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Abstract
High-grade serous carcinoma of uterine adnexa (HGSC) is the most frequent histotype of epithelial ovarian cancer and has a
poor 5-year survival rate due to late-stage diagnosis and the poor efficacy of standard treatments. Novel biomarkers of cancer
outcome are needed to identify new targetable pathways and improve personalized treatments. Cell-surface screening of 26
HGSC cell lines by high-throughput flow cytometry identified junctional adhesion molecule 1 (JAM-A, also known as
F11R) as a potential biomarker. Using a multi-labeled immunofluorescent staining coupled with digital image analysis,
protein levels of JAM-A were quantified in tissue microarrays from three HGSC patient cohorts: a discovery cohort
(n= 101), the Canadian Ovarian Experimental Unified Resource cohort (COEUR, n= 1158), and the Canadian Cancer
Trials Group OV16 cohort (n= 267). Low JAM-A level was associated with poorer outcome in the three cohorts by
Kaplan–Meier (p= 0.023, p < 0.001, and p= 0.036, respectively) and was an independent marker of shorter survival in the
COEUR cohort (HR= 0.517 (0.381–703), p < 0.001). When analyses were restricted to patients treated by taxane–platinum-
based chemotherapy, low JAM-A protein expression was associated with poorer responses in the COEUR (p < 0.001) and
OV16 cohorts (p= 0.006) by Kaplan–Meier. Decreased JAM-A gene expression was an indicator of poor outcome in gene
expression datasets including The Cancer Genome Atlas (n= 606, p= 0.002) and Kaplan–Meier plotter (n= 1816, p=
0.024). Finally, we observed that tumors with decreased JAM-A expression exhibited an enhanced epithelial to
mesenchymal transition (EMT) signature. Our results demonstrate that JAM-A expression is a robust prognostic biomarker
of HGSC and may be used to discriminate tumors responsive to therapies targeting EMT.
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Introduction

Epithelial ovarian cancer (EOC) is the fifth leading cause of
cancer-related deaths for women in North America and
the leading cause of death from gynecological malignancies
[1–3]. Among the described EOC, high-grade serous car-
cinoma of uterine adnexa (HGSC), also referred to as tubo-
ovarian HGSC, is the most common and lethal histotype
[3, 4]. Several studies have described four molecular sub-
types within HGSC based on gene expression profiling—
differentiated, proliferative, mesenchymal, and immunor-
eactive—but their association with prognosis is con-
troversial [5–8]. Identifying novel markers of prognosis is
needed to better stratify patients and discern a priori those
with aggressive disease. Finding new prognostic biomarkers
will help identify pathways and cellular processes involved
in cancer progression and may lead to the development of
personalized treatments [9].

Analysis of the cancer cell surfaceome can identify cell-
surface proteins that are involved in pathways essential for
cancer cell progression and, therefore, represent potentially
relevant biomarkers [10, 11]. Cell surface proteins can be
direct targets for therapeutic antibodies or used to deliver
antibody-directed therapies in the form of antibody-drug
conjugates. Recent studies have implicated junctional
adhesion molecule-A (JAM-A/F11R) in cancer. Junctional
adhesion molecules are type-I transmembrane glycoproteins
expressed on the surface of endothelial and epithelial cells
as well as leukocytes and platelets. JAM-A plays a role in
epithelial tight junction (TJ) assembly at the apical part of
the lateral membrane in polarized epithelial and endothelial
cells and is involved in leukocyte transmigration, platelet
activation, angiogenesis, and cell morphology [12–14].
Loss of TJ cohesion is required for cancer cells to detach
from the epithelium and migrate, leading to invasion and
ultimately metastasis [15]. Conflicting roles for JAM-A
involvement in tumor progression have been described in
the literature [13]. High expression of JAM-A is associated
with improved outcome or inhibition of tumor progression
in melanoma [16], renal cell carcinoma [17], endometrial
carcinoma [18], and pancreatic cancer [19]. However, high
JAM-A expression is associated with tumor progression in
non-small cell lung cancer [20] and with poor prognosis in
nasopharyngeal cancer [21], glioblastoma [22], and multiple
myeloma [23]. Divergent roles have been observed for
JAM-A in gastric and breast cancer. JAM-A promotes
proliferation and inhibits apoptosis of gastric cancer cell
lines [24], but low JAM-A expression correlates with poor
prognosis in gastric cancer [25]. JAM-A decreases migra-
tion of metastatic breast cancer cells [26] yet overexpression
is associated with poor prognosis in two cohorts of 270 and
444 breast cancer patients [27, 28]. In a cohort of 44
patients with various EOC histotypes, JAM-A tended to

associate with unfavorable prognosis [29]. The role of
JAM-A in HGSC prognosis has never been clearly assessed
and still requires further elucidation.

In this study, we examined cell-surface proteins across a
panel of human ovarian cancer-derived cell lines and
identified JAM-A as highly expressed at the surface of EOC
cell lines. We evaluated JAM-A protein expression as a
prognostic biomarker in three cohorts: (1) a discovery
cohort of 101 HGSC cases, (2) the Canadian Ovarian
Experimental Unified Resource (COEUR) cohort composed
of 1158 HGSC cases, and (3) the OV16 cohort of 267
HGSC cases from the Canadian Cancer Trials Group
(CCTG). Immunofluorescence staining and digital image
analysis (DIA) were used to quantify JAM-A expression.
JAM-A mRNA expression was also identified as a bio-
marker of prognosis in the The Cancer Genome Atlas
(TCGA, n= 606) and Kaplan–Meier plotter (n= 1816)
datasets. Finally, we studied the correlation between JAM-
A expression and epithelial to mesenchymal
transition (EMT).

Material and methods

Patient samples

HGSC tissue microarrays (TMAs) in the form of formalin-
fixed paraffin-embedded (FFPE) tissues were obtained from
the CHUM, the Terry Fox Research Institute (TFRI)-
COEUR and the CCTG. FFPE tumor specimens were col-
lected during debulking surgery of patients. Informed
patient consent was obtained prior to sample collection.
Inclusion criteria for the study were (1) HGSC histo-
pathology and (2) no neoadjuvant chemotherapy prior to
surgery. Clinicopathological features of the three cohorts
are summarized in Table 1.

Tumors from 101 patients recruited at the CHUM
between 1993 and 2012 were used to build the discovery
cohort TMA. All tumor samples were evaluated by a
gynecologic-oncologic pathologist (KR) at the CHUM, who
assigned histopathological histotype and tumor grade
according to the criteria established by the International
Federation of Gynecology and Obstetrics (FIGO). The
disease stage was determined at time of surgery. Two tissue
punches per patient were added to the TMA. Fifteen cases
of normal fallopian tube tissues from women who had
undergone salpingo-oophorectomy and did not have a
gynecological malignancy were added to the TMA as
controls and were also evaluated by gynecologic-oncologic
pathologist KR.

For the TFRI-COEUR cohort, eight TMA blocks were
constructed from 1158 HGSC tumor donors, which were
obtained between 1991 and 2017 from ten tumor banks
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Table 1 Clinicopathologic characteristics of the discovery, COEUR, and CCTG OV16 cohorts.

Values (%)

Variables Discovery COEUR CCTG OV16

Number of patients Total 101 1158 267

Age of patients at diagnosis Median 61.0 62.0 56.1

Range 34–81 26–91 31–76

Ovarian cancer subtype High-grade serous 101 (100.0) 1093 (94.4) 267 (100.0)

Low-grade serous / 31 (2.7) /

Endometrioid / 14 (1.2) /

Clear cell / 9 (0.8) /

Mucinous / 2 (0.2) /

Unknown / 9 (0.8) /

Stage (FIGO) I 4 (4.0) 77 (6.7) /

II 7 (6.9) 124 (10.7) 28 (10.5)

III 72 (71.3) 801 (69.2) 173 (64.8)

IV 12 (11.9) 108 (9.30) 66 (24.7)

Unknown 6 (5.9) 48 (4.10) /

Residual disease No residual disease 18 (17.8) 206 (17.8) 47 (17.6)

Yes, size not specified 7 (6.9) 155 (13.4) /

≤1 cm 20 (19.8) 224 (19.3) 70 (26.2)

1–≤2 cm 22 (21.8) 81 (7.0) 114 (42.7)

>2 cm 26 (25.7) 171 (14.8) /

Miliary 3 (3.0) 34 (2.9) /

No debulking surgery / / 31 (11.6)

Unknown 5 (5.0) 287 (24.8) 5 (1.9)

Chemotherapy before surgery No 98 (97.0) 1093 (94.4) 267 (100.0)

Yes 3 (3.0) 65 (5.6) /

Unknown / / /

Chemotherapy type Platinuma+ taxol 76 (75.2) 901 (77.8) 139 (52.1)

Platinuma 2 (2.0) 59 (5.1) /

Taxol 2 (2.0) 3 (0.3) /

Others 21 (20.8) 98 (8.5) 128 (47.9)b

None / 22 (1.9) /

Unknown / 75 (6.5) /

BRCA1/2 status Wild-type / 339 (29.3) /

BRCA1 mutation / 53 (4.5) /

BRCA2 mutation / 22 (1.9) /

BRCA1/2 mutationsc / 3 (0.3) /

Unknown / 741 (64.0) /

Menopausal status No 17 (16.8) / /

Yes 51 (50.5) / /

Unknown 33 (32.7) / /

Age of FFPE blocks Median (years
from study)

15.0 10.0 14.5

Range (years
from study)

6–25 3–25 12.4–16.5

Overall survival status Alive 24 (23.7) 464 (40.1) 61 (22.8)

Deceased 72 (71.3) 647 (55.9) 206 (77.2)

Unknown 5 (5.0) 47 (4.0) /
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across Canada, including the CHUM [30]. Seventy-seven
patient cases were common between the discovery and the
COEUR cohorts. Each tumor was represented by duplicate
tissue punches in the TMA. Two pathologists (MK and KR)
performed a double central review of FFPE TMA blocks.
Sixty-five specimens were reviewed as non-HGSC histo-
type, which were subsequently excluded from the analysis.

For the CCTG OV16 cohort, 819 patients were recruited
between 2005 and 2015 for a randomized, phase-III clinical
trial of sequential cisplatin-topotecan and carboplatin-
paclitaxel (CP) versus CP in first line chemotherapy for
advanced EOC [31]. A total of 267 patient samples were
used to build eight TMA blocks and to analyze JAM-A
expression, including 128 patients in the sequential
cisplatin-topotecan and CP arm and 139 patients in the
standard CP arm. Tumor tissues were reviewed by pathol-
ogists after haematoxylin and eosin staining at the Depart-
ment of Pathology and Molecular Biology at the Queen’s
University. Areas of tumor were marked on FFPE blocks by
a pathologist and quadruplicate tissue punches were added
in the TMA. Eligible patients had confirmed stage IIB to IV
epithelial ovarian, fallopian, or peritoneal cancer with
microscopic or macroscopic residual disease.

Datasets for gene expression study

The Cancer Genome Atlas dataset (TCGA)

JAM-A gene expression analysis was performed on the 606
HGSC tumor samples included in the Ovarian Serous
Cystadenocarcinoma dataset from TCGA (Firehose Legacy,
n= 606). Fragments per kilobase of transcript per million
expression of JAM-A was extracted from the Human Pro-
tein Atlas database. Proteomic data used in this publication
were generated by the Clinical Proteomic Tumor Analysis
Consortium (CPTAC, NCI/NIH, https://proteomics.cancer.

gov/programs/cptac) from n= 174 cases from this TCGA
cohort. CPTAC protein levels measured by mass spectro-
metry, and clinical data from the Ovarian Serous Cystade-
nocarcinoma dataset were downloaded on November 2017
from the open-access cBioPortal for Cancer Genomics
(http://www.cbioportal.org) [32, 33].

Kaplan–Meier plotter dataset [34]

The Kaplan–Meier plotter has computed 1816 ovarian
cancer patient data with a mean follow-up of 40 months
(http://kmplot.com). The database was primarily set up
using gene expression data and survival information of
ovarian cancer patients downloaded from Gene Expression
Omnibus (GEO) (n= 1251) and TCGA (n= 565) (Affy-
metrix HG-U133A, HG-U133A 2.0, and HG-U133 Plus 2.0
microarrays). Analysis was done with the JetSet best probe
set “222354_at” against JAM-A/F11R, including auto
selection of best cut-off (135 for OS and 137 for post-
progression) and was restricted to serous histology, grade 3,
and all stages. All debulk types, chemotherapy, TP53
mutation, and available datasets were included (n= 901
patients analyzed for OS and n= 531 patients analyzed for
post-progression survival).

Ovarian cancer database of the Cancer Science Institute
Singapore (CSIOVDB) [35]

CSIOVDB contains data on 3431 human ovarian carcino-
mas including carcinoma of the ovary (91.49%), fallopian
tube, peritoneum, and metastasis to the ovary from GEO,
ArrayExpress, TCGA, ExpO, and private/in-house data
(http://csibio.nus.edu.sg). HGSC is the most highly repre-
sented carcinoma in CSIOVDB (73.75%). The data were
compiled and normalized, and clinical annotation was
extracted. The database has 1868 and 1516 samples with

Table 1 (continued)

Values (%)

Variables Discovery COEUR CCTG OV16

Overall survival time (months) Median (months) 48.0 36.1 45.1

Range (months) 3–202 0–202 0.8–127.1

Progression-free survival status No progression 19 (18.8) 256 (22.1) 30 (11.2)

Progression 81 (80.2) 817 (70.6) 237 (88.8)

Unknown 1 (1.0) 85 (7.3) /

Progression-free survival time
(months)

Median (months) 18.0 15.0 16.3

Range (months) 1–202 0–195 0.8–126.0

aPlatinum includes cisplatin and/or carboplatin.
bCisplatin plus topotecan regimen followed by carboplatin-taxol regimen.
cPatients with mutations on BRCA1 and BRCA2 genes.
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overall survival (OS) and progression-free survival (PFS),
respectively. Output of a gene query includes expression
profiles in histological and molecular subtypes and survival
correlations. Molecular subtypes and EMT status for each
tumor is provided [7, 36]. CSIOVDB molecular subtypes
were correlated to those previously defined by TCGA [6]
and Tothill [5]. CSIOVDB categorized 11.75% of tumors as
epithelial-A, 29.04% as epithelial-B, 29.01% as mesench-
ymal, 19.2% as stem-A, and 8.23% as stem-B subtypes. The
database provides integration with the copy number, and
DNA methylation from TCGA.

Surfaceome analysis

Cell-surface antibody screens were performed as previously
described [37]. See reference for source of antibodies.
Briefly, we profiled 26 HGSC (Table S1) cell lines by high-
throughput flow cytometry using a library of 371
fluorochrome-conjugated cell-surface antibodies. The
library comprised all commercial antibodies available at the
time of screening, covering broad families of cell-surface
molecules including cell adhesion molecules, immune
receptors, cytokine receptors, differentiation markers, and
receptor protein kinases. Antibodies were aliquoted into
round bottom 96-well plates. Cell suspensions of 0.5–1 ×
106 cells per ml were aliquoted by multichannel pipette into
plates for a final volume of 100 ml per well and a final
antibody dilution of 1:50. Plates were incubated for 20 min
on ice in the dark, centrifuged for 5 min at 3506 g, washed
twice with 200 ml FC buffer (Hank’s balanced salt solution
plus 1% bovine serum albumin and 2 mM EDTA), and
resuspended in 50–80 ml FC buffer containing 0.1 mg/mL
49,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich). In
parallel, aliquots were stained in tubes for fluorescence-
minus-one controls, which consisted of DAPI only staining
if no co-staining was done. Fluorescence-minus-one con-
trols were generated for each antibody used and compen-
sations were set using BD Plus CompBeads and FACSDiva
software. Data collection was performed on a Becton-
Dickinson LSR II flow cytometer with ultraviolet (20 mW),
violet (25 mW), blue (20 mW), and red (17 mW) lasers,
with default filter configuration, utilizing the High-
Throughput Sampler attachment. At least 10,000 events
were collected per well. FCS 3.0 files were exported to
FlowJo version 9.3.

TMA construction and immunofluorescence staining

Discovery and COEUR TMAs were constructed at the
Centre de Recherche du CHUM (CRCHUM) using two
cores of 0.6 mm diameter FFPE tumor specimens for each
patient. CCTG OV16 TMA was constructed at the Queen
University using four cores of 0.6 mm diameter FFPE tumor

specimens for each patient. Immunostaining was applied on
4 µm TMA sections using the Benchmark XT autostainer
(Ventana Medical Systems, Tucson, AZ, US). For each
candidate marker, antibody staining conditions were based
on the manufacturer’s datasheet. For antigen retrieval, slides
were incubated in cell conditioning 1 or 2 buffer (Ventana
Medical Systems). Slides were then incubated for 1 h with
the candidate primary antibody. A mouse monoclonal
antibody (H00050848-M01, Abnova) was used at 1:1000
dilution to detect JAM-A. The epithelium was identified by
co-staining epithelial cytokeratins using either a cocktail of
mouse antibodies against KRT7 (MS-1352-P, Neomarkers),
KRT18 (sc-6259, Santa Cruz Biotechnology), and KRT19
(MS-198-P, Thermo Scientific) or a cocktail of rabbit
antibodies against KRT8/18 (FLEX, clone EP17/EP30,
Dako). After 45 min of incubation with secondary fluor-
escent antibodies, cell nuclei were stained with DAPI. TMA
slides were then immersed in a solution of Sudan black for
15 min to decrease autofluorescence and fluorescence
quenching in the tissues. Slides were mounted with cover-
slips using Fluoromount aqueous mounting medium (Mil-
lipore-Sigma, F4680).

Digital image analysis (DIA)

TMA slides were scanned with the VS-110 microscope using
a 20 × 0.75 NA objective and a resolution of 0.3225 µm
(Olympus Canada Inc.) linked to an OlyVIA® image viewer
software (xvViewer.exe). After importing scanned images
and identifying each TMA tissue punch into Visiopharm®
(VP) software (Visiopharm), fluorescent staining of the dif-
ferent markers were quantified with the VP software for
automated DIA. VP detection algorithms enabled the deli-
mitation of the region of interest (ROI) “whole tissue” by
recognizing DAPI staining and discriminating for epithelial
and stromal structures using epithelial cytokeratin staining
(ROIs “epithelium” and “stroma”). When markers were
expressed in the cell nuclei, the delimitation of nuclei was
performed using DAPI (ROI “nuclei”). We discriminated the
ROI “nuclei” from extranuclear components (membrane,
cytoplasm, and extracellular matrix) in the epithelium and
stroma. For each tissue, marker expression was quantified in
each image pixel of the different ROIs; the mean fluorescence
intensity (MFI) of all pixels within the selected ROIs was
calculated. After analysis, manual review was performed and
damaged tissue sections and necrotic or red cell infiltrated
zones from the ROIs were excluded. For the COEUR and
OV16 TMA datasets, which both comprised eight TMA
slides, tumor MFI data of each slide were normalized on the
average fluorescence intensity of all TMA slides comprised in
one cohort in order to compensate for possible intra-
experiment variations of mean fluorescence between slides
during scanning process.
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Statistics

Statistical analyses were conducted using IBM Statistics
SPSS 23 and Graphpad Prism 5. For survival analysis,
Kaplan–Meier and univariate and multivariate Cox pro-
portional hazard regression models were used. Multivariate
analyses were performed in association with known and
available prognostic indicators, including FIGO stages
(dichotomous variable), debulking/residual disease at sur-
gery (dichotomous variable), age of patients at diagnosis
(continuous variable), age of FFPE blocks of tumor
tissues (continuous variable), CA125 levels at surgery
(continuous variable), BRCA status (categorized variable),
and chemotherapy regimen (categorized variable). ROC
curves and maximum log-likelihood approach were used to
define cut-off points to dichotomize patients into high and
low JAM-A protein expression groups. The same cut-off
point was used to perform all the statistical analyses within
a cohort. Correlation studies were performed using non-
parametric Spearman correlation. The nonparametric
Mann–Whitney test was used to compare the mean between
two groups. P value < 0.05 was considered statistically
significant (*p < 0.05; **p < 0.01; ***p < 0.001).

Results

Surfaceome screening identified new potential
biomarkers of HGSC

To identify novel molecular markers of HGSC, we exam-
ined cell-surface proteins across a panel of human HGSC-
derived cell lines. We screened 26 HGSC cell lines
(Table S1) by high-throughput flow cytometry using a
library of 371 fluorophore-conjugated antibodies targeting
cell adhesion molecules, immune receptors, cytokine
receptors, differentiation markers, and receptor protein
kinases [10, 37]. This approach allowed for rapid and direct
detection of proteins expressed on the cell surface. Markers
that occurred in more than 20% of cell lines (6 of 26) and in
high abundance (more than 90% of cell population with
positive staining) were selected for downstream analysis. In
total, 60 cell-surface markers met our filtering criteria for
high expression and penetrance (Fig. 1a). Candidates were
further prioritized using several criteria: (1) high number of
positive cell lines from the flow cytometry screening, (2)
high expression levels in HGSC tissues compared with
normal fallopian tube tissues from the Human Protein Atlas
database, and (3) novelty in ovarian cancer. Notably, five
candidates (ERBB2, EGFR, epithelial cell adhesion mole-
cule (EPCAM), FAS, and CD44) were excluded from the
study as their roles in ovarian cancer have been extensively
studied. Using these criteria, twelve candidates were selected

(Table S2) and their expression levels were measured in
primary HGSC tissues. To determine protein expression
levels, we performed immunofluorescence staining for each
candidate using a discovery cohort TMA composed of 101
HGSC cases in duplicate and 15 normal FT epithelial tissues
(Fig. 1b and Table 1). Each tissue section was subjected to
DIA using Visiopharm® software algorithms to detect rele-
vant ROIs. ROIs include epithelial cell nuclei, epithelial
extranuclear component, stromal cell nuclei, and stromal cell
extranuclear component. We calculated MFI of each can-
didate for all ROIs across the TMA and we correlated MFIs
with clinical characteristics to identify potential prognostic
biomarkers. In particular, JAM-A was found in high abun-
dance in 21 of 26 cell lines (Fig. 1a), met all the selection
criteria and gave the most promising results as a prognostic
predictor in our discovery cohort.

Low JAM-A expression is correlated with poor
prognosis

Analysis of JAM-A expression using the DIA quantification
method revealed considerable variation in JAM-A expres-
sion across HGSC tumors (Fig. 2a). The reproducibility of
DIA quantification and the homogeneity of JAM-A staining
within a single tumor tissue were confirmed by the high
correlation of JAM-A expression observed between dupli-
cate samples (Spearman R= 0.845, p < 0.001) (Fig. 2b).
Consistent with the literature, JAM-A was predominantly
found at the apical pole of fallopian tube epithelial cells
whereas in HGSC epithelial cells, JAM-A expression was
disorganized, indicating a loss of cell polarity (Fig. 2c) [14].
Comparison of mean JAM-A expression in the HGSC tis-
sues with normal FT showed no significant difference.
Interestingly, we observed high levels of JAM-A in a subset
of the HGSC tissues (13.95%) compared with the fallopian
tube tissues, suggesting that JAM-A may be a target for
antibody-directed drug conjugates in these tumors (Fig. 2d).
Correlation of JAM-A expression with clinical parameters
revealed an association of low JAM-A expression with both
shorter PFS and shorter OS by Kaplan–Meier (Fig. 2e) and
univariate Cox regression analyses (Table 2). This asso-
ciation was not significant by Multivariate Cox regression
analysis probably due to the small size of the discovery
cohort (Table 2). Together, these data suggest that JAM-A
expression pattern is deregulated in HGSC and that low
JAM-A expression may be a biomarker of poor outcome.

Low JAM-A expression is associated with features of
aggressive tumors and poor prognosis in the COEUR
cohort

We next evaluated JAM-A expression in the COEUR
cohort, consisting of 1158 HGSC cases (Table 1). Two
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exclusion criteria were applied to the cohort: (1) tumor
specimens that were not considered HGSC histotype after
secondary review (n= 65) and (2) tumor specimens from
patients who received chemotherapy before surgery (n=
65). In addition, damaged or absent tissues and tissues with
<5% epithelial content were excluded from analysis (n=
160). In total, 256 cases were excluded, 34 of which met
two or more exclusion criteria, and the remaining 902 cases
were used for analysis. JAM-A expression was significantly
decreased in tumors of patients diagnosed in late stages 3
and 4 compared with early stages 1 and 2 (Fig. 3a). JAM-A
expression was also significantly decreased in tumors of
patients with marked residual disease after surgery com-
pared with tumors with minimal or no residual disease
(Fig. 3b). Kaplan–Meier curves showed that JAM-A

expression was weakly correlated with PFS and strongly
associated with OS and post-progression survival (Fig. 3c).
These results were corroborated by univariate and multi-
variate Cox regression analyses indicating that JAM-A
expression was an independent biomarker of OS and post-
progression survival (Table 3). These data show that low
JAM-A predicts poor outcome and is particularly associated
with decreased survival time in patients with recurrent
disease. JAM-A was the best independent predictor of
survival after first progression (p < 0.001) among all studied
variables including FIGO stage or residual disease as
observed by multivariate analysis (Table 3). Collectively,
these data suggest that JAM-A may be involved in mod-
ulating HGSC tumor aggressiveness and progression after
relapse.

Fig. 1 Identification of new HGSC biomarkers by cell-surface
marker screening. a Classification of cell-surface markers that pre-
sent in high abundance (more than 90% of cell population with
positive staining) in more than 20% of cell lines (6/26). b TMA slides
were stained by immunofluorescence using antibodies directed against
each candidate and keratins to discriminate keratin-positive tumor
epithelial cells from stroma. Candidate expression was quantified

using digital image analysis (DIA) to identify relevant regions of
interest (ROIs). DAPI staining was used for whole tissue detection.
Nuclei and extranuclear components in epithelium and stroma were
discriminated using DAPI staining. Mean fluorescence intensity (MFI)
of each candidate was quantified in different ROIs across the TMA.
MFI data were correlated with clinical parameters.
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JAM-A expression is a predictive marker of response
to standard treatment

To ascertain whether JAM-A expression was associated with
response to treatment, we generated Kaplan–Meier curves
restricted to patients who received standard chemotherapy

(platinum and taxol) after debulking surgery. JAM-A low
expression was significantly associated with a poor outcome
(Fig. S1), which was also observed by univariate and multi-
variate Cox regression analyses (Table S3). These results
indicate that patients with low JAM-A expression exhibit a
poorer response to standard chemotherapy.

Fig. 2 JAM-A protein expression is a biomarker of favorable
outcome in the discovery cohort. a Representative images of tissue
staining corresponding to the first, 25th, 50th, 75th, and 99th per-
centiles of JAM-A levels in tumor epithelial tissue obtained by DIA.
Large images show DAPI (blue) and JAM-A (red) staining. Inset
images show DAPI (blue), JAM-A (red), and KRTs (yellow)
staining to visualize epithelial structures. b Correlation of JAM-A
levels between duplicate tissues for each tumor (n= 101). Spearman
Rho and p value are indicated. c JAM-A staining in fallopian tube
and HGSC tissues. Large images show DAPI (blue) and JAM-A
(red) staining. Inset images show DAPI (blue), JAM-A (red), and
KRTs (yellow) staining to visualize epithelial structures. Higher

magnifications of the highlighted region are shown (right)—DAPI,
JAM-A and KRTs (top), and DAPI and JAM-A (bottom). Arrows
indicate JAM-A staining at the apical pole of fallopian tube epi-
thelial cells. d JAM-A protein level in HGSC (n= 101) and fallo-
pian tube (n= 15) tissues from the discovery TMA. Each point
represents the mean JAM-A level stained in duplicate.
e Kaplan–Meier curves of JAM-A dichotomized into low and high
JAM-A expression for progression-free survival (left) and
overall survival (right). Log rank p value is indicated. Number of
patients and median number of survival months are indicated for
each group.
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JAM-A is a biomarker of HGSC prognosis at protein
and gene expression levels

To determine whether our findings could be generalized to
an independent patient cohort, we assessed JAM-A protein
expression and clinical correlates in the CCTG OV16
cohort—a randomized phase-III clinical trial of sequential
cisplatin-topotecan and carboplatin-paclitaxel versus stan-
dard regimen (carboplatin-paclitaxel alone) as first line
chemotherapy for advanced EOC (Table 1). Kaplan–Meier
analysis confirmed the association between decreased JAM-
A protein expression and OS (Fig. 4a). When the analysis
was restricted to the standard regimen arm, the association
of JAM-A with prognosis was more pronounced (Fig. 4b).

This result reinforces the utility of JAM-A protein expres-
sion as a marker for response to standard chemotherapy and
suggests a possible effect of decreased JAM-A expression
in the resistance to platinum and taxol-based chemotherapy.

We next sought to determine whether JAM-A gene
expression was a predictor of patient outcome in HGSC.
First, we compared JAM-A protein levels from the CPTAC
and JAM-A mRNA levels from the TCGA on 174 common
samples and found a significant correlation (Spearman R=
0.46, p < 0.001) (Fig. 4c). Next, we examined JAM-A
mRNA levels in 606 HGSC samples from TCGA and
observed an association of JAM-A low levels with shorter
PFS and OS (Fig. 4d). To confirm the association of JAM-A
gene expression with prognosis, we used the Kaplan–Meier

Table 2 Cox regression analysis of JAM-A expression in the discovery cohort.

Univariate Progression-free survival Overall survival

Variable Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Inf Sup Inf Sup

JAM-Aa 0.578 0.349 0.956 0.033* 0.489 0.259 0.921 0.027*

Stageb 1.884 0.904 3.925 0.091 2.830 0.888 9.022 0.079

Residual diseasec 2.584 1.575 4.238 <0.001*** 3.989 2.011 7.912 <0.001***

Age at diagnosis 0.995 0.974 1.016 0.652 1.003 0.978 1.028 0.833

Age of FFPE blocksd 0.990 0.917 1.068 0.786 1.010 0.915 1.115 0.839

CA125 at surgery 1.000 1.000 1.000 0.992 1.000 1.000 1.000 0.305

Chemotherapy

Platinum+ taxane Reference <0.001*** Reference <0.001***

Platinum 19.194 4.177 88.188 <0.001*** 7.874 1.814 34.175 0.006**

Taxane 162.487 14.059 1877.934 <0.001*** 28.098 5.707 138.331 <0.001***

Others 1.281 0.760 2.159 0.353 1.125 0.607 2.086 0.709

Multivariate Progression-free survival Overall survival

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Variable Inf Sup Inf Sup

JAM-Aa 0.652 0.380 1.119 0.120 0.564 0.284 1.119 0.101

Stageb 0.662 0.277 1.584 0.354 0.466 0.118 1.842 0.276

Residual diseasec 2.393 1.304 4.392 0.005** 4.706 1.948 11.372 <0.001***

Chemotherapy

Platinum+ taxane Reference <0.001*** Reference <0.001***

Platinum 12.738 2.754 58.918 0.001*** 5.572 1.259 24.656 0.024*

Taxane 124.290 10.851 1423.676 <0.001*** 19.387 3.912 96.073 <0.001***

Others 1.700 0.931 3.104 0.084 2.164 1.035 4.525 0.040*

Age at diagnosis, age of FFPE blocks and CA125 were continuous variables.

CI confidence interval, Inf inferior, Sup superior, FFPE formalin-fixed paraffin-embedded.

*p < 0.05; **p < 0.01; ***p < 0.001, considered as significant.
aJAM-A expression was dichotomized into groups of negative/low and high expression (cut-off MFI= 240).
bStage variable was dichotomized into early (FIGO stages 1 and 2) and advanced stages (FIGO stages 3 and 4).
cResidual disease variable was dichotomized into absence/low rates of residual disease (<1 cm) and higher rates of residual disease (≥1 cm).
dAge of tumor FFPE blocks when tumor punches were collected to build the TMA.
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plotter dataset (n= 1816 patients). Consistent with our
previous findings, low JAM-A expression was associated
with shorter OS and PPS (Fig. S2). Altogether, these results
show that JAM-A expression is a robust biomarker of
HGSC patient prognosis at the protein and gene levels.

Low JAM-A expression is a marker of EMT signature

JAM-A contributes to epithelial TJ formation and epithelial
cell cohesion. Inhibition of JAM-A disrupts intercellular TJs
[38]. Using the HGSC protein expression data from
CPTAC, we similarly observed that low JAM-A expression
was associated with a significant decrease in TJ protein
expression namely, OCLN, claudin 3 (CLDN3), and zona
occludens 1 (Fig. 5a). Next, we hypothesized that inhibition
of JAM-A expression was associated with EMT and
quantified protein levels of the epithelial marker E-cadherin
(E-CADH) and the mesenchymal marker Vimentin (VIM)
in our discovery cohort TMA. We observed decreased

E-CADH expression and increased VIM expression in
tumors with low JAM-A expression (Fig. 5b). Using the
protein expression data from CPTAC, Spearman correlation
showed that JAM-A protein levels were positively corre-
lated with epithelial markers E-CADH, OCLN, CLDN3,
and EPCAM (Fig. 5c). Conversely, JAM-A was negatively
associated with mesenchymal proteins such as VIM, alpha
smooth muscle actin (α-SMA), fibronectin (FN1), CD44,
matrix metalloproteinase 2, 9, 10, and 14 (MMP2, MMP9,
MMP10, and MMP14), and transforming growth factor beta
1 (TGF-β1) (Fig. 5c). We then used 3431 human ovarian
carcinomas from the CSIOVDB database, which are clas-
sified by an EMT score and by molecular subtypes (epi-
thelial-A, epithelial-B, mesenchymal, stem-like-A, and
stem-like-B) [7, 36]. CSIOVDB molecular subtypes were
correlated to previously defined subtypes [5, 6]: epithelial-A
and epithelial-B subtypes are defined by expression of E-
CADH, EPCAM, and keratin genes. The mesenchymal
subtype is defined by expression of vascular cell adhesion

Fig. 3 JAM-A protein expression is a biomarker of favorable
outcome in the COEUR cohort. Boxplots illustrating JAM-A MFI
distribution according to early (1 and 2) and late (3 and 4) FIGO stages
(a) and JAM-A MFI distribution according to absence or low rates of
residual disease (No RD and RD < 1 cm) and higher rates of residual
disease (RD ≥ 1 cm and miliary) (b). The box represents the inter-
quartile (IQ) range and the whiskers represent the highest and lowest
values, which are <1.5 times the IQ range. Outliers are 1.5 times

(circle) or 2 times (stars) the IQ range. The nonparametric
Mann–Whitney test was used to compare the mean between the two
groups of each graph. c Kaplan–Meier curves of JAM-A dichotomized
into low and high JAM-A expression for progression-free survival
(left), overall survival (middle), and post-progression survival (right).
Log rank p value is indicated. Number of patients and median number
of survival months are indicated for each group of expression.
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molecule 1, zinc finger E-box binding homeobox 1, twist
family bHLH transcription factor 1, TGF-β1, α-SMA, col-
lagen, and FN1. Stem-like-A and Stem-like-B subtypes
express leucine rich repeat containing G protein-coupled
receptor 5 (LGR5) and prominin 1 (PROM1), with the
Stem-A subtype exhibiting higher levels of MYCN proto-
oncogene (MYCN), neural cell adhesion molecule 1, N-
CADH, and proliferation-related genes [7]. JAM-A gene
expression was negatively associated with the EMT score
(Fig. 5d) and tumors of the mesenchymal molecular subtype
showed the lowest levels of JAM-A mRNA compared with
the other molecular subtypes (Fig. 5e). Consistent with
these data, the highest levels of JAM-A DNA methylation
were found in the mesenchymal tumors (Fig. 5f). Together,
these data show that low JAM-A protein and gene expres-
sion are associated with EMT and the mesenchymal subtype
of HGSC.

Discussion

JAM-A has been reported to have both tumor-promoting
and -suppressing roles depending on cancer type, which
may reflect the multiple functions ascribed to JAM-A [13].
In addition to its role in cell–cell adhesion processes, JAM-
A also participates in leukocyte transendothelial migration,
platelet activation, and angiogenesis [39–44], which may
account for the tissue-specific effect of JAM-A expression
on cancer prognosis. Our study identified low JAM-A
expression as a worse prognosis marker in HGSC. Our
results were validated in several independent patient cohorts
and datasets including the COEUR, the largest cohort of
HGSC patients in Canada, and the CCTG OV16 cohort, a
phase-III clinical trial. The reproducibility of our results
across these large cohorts strongly supports an association
between low JAM-A expression and poor prognosis in
HGSC. Our study also revealed that high JAM-A expres-
sion predicts a better response to standard platinum plus
taxol-based chemotherapy. While a potential role of JAM-A
in chemoresistance remains unclear and should be further
studied, its effects may be occurring via an EMT-dependent
mechanism [45–47].

Unlike most epithelial solid tumors, which metastasize
via hematogenous spread, HGSC cells exfoliate from the
primary tumor of fallopian tube (intraepithelial tubal car-
cinoma), disseminate throughout the peritoneal cavity and
seed the mesothelial lining of the peritoneum to form
metastatic lesions [48]. In this model of dissemination, the
dissolution of TJs and the loss of apico-basal polarity are
probably a compulsory step in metastasis of HGSC cells,
which may partly explain the effect of low JAM-A
expression on prognosis. Disassembly of TJs leads to loss
of polarity and loss of contact inhibition, uncontrolledTa
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growth, detachment, and invasion [15, 49]. We observed an
association between low JAM-A and decreased expression
of TJ proteins. In the COEUR cohort, JAM-A protein levels
were decreased in tumors of patients diagnosed in advanced
stages and in patients with increased residual disease after
debulking surgery. Based on these findings, we propose a
model whereby JAM-A downregulation promotes TJ dis-
solution and, therefore, tumor cell detachment and
dissemination.

During EMT, E-CADH is replaced by N-cadherin and
shedding of the E-CADH extracellular domain disrupts
existing cell junctions, stimulates cancer cell detachment,
and upregulates matrix metalloproteinases MMP2,
MMP9, and MMP14 expression [48, 50]; epithelial
cytokeratin intermediate filaments are replaced by VIM
[48, 51]. We showed that JAM-A protein expression was
positively correlated with E-CADH and negatively cor-
related with VIM, MMP2, MMP9, and MMP14,

Fig. 4 JAM-A protein and mRNA expression is a biomarker of
favorable outcome in independent cohorts. a, b Kaplan–Meier
curves of JAM-A protein expression dichotomized into low and high
JAM-A expression for progression-free survival (left) and overall
survival times (right) in the CCTG OV16 whole cohort (a) and CCTG
OV16 restricted to the carboplatinum+ taxol arm (b). Log rank p
value is indicated. Number of patients and median number of survival
months are indicated for each group of expression. c Correlation of
JAM-A protein level z-scores from CPTAC and JAM-A mRNA

z-scores (RNA Seq V2 RSEM) from TCGA in overlapping cases (n=
174) retrieved from the TCGA database. Spearman Rho and p value
are indicated. d.Kaplan–Meier curves of JAM-A mRNA expression
dichotomized into low and high JAM-A expression for progression-
free and overall survival times in TCGA (FPKM cut-off= 13.5, 25th
percentile). Log rank p value is indicated. Number of patients and
median number of survival months are indicated for each group of
expression.
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suggesting that EMT coincides with a diminution of JAM-
A expression in HGSC. JAM-A protein expression was
also negatively correlated with CD44, which was shown
to predict poor outcome of EOC patients through pro-
moting EMT [52]. We observed that tumors of the
mesenchymal molecular subtype showed lower expres-
sion of JAM-A mRNA and higher levels of JAM-A DNA
methylation. These data implicate low JAM-A as a feature
of the mesenchymal subtype, which may be mediated, in
part, by increased methylation of its gene. The
mesenchymal-like molecular subtype of HGSC was
associated with the worst prognosis by several groups

[7, 8, 36, 53, 54] that may explain our finding that low
JAM-A expression is a marker of poor prognosis.

Despite promising research identifying novel therapeutic
targets in HGSC, there have been no significant changes to
clinical management of the disease [46, 49, 55]. One
approach is to target activated cellular programs, such as
EMT, which are involved in tumor progression. Activation
of the TGF-β signaling pathway induces EMT, promotes
immune suppression within the tumor microenvironment,
and contributes to chemotherapy resistance and metastasis
[45, 47, 56, 57]; low TGFβ-1 mRNA expression is asso-
ciated with better prognosis and chemosensitivity [56];

Fig. 5 Low JAM-A expression is associated with EMT signature.
a, b Boxplot showing distribution of OCLN, CLDN3, and ZO-1
protein levels in JAM-A low versus high groups (z-score cut-off=
−0.67, 25th percentile); protein level z-scores were measured by
CPTAC in 174 tumors from TCGA. Boxplot illustrating E-CADH and
VIM protein levels distribution in JAM-A low versus high groups
(MFI cut-off= 240); protein MFI levels were measured by DIA in the
discovery cohort (b). Boxes represents the interquartile (IQ) range and
whiskers represent the highest and lowest values, which are <1.5 times
the IQ range. Outliers are 1.5 times (circle) or 2 times (star) the IQ
range. The nonparametric Mann–Whitney test was used to compare
the mean between JAM-A low versus high groups. c Spearman

correlations between JAM-A protein levels and protein levels of epi-
thelial markers (no highlight) and mesenchymal markers (gray). Pro-
tein levels z-scores were measured by CPTAC in 174 tumors from
TCGA. d Spearman correlation between JAM-A gene expression and
EMT score in ovarian carcinoma (n= 3431) from CSIOVDB dataset.
e JAM-A mRNA expression by CSIOVDB molecular subtypes of
ovarian carcinoma (n= 3431). f JAM-A gene methylation from TCGA
by CSIOVDB molecular subtypes of ovarian carcinoma (n= 3431).
Epi-A, Epi-B, Mes, Stem-A, and Stem-B denote epithelial-A, epithe-
lial-B, mesenchymal, stem-like-A, and stem-like-B subtypes,
respectively.
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TGFβ-1 downregulates JAM-A transcription and promotes
JAM-A protein degradation in breast cancer cells [58]. In
Fig. 5c, we highlighted a negative correlation between
JAM-A and TGF-β1 protein expression suggesting that
TGF-β1 may also downregulate JAM-A expression in
HGSC tumors. Several molecules targeting TGF-β1 path-
way are in clinical development [59] and further studies are
needed to evaluate if low JAM-A could be a relevant
marker for identifying HGSC tumors most likely to respond
to treatments targeting the TGF-β pathway. Molecular
mechanisms and pathways responsible for JAM-A inhibi-
tion in HGSC need to be clearly identified. Such findings
could reveal possible actionable targets to prevent TJ dis-
sociation, which is a critical step in cell dissemination and
invasion in HGSC.

A study was recently published about JAM-A gene
expression in a cohort of 44 EOC where JAM-A mRNA
was measured by Q-PCR from FFPE tumor samples [29]. In
this cohort, the authors found that high expression of JAM-
A was associated with worse OS by Kaplan–Meier (p=
0.004) and univariate Cox regression (p= 0.008) but not in
multivariate analysis. While this conclusion is the opposite
of what we observed, this discrepancy may be related to the
relatively small size of the study cohort (n= 44 patients)
and to its heterogeneity. Indeed, the study involved 33 ser-
ous tumors. While not specifically attributed to any specific
histotype, the study reported 26 tumors of grade 2+ 3,
which at the most, suggests 26 cases of HGSC. We have not
studied JAM-A in other ovarian cancer histotypes, but their
results may be biased by different levels of JAM-A in dif-
ferent histotypes with varying outcomes. This observation
raises the interest to further study JAM-A expression in
other histotypes and to systematically validate the prognosis
value of marker expression in independent cohorts with a
significantly larger number of patients.

There were two major limitations to our study. JAM-A
expression was determined by multi-labeled immuno-
fluorescent staining followed by DIA to localize and
quantify JAM-A with the highest levels of definition and
objectivity. This strength may limit the transfer of our
results into the clinic where immunohistochemistry (IHC)
and visual quantifications are still the standard procedure for
pathologists to analyze marker expression in patient tumors.
However, the antibody we used against JAM-A was vali-
dated by IHC in our hands and in the literature [17, 19, 25];
JAM-A expression could be further studied in one of our
cohorts using IHC in order to transpose the MFI cut-off
point into a visual IHC cut-off usable by pathologists. The
second limitation was the lack of certain variables in patient
clinical data, which limited our Cox regression analyses of
the studied cohorts. Notably, presence and levels of ascites
correlate with a poor prognosis in ovarian cancer patients
[60], but this information was not available. Since we

hypothesize that JAM-A inhibition may increase HGSC cell
detachment and dissemination, it would be of interest to
correlate JAM-A expression with volumes of ascites and
particularly with levels of detached tumor cells in ascites in
future studies.

In summary, we propose JAM-A expression as an
independent biomarker of poor outcome in HGSC. JAM-A
expression may have clinical utility to improve early
prognostic stratification of patients and to propose more
efficient and personalized therapies. This study highlights a
possible role of epithelial TJs loss in HGSC tumor pro-
gression and provides a strategy for biomarker validation.
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