scanning electron microscopy as described below.

Immunofluorescence microscopy

Cells were cultured on 22 mm? glass coverslips coated with type | collagen (10 ug/mL) and
treated with rWnt5a (0.4 pug/mL) for 24 hours. Coverslips were washed twice with ice-cold
PBS and fixed with 4% paraformaldehyde in 0.12 mol/L sucrose in PBS for 30 minutes at
room temperature. Nonspecific binding was blocked with 5% normal goat serum in PBS for
1 hour at room temperature. Coverslips were then incubated with phalloidin488 (1:100;
Thermo Fisher Scientific) in 1% normal goat serum in PBS for 20 minutes in room
temperature and rinsed three times for 5 minutes with PBS. After washing, cells were air-
dried, mounted with VECTASHIELD Mounting Media with 4", 6-diamidino-2-
phenylindole (DAPI; Vector Laboratories), and imaged with a Leica DM5500 fluorescence
microscope (Leica Biosystems, Inc.).
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Scanning electron microscopy

Murine peritoneal explants were dissected from the 4- to 6-month-old C57BI/6 J mice as
described above and processed directly for scanning electron microscopy. Tissues were fixed
for scanning electron microscopy (2% glutaraldehyde, 2% paraformaldehyde in 0.1 mol/L
cacodylate, pH 7.35, 1 hour), washed using 2-ME buffer (0.1 mol/L sodium cacodylate, pH
7.35, containing 0.13 mol/L sucrose, 0.01 mol/L 2-ME; three times, 20 minutes each), and
fixed with osmium tetroxide (2% in cacodylate buffer) with microwave processing. After
rinsing with cacodylate buffer and washing with ultrapure water (three times, 5 minutes
each), tissues were dehydrated in a graded series of ethanol, subjected to critical point
drying, placed on carbon stubs, and sputter-coated with platinum. Samples were examined
using a FEI-Magellan 400 Field Emission scanning electron microscope in the Electron
Microscopy core of the Notre Dame Integrated Imaging Facility.

Analysis of migration and invasion

To assess cell migration, cells (1 x 10°) were seeded atop an 8-um microporous membrane
located within the upper compartment of a transwell insert (BD Biosciences), and incubated
at 37°C for 24 hours. After incubation, migrated cells passing through the 8-um pore filter
were fixed, stained with Diff-Quik (Thermo Fisher Scientific), and enumerated using ImageJ
software. All experiments were completed in triplicate and five fields/well were counted. To
assess invasion, an 8-um microporous membrane located within the upper compartment of a
transwell insert (BD Biosciences) was coated with 20 pg of rat tail type I collagen in sodium
carbonate, pH 9.6 overnight at 4°C, washed with PBS, and air dried. Cells were seeded atop
the filter and the apparatus incubated at 37°C for 24 hours. After incubation, invaded cells
passing through the collagen and 8mm pore filter were fixed, stained with Diff-Quik
(Thermo Fisher Scientific), and enumerated using ImageJ software. All experiments were
completed in triplicate and five fields/well were counted.

RNA isolation and qRT-PCR

ELISA

Total RNA was extracted from cells or tissues using RNeasy Mini Kit (Qiagen) in
accordance with the manufacturer’s instructions. cDNA was synthesized from 1 to 5 ug of
total RNA using RT? First Strand Kit (Qiagen). Real-time PCR was performed on a
StepOnePlus Real-Time PCR System (Applied Biosystems). PCR primers for WNT5A,
ROR1/2 and FZDs are described in Supplementary Table S1.

Whnt5a protein concentration was measured in duplicate conditioned media using a
commercially available Wnt5a sandwich ELISA Kit according to the manufacturer’s
protocol (Cloud-Clone Corp.).

Immunohistochemistry

Mice were sacrificed for dissection following Institutional Animal Care and Use Committee
(IACUC) protocol. Organs were collected and fixed in 10% formalin, paraffin embedded,
and sectioned (5 um). Tissue sections were stained and IHC analysis of Wnt5a was
performed using rat monoclonal anti-Wnt5a (1:200; Abcam). Human tumor microarray
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sections were stained with rabbit polyclonal phospho-Fgr (1:200; Thermo Fisher Scientific).
Anti-rat and anti-rabbit 1gG and peroxidase detection system reagents (DAB chromogen)
were purchased from Abcam, Vector Laboratories, and BioGenex, respectively. Slides were
scanned into the eSlide Manager database (version 12.3.2.5030) with the Aperio ScanScope
CS (Leica, Biosystems, Inc.).

Wnt5a shRNA transduction

LP9 cells were transduced with eight different WW/VT5A human shRNA lentiviral particles or
control scrambled shRNA lentiviral particles expressing GFP and puromycin (pGFP-C-
shLenti), following the manufacturer’s protocol (OriGene Technologies, Inc.;
Supplementary Table S1). Stable transduced cells were selected by culturing in LP9 medium
containing 1.2 pg/mL puromycin for 10 days. Stably transduced cells were passaged in
culture for preparation for functional assays. The GFP expressed in the lentiviral vectors was
used to measure transduction efficiency and gPCR and ELISA were used to select the
transduced cells with the highest knockdown efficiency.

Generation of mice with conditional WNT5A knockout

C57BL/6J mice with whole-body, inducible knockout of WNT5A (Wnt5aK©, tamoxifen)
were generated by crossing WNT5A floxed mice (Wnt5af/fly with UBC-Cre/ERT2 mice
(The Jackson Laboratory). In the offspring (Wnt5af/fl/UBC-Cre*/~ mice), WNT5A exon2
was deleted by administering 4-hydroxytamoxifen (Sigma-Aldrich) daily to 6-week-old
mice for 7 consecutive days to induce the activation of the Cre-ERT2 recombinase and
remove the floxed WNT5A coding gene (17). Vehicle-treated Wnt5af/flluBC-Cre*/~
(Wnt5afflyluBC-Cre*/~, vehicle) mice or tamoxifen-treated Wnt5a™/f mice (Wnt5af/fl,
tamoxifen) were used as controls in tumor allograft studies. Mice were genotyped by PCR
with the recommended primer pairs from The Jackson Laboratory (Supplementary Table
S2). Normal C57BL/6J mice were included in the study as an imaging control. All mice
were housed in the Association for Assessment and Accreditation of Laboratory Animal
Care—approved Freimann Life Sciences Center vivarium and experiments were approved by
the Institutional Animal Care and Use Committee at the University of Notre Dame (South
Bend, IN).

Murine allograft model of ovarian cancer metastasis

As ovarian cancer cells disseminate directly from the primary tumor into the peritoneal
cavity, syngeneic murine ovarian cancer cells (ID8-Trp533~/~, 5 x 106 cells) were injected
intraperitoneally into Wnt5aK©, tamoxifen mice and control mice to assess intraperitoneal
metastatic dissemination. To monitor tumor progression, live mice were longitudinally
imaged once a week beginning at 3 weeks postinjection under isoflurane anesthesia, using
the Bruker Xtreme In Vivo Imaging system. During the study, mice were observed for signs
of lethargy or ascites accumulation. Mice were sacrificed at 5 weeks postinjection following
University of Notre Dame IACUC-approved protocols. Ascites and peritoneal lavage were
collected after intraperitoneal injection of 2 mL PBS. The abdominal cavity was imaged then
the abdominal organs were collected, and imaged ex vivo as previously described using the
Bruker Xtreme In Vivo Imaging system (18). Abdominal tumor burden and organ-specific
tumor burden were quantified using ImageJ as described previously (18). After imaging,
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organs were fixed in 10% formalin and processed for paraffin embedding for histologic
analysis.

Peritoneal immune profiling by mass cytometry (CyTOF)

Simultaneous interrogation of multiple immune cell types in peritoneal lavage fluid was
performed using a CyTOF2 Mass Cytometry System (Fluidigm Corporation) in the Flow
Cytometry Resource Facility of the Indiana University Simon Cancer Center. Peritoneal
lavage was collected from tumor-free mice by injecting Wnt5A knockout or control mice
intraperitoneally with 5 mL cold RPMI media and retrieval of the lavage fluid. Red blood
cells were lysed with RBC Lysis Buffer (BioLegend, 420301). Cells were washed and
resuspended in Maxpar PBS (Fluidigm, 201058). Dead cells were labeled by incubation
with Cell-1D Cisplatin (0.75 pmol/L, Fluidigm, 201064) for 5 minutes and then washed in
Maxpar Cell Staining Buffer (Fluidigm, 201068). FC receptors were blocked by incubation
with TruStain fcX in MaxPar Cell Staining Buffer (100 pL) for 30 minutes at room
temperature. Cells were washed and then stained with a cocktail of metal-conjugated
antibodies as indicated below at room temperature for 30 minutes and then washed in
MaxPar Cell Staining Buffer. Optimal concentrations were determined for each antibody by
titration. The following preconjugated antibodies purchased from Fluidigm were used in this
study: CD45-089Y (3089005B, 30-F11); Ly-6G-141Pr (3141008B, 1A8,); CD11c-142Nd
(3142003B, N418); CD45R-144Nd (3144011B, RA3-6B2); CD4-145Nd (3145002B,
RM4-5); CD11b-148Nd (3148003B, M1/70); CD44-150Nd (3150018B, IM7); CD25-
151Eu (3151007B, 3C7); CD3e-152Sm (3152004B, 145-2C11); PD-L1-153Eu (3153016B,
10F.9G2); CTLA-4-154Sm (3154008B, UC10-4B9); PD-1-159Tb (3159024B, 29F.1A12);
Ly-6C-162Dy (3162014B, HK1.4); CX3CR1-164Dy (3164023B, SA011F11); NK1.1-
165Ho0 (3165018B, PK136); ckit-166Er (3166004B, 2B8); CD8a-168Er (3168003B, 53—
6.7); CD86-172Yb (3172016B, GL1); I-A/1-E-209Bi (3209006B, M5/114.15.2). Cells were
resuspended and fixed in 1.6% PFA prepared in MaxPar PBS for 20 minutes and then
washed in MaxPar PBS. Nuclei were labeled by incubating fixed cells in Cell-1D
Intercalator (1:4,000, Fluidigm, 201192B) dissolved in MaxPar Fix and Perm Buffer
(Fluidigm, 201067) for 1 hour or overnight at 4°C. Following nuclear labeling, cells were
washed once in MaxPar Cell Staining Buffer and twice in MaxPar Water (Fluidigm,
201069). Samples were brought to 500,000 particulates/mL in MilliQ water containing 0.1x
EQ beads (Fluidigm, 201078) and run in 450 pL injections on the CyTOF2 instrument.

Proteome profiler mouse cytokine array

The Proteome Profiler Mouse Cytokine Array Kit (Panel A; R&D Systems) was used to
profile cytokines in 200 pL of ascites or peritoneal lavage samples according to the
manufacturer’s protocol. The array membranes were imaged with ImageQuant LAS 4000
biomolecular imager (GE Healthcare). Densitometry analysis was carried out using ImageJ.

Immunofluorescence analysis of murine tissue specimens

Murine peritoneal organs were collected as described above, fixed in 10% formalin, paraffin
embedded, and cryosectioned (6 um). Tissue sections were stained with rabbit polycolonal
CD8 (1:200; Biorbyt), mouse monoclonal FOXP3 (1:1,600; Abcam), rabbit polycolonal
CD206 (1:30,000; Abcam), rabbit polyclonal iNOS (1:2,000; Abcam), and rat monoclonal
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F4/80 (1:50; Abcam) at 4C overnight and the entire tumor section was evaluated for tumor
infiltrating T cells using a Leica DM5500 fluorescence microscope with 25x objective lens.
Whole tumor areas were scanned and T cells were counted manually per each whole tumor
area. The average of CD8" or FOXP3™ cells for three mice per cohort was used for statistical
analysis. For macrophage quantification, 10 independent areas with the most abundant
macrophages per mouse were selected and imaged with a 25x objective lens. The area
percentage covered by F4/80* iINOS* or F4/80" CD206" were calculated per each image
using ImageJ.

Proteome profiler human phosphokinase array

Human phosphokinase antibody array purchased from R&D Systems was used to detect the
expression of 43 kinase phosphorylation sites on proteins isolated from OVCARS5 and
OVCARS cells treated with SFM or 0.4 pg/mL rWhnt5a for 24 hours. Cell lysates were
incubated with antibody array membranes in a multi-well dish overnight and signal detected
by chemiluminescence according to the manufacturer’s protocol using ImageQuant LAS
4000 biomolecular imager (GE Healthcare). Capture and control antibodies are spotted in
duplicate on nitrocellulose membranes. Densitometric analysis was carried out using
ImageJ.

Western blotting

Cells were serum starved for 2 hours or overnight then incubated in SFM +TL02-59 (0.01 or
1.0 umol/L) or rwnt5a (0.4 pg/mL) for varying time points. Cells were then lysed and
collected using mRIPA lysis buffer (1% Triton X-100, 50 mmol/L Tris, pH 7.5, 150 mmol/L
NaCl, 5 mmol/L EDTA, 0.1% SDS, 20 mmol/L NaF, 10 mmol/L NayP,07) supplemented
with protease inhibitor mixture (Roche Applied Science), and protein concentration was
determined using the Bio-Rad DC Protein Assay Kit. Cell lysates (20 pg) were
electrophoresed on 12% SDS-polyacrylamide gels, transferred to Immabilon-P PVDF
membrane (EMD Millipore) using a Trans-Blot S.D. semi-dry transfer cell (Bio-Rad), and
blocked with 3% BSA in TBST buffer (20 mmol/L Tris, pH 7.5, 150 mmol/L NaCl, 0.1%
Tween 20) for 1 hour at room temperature. Membranes were incubated overnight at 4°C
with the primary antibodies listed below. The immunoreactive proteins were visualized with
horseradish peroxidase-conjugated goat anti-rabbit 1gG or anti-mouse IgG (1:4,000; Sigma-
Aldrich) followed by enhanced chemiluminescent developing with SuperSignal West Dura
extended duration substrate (Thermo Fisher Scientific) using an ImageQuant LAS 4000
biomolecular imager (GE Healthcare). Protein blots were then stripped and reblotted with
anti-B-actin-peroxidase antibody (A3854, clone AC-15, 1:100,000; Sigma-Aldrich) to
ensure that similar amounts of protein were present in each lane. Protein band intensities
were quantified by densitometric analysis using ImageJ software, and values were
normalized to B-actin loading control and expressed as a ratio. The assay was repeated at
least in three independent biological replicates. The primary antibodies used for Western
blotting are rabbit polyclonal phospho-Fgr (1:1,000; Thermo Fisher Scientific), mouse
monoclonal ¢c-Fgr (1:1,000; Santa Cruz Biotechnology).
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Statistical analysis

Results

All experiments were repeated for at least three times independently as indicated. The
statistical analysis of the data was done using GraphPad Prism software or Excel software.
Data are (where indicated) presented as mean = SD or SEM. Comparison between groups
was performed using Student two-tailed #test to determine Pvalues. £< 0.05 was
considered statistically significant.

Wnt5a potentiates ovarian cancer cell prometastatic behavior

Metastasis to the peritoneum is present in >80% of patients with ovarian cancer (16). The
peritoneum is a vast serous membrane that lines the inner walls of the abdominal cavity and
the outside of the visceral organs with a continuous surface area of 1 to 2 m?, nearly
equivalent to that of the skin (19). The peritoneum is comprised of a monolayer of
mesothelial cells (MC), which lie atop a submesothelial matrix mainly consisting of type |
collagen with scattered fibroblasts and immune cells (20). Metastatic cells are shed from the
primary tumor into the peritoneal cavity, leading to the buildup of ascites that facilitates
intraperitoneal and retroperitoneal metastasis and correlates with reduced survival. As we
previously reported that Wnt5a is highly abundant in ovarian cancer ascites fluid (0.4
pg/mL; ref. 8), we investigated the effect of Wnt5a on ovarian cancer cell behavior using the
human ovarian cancer cell lines OVCARS5 and OVCARS, selected on the basis of low
endogenous WNT5A mRNA and Wnt5a protein levels and the expression of Wnt5a-binding
receptors (Supplementary Fig. SIA-S1C). Our initial experiments used 3-dimensional
organotypic mesomimetic cultures, comprised of human peritoneal mesothelial cells on
collagen gels, to evaluate early adhesive events in metastasis (21). OVCARS5 and OVCARS
cells treated with recombinant Wntba (rWnt5a) at levels found in human ovarian cancer
ascites (0.4 pg/mL) showed a 3- to 4-fold increase in adhesion to mesomimetic cultures
relative to controls (Fig. 1A-C; ref. 22). On the basis of these data, we then examined
ovarian cancer cell interaction with murine peritoneal explants maintained ex vivo (14).
Consistent with the mesomimetic adhesion assay, rwnt5a treatment enhanced adhesion to
intact murine peritoneal explants by 12- to 15-fold (Fig. 1D-F). Furthermore, in both
ovarian cancer cell lines, migration and invasion of type I collagen gels was enhanced 6- to
10-fold and 3- to 4-fold, respectively, by rWntba treatment (Fig. 1G-J). Consistent with
these findings are striking alterations in ovarian cancer cell morphology, with enhanced
elaboration of filopodia and lamellapodia known to potentiate cell motility and invasion
(Fig. 1K-L). Given these data, we reasoned that Wnt5a may be a potential driver of ovarian
cancer cell aggressiveness in the peritoneal cavity by inducing prometastatic behaviors
including OvCa:MC adhesion as well as ovarian cancer cell migration and invasion.

Host peritoneal cells contribute Wnt5a to the ovarian cancer tumor microenvironment

As ascites fluid, rich in soluble Wnt5a, receives contributions from both tumor and host
components, we examined the expression of W/N75A mRNA and Wnt5a protein by two
major cellular components of the peritoneal microenvironment; peritoneal MC and visceral
adipose tissues including the omentum and periovarian and uterine fat pads (23). For
comparison to human samples, we used OVCARS3 cells, selected because they express the
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highest levels of WNT5A mRNA and Wnt5a protein (Supplementary Fig. S1). Primary
peritoneal MCs derived from either human or murine sources (HPMCs and MPMCs,
respectively) as well as the human peritoneal MC cell line LP9 express substantially higher
levels of W/NT5A mRNA relative to syngeneic OVCAR3 (human) and I1D8-Trp537/~
(murine) tumor cells (Fig. 2A and B), and Wnt5a protein levels were 3- to 5-fold higher in
HPMC and LP9 conditioned medium relative to OVCARS3 (Fig. 2C). Moreover, high level
WNT5A expression was also observed in murine visceral adipose depots compared to
murine ID8-Trp53~/~ ovarian cancer cells (Fig. 2D; refs. 17, 24), and this was confirmed by
IHC analysis (Fig. 2E).

Silencing of WNT5A from peritoneal MCs modulates ovarian cancer prometastatic

behavior

Given the potential contribution of peritoneal MC-derived Wnt5a to prometastatic behaviors
that predict ovarian cancer metastatic success, we next sought to examine the functional
consequences of silencing W/NT5A expression in the human peritoneal MC line LP9.
Human LP9 cells deficient in Wnt5a (LP9-Wnt5a¥P) were generated (Supplementary Fig.
S2A-S2C), and conditioned media were collected from parental LP9 cells (LP9-CND) or
LP9-Wnt5aKP cells (LP9-Wnt5aXP-CND). Silencing of WAT5A expression significantly
impaired OVCARS and OVCARS cell adhesion to MCs in both organotypic meso-mimetic
assays (Supplementary Fig. S2D and Fig. 2F) and to intact murine peritoneal explants in ex
vivo adhesion assays (Supplementary Fig. S2E and Fig. 2G). Cell motility, but not collagen
invasion, was also impaired (Supplementary Fig. S2F and S2G; Fig. 2H and 1), suggesting
the presence of additional factors produced by LP9 cells, independent of Wnt5a, that
promote collagen invasion. Moreover, neutralizing of Wnt5a produced by OVCARS3 cells
significantly reduced adhesion to mesomimetic cultures (Supplementary Fig. 2H). Overall,
these data strongly support a role for host peritoneal MC-derived Wnt5a in promoting
prometastatic behavior in ovarian cancer cells.

Conditional whole-body silencing of host WNT5A expression confirms role of host-derived
Wnt5a in ovarian cancer metastatic progression

Supported by these data, we next designed an approach to examine the influence of host-
derived Wnt5a on ovarian cancer metastatic success /7 vivo. Considering that Wnt5a
expression is critical for normal embryogenesis and that conventional WNT5A-nullizygous
mice exhibit perinatal lethality, we generated an inducible whole-body WANT5A knockout
transgenic mouse model by crossing WANT5AM mice with mice expressing a tamoxifen-
inducible Cre/ERT2 recombinase that is expressed in all mouse tissues under the control of
ubiquitin C promoter (UBC-Cre*/") to generate whole-body Wnt5a knockout mice
(Wnt5aKO, tamoxifen; (Fig. 3A; Supplementary Fig. S3A,; ref. 17). These mice, together
with a panel of controls, were then used in syngeneic allograft studies to evaluate whether
loss of host-derived Wnt5a alters metastatic progression. Controls included vehicle-injected
Wht5aflfl UBCCre*~mice (Wnt5afl/fl, UBCCre*/~ vehicle) and tamoxifen-injected
whnt5af/fl (wntsaf/fl tamoxifen) mice as well as normal mice as imaging controls (Fig. 3A
and B). Syngeneic murine RFP-tagged 1D8-Trp53~/~ cells were injected intraperitoneally
and mice were imaged longitudinally to monitor tumor progression (Supplementary Fig.
S3B). At 5 weeks postinjection, mice in all cohorts were sacrificed, the abdominal cavity
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was exposed for /n situimaging (Fig. 3C), and abdominal tumor area and the abdominal
tumor intensity were quantified (Fig. 3D and E; ref. 18). Mice deficient in Wnt5a expression
(Wnt5aKO, tamoxifen) had a 3- to 11-fold reduction in overall peritoneal tumor burden
relative to controls (Fig.3D and E). Moreover, ex vivo imaging of individual organs showed
a significant reduction in organ-specific tumor burden (Fig. 3F and G) and ascites formation
(Fig. 3H) in WN'T5A knockouts relative to controls, supporting the hypothesis that host
peritoneal Wntba contributes significantly to ovarian cancer metastatic progression.

Wnt5a modulates immune infiltrates in ovarian metastases

Given that Wnt5a has been shown to regulate immune cell chemotaxis and cytokine
secretion (8, 25-28), we next sought to discern whether loss of WNT5A expression altered
the peritoneal immune landscape. We investigated cytokine profiles in peritoneal lavage
fluids in control experiments using a proteome profiler mouse cytokine array. Under basal
conditions in disease-free mice, no differences in cytokine profiles were observed
(Supplementary Fig. S3C). We then used mass cytometry (CyTOF) to profile and quantify
peritoneal immune cells in disease-free mice using a panel of 19 immune cell and immune
functionality markers (Fig. 4A). We identified a rich diversity of immune cells consisting of
both innate and adaptive immune cells; however, differences in immune cell frequencies
were not statistically significant (Fig. 4B). We also examined PD-1 and CTLA-4 expression
among T-cell subsets. CTLA-4 was not appreciably expressed on T cells of control or
knockout animals and PD-1 expression on CD4* and CD8* T cells was not significantly
different between groups. Together, these data indicate that the peritoneal immune
microenvironments of control and WANT5A knockout mice are not appreciably different
prior to tumor initiation.

In contrast to results observed in disease-free mice, in tumor-bearing animals, cytokine array
data showed that Wnt5aK®, tamoxifen mice had lower levels of CCL1, CCL2, CCL12,
CXCL10, and CXCL12 and higher INFvy protein levels compared with the control tumor
groups (Fig. 5A and B). On the basis of the known contribution of these cytokines to
immune cell chemotaxis (29-32), we next examined immune cell infiltration into ovarian
tumors grown in WT5A knockouts and control cohorts. Interestingly, Wnt5aXC, tamoxifen
mice had a higher CD8*/~"FOXP3"* ratio relative to controls (Fig. 6A and B), indicative of
elevated cytotoxic T cells relative to regulatory T cells, a parameter that has been correlated
with a better disease outcome in patients with ovarian cancer (33). Furthermore, Wnt5akO,
tamoxifen mice had increased M1 macrophages and decreased infiltration of M2
macrophages (Fig.6C—F). A higher M1/M2 macrophage ratio has been previously correlated
with better antitumor immunity and enhanced survival rates in patients with ovarian cancer
(34, 35). Collectively, these data support a prometastatic role for host Wnt5a through
potentiation of aggressive ovarian cancer cellular phenotypes and modulation of the host
peritoneal immune landscape to an immunosuppressive environment.

The Src family kinase Fgr is a key downstream effector of Wnt5a

In light of our data showing that Wnt5a induces prometastatic ovarian cancer cell behaviors,
a phosphokinase array was used as an unbiased screen for activation of a panel of kinases in
Whntb5a-treated cells. Although altered phosphorylation of many kinases was observed (both
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enhanced and decreased; Fig. 7A), the Src family kinase Fgr exhibited the largest fold
change in activation in response to Wnt5a (~18-fold) in both OVCARS5 and OVCARS cells
(Fig. 7A and B). Phosphorylation of Fgr kinase (on Y412) was confirmed by
immunoblotting and was detected as early as 15 minutes following Wnt5a addition (Fig.
7C). In OVCARS cells, phosphorylation was sustained for up to 6 hours. To assess the role
of Wnt5a-induced Fgr phosphorylation in regulation of ovarian cancer cell behavior, we
evaluated TL02-59, a potent, selective Fgr kinase inhibitor (Supplementary Fig. S4A).
Inhibition of Fgr activity blocked Wnt5a-induced adhesion and motility in both OVCARS
and OVCARS cells (Supplementary Fig. S4B-S4D; Fig. 7D-F), supporting a role for Fgr
kinase activity in ovarian cancer metastatic progression. Moreover, IHC analysis of a human
ovarian cancer tissue microarray (17 =51) containing late-stage (111, I\V) tumors showed that
63% of specimens stained positively for phospho-Fgr (Y412; Supplementary Fig. S5). Given
the lack of available antibodies directed against murine phospho-Fgr, tissues from the
allograft study could not be evaluated for altered phosphokinase staining in WNT5A
conditional knockouts. Collectively, these data highlight Fgr kinase as a downstream effector
of Wntba signaling in ovarian cancer progression.

Discussion

Because the high degree of genetic heterogeneity observed in ovarian tumors makes it
difficult to identify a single clinically actionable genetic alteration, investigating the
contribution of host microenvironmental factors to ovarian cancer progression and
metastasis represents an alternative strategy for discovery of novel targets for therapeutic
intervention. Herein, we show that peritoneally disseminated ovarian cancer cells encounter
high Wnt5a levels contributed by host MC and adipocytes in the peritoneal
microenvironment. Wntba induces aggressive and prometastatic cell behavior, activates the
Src family kinase Fgr to accelerate peritoneal seeding, and potentiates an
immunosuppressive immune landscape in ovarian tumors.

Previous studies have shown a strong link between Wnt5a and inflammation and a positive
correlation between Wnt5a expression and the presence of immune cells in tumor tissues (8,
36). Wnt5a induces inflammatory cytokine secretion, leading to the recruitment of immune
cells that augment cancer-associated inflammation (8). Although we cannot formally rule
out potential cell-intrinsic effects of W/T5A depletion, particularly in macrophages, our
results support these findings and show altered cytokine and chemokine secretion in
peritoneal lavage from tumor-bearing control mice relative to WA/T5A conditional
knockouts with corresponding changes in macrophage polarization and T-cell phenotypes.
Specifically, WNT5A knockout mice have low expression of CCL1, CCL2, CCL12,
CXCL10, and CXCL12 in peritoneal lavage fluids. Previous studies demonstrated that these
cytokines are expressed in both tumor and stromal cells and correlate with T regulatory cell
and tumor-associated macrophage infiltration, metastatic homing of tumor cells, and poor
prognosis (37-39). This is consistent with our data showing higher CD8/Treg and M1/M2
macrophage ratios in W/T75A knockout mice, and in women with ovarian cancer, these
prognostic factors correlate with enhanced survival (33-35). In contrast, WNT5A knockout
mice have upregulated expression of INFy. Although several /n vivoand in vitro preclinical
studies show an antitumor effect of INFvy in ovarian cancer (40-42), therapeutic trials using
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INFy have inconsistent outcomes (43). Nevertheless, several trials that incorporate INF+y in
combination therapy regimens are ongoing in women with ovarian, fallopian tube, and
primary peritoneal cancer, including studies to assess the efficacy of combined IFN-y with
immune checkpoint inhibitors (33-35).

A large body of evidence links Src family kinases, particularly Src, with aggressive behavior
in cancers including ovarian cancer (44). However, although preclinical studies identified
Src as a strong candidate for targeted therapeutic intervention in ovarian cancer, clinical
trials using the Src inhibitors dasatinib and saracatinib as single agents or in combination
with paclitaxel in women with platinum-resistant tumors were disappointing, as they failed
to show increased progression-free or overall survival (45-47). Recently, an unbiased
discovery-based approach to detect candidate genes and molecular pathways associated with
platinum resistance in a cohort of 53 patients with ovarian cancer identified upregulation of
WNT5A and its receptor RORZ2in platinum-resistant tumors (12). In light of these clinical
results, noteworthy is a report showing that silencing of Src in ovarian cancer cells leads to
compensatory upregulation of Fgr expression (48). Moreover, Fgr expression has been
correlated with reduced infiltration of cytotoxic T lymphocytes and poor prognosis in
colorectal cancer and additional studies demonstrate a role for Fgr in generation of the
myeloid cell-mediated inflammatory response /n vivo (49, 50). Together with our data
showing that Wnt5a-induced Fgr activation and associated prometastatic ovarian cancer cell
behaviors are blocked by the selective Fgr inhibitor TL02-59, further investigation of Fgr as
a therapeutic target in metastatic ovarian cancer is warranted. In summary, our study
establishes host-derived Wnt5a as a key factor regulating intraperitoneal dissemination of
ovarian cancer and identifies Fgr as a novel molecular target for inhibition of metastatic
progression.
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Whnt5a induces prometastatic ovarian cancer cell phenotypes. A, Diagram of mesomimetic
culture comprised of three-dimensional type I collagen (RTC I) gels overlaid with LP9
human peritoneal MC (20). B, RFP-tagged OVCARS5 and OVCARS cells were treated with
SFM or recombinant Wnt5a protein (rWntba; 0.4 pg/mL, 24 hours) as indicated. Cells from
each treatment condition (5 x 10%) were incubated with mesomimetic cultures for 20
minutes or 1 hour, respectively, prior to washing and imaging. C, Quantification of adherent
cells. D, Diagram of murine ex vivo peritoneal explant culture. Explants were pinned
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mesothelium-up on optically clear silastic resin. E, RFP-tagged OVCARS5 and OVCARS
cells were treated with SFM or rWwnt5a (0.4 ug/mL, 24 hours) as indicated prior to
incubation with murine peritoneal explants in an ex vivo adhesion assay for 30 or 90
minutes, respectively, prior to washing and imaging. F, Quantification of adherent cells.
Images of adherent cells were obtained using Echo Revolve fluorescent microscope at x20
magnification. G, OVCARS and OVCARS cells were added to transwell migration
chambers containing SFM or rWnt5a (0.4 pg/mL) and incubated for 12 and 18 hours,
respectively. Migrated cells were fixed and stained with Diff-Quik Kit. H, Quantification of
migrated cells. I, OVCARS5 and OVCARS cells were added to transwell invasion chambers
containing type | collagen (100 pL of 200 pg/mL) and SFM or rwWnt5a (0.4 pg/mL, 24
hours). Invaded cells were fixed and stained with Diff-Quik Kit. J, Quantification of invaded
cells. Images of migrated and invaded cells were obtained using Olympus BH-42
microscope. Scale bar, 20 um. All experiments in A-J were performed as triplicates, with
three independent biological replicates per cell line. All results are presented as mean *
SEM and Pvalues were calculated using a Student two-tailed #test. £< 0.05 is statistically
significant. K, OVCARS5 and OVCARS cells were serum-starved overnight, then
resuspended in SFM or rWnt5a (0.4 pg/mL) and cultured atop collagen I-coated coverslips
for 24 hours. Cells were fixed with 4% PFA buffer and stained with Phalloidin 488 and
DAPI. Cells were imaged with Leica DM5500 fluorescence microscope at x25
magnification. Scale bar, 100 um. L, OVCARS5 and OVCARS cells were incubated in SFM
or rWnt5a (0.4 pg/mL) for 24 hours. Cells were added to murine peritoneal explants for 30
and 90 minutes, respectively. The peritoneal explants were fixed and processed for imaging
by FEI-Magellan 400 Field Emission scanning electron microscope. Scale bar, 5, 10 um.
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Figure 2.

Whntb5a derived from peritoneal mesothelial cells alters ovarian cancer cell behavior. A-D,
Relative expression of WNT5A by gRT-PCR. A, Comparison of expression levels between
the human ovarian cancer cell line OVCARS3, the human peritoneal mesothelial cell line
LP9, and primary human peritoneal mesothelial cells from two different donors (HPMC |
and HPMC I1). B, Comparison of expression levels between the murine ovarian cancer cell
line ID8-Trp53~/~ and primary murine mesothelial cells (MPMC). C, Quantitation of Wnt5a
protein level. The concentration of Wnt5a was measured in serum-free conditioned media
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from OVCAR3, LP9, and HPMC cells using ELISA according to the manufacturer’s
specifications. D, Comparison of expression between the murine ovarian cancer cell line
ID8-Trp53~/~ and murine visceral adipose obtained from periovarian fat (Ov-fat), periuterine
fat (uter-fat), or omentum. All experiments in A-D were performed using /7= 3 independent
biological replicates per experiment. Results are presented as mean = SEM, and statistical
significance was calculated using a Student two-tailed #test. £< 0.05 is statistically
significant. E, IHC analysis of Wnt5a in murine ovarian tissue, uterine fat, peritoneum,
periovarian fat, and omentum, as indicated. Tissues were incubated with anti-Wnt5a (1:200
dilution), followed by a peroxidase-conjugated anti—rabbit-1gG and peroxidase detection
using DAB as described in Materials and Methods. Images were acquired with Olympus
BH-42 microscope. Scale bar, 50 and 20 pm. Arrowheads, example areas of positive
staining. F, Quantification of ovarian cancer cell adhesion to mesomimetic cultures. RFP-
tagged OVCARS and OVCARS cells were serum-starved overnight, treated with
conditioned medium from control human peritoneal MC (LP9-CND) or from LP9 cells in
which WNT5A is silenced (LP9-Wnt5aP-CND) for 24 hours, then allowed to adhere to a
mesomimetic culture 20 minutes and 1 hour, respectively. G, Quantification of ovarian
cancer cell adhesion to murine peritoneal explants. RFP-tagged OVCARS5 and OVCARS
cells were treated with either LP9-CND or LP9-Wnt5a¥P-CND for 24 hours prior to
incubation with murine peritoneal explants in an ex vivo adhesion assay for 30 and 90
minutes, respectively. H, Analysis of migration. OVCARS5 and OVCARS cells were serum-
starved overnight, then, cells were added to transwell migration chambers containing LP9-
CND or LP9-Wnt5aXP-CND and incubated for 12 and 18 hours, respectively. Migrated cells
were fixed and stained with Diff-Quik Kit and quantified using ImageJ. 1, Analysis of
invasion. OVCARS5 and OVCARS cells were serum-starved overnight, then, cells were
added to transwell invasion chambers containing type I collagen gels (100 pL of 200 pg/mL)
with LP9-CND or LP9-Wnt5aKP-CND and incubated for 24 hours. Invaded cells were fixed
and stained with Diff-Quik Kit and quantified using ImageJ. All experiments were done in
triplicate, with three independent biological replicates per each cell line. All results are
presented as mean £ SEM and P-values were calculated using a Student two-tailed #test. P<
0.05 is statistically significant. NS, nonsignificant; *, < 0.05; **, £<0.01.
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Figure 3.
Conditional silencing of host WN/T5A reduces overall peritoneal metastatic burden. A,

Overview of breeding strategy and tamoxifen (TMX) treatment to generate W/NT75A
knockout mice. B, Summary of murine cohorts used in the allograft tumor study. C, Mice
were injected intraperitoneally with 5 x 10% RFP-tagged ID8-Trp53~/~ syngeneic murine
ovarian cancer cells. Beginning at 3 weeks postinjection, tumor burden /n situwas
longitudinally imaged weekly using a Bruker Xtreme In Vivo Imaging system. Mice were
sacrificed at 5 weeks postinjection and each abdominal cavity was exposed and imaged
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using the Bruker Xtreme In Vivo Imaging system. E, Quantification of abdominal tumor
burden area by dividing the tumor area by the scale-adjusted body weight of each mouse. E,
Abdominal tumor intensity was calculated by dividing the tumor intensity by the scale-
adjusted body weight of each mouse. Quantification was performed using ImageJ. All
results are presented as means £ SEM and P values were calculated using a Student two-
tailed ttest. P< 0.05 is statistically significant. F, Representative organ-specific tumor
burden images for each cohort. Individual organs were dissected and imaged ex vivo using
the Bruker Xtreme In Vivo Imaging system. G, Quantification of organ-specific tumor
burden. The “organ area fraction” was quantified by dividing the tumor area by the adjusted
organ weight for all mice in each cohort. H, All mice were subjected to peritoneal lavage
with 2 mL of PBS, then, ascites/PBS fluid was collected. Ascites volume was calculated by
subtracting 2 from the total volume. All results are presented as mean + SEM and P values
were calculated using a Student two-tailed ¢test. *, < 0.05; **, P<0.01; ***, P<0.001,
with P< 0.05 being statistically significant.
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CyTOF analysis of immune profiles in peritoneal lavage. Peritoneal lavage was collected
from tumor-free Wnt5aK® and control mice (/7= 3/genotype) as described in Materials and
Methods and labeled with metal-conjugated antibodies for mass cytometry analysis as
described previously. A, Gating strategy for CyTOF data. B, Frequencies of indicated
immune populations of all CD45* immune cells and PD-1 expression in indicated T-cell
subsets in control (Ctrl) versus Wnt5aX© (KO) hosts. NS, data do not reach statistical
significance (P> 0.05).
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Tumor-bearing WNT5A knockout mice have altered peritoneal cytokine profiles. A,
Peritoneal lavage obtained from mice with conditional W/NT75A knockout or controls was
analyzed using the murine Proteome Profiler Cytokine Array according to the
manufacturer’s specifications. Spots showing differential expression are boxed.B, Each
cytokine has duplicate spots on the blot and each spot intensity was quantified by measuring
pixel density using ImageJ following the manufacturer’s protocol. All results are presented

as mean = SEM.
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Figure 6.

Si?encing of host WNT5A alters the immune landscape of peritoneal metastases. A,
Immunofluorescence staining of infiltrating FOXP3* T cells (red) and CD8* T cells (green)
in peritoneal metastases at magnification x20. B, The ratio of average of CD8* and FOXP3*
cell counts for three mice from each cohort was used for statistical analysis. Cell counting
was done manually in ImageJ. C, Immunofluorescence staining of infiltrating F4/80" (red)
iNOS* (green) M1 macrophages in peritoneal metastases. E, Immunofluorescence staining
of infiltrating F4/80* (red) CD206* (green) M2 macrophages in peritoneal metastases. D—F,
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For macrophage quantification, 10 independent areas with the most abundant macrophages
per mouse were selected and imaged with 20 objective lens and area percentage covered by
F4/80* iNOS™ or F4/80* CD206™ cells was calculated per each image using ImageJ. A
representative image is shown. Imaging was done with Leica DM5500 fluorescence
microscope. All results are presented as means = SEM, and P values were calculated using a
Student two-tailed ftest. < 0.05 is statistically significant.
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Figure 7.

Identification of Fgr as a downstream mediator of Wnt5a prometastatic cellular behavior. A,
OVCARS5 and OVCARS cells were treated with SFM or rwWnt5a protein (0.4 ug/mL, 24
hours) prior to lysis. Lysates were analyzed using the Proteome Profiler Human Phospho-
Kinase Array according to the manufacturer’s specifications. Log,-fold change of
phosphorylated proteins in the phosphokinase array is shown. B, Quantification of Fgr
('Y412) phosphorylation by measuring pixel density for duplicate spots on the phospho-array
blot using ImageJ. Data are presented as mean = SEM. C, Validation of Fgr expression and
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phosphorylation. OVCARS5 and OVCARS cells were serum-starved for 2 hours then
incubated with the Fgr inhibitor TL02-59 (0.01 umol/L) for 2.5 hours. After washing, cells
in SFM were incubated with rWnt5a protein (0.4 pg/mL) for the time points indicated. Ctrl,
cells without rwntba treatment. Lysates were electrophoresed on SDS-polyacrylamide gels
and immunoblotted with the antibodies noted. One representative blot from three
independent biological replicates is shown. D and E, RFP-tagged OVCAR5 and OVCARS
cells were treated with SFM, rWnt5a (0.4 mg/mL), rwnt5a (0.4 pg/mL), and the specific Fgr
kinase inhibitor TL02-59 (1 umol/L) or TL02-59 (1 umol/L) for 24 hours, as indicated,
prior to incubation with mesomimetic culture for 20 minutes or 1 hour (D), respectively, or
with murine peritoneal explants in an ex vivo adhesion assay for 30 or 90 minutes (E),
respectively. Quantification of adherent cells is shown for each condition. F, OVCARS5 and
OVCARS cells were added to transwell migration chambers containing SFM, rWnt5a (0.4
ug/mL), rwnt5a (0.4 pg/mL), and TL0O2-59 (1 pumol/L), or TL02-59 (1 umol/L) and
incubated for 12 and 18 hours, respectively. Quantification of migrated cells in each
condition.
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