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ABSTRACT

Greater than 80% of all cancer cases are carcinomas, formed by the malignant transformation of epithelial
cells. One of the key features of epithelial tumors is the presence of intercellular junctions, which link cells
to one another and act as barriers to the penetration of molecules. This study assessed the expression of
desmoglein-2, an epithelial junction protein, as a prognostic and diagnostic biomarker for ovarian cancer.
Ovarian cancer sections were stained for DSG2 and signal intensity was correlated to cancer type and
grade. DSG2 immunohistochemistry signals and mRNA levels were analyzed in chemo-resistant and
chemo-sensitive cases. Ovarian cancer patient serum levels of shed DSG2 were correlated to disease-
free and overall survival. Primary ovarian cancer cells were used to study DSG2 levels as they changed in
response to cisplatin treatment. DSG2 expression was found to be positively correlated with cancer grade.
Ovarian cancer patients with high serum levels of shed DSG2 fared significantly worse in both progres-
sion-free survival (median survival of 16 months vs. 26 months, p = .0023) and general survival (median
survival of 37 months vs. undefined, p < .0001). A subgroup of primary chemotherapy-resistant cases had
stronger DSG2 IHC/Western signals and higher DSG2 mRNA levels. Furthermore, our in vitro studies
indicate that non-cytotoxic doses of cisplatin can enhance DSG2 expression, which, in turn, can contribute
to chemo-resistance. We suggest that DSG2 can be used in stratifying patients, deciding on where to use
aggressive treatment strategies, predicting chemoresistance, and as a companion diagnostic for treat-
ments targeting DSG2.

ARTICLE HISTORY
Received 4 May 2020
Revised 20 October 2020
Accepted 21 October 2020

KEYWORDS

Ovarian cancer; biomarkers;
epithelial junctions;
prognostic; desmoglein

Introduction therapeutics. Epithelial junctions include tight junctions, des-
mosomes, gap junctions, and adherens junctions. Tight junc-
tions, also called zonula occludens, are often found in locations
where the impermeability of soluble molecules is required,
such as in the gastro-intestinal or airway tracts.* Several patho-
gens subvert the tight junctions as means of entry, including
enteropathogenic E. coli, and Salmonella.” Several types of
adenoviruses target multiple receptors involved in the forma-
tion of epithelial junctions including the CAR, the coxsackie-
virus receptor, and DSG2, the adenovirus receptor.””

DSG2 is a calcium-binding transmembrane glycoprotein
belonging to the cadherin protein family. It is a key component
of desmosomal junctions responsible for forming cell-to-cell
junctions and as an anchor for intermediate filaments.® It has
been reported that epidermal growth factor receptor (EGFR)
activation triggers tyrosine phosphorylation of DSG2 and sub-
sequent modulation of cell-cell interaction, in part through the
activation of matrix metalloprotease (MMP) cleavage of DSG2
homodimers between neighboring epithelial cells.” This clea-

Although incidence rates of ovarian cancer have been falling
over the last few decades, it still ranks as the deadliest of any
cancer in the female reproductive tract. An estimated 22,530
new diagnoses and 13,980 deaths will occur in the United
States in 2019', representing a significant burden in women’s
health. When diagnosed, the overall 5-y survival rate in the US
is 45%. The main histological types of epithelial ovarian cancer
are high-grade serous carcinoma (~70%), clear cell carcinoma
(~10%), endometrioid carcinoma (~10%), low-grade-serous
carcinoma (<5%), and mucinous carcinoma (<5%). Disease
stages are stage 1 (cancer is confined to one or both ovaries),
stage 2 (cancer spreads within the pelvic region), stage 3 (can-
cer spreads to other body parts within the abdomen or retro-
peritoneal lymph nodes), and stage 4 (cancer spreads beyond
the abdomen or directly involves the or spleen).

A persistent problem in solid tumor therapy is the presence
of physical barriers, which may act to prevent drug entry and
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adenocarcinoma,'*!® hepatocellular carcinoma,'® and gastric
cancer,'” indicating that tumors can take advantage of DSG2
overexpression as a means of forming tight physical barriers
and contributing to resistance against therapeutics.'>'®"”

This makes DSG2 an appealing target: compromising it in
solid tumors would result in enhanced permeation or penetra-
tion of therapeutics and immune cells. We have previously
explored this option using an engineered form of the adeno-
virus subtype 3 fiber knob protein (Junction Opener or “JO”),
which mediates binding to the DSG2 protein, its cleavage/
downregulation, and transient opening of epithelial
junctions.”!'29724

In the context of ovarian cancer, several studies have found
preliminary evidence of DSG2 overexpression. A proteome
analysis of ovarian cancer ascites found DSG2 upregulated
and suggested it as a potential biomarker for ovarian
cancer.”> mRNA profiling using the TCGA data set found
that upregulated DSG2 expression correlated with worse high-
grade serous ovarian cancer (HGSC) prognosis among plati-
num-sensitive patients.”* Chen et al. correlated DSG2
expression and survival of ovarian cancer patients and con-
cluded that DSG2 may be involved in the progression of
specific types of ovarian cancer.”’

Here we specifically investigated DSG2, including shed
serum DSG2, as a potential ovarian cancer biomarker. We
found a significant correlation of DSG2 overexpression with
shorter progression-free survival, overall survival, and che-
moresistance. The outcome of this study is also relevant for
an upcoming clinical trial, which is focused on the clinical
translation of JO in combination with PEGylated liposomal
doxorubicin (PLD)/Doxil® for ovarian cancer therapy.28 In
this context, we plan to measure DSG2 levels in patient biop-
sies and serum and correlate these data with treatment
outcomes.

Our study is also relevant for DSG2-targeting oncolytic
adenoviruses, including Ad5/3 and Ad3-based vectors”?°732
specifically against ovarian cancer expressing high levels of
DSG2.
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Results

DSG2 is overexpressed in ovarian cancer primary and
metastatic tissue

A series of ovarian cancer tissue slides were stained for DSG2.
Ovarian primary cancer tissue of serous, clear cell, and endo-
metrioid origin showed localization of the highest DSG2
expression at the cell-cell junctions, as expected, although
a scattered distribution of DSG2 staining was present along
the cell membrane (Figure 1(a), S1, and S2). Metastatic tissue
showed similar expression patterns toward the periphery of the
lesion with relatively more uniform distribution throughout
the core of the tumor (Figure 1(b)). Immunofluorescent stain-
ing of a xenograft tumor derived from a primary ovarian
cancer cell line, ovc316,°*** showed abundant levels of DSG2
at the edges of the tissue co-localizing with claudin-7, another
key junction protein (Figure 1(c), S3). This indicated that
ovarian cancer tissue of primary, metastatic, and cell line
origins have predominant membrane-localized DSG2,
whereby it is not exclusively trapped in junctions and accessi-
ble to potential ligands.

DSG2 is differentially expressed by class and grade of
ovarian cancer

To obtain more quantitative data, an ovarian cancer tissue
array was stained for DSG2 using identical antibodies to
those used for the clinical samples above. The tissue array
contained a variety of ovarian cancer tissues ranging in grades
from 1 to 3 and classified as mucinous, serous, metastatic, or
normal (see Table S1 for patient information). Initial DSG2
staining showed progressive increases in DSG2 staining inten-
sity with higher grades, seen throughout the entire section with
concentration near cell-cell junctions (Figure 2(a), S4).
Analysis of DSG2 signals using Visiopharm software allowed
for a quantification of the ratio of DSG2" regions (as defined by
a threshold of pixel intensity values) compared to the total area
of the tissue section. Using this measure, a comparison of

‘OVC316 xenograft tumors labelled for DSG2(green),
claudin7(red)

Figure 1. DSG2 is differentially expressed in ovarian primary, metastatic tumors and cell lines. (A) Representative clinical samples of serous (n = 21), clear cell (n = 11),
and endometrioid tumors (n = 10). Paraffin sections were stained for DSG2 (brown) and counterstained with hematoxylin/eosin. (B) Representative clinical samples of
metastases at the omentum (n = 12), pelvis (n = 7), and small intestine (n = 4) of ovarian origin stained for DSG2 with hematoxylin/eosin counterstain. (C) Xenograft
tumor derived from injected ovc316 cells, a primary ovarian cancer cell line. Cryosections were stained for DSG2 and claudin 7 with secondary antibodies conjugated to

FITC (DSG2-green) or PE (claudin 7-red). Cell nuclei were stained with DAPI (blue).
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Figure 2. DSG2 is differentially expressed in ovarian cancers by grade and pathologic classification (localization). Commercially available ovarian cancer tissue panels
were stained for DSG2 and analyzed for staining intensity. (A) Representative DSG2 stains of different ovarian cancer tissue classified by grade, from normal to grade 3
(40x magnification). (B) DSG2 stains of different ovarian tissues classified by grade, from normal tissue (not malignant or benign) to cancerous grades 1-3
(20x magnification). DSG2 staining intensity was quantified using Visiopharm software, with analysis parameters outlined in the “Materials and Methods” Section.
P values represent statistical significance determined with pairwise comparisons using the Student’s t-test. Error bars indicate 95% confidence intervals. (C) Coefficient
and P values for linear regression modeling of DSG2+ ratio by grade, using normal grade as a base. Coefficient and P value with null hypothesis of coefficient = 0 is
shown. (D) Numerical comparison of DSG2 signals by histological classification. “mucinous”: mucinous primary tumor; “serous”: serous primary tumor; “Metastases”:
metastatic lesion derived from serous ovarian cancer. Error bars indicate 95% confidence intervals.

DSG?2 is differentially expressed in chemo-resistant

DSG2" ratios between grades found significant differences
relative vs chemo-sensitive ovarian cancer

between normal nonmalignant tissues, grade 1, and grade 2
tissues, and a trend between grades 2 and 3 (Figure 2(b)).

A linear regression using the histopathological grading resulted
in significant differences associated with grades 2 and 3 when
compared to normal tissue (Figure 2(c)). Strikingly, when
grade 1 alone was compared to grades 2 + 3 together, mean
DSG2+ ratios were 0.199 and 0.451, respectively (p < .0001).
When analyzed by histological subtype or location (primary vs
metastatic), serous ovarian cancer showed the highest DSG2
staining, followed by mucinous and metastatic tissues (Figure 2
(d)). All cancerous tissue, including metastatic lesions, showed
elevated DSG2 staining in comparison to normal tissue. Thus,
DSG2 is increasingly expressed on higher grade ovarian can-
cers and is differentially expressed in varied presentations of
ovarian cancer.
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Considering the fact that epithelial junctions represent physical
barriers to intratumoral penetration of chemotherapeutic
drugs, we hypothesized that DSG2 expression and presence
in epithelial junctions would correlate with resistance to che-
motherapy. We, therefore, focused on ovarian cancer biopsies
from patients that were classified as chemo-resistant and
chemo-sensitive. Chemo-resistant cases were defined as fol-
lows: i) progression through or persistence at the completion
of primary chemotherapy and ii) complete response to primary
platinum combination chemotherapy but disease recurrence
within 6 months. Chemo-sensitive cases were defined as
patients with complete response to primary chemotherapy
and a progression-free interval (PFI) of at least 24 months.*®
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Figure 3. DSG2 expression in chemo-resistant and chemo-sensitive tumors. (A) Representative tumor sections from patients classified as chemo-resistant or chemo-
sensitive were stained for DSG2 (brown). (B) DSG2 mRNA levels in cohorts of chemo-sensitive and chemo-resistant ovarian cancer patients (n = 49). Shown are DSG2
mRNA reads as detected by RNA-seq. (C) DSG2 Western blot of biopsy lysates from chemo-resistant or chemo-sensitive patients. Left panel: A set of representative
samples are shown. Right panel: DSG2 Western blot signals normalized to B-actin. Each symbol represents an individual patient.



Staining of DSG2 on chemo-resistant ovarian cancer sec-
tions demonstrated stronger DSG2 signals in the cell mem-
branes (Figure 3(a), left panels). In contrast, DSG2 staining was
less membrane-localized on chemo-sensitive cases (Figure 3(a)
right panels).

In another set of ovarian cancer biopsy samples (25 chemo-
resistant and 24 chemo-sensitive cases), we measured DSG2
mRNA by RNA-Seq. Samples from chemo-resistant patients
showed significantly higher reads of DSG2 mRNA when com-
pared to chemo-sensitive cases (Figure 3(b)). Interestingly,
even within the chemo-resistant DSG2-high population,
a clustering of two distinct populations occurred, indicating
high DSG2 expression as a partially associated, but not solely
responsible factor with chemo-resistance. A similar expression
pattern was observed by Western blot analysis of ovarian
cancer lysates using DSG2-specific antibodies (Figure 3(c)).

Serum DSG2 levels are associated with ovarian cancer
survival

To further explore the differential DSG2 expression in ovarian
cancer patients, we measured shed DSG2 in serum samples of
23 patients with advanced-stage ovarian/fallopian tube
cancer>® (Figure 4 and S5). Blood was drawn after front line
surgery. All patients received six cycles of a carboplatin-taxane
combination therapy. Twenty patients developed recurrent
disease and were used for marker evaluation. Patients were
classified as serum DSG2-high (>828 ng/ml) or DSG2-low
(<828 ng/ml). The DSG2 threshold reflected the mean DSG2
concentration of the cohort (Fig. S5).

DSG2-high patients had a significantly shorter progression-
free survival (p = .0096) and overall survival (p = .0003) (Figure
4, S5). The average time until progression was markedly dif-
ferent in the groups, with the DSG2-high population averaging
a progression-free survival (PFS) of only 16 months vs
26 months in the DSG2-low population. The drastic difference
in survival and progression in ovarian cancer patients may
highlight the importance of DSG2 in mediating chemoresis-
tance and faster progression and the potential of DSG2 to be
used as a prognostic marker to predict patient outcomes.

DSG2 levels increase in tumor cells treated with
chemotherapy

The most probable explanation for the upregulation of DSG2
in cancers is to enforce the epithelial barriers which preclude
the entry of chemotherapeutics. This could be a process that is
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triggered in cells that were exposed to non-cytotoxic doses of
chemotherapeutic drugs, e.g. tumor cells distant to blood
vessels.””*® To support this hypothesis, we exposed three dif-
ferent ovarian cancer cell lines (OVCAR3, OVCARS5-RFP, and
ovc316) to cisplatin for 6 d and analyzed DSG2 (Figure 5). All
three cell lines were 100% positive for DSG2 as measured by
flow cytometry (Figure 5(a)). In previous studies® and addi-
tional preliminary studies, we determined that a concentration
of 2.5 pM cisplatin did not decrease the viability of ovc316 and
OVCARS5-RFP by more than 10%. In contrast, this dose killed
95% of OVCARS3 cells by day 6, demonstrating the cytostatic
effect of the chemotherapy drug. The latter is also shown by the
disappearance of Western blot DSG2 signals at day 6 of cispla-
tin treatment (Figure 5(b)). On day 6, more full-length and
cleaved DSG2 was detected by Western blot in samples treated
with cisplatin compared to mock-treated samples for
OVCARS5-RFP and ovc316 (Figure 5(c), S6). A similar kinetics
was seen when DSG2 was measured in the culture supernatant
by ELISA (Figure 5(d)). This plot also shows that ovc316 cells
shed DSG2 to some extent even without cisplatin treatment.

Discussion

While over 80% of advanced-stage ovarian epithelial cancer
patients attain clinical remission with standard platinum/pacli-
taxel-based chemotherapy, the vast majority of them will
relapse within two to 5 y.*>** It has become a standard clinical
practice to include CAI125 testing in patient surveillance.
Elevation in CA125 often precedes clinical evidence of relapse
by imaging or physical exam.*' Data from a large randomized
clinical trial, however, demonstrate no survival advantage from
CA125 screening.*’HE4 can predict ovarian cancer recurrence
earlier than CA125 and it can be elevated in patients that do
not express CA125 at sufficient levels to make a clinical
decision.’®

Our findings that DSG2 is upregulated in ovarian cancer are
in line with reports on other cancers. Proteomics analysis of
ascites from ovarian cancer patients identified DSG2 as one of
the top hits of upregulated proteins.>> Moreover, the survival of
HCC patients with high DSG2 mRNA and protein expression
was shorter.'® However, there are studies with melanoma,
pancreatic, and colon cancer cell lines and xenograft tumor
models indicating enhanced metastasis and aggressiveness
upon suppression or loss of DSG2 expression.'®*>*
Furthermore, low DSG2 expression has been associated with
poor clinical outcomes in certain types of cancer such as
prostate® and gastric*® cancers. This was explained by the
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Figure 4. DSG2 expression correlates with ovarian cancer progression-free survival (PFS) and general survival. A cohort of ovarian cancer patients from the Fred
Hutchinson Cancer Center were placed into DSG-high or DSG-low expressing groups as defined by a threshold mean serum DSG2 concentration of 828 ng/mL. Analyses
were done for months of PFS and general survival, using the Log-Rank (Mantel-Cox) tests for comparisons between populations. P values are results of the Log-Rank test

for comparison of survival between populations.
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Figure 5. DSG2 expression in ovarian cancer cell lines is upregulated in response to cisplatin. (A) Ovc316 (passage 4 and 15 after isolation from tumors), OVCAR3, and
OVCARS5-RFP cell cultures were analyzed for DSG2 expression by flow cytometry, indicated by the red curve. (B) Ovc316 (passage 4), OVCAR3, and OVCAR5-RFP cells
were cultured with or without cisplatin added to the medium, at a concentration of 2.5 pM. Cells were harvested before adding cisplatin (“day 0”) and at days 1, 2, 3, and
6 (+ indicating cisplatin-treated cells). Cell lysates were analyzed by Western Blot. Bands specific to DSG2 and B-actin are indicated. (C) DSG2/actin ratios as quantified by
ImageJ are shown. The study was done in triplicates. The standard deviation was less than 5%. *: p < .05. (D) DSG2 shed in serum as quantified by ELISA is shown for the

ovc316 cell line at days 1, 2, 3, 6 with and without cisplatin treatment.

observation that loss of epithelial junctions and downregula-
tion of epithelial proteins such as DSG2 is associated with
epithelial-to-mesenchymal transition (EMT), a central
mechanism for cancer cell mobility and metastasis."’”
However, this assumption does not consider that following
invasion or metastasis, cells that have undergone the process
of EMT can also revert to a well-differentiated epithelial
phenotype.*® In support, there exist numerous examples of
advanced carcinomas showing that mesenchymal cells can

mesenchymal to epithelial transition (MET).*® In an attempt
to demonstrate that gaining epithelial features, specifically an
increase in DSG2 expression, can increase tumor progression,
we used a pair of syngeneic cell lines derived from the histio-
cytic lymphoma cell line U937 described previously.” U937-
DSG2 cells stably expressed DSG2 after lentivirus vector
transduction, while U937 was negative for DSG2 (see Figure
3(b) in reference’). Figure 6 shows that after subcutaneous
injection into immunodeficient mice, tumors derived from
U937-DSG2 grew significantly faster than U937 tumors.

DSG2
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Figure 6. Growth of xenograft tumors derived from injected DSG2 negative U937 cells and U937-DSG2 cells that ectopically express DSG2 after lentivirus gene transfer.
CB17 mice were implanted with U937 cell xenografts expressing DSG2 or not expressing DSG2. Tumors were allowed to grow until 1000 mm? before sacrifice. (A)
Growth curves of mice, N = 5. The difference between the groups is significant (p < .01) (two-way ANOVA). (B) Tumor sections were taken after fixation in formaldehyde
and stained with DAPI (blue) for nuclei and DSG2 (green). Overlays are shown on the right. The scale bar is 200 pm.



Our study indicates that DSG2 can be used as a potential
biomarker for ovarian cancer that correlates with the grade,
chemoresistance, progression-free survival, and general survi-
val. The observation of progressively higher DSG2 expression
with higher cancer grade classification was notable, although
the differences between grades 2 and 3 did not reach statistical
significance, as the difference in PFS and general survival
between DSG2-low and DSG2-high expressing populations,
seen in two separate cohorts which lend further credence to
the use of DSG2 expression levels as a prognostic indicator for
ovarian cancer patients’ survival. This strong correlation is not
supported by a recent study that analyzed DSG2 signals on
serous ovarian cancer sections and DSG2 mRNA levels in
correlation with survival and clinicopathological data.””
Potential reasons for this could be the use of different techni-
ques for measuring DSG2.

Our in vitro studies with ovarian cancer cell lines indicate
that DSG2 is upregulated in response to cisplatin treatment,
which may represent an autocatalytic mechanism to initiate or
enhance chemo-resistance. More studies with primary ovarian
cancer cell lines and animal models, including human-DSG2
transgenic mice with syngeneic tumors,'>** need to be done to
understand the mechanism behind DSG2 upregulation by cis-
platin. Considering the higher mutation rate and genomic
instability higher in high-grade serous ovarian cancer, it is
possible that chemotherapy selects for tumor cell clones with
higher DSG2 expression.”® On the other hand, gene alteration
and copy number analysis of DSG2 (Fig.S7) did not reveal
a large mutational burden on DSG2 in ovarian cancer cases
(alterations in 6.86% of cases), and copy number alterations did
not deviate significantly according to the z-scores. This seems
to indicate that DSG2 mutations or alterations in the genome
do not play a significant role in driving ovarian cancer cases.

While our finding might help to better understand mechan-
istic aspects of chemoresistance, they have direct practical
implication for our upcoming clinical trial with our recombi-
nant junction opener JO in combination with Doxil°® in patients
with progressive, persistent, or recurrent ovarian/fallopian
tube cancer, who have previously received standard therapies.
DSG2 as a tumor marker and target also holds implications for
oncolytic adenovirus therapy, and indeed Ad5/3 oncolytic
viruses show increased efficacy on ovarian cancer cells with
increased DSG2 RNA expression.”’ This study also included
retrospective analyses of phase I clinical trial of an Ad5/3-based
oncolytic adenovirus (ONCOS-102) in 12 patients with varied
tumors indicated a correlation between viral genomes in blood
and DSG2 RNA expression.

To better understand the potential for clinical transla-
tion, our study requires further research. Considering can-
cer heterogeneity, larger patient cohorts are needed to
consolidate the correlation between serum DSG2 concen-
trations and survival of ovarian cancer patients.
Furthermore, longitudinal DSG2 measurements during
and after chemotherapy could provide valuable informa-
tion. The influence of soluble DSG2 in blood and potential
sequestration of DSG2-targeting recombinant junction
openers and oncolytic viruses has to be studied. Some of
this work can be done in the DSG2-transgenic mouse
tumor model.*
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Also, the role of other members of the desmoglein (DSG1
and DSG3) and desmocollin (DSC1-3) families in cancer pro-
gression warrants further analysis. Notably, in pancreatic can-
cer patients, high DSG3 expression was associated with poor
overall survival.”> Our initial attempt, using publicly available
databases, including the TCGA, did not find a significant asso-
ciation between DSGI1, DSG3, and DSC1-3 expression and
chemoresistance or ovarian cancer progression and death
(Fig.S8).

Based on the data reported here we suggest that DSG2 may
be useful in stratifying ovarian cancer patients, predicting
chemoresistance, and as a companion diagnostic for treat-
ments targeting DSG2.

Materials and methods
Cells

Ovc316 cells are primary ovarian cancer cells derived from
a patient biopsy, specifically one of the high-grade serous
ovarian cancer.’”® The authors had no access to data that
would identify the patient(s). Work with patient-derived
tumor cells and biopsies was approved by the Fred
Hutchinson Cancer Research Center Institutional Review
Board (protocol: 6289 “Secondary use of human cells”).
Ovc316, OVCAR3 (ATCC: HTB-161), and OVCARS5-RFP
(Cell Biolabs: AKR-254) were cultured in MEGM (MEBM
containing 3 ug/L hEGF, 5 pg/L insulin, 5 mg/L hydrocorti-
sone, 26 mg/L bovine pituitary extract, 25 mg/L amphotericin
B) (Lonza), supplemented with 10% FBS (Gibco), 100 IU
penicillin, 100 mg/L streptomycin. Xenograft tumors were
established by injection of 2 x 10° ovc316 cells (1:1 with
Matrigel) into the mammary fad pat on immunodeficient
CB17 mice. U937 (ATCC CRL-1593.2) and U937-DSG2 cells
were described previously.”

Xenograft tumor studies

These studies were carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. The
protocol was approved by the Institutional Animal Care and
Use Committee of the University of Washington, Seattle, WA
(Protocol: 3108-01). Mice were housed in specific-pathogen-
free facilities. Immunodeficient NOD.CB17-Prkdcscid/]
(CB17) mice were obtained from the Jackson Laboratory.
Xenograft tumors were established by injection of 2 x 10°
ovc316, U937, or U937-DSG2 cells (mixed 1:1 with Matrigel)
into the mammary fat pad of mice. Tumor volumes were
measured as described previously.”

Immunohistochemistry staining for DSG2

Paraffin sections of ovarian biopsies as well as frozen cancer
samples were obtained from the Translational Outcomes
Research (TOR) Repository, Fred Hutchinson Cancer
Research Center. The ovarian tissue array was obtained from
Biomax Inc (Part Number OV208a) (Rockville). The array
contains 207 core sections from 69 cases as well as information
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on TNM, clinical stage, and pathology grade as classified
according to WHO 1999 Classifications by a certified patholo-
gist. Slides were deparaffinized and hydrated through immer-
sion in xylene, decreasing concentrations of ethanol (100%-
95%-80%-70%), and water. Slides were then immersed in 0.3%
hydrogen peroxide, followed by an additional rinse of water to
eliminate endogenous peroxidase. Slides were then placed in
1% Unmasking solution (Vector Labs) and placed in
a minijature autoclave (at up to 125°C for 1 h) for antigen
retrieval. Slides were incubated in 2.5% normal horse serum
(NHS) blocking solution (Vector Labs) for 20 minutes at room
temperature, followed by incubation with the primary anti-
body, goat anti-human DSG2 (Abcam) (diluted 1:200 in PBS/
1% NHS) overnight at 4°C. A goat IgG isotype control from
Novus Biologicals (NB410-28088) was used. Following an
additional wash in PBS, 4 drops of ImmPRESS Reagent Kit
anti-goat Ig (Vector Labs) were added, and slides were incu-
bated for 30 min. After washing, 2 drops of Polink-2 HRP Kit
with DAB Chromogen (Golden Bridge International, Inc) were
added and allowed to develop for around 5 minutes before
washing with water. Sections were counterstained with Mayer’s
Hematoxylin (Sigma-Aldrich, St. Louis, MO) for 5 to 10 sec-
onds and washed with water. After the slides dried, 3-5 drops
of VectaMount (Vector Labs) were added to the slide with
a coverslip placed on top. Images were taken with a Leica
DMLB microscope (Wetzlar), using Leica DFC300 FX Digital
camera and Leica Application Suite Version 2.4.1 R1 software.

For quantitation, tissue microarray slides were scanned in
brightfield with a 20x objective using a NanoZoomer Digital
Pathology System (Hamamatsu City). The digital image was
then imported into Visiopharm software (Hoersholm,
Denmark) for analysis. Using the Visiopharm Image Analysis
module, regions of interests (ROI) were manually drawn
around each tissue core. By converting the initial digital
image into grayscale values using two features, RGB - B and
RGB - R, the Visiopharm software was trained to label positive
staining, DSG2, and background tissue counterstain, hematox-
ylin, using a project-specific configuration based on a threshold
of pixel values based on the difference in intensity between
normal tissue and cancerous tissue. ROIs were manually desig-
nated to exclude non-epithelial tissue. The ROIs were pro-
cessed in batch mode using this configuration to generate the
desired per area outputs and analyzed at 100%.

DSG2 immunofluorescence staining on sections of ovc316
xenograft tumors

Cryosections of xenograft tumors were fixed in 4% parafor-
maldehyde for 15 minutes at room temperature then rinsed
with PBS three times. The slide was then placed in a blocking
buffer (2% nonfat milk in PBS) for 60 minutes at room tem-
perature. Primary antibodies mouse anti-DSG2 (6D8, Abcam)
and rabbit anti-Claudin7 (ab27487, Abcam, UK) were pre-
pared at a 1:50 dilution. Blocking solution was removed and
slides were incubated with primary antibody overnight at 4°C.
After washing, slides were incubated with the secondary anti-
body mix (FITC-goat-anti-mouse Ab, PE-goat-anti-rabbit Ab)
for 1 h at room temperature in the dark. Slides were washed
with PBS before mounting with Vectashield Antifade

Mounting Medium + DAPI (Vector Labs) and were viewed
under a Leica microscope as described above.

Western blot

Mini-PROTEAN precast gels (BIO-RAD) with 4-15% gradient
polyacrylamide were used. A total of 1 ug protein diluted 1:1 in
2 x loading buffer (10 mM Tris-HCL, pH = 6.8, 200 mM DTT,
4% SDS, 20% glycerol, 0.2% bromophenol blue) was loaded per
lane. Samples were boiled for 5 min. The following running
buffer was used: 25 mM Tris, pH = 8.3, 0.192 M glycine, 0.1%
SDS. After electrophoresis, proteins were transferred to nitro-
cellulose and incubated with the anti-DSG2 antibody 6D8 as
described previously and a secondary anti-mouse IgG HRP
conjugate.” Selected Western blots were scanned and quantified
using the ImageJ 1.32 software (National Institutes of Health).

DSG2 ELISA

The ELISA was performed using a rabbit polyclonal anti-
human desmoglein-2 antibody (R&D System, Catalog #
AF947) as a capture antibody at a concentration of 2 ug/
ml in 0.1 M Na-carbonate, pH = 9.6 buffer. Plates were
washed with TBS-T (Tris-buffered saline + 0.05% Tween-
20) before blocking with Starting Block™ (PBS) Blocking
Buffer (Thermo Scientific, Prod #37538). Human serum
samples were analyzed in three dilutions (1:10, 1:50, and
1:100) using Blocking Buffer as a dilutant. For detection, the
mouse monoclonal antibody 6D8 directed against ECD3
(AbD Serotec) was used at a 1:100 dilution. After three
washes, goat anti-mouse IgG-HRP peroxidase (BD
Pharmingen) was added at a 1:1000 dilution in blocking
buffer. 1-Step™ Ultra TMB-ELISA (Thermo Scientific)
was used as a substrate. Recombinant human-DSG2 protein
used for the standard curve was from Leinco Technologies,
Inc. The detection limit of the DSG2 ELISA was 0.5 ng/ml.

mRNA quantification

Clinical biopsy samples from ovarian cancer patients were used
for RNAseq. RNA was extracted from samples using RNeasy
Plus Mini or AllPrep RNA/DNA kits (QIAGEN). The quality
of the RNA was assessed on an Agilent 2100 Bioanalyzer.
Samples with RNA integrity number (RIN) greater than 7
were diluted to 50 ng/mL for sequencing library preparation
using TruSeq Sample Preparation Kit (Illumina). Starting with
approximately 1 pg of total RNA, mRNA was isolated with
oligo-dT capture beads, and then fragmented and converted to
¢DNA with random hexamer-primed reverse transcription
and second-strand synthesis. Resulting cDNAs were fragmen-
ted by sonication and size-selected for molecules of ~300 bp.
Ligation of barcoded sequencing adapters was then performed
according to the manufacturer’s recommendations. The cDNA
samples underwent multiplex sequencing, with one to four
samples per lane, on the Illumina HiSeq 2000 to yield 50 bp
paired-end sequences. This process yielded between 54.6 M
and 367.0 M sequences passing the default Illumina quality
control filters. RNA-seq data analysis was performed as
described elsewhere.”*



TCGA data mining

Data regarding the exome DSG2 mutational profiling of ovar-
ian cancer cases were analyzed and visualized using cBioPortal
(Memorial  Sloan-Kettering  Center). The TCGA-
FirehoseLegacy-OV data set was used. Visualizations for gen-
ome alteration frequency and the copy number alterations
were generated using putative numbers from GISTIC and
mRNA expression z-Scores.

Clinical samples and statistical analyses

Ovarian cancer biopsies and sections were provided by the
Pacific Ovarian Cancer Research Consortium (POCRC)
Specimen Repository without any confidential information
which would serve to identify a patient (Fred Hutchinson
Cancer Research Center, IRB protocol # 6289). Statistical ana-
lyses were carried out using Graphpad Prism (San Diego,
CA, USA).
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