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Abstract

Proteases have been implicated in the tumorigenesis and aggressiveness of a variety of
cancer types. In fact, proteases have proven to be very clinically useful as tumor biomarkers
in the blood of patients. Proteases are typically involved in complex systems of substrates,
activators, and inhibitors, thus making our ability to establish their exact function in cancer
more difficult. Trypsin, perhaps the most famous of proteases, has been shown to play a
role in cancer progression, but its functional role in ovarian cancer has not been much stud-
ied. PAR2, a transmembrane receptor that is known to be activated by trypsin, has been
reported to be associated with ovarian cancer. Here, we found that stimulation of ovarian
cancer cell lines with trypsin or PAR2 activating peptide markedly increased MAPK signaling
and cell proliferation. Additionally, HE4, a WAP-family glycoprotein and ovarian cancer bio-
marker, was found to inhibit trypsin degradation, thereby retaining its activity. Patient data
seemed to support this phenomenon, as the serum of ovarian cancer patients with high HE4
expression, revealed significantly elevated trypsin levels. These data support the hypothesis
that trypsin plays a tumorigenic role in ovarian cancer, which can be mediated by its receptor
PAR2, and potentiated by HE4.

Introduction

Proteases are important to a number of complex processes in the human body and to date, over
500 distinct proteases have been identified. Proteases are critical to ovulation, enteral digestion,
inflammation/immunity, wound healing, angiogenesis and coagulation. They typically operate in
complicated systems of substrates, inhibitors, receptors, adaptors, and cofactors [1]. While prote-
ases are essential in the maintenance of healthy cells and organ function, they have also been
shown to be overexpressed in multiple cancer subtypes [2]. Cancer related proteases and protease
inhibitors can be found in the serum of patients, and have been utilized as diagnostic and prog-
nostic biomarkers; examples include prostate-specific antigen, plasminogen activator and cathep-
sins [3]. Both extracellular and intracellular proteases are known to play a role in cancer cells [4].
While their exact contribution to tumorigenesis has yet to be fully elucidated, several proteases
have been shown to be crucial for tumor angiogenesis, invasion, and metastasis [5].
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Trypsin, a serine protease, is one of the most heavily studied proteases best known for its role
in enteric digestion. Trypsinogen, the proform of trypsin, is synthesized by the acinar cells of
the pancreas, secreted into the duodenum, and activated by enterokinase. Extra-pancreatic
expression of trypsin has been reported in several cancer types [6-9], and its tumorigenic role
has been described in both in vivo and in vitro models [7, 10, 11]. In ovarian cancer, the expres-
sion of trypsinogen is associated with tumor aggressiveness [12, 13]. Trypsin (ogen) or trypsin-
like activity is found in ovarian cancer cyst fluid, serum and ascites [12, 14-16]. Trypsin is
known to degrade a wide variety of extracellular matrix (ECM) components [17], and to induce
activation cascades of other proteases, most notably, matrix metalloproteinases (MMP) [14]
and urokinase-plasminogen activators [18], which promote ovarian tumor invasion [19, 20].

Protease activated receptors (PARs) are a family of the seven transmembrane G protein-cou-
pled receptors that are activated by serine proteases. PARs consist of four isoforms [21-23]: PAR2
is activated by trypsin and PAR1,3 and 4 are all activated by thrombin [24]. Unlike canonical
receptor activation via ligand-receptor interaction, PAR2 is activated by a proteolytic mechanism
in which the PAR2 agonist (i.e. trypsin) binds to and cleaves the amino-terminus of the receptor.
This receptor cleavage generates a tethered ligand sequence, such as SLIGKYV, that binds to and
activates the core receptor [21, 22, 25, 26]. PAR2 expression has been observed in several cancer
types, including ovarian cancer, where its expression is associated with tumor aggressiveness [27,
28]. In gynecologic cancers specifically, PAR2 has been found to promote cancer cell prolifera-
tion, invasion, migration and metastasis [10, 28]. The exact role of trypsin-PAR?2 signaling has
not been fully elucidated in ovarian cancer, but PAR2 has been associated with increased IL-8,
VEGF, and MMP activity [10, 28]. The study described here was designed to evaluate the tumori-
genic potential of trypsin and PAR2 activation in epithelial ovarian cancer (EOC).

Results
Expression of PAR2 and trypsin in ovarian cancer

Relative expression of PAR isoforms in ovarian cancer was retrieved from The Cancer
Genome Atlas (TCGA) and three other publicly accessible ovarian cancer datasets. Compara-
tively, PAR2 exceeds the expression levels of all other PARs (Figs 1A and S1), consistent with
the previous report [28]. Tissue Factor (TF)-FVIIa is known to induce PAR2 activation in
ovarian cancer [28], so relative expression of TF or trypsin-1/2 (encoded by PRSS1/2), which
accounts for the majority of trypsin isoforms [29], was compared between ovarian surface epi-
thelium (OSE) and ovarian cancer tissues. Trypsin expression was significantly higher in ovar-
ian cancer tissues than in OSE (Fig 1B), whereas no significant difference was found in TF
expression. Similar results were found in a second ovarian cancer dataset (S2 Fig).

Activation of PAR2 induces cell proliferation in ovarian cancer cell lines

The gene expressions of PAR2 and trypsin-1/2 in ten different ovarian cancer cell lines were
determined by reverse-transcription PCR (RT-PCR). We found that a majority of cell lines
expressed trypsin(s) and PAR2 (Fig 1C), but RMG-1 lacked expression of both trypsin-1/2. To
evaluate the functional role of PAR2 in cells, we tested IGROV-1 and OVCAR-3 ovarian cancer
cell lines. Since the biological activity of PAR2 signaling has been determined in HT-29 colon
cancer cell line, we included HT-29 cells as a control [24]. We incubated these cells with PAR2
agonist peptide SLIGKV [24] and determined that this exposure results in the phosphorylation of
the extracellular signal-regulated kinase ERK (Fig 2A). The PAR2/ERK signaling axis is known to
induce cellular proliferation [24]. We found that activation of PAR2 by SLIGKV promotes cell
proliferation in IGROV-1 and OVCAR-3 cells (Fig 2C). Likewise, trypsin stimulation increased
the proliferation of the same cells (Fig 2D). Western blot analysis revealed that trypsin induces a
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Fig 1. PAR2 and trypsin expression in ovarian cancer. (A) Relative gene expression of PARs in ovarian cancer was analyzed using the
TCGA dataset (Tumor Ovarian Serous Cystadenocarcinoma-TCGA-527-MAS5-htul33a; N = 509); ****: p<0.0001: unpaired t test
(PAR2 vs. PAR1) or Welch’s t test (PAR3 vs. PAR2; PAR4 vs. PAR2); Violin plot: median (dashed line); quartiles (dotted line). Similar
results were obtained from other ovarian cancer datasets (Tumor Ovarian-Bowtell-285-MAS5.0-u133p2; Mixed Ovarian Cancer
(CAFs)-Wong-77-MAS5.0-ul33p2; Mixed Ovarian-Birrer-63-MAS5.0-ul33p2); See S2 Fig. (B) Tissue distribution of PAR2 activating
factors between ovarian surface epithelium and ovarian cancer tissues was analyzed from the dataset, which contains both tissue types;
Mixed Ovarian Cancer (CAFs)-Wong-77-MAS5.0-ul133p2 (OSE: microdissected ovarian surface epithelium, N = 6; OvCa:
microdissected ovarian tumor epithelial component, N = 32); ns: not significant; ****: p<0.0001 (unpaired t test). Similar result was
obtained from another ovarian cancer dataset (Mixed Ovarian-Birrer-63-MAS5.0-ul33p2; See S2 Fig). (C) Expression of PAR2 and
trypsin-1/2 in ovarian cancer cell lines was determined by semiquantitative RT-PCR. Expression of GAPDH served as a loading control;
ECC-1 (endometrium) and HT-29 (colon) cancer cells were included as a positive control.

https://doi.org/10.1371/journal.pone.0232253.9001

dose-dependent (Fig 2E) and time-dependent activation of ERK in OVCAR-3 cells (Fig 2F) while
a PAR2 knockdown attenuated the activation of ERK by trypsin or SLIGKV (Fig 2G).

The effects of trypsin degradation on cancer cell proliferation

Self-degradation of trypsin is well-studied [30]. To determine its half-life (T,,) under our
experimental condition, we incubated trypsin in Dulbecco’s Modified Eagle Medium at 37°C
for different durations, after which trypsin expression was analyzed by SDS-PAGE electropho-
resis with silver staining. We found that T, for trypsin was 122 minutes (Fig 3A). The effects
of trypsin degradation on cell proliferation was then assessed. When OVCAR-3 cells were
stimulated with trypsin once and left for further incubation for three days, we detected only a
marginal increase in their proliferation (Fig 3B, at 17 nM) whereas daily stimulation for three
days markedly enhanced the proliferation more than 40 percent (Fig 3B).
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Fig 2. PAR2 agonist and trypsin induce PAR2 signaling in ovarian cancer cell lines. (A) Cancer cells were
stimulated with PAR2 activating peptide (SLIGKV-NH,) for 7 min. The levels of ERK or phosphorylated ERK were
measured by Western blot analysis. (B) Expression of PAR2 in cancer cell lines was determined by Western blot
analysis. IG: IGROV-1, OV: OVCAR-3, HT: HT-29. (C) Cancer cells were stimulated with SLIGKV-NH, for 96 h
(OVCAR-3 and HT-29) or 120 h (IGROV-1), after which cell proliferation was measured by MTS assay. (D) Ovarian
cancer cell lines were stimulated with trypsin at the indicative concentrations for 96 h, after which cell proliferation
was measured by MTS assay. (E) OVCAR-3 cells were stimulated with trypsin for 7 min at the indicated
concentrations. (F) OVCAR-3 cells were stimulated with the fixed concentrations of trypsin (6 or 50 nM) for the
duration as indicated. (G) PAR2 knockdown in OVCAR-3 cells was achieved by transient transfection with siRNAs
targeting PAR2 or with non-targeting control siRNA (50 nM). At 48 h post transfection cells were serum starved for 6
h and stimulated with either trypsin (6 nM) or SLIGKV (3 uM) for 7 min. The levels of ERK or phosphorylated ERK
were determined by Western blot analysis.

https://doi.org/10.1371/journal.pone.0232253.9002

HE4 potentiates trypsin activity

Once secreted and activated, trypsin can be neutralized by tissue specific environmental fac-
tors. Thus, we conducted a trypsin activity assay in the presence of putative trypsin inhibiting
factors implicated in ovarian cancer. Trypsin activity is known to be inhibited by tumor-asso-
ciated trypsin inhibitor (TATI) [16], which we confirmed in a cell-free trypsin activity assay
(Fig 4A). o-2-macroglobulin (A2M) can also rapidly neutralize activated trypsin [16]; when
tested in the trypsin assay, a marginal inhibition of trypsin activity by A2M was also seen (Fig
4B). HE4, a WAP-family protein highly upregulated in ovarian cancer [31], is predicted to
function as an anti-serine protease [32, 33]. Surprisingly, we observed that HE4 markedly
enhances the activity of trypsin (Fig 4C). This finding held true with recombinant HE4
obtained from a different manufacturer (S3 Fig). We then tested another WAP protein with
known anti-protease activity; secretory leukocyte protease inhibitor (SLPI) [34]. As expected,
SLPI clearly reduced the activity of trypsin (Fig 4D).

HE4 enhances trypsin integrity

To understand whether HE4 enhances trypsin activity in a dose-dependent manner, we co-
incubated trypsin with different concentrations of HE4. We found that trypsin activity
increased with the higher concentration of HE4 (Fig 5A). We then incubated trypsin with or
without HE4 for different durations, after which expressions of both proteins were analyzed by
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Fig 3. Downregulation of trypsin. (A) Trypsin (150 nM) in DMEM culture medium was incubated at 37°C for the indicated durations, after which trypsin
expression was analyzed by SDS-PAGE electrophoresis with silver staining; 1** lane: protein size maker (kDa); T, (the time for degradation of a half of trypsin)
=122 min. (B) OVCAR-3 cells received one-time stimulation with trypsin and further incubated for 72 h or cells were stimulated with trypsin daily for 72 h,
after which cell proliferation was determined by MTS assay. ns: not significant; *: p<0.05: ***: p<0.001 (two tailed, homoscedastic T-test).

https://doi.org/10.1371/journal.pone.0232253.g003

SDS-PAGE electrophoresis with silver staining. The presence of HE4 enhanced trypsin integrity
at the 1.5-hour co-incubation (Fig 5B), and it lasted for a 72-hour period compared to cultures
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Fig 4. HE4 potentiates trypsin activity. Trypsin activity was measured by the proteolytic cleavage of its substrate (N,-benzoyl-
DL-arginine p-nitroanilide). The release of p-nitroanilide was colorimetrically detected (A = 415 nm). Y-axis: value-baseline.
Tr: trypsin; TATI: tumor-associated trypsin inhibitor; SLPI: secretory leukocyte protease inhibitor; A2M: a.-2-macroglobulin.
See Methods for detailed protocols.

https://doi.org/10.1371/journal.pone.0232253.9004
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without HE4. HE4 steadily increased trypsin activity over a 48-hour period, while the activity of
trypsin alone plateaued within a few hours (Fig 5C). To this end, we pre-incubated trypsin in
culture media with or without HE4 for 24 hours prior to stimulating OVCAR-3 cells. We found
that trypsin in the presence of HE4 appeared to retain its activity, thus it was able to promote
the proliferation of the cells (Fig 5D Top), and to induce ERK phosphorylation (Fig 5D Bot-
tom). In order to evaluate the possible in vivo relevance of our findings, we asked whether
PAR?2 and trypsin are expressed in tissue samples. As shown in Fig 6B, we detected the expres-
sion of PAR2 and trypsin-1/2 using RT-PCR in ovarian cancer patient tissues. Additionally, we
analyzed trypsin and HE4 levels in serums from ovarian cancer patients. Our data showed that
trypsin levels are elevated in a group of samples with higher HE4 concentrations (Fig 6A).

Discussion

The tumorigenic role of trypsin has been investigated in several cancer types [7, 10, 11], but to
our knowledge this is the first report describing a tumorigenic potential of trypsin in ovarian
cancer. The present study shows that the expression of trypsin is higher in ovarian cancer
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Fig 5. HE4 enhances trypsin integrity. (A) Trypsin (75 nM) was coincubated with HE4 (at 33 or 100 nM). Trypsin activity was
measured by the proteolytic cleavage of its substrate (N,-benzoyl-DL-arginine p-nitroanilide). The release of p-nitroanilide was
colorimetrically detected. (B) Trypsin (150 nM) and/or HE4 (100 nM) was incubated at 37°C in DMEM culture medium for the
durations as indicated, after which trypsin or HE4 expression was analyzed by SDS-PAGE electrophoresis with silver staining; 1st lane:
protein size maker (kDa). (C) Residual trypsin activity was monitored by the aforementioned procedure in (A). Tr: trypsin (75 nM);
HE4 (100 nM). (D) Trypsin and/or HE4 was preincubated at 37°C in DMEM culture medium for 24 h prior to stimulation to OVCAR-3
cells for 72 h (top) or 7 min (bottom). cell proliferation was measured by MTS assay (top). The levels of ERK or phosphorylated ERK
were determined by Western blot analysis (bottom). Final treatment concentrations: Trypsin (17 nM); HE4 (30 nM).

https://doi.org/10.1371/journal.pone.0232253.9005
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https://doi.org/10.1371/journal.pone.0232253.9006

tissues than in OSE tissues (Figs 1B and S2), and that multiple EOC cell lines express trypsin
(Fig 1C). Enhanced trypsin expression has been correlated to tumor aggressiveness [13]. In
advanced EOC, serum concentration of trypsin-2 complex is an unfavorable prognostic factor,
suggesting the adverse role of trypsin in advanced disease [16].

The ERK signaling cascade is known to be associated with cell survival, proliferation and
drug resistance in cancer cells [35]. ERK phosphorylation was required for PAR2-mediated
cell proliferation [24, 36]. Our study here also found that PAR2 activation induces ERK activa-
tion and increases cell proliferation in ovarian cancer cell lines. While it was not investigated
here, PAR2 is also known to enhance tumor cell invasive and angiogenic activity, which may
increase the aggressiveness of PAR2 presenting tumors. In colon cancer, PAR2 enhanced can-
cer cell growth through the signaling axis consisting of PAR2, MMPs, TGF-0, EGFR and ERK
[24]. It is interesting that all of these pathway constituents are known to be crucial in the pro-
gression of ovarian cancer [37, 38].

HE4 is a secretory glycoprotein that is highly upregulated in ovarian and endometrial can-
cers [31, 39] and, like trypsin, correlates to more advanced and aggressive disease [40]. In a
healthy tissue, HE4 likely plays important roles in processes such as sperm maturation [41] and
respiratory tract innate immunity [42], but we do not yet have a thorough understanding of its
biological function in a malignant tissue. HE4 is encoded by the WAP-type Four-Disulfide
Core 2 gene (WFDC2) and its highly conserved signature WAP motif is suggestive of anti-pro-
tease function [32, 33]. Indeed other WAP proteins, namely SLPI and elafin, are well known for
their serine protease inhibition activity [34]. Surprisingly, in direct contrast to the activity of its
WAP family members, our study suggested that physiologic levels of HE4 could potentiate the
proteolytic activity of trypsin. While it has been shown that extremely high (micromolar) HE4
concentrations can cause moderate trypsin inhibition [43], we argue that our findings are more
relevant since they demonstrate the function of HE4 at concentrations akin to what would be
found in the ovarian cancer tumor microenvironment. This protease potentiation could be
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occurring, at least partly, by HE4’s ability to decrease trypsin self-degradation (Fig 5B and 5C)
and thereby increase its functional activity (Fig 5D). Interestingly, we also detected elevation of
trypsin levels in a group of ovarian cancer patients presenting high levels of serum HE4. How-
ever, serum trypsin could be affected by other physiological events, independent of HE4, or by
non-malignant tissues. Further study will be needed to confirm our findings by applying a more
rigorous model that better reflects a cellular and physiological context.

In summary, our data demonstrated that HE4 augments the activity of trypsin, thereby
enhancing PAR2 signaling, and leading to increased ovarian cancer cell proliferation. While
the potentiation of trypsin by a predicted protease inhibitor seems counter-intuitive, HE4 was
found to inhibit trypsin degradation, increasing its stability and ultimately its enzymatic
potential. These findings have implications on future therapeutic design in ovarian cancer and
lend credence to the strategies of targeted inhibition of either HE4, trypsin or PAR2.

Methods
Cell lines, cell culture and reagents

A2780 cell line was purchased from Sigma-Aldrich. 2008 cell line was kindly provided by Dr.
Francois X. Claret (University of Texas M. D. Anderson Cancer Center). RMG-1 and HCH-1
were a kind gift of Dr. Hiroaki Itamochi (Tottori University, Japan). All other cell lines were
purchased from the American Type Culture Collection and were maintained in either DMEM
(SKOV-3, OVCAR-3, OVCAR-8, CAOV-3 and IGROV-1), McCoy’s 5a Medium Modified
(HT-29 and ES-2) or RPMI-1640 (2008, RMG-1, ECC-1 and HCH-1), supplemented with
10% fetal calf serum (or 20% for OVCAR-3), penicillin (100 units/mL), and streptomycin
(100 pug/mL) at 37°C with 5% CO2 in a humidified incubator. Reagents were obtained as fol-
lows: Trypsin (Sigma-Aldrich cat. #: T1426). HE4 (Fujirebio); SLIGKV-NH, (Tocris cat. #:
3010); A2M (Prospec cat. #: PRO-551); TATI (R&D systems cat. #: 7496-PI); SLPI (R&D sys-
tems cat. #: 1274-PI); PAR-2 Antibody (Santa Cruz Biotechnology cat. #: sc-13504); ERK and
phospho-ERK antibodies (Cell Signaling Technology cat. #: 9102 and 4370 respectively).

Determination of cell proliferation

The indicated cells were incubated in serum-free DMEM (Gibco cat. #: 11885) overnight. The
cells were treated with either trypsin or SLIGKYV at the concentrations and durations indicated.
Trypsin was incubated with or without HE4 in serum-free DMEM at 37°C for 24 hours. The
pre-incubated culture was added to OVCAR-3 cell culture at 1:1 ratio. The culture medium
and treatment were replenished once after 48 hours unless otherwise mentioned. Following
the treatment, cell proliferation was measured by the MTS (Promega cat. #: G3581) assay.

Immunoblotting and protein gel staining

Cells were treated under the conditions indicated. For the PAR2 knock-down experiments,
OVCAR-3 cells were transfected with non-targeting control or PAR2 targeting siRNAs (Dhar-
macon: D-001210-03, D-005095-03 or D-005095-04) using Lipofectamine 3000 (Invitrogen).
Following the treatment, cell lysates were collected and subjected to Western blot analysis
using the protocol previously published [44]. Protein staining was performed by a silver stain
kit (Pierce), following the manufacturer’s protocol.

Reverse-transcription PCR (RT-PCR)

Total RNAs were isolated from the indicated cells using TRI Reagent and Direct-zol (Zymo
Research) and were reverse transcribed using the iScript cDNA synthesis kit (BioRad),
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following the manufacturer’s recommendations. PCR amplification was performed as follows;
95°C for 5m, 95°C for 40s, 54° for 30s, 72°C for 30s, 72°C for 7m; 35 cycles; PRSS1 (forward:
5’ -CCA CCC CCA ATA CGA CAG GAA G-3';reverse: 5’ -GCG CCA GAG CTC GCA
GT-3';170 bp), PRSS2 (forward: 5’ ~CCA AAT ACA ACA GCC GG-3';reverse: 5/ —AGT
CGG CAC CAG AAC TCA GA-3';171Dbp), GAPDH (forward: 5’ -AAT CCC ATC ACC
ATC TTC C-3’;reverse: 5/ =GTC CTT CCA CGA TAC CAA AG-3';307bp). PCR-
amplified samples were resolved on 2% agarose gel and visualized by SYBR Safe DNA gel stain
(Invitrogen).

Trypsin activity assay

Trypsin was co-incubated with other proteins under the conditions as follows; trypsin (150
nM) was incubated with either SLPI (300 nM; R&D systems cat. #: 1274-PI) or HE4 (100 nM)
in Dulbecco’s PBS (Gibco cat. #: 14040). A2M (75 nM; Prospec cat. #: PRO-551) was incubated
with trypsin (75 nM) for 1 hour at 37°C in TCNB buffer (50 mM Tris, 10 mM CaCl2, 150 mM
NacCl, 0.05% Brij-35 (v/v), pH 7.5). TATI (225 nM; R&D systems cat. #: 7496-PI) was incu-
bated with trypsin (75 nM) for 30 min at room temperature in TCNB buffer. Trypsin activity
was measured by the proteolytic cleavage of its chromogenic substrate N,-Benzoyl-DL-argi-
nine p-nitroanilide HCI (Sigma-Aldrich cat. #: B4875; at 1 mM for SLPI and HE4 co-incuba-
tion study or at 300 uM for A2M and TATI), which releases p-nitroanilide that was monitored
at 415 nm using a spectrophotometer.

Trypsin enzyme-linked immunosorbent assay and tissue sample RT-PCR

Blood and tissue samples were obtained with written informed consent under a protocol
approved by the Institutional Review Board at the University of Rochester. Serum levels of
trypsin in patients with ovarian cancer were analyzed by human pan-trypsin specific enzyme-
linked immunosorbent assay (R&D systems cat. #: DY3586) following the manufacturer’s pro-
tocol without further optimization. This kit recognizes human trypsin 1/2/3 isoforms (as in
both pro and mature forms; see the manufacturer’s datasheet). Each sample was read in dupli-
cate and its trypsin level was interpolated by the readings from standards. Serum HE4 was
quantitatively measured by electrochemiluminescent immunoassay on a Cobas 601 system
(Roche). Tissues were homogenized in buffer RLT using a mechanical grinder and QIAshred-
der (Qiagen). The purification of RNAs was carried out using RNeasy Plus Mini kit (Qiagen).
RT-PCR was performed as described above.

Genomics data and statistical analysis

The relative expression of PAR isoforms in ovarian cancer or tissue distribution of TF or tryp-
sin-1/2 between OSE and ovarian cancer tissues was analyzed using the TCGA (Tumor Ovar-
ian Serous Cystadenocarcinoma-TCGA-527-MAS5-htul33a) or Mixed Ovarian Cancer
(CAFs)-Wong-77-MAS5.0-ul33p2 dataset respectively. The datasets were acquired through
"R2: Genomics Analysis and Visualization Platform (http://r2.amc.nl)’. All the statistical analy-
ses were performed using Prism 8 software (GraphPad).

Supporting information

S1 Fig. Relative gene expression of PARs in ovarian cancer was analyzed from the datasets
including (A) Mixed Ovarian Cancer (CAFs)-Wong-77-MAS5.0-ul33p2; N = 32; ****;
Pp<0.0001: unpaired t test (PAR2 vs. PAR1) or Welch’s t test (PAR3 vs. PAR2; PAR4 vs.
PAR?2), (B) Mixed Ovarian-Birrer-63-MAS5.0-ul33p2; N = 53; p<0.0001: unpaired t test
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(PAR2 vs. PAR1; PAR4 vs. PAR2) or Welch’s t test (PAR3 vs. PAR2) and (C) Tumor Ovarian-
Bowtell-285-MAS5.0-ul133p2; N = 285 p<0.0001: unpaired t test (PAR2 vs. PAR1) or Welch’s
t test (PAR3 vs. PAR2; PAR4 vs. PAR2); Violin plot: median (dashed line); quartiles (dotted
line).

(TIF)

S2 Fig. Tissue distribution of PAR2 activating factors between OSE and ovarian cancer tis-
sues was analyzed from the Mixed Ovarian-Birrer-63-MAS5.0-ul33p2 dataset; (OSE:
Ovarian Surface Epithelium, N = 10; ovarian tumor: papillary serous ovarian adenocarci-
noma, N = 53); ns: not significant; “***: p<0.0001 (unpaired t test); TF: tissue factor.

(TIF)

S3 Fig. Trypsin activity was measured by the proteolytic cleavage of its substrate (N,-ben-
zoyl-DL-arginine p-nitroanilide). The release of p-nitroanilide was colorimetrically detected
at A =415 nm. Tr: trypsin (150 nM); HE4 (100 nM; Novoprotein Cat. #: ¢550).

(TIF)

S1 Raw images.
(DOCX)
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