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1 | INTRODUCTION

Ovarian cancer is a potential lethal gynecological malignancy
which—as a result of a lack of early symptoms and suitable screening
tests—is mostly diagnosed in an advanced stage of disease. Thus,

ovarian cancer is associated with poor prognosis.! Although distant

Nectin-2 is an adhesion molecule that has been reported to play a role in tumor
growth, metastasis and tumor angiogenesis. Herein, we investigated Nectin-2 in
ovarian cancer patients and in cell culture. Tumor as well as peritoneal biopsies of 60
ovarian cancer patients and 22 controls were dual stained for Nectin-2 and CD31
using immunohistochemistry. Gene expression of Nectin-2 was quantified by real-
time PCR and differences analyzed in relation to various tumor characteristics. In the
serum of patients, vascular endothelial growth factor (VEGF) was quantified by
ELISA. Effect of VEGF on Nectin-2 expression as well as permeability was investi-
gated in HUVEC. In tumor biopsies, Nectin-2 protein was mainly localized in tumor
cells, whereas in peritoneal biopsies, clear colocalization was found in the vascula-
ture. T3 patients had a significantly higher percentage of positive lymph nodes and
this correlated with survival. Nectin-2 was significantly upregulated in tumor biopsies
in patients with lymph node metastasis and with residual tumor >1 cm after surgery.
Nectin-2 expression was significantly suppressed in the peritoneal endothelium of
patients associated with significantly increased VEGF serum levels. In cell culture,
VEGF stimulation led to a significant downregulation of Nectin-2 which was reversed
by VEGF-inhibition. In addition, Nectin-2 knockdown in endothelial cells was associ-
ated with significantly increased endothelial permeability. Nectin-2 expression in
ovarian cancer may support tumor cell adhesion, leading to growth and lymph node
metastasis. In addition, VEGF-induced Nectin-2 suppression in peritoneal endothe-

lium may support an increase in vascular permeability leading to ascites production.
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metastasis is usually absent at the time of initial diagnosis, the main
clinical characteristics of the disease are local tumor growth with
early abdominal spread, consecutive development of ascites as a re-
sult of increased peritoneal permeability and early lymph node me-
tastasis.* Mechanisms responsible for these clinical observations

are tumor cell proliferation, migration, adherence of tumor cells at
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surfaces such as the peritoneum, thus forming new tumor bulk, and
induction of angiogenesis.® For these tissue remodeling processes,
dynamic rearrangement of cell-cell junctions is essential. In this con-
text, adhesion proteins of different cell junctions such as adherens
junctions (AJ) and tight junctions (TJ) may play a distinct role.

The nectin-afadin system has recently been described as a novel
modulator of AJ and TJ,® acting as a cooperator system of AJ and
TJ regulation.”® The nectins comprise a family of Ca?*-independent
immunoglobulin-like cell adhesion molecules consisting of at least
four members (nectin 1-4).”** Nectins are associated with the actin
cytoskeleton through afadin, an F-actin-binding protein'>*” forming
homophilic and heterophilic trans-dimers.” Thereby, they function as
cell-cell adhesion molecules and regulate the initial step of cell-cell
junction formation of both AJ and TJ in epithelial and endothelial
cells. Nectin-2—also termed cluster of differentiation 112 (CD112)
and poliovirus receptor-related protein 2—is a transmembrane gly-
coprotein that interacts with various Nectin-like (Necl) molecules
and different scaffold proteins regulating cellular functions such as
proliferation cell movement, survival, cell adhesion and differenti-
ation.’® These functions of Nectin-2 implicate its possible role in
tumor cell survival and proliferation. So far, although only few inves-
tigations exist, the involvement of Nectin-2 in tumor pathogenesis
has been described for different tumor entities, such as breast and
ovarian cancer, but also for gallbladder, colorectal or pancreatic can-
cer. 2 |n some of these studies, high expression of Nectin-2 was
associated with high malignancy, advanced tumor stage, poor dif-
ferentiation, fast progression and poor outcome/prognosis.zo'22 At
the same time, inhibition of Nectin-2 was followed by ceasing prolif-
eration of tumor cells in cell culture. These studies indicate the high
potential of Nectin-2 as a target for antibody therapeutics.

Despite its potential role in tumor cells, Nectin-2 has also been
described as a surface marker of endothelial cells which—as an adhe-
sion protein—might be involved in the regulation of endothelial mi-
gration, proliferation and permeability‘18 Here, vascular endothelial
growth factor (VEGF; and its interaction with adhesion molecules)
is known to be the key regulator of angiogenesis and permeability
regulation.?® Our previous investigations have shown that increased
peritoneal vascular permeability is due to VEGF-induced suppres-
sion of adhesion molecules in the peritoneal vasculature of ovarian
cancer patients and is followed/associated with ascites production.?*

To further elucidate the potential role of Nectin-2 in ovarian can-
cer as well as its interaction and association with VEGF, we inves-
tigated the expression of Nectin-2 in human ovarian cancer tissue,
which was collected over a period of 6 years from patients under-
going surgery compared to controls. Furthermore, we analyzed
differences in expression concerning tumor biology, tumor stage,
histological subtype, nodal metastasis, grading, estrogen/proges-
terone receptor expression and resection status after surgery as
well as survival. As this cancer entity is frequently associated with
increased vascular permeability of the peritoneum driven by tumor-
derived VEGF, peritoneal biopsies of ovarian cancer patients were
collected and Nectin-2 protein localization and gene expression in-
vestigated. Furthermore, serum levels of VEGF were measured in
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tumor patients and controls to evaluate systemic VEGF interaction.
Finally, the potential impact of VEGF on Nectin-2 expression in en-

dothelial cells was tested in vitro.

2 | MATERIALS AND METHODS

2.1 | Patients

Tumor and peritoneal tissue as well as serum samples (for later
VEGF analysis) were collected from patients undergoing laparot-
omy for ovarian cancer. Tumor samples were directly cut out of the
main ovarian tumor (not from peritoneal metastasis). Peritoneal
samples were collected from the paracolic gutter in regions not
containing macroscopically visible metastasis. Tumor and perito-
neal tissue samples were collected during surgery and placed in
liquid nitrogen for further RNA isolation and in 3.5%-3.7% formal-
dehyde (Fischar, Saarbriicken, Germany) for immunohistochemis-
try. As controls, we used tissue samples of patients undergoing
surgery for benign reasons such as uterine myoma or uterine pro-
lapse. Serum samples of ovarian cancer patients and healthy pa-
tients were collected before surgery. Collection and use of human
tissue were institutionally approved by the Ethics Committee of
the University of Ulm and the patients had given their informed
consent.

2.2 | Preparation of tissue for H&E staining and
immunohistochemistry

Tumor and peritoneal tissue samples were fixed in 3.5%-3.7% for-
maldehyde (Fischar) for 24 hours and then incubated in 70% ethanol
at room temperature overnight. Afterwards the tissue was dehy-
drated for each 2 x 45 minutes at 40°C in ascending concentrations
of ethanol (95%-100%). Then tissue samples were placed in xylol and
incubated for 2 x 45 minutes, followed by incubation in Paraplast
Plus (Tissue Embedding Medium, Leica, Richmond, VA, USA) at 60°C
for 2 x 60 minutes.

2.3 | Morphological characterization of ovarian
cancer

Consecutive sections stained for H&E were used to classify the ovar-
ian cancer and peritoneal tissue. Therefore, the embedded samples
were serially sectioned, and tissue sections (3 pm) were placed onto
SuperFrost Plus slides (VWR, Leuven, Belgium). Tissue sections
were dewaxed in xylene, rehydrated in descending concentrations
of ethanol, washed in distilled water and stained with hematoxylin
(Mayer's hemalum solution; Merck, Darmstadt, Germany) for 3 min-
utes, followed by rinsing with hydrochloric acid 0.1% and by differ-
entiation in flowing water for 5 minutes before staining with eosin
(Eosin Y-solution 0.5% aqueous; Merck) and one drop glacial acetic
acid/100 mL for 3 minutes, followed by washing in water. After de-
hydrating in ascending concentrations of ethanol and incubation with
xylene, sections were mounted in Eukitt (Kindler, Freiburg, Germany).
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Final histological tumor staging (TNM classification) was ob-
tained from the report of the institutional pathologist and docu-
mented for each ovarian cancer patient for later analysis. Data on
the intraoperative resection status (TR O, no residual tumor; TR
1, residual tumor <1 cm; TR 2, residual tumor >1 cm) of each tumor
patient were obtained from the operation report.

H&E-stained peritoneal sections from tumor patients were in-
vestigated for microscopic peritoneal metastasis. Only samples
lacking microscopic metastasis were later used for Nectin-2 immu-

nocytochemistry or RT-PCR analyses.

2.4 | Immunhistochemistry for specific cancer
cell markers

Identification of ovarian cancer cells was carried out according to
the WHO classification of tumors of female reproductive organs
(2014).%° For our analysis (of our shown example of endometrioid
adenocarcinoma), antigen retrieval for immunohistochemistry was
carried out as follows: anti-Vimentin staining: microwave oven; anti-
estrogen receptor staining: Steamer (EDTA, pH 9); anti-Ki6é7 staining:
pressure cooker; anti-CK7 staining: enzymatic pretreatment with
pronase. Sections were incubated with the primary antibodies for
30 minutes in a Dako Autostainer (DAKO, Santa Clara, CA, USA). As
primary antibodies, the following monoclonal mouse antihuman an-
tibodies were used, diluted with antibody diluent (Zytomed Systems,
Berlin, Germany): Vimentin (VIM 3B4, 1:300 dilution; Dako/Agilent
[Dako, Santa Clara, CA, USA]), estrogen receptor (6F11, 1:50; Leica,
Wetzlar, Germany), CK7 (OV-TL 12/30, 1:200; Dako/Agilent), and
Ki67 (MIB-1, 1:200; Dako/Agilent). For visualization, a Dako REAL
Detection System, Alkaline Phosphatase/RED, Rabbit/Mouse
(DAKO, Santa Clara, CA, USA) was used, following the manufac-

turer's instructions. Slides were counterstained using hematoxylin.

2.5 | Immunohistochemistry dual staining of
Nectin-2 and CD31

Immunofluorescence double-staining was carried out using a TSA-
Kit (Perkin Elmer, Boston, MA, USA). Sections of paraffin-embedded
cancer and peritoneal tissue were dewaxed and rehydrated using
xylol and ethanol, respectively, and transferred to TN-buffer after
a short wash in distilled water. Slides were incubated in Target
Retrieval Solution pH 9 (1:10 dilution; Dako, Hamburg, Germany)
at 95°C for 30 minutes in a water bath and cooled down at room
temperature for another 20 minutes before being transferred to TN-
buffer for 5 minutes.

Endogenous peroxidase was quenched for 30 minutes in 180 mL
methanol + 20 mL hydrogen peroxide 30% (Fischar), and slides were
again transferred to TN-buffer for 5 minutes. After preincubation with
TNB for 30 minutes, the slides were incubated with mouse antihu-
man CD31 antibody (1:30 dilution; Dako) overnight at 4°C. The slides
were then washed in TN-buffer with 0.1% Tween for 3 x 5 minutes,
followed by incubation with biotinylated rabbit antimouse secondary
antibody (dilution 1:750; Dako) for 45 minutes. Washing in TN-buffer

with 0.1% Tween for 15 minutes and incubation with Streptavidin-
HRP Conjugate (NEL750; Perkin Elmer) for 30 minutes and fluorescein
tyramide was done according to the instructions of the manufacturer.
Incubation with the second primary antibody, the antibody rabbit
antihuman Nectin-2/CD112 (NBP1-91211, 1:200 dilution; Novus
Biologicals, Wiesbaden, Germany) overnight at 4°C was followed by
washing, incubation with biotinylated goat antirabbit secondary an-
tibody (1:500 dilution; Dako), Streptavidin-HRP Conjugate (NEL750;
Perkin Elmer) and TMR tyramide as described above. Mounting
was carried out with Roti-Mount FluorCare (Carl Roth, Karlsruhe,
Germany). Pictures were taken with Keyence fluorescence microscope
BZ-9000 (Keyence, Leinfelden, Germany) under 40x magnification.

2.6 | Image analyses

Quantitative analysis of immunostaining was carried out in randomly
chosen high-power fields (n =5 per section). The image analyzing
system was set up to superimpose a grid (grid size 14 pm) over the
selected fields. Number of points for CD31 (green fluorescence) or
Nectin-2 (red fluorescence), respectively, was counted if staining
reached a cross-point of the grid. Total number of CD31 crossing
points was taken as 100% and the ratio of Nectin-2 staining then cal-
culated. Values are expressed as mean + SEM for all analyzed fields
per slide and specimen.

2.7 | Quantification of VEGF by ELISA

Analysis of our study focused on the most important pro-angiogenic
factor VEGF-A (splice variant 165). In order to quantify the se-
creted amount of VEGF, a quantitative VEGF immunoassay was car-
ried out according to the manufacturer's protocol (R&D Systems,
Minneapolis, MN, USA). Briefly, 100 pL of sample and standard was
added to 100 plL assay diluent. After 2 hours of incubation at room
temperature, the samples were washed three times. Then, 200 pL
VEGF conjugate was added for 2 hours before the samples were
washed again. After incubation with 200 pL substrate solution for
25 minutes protected from light, 50 pL stop solution was added and
the optical density was measured at 450 nm (ELISA reader, Sunrise;

Tecan, Mannedorf, Switzerland).

2.8 | Endothelial cell isolation of HUVEC

Collection of human primary cells was institutionally approved after
favorable ethical review. Human umbilical cords were rinsed with
water and disinfected with isoseptol. Under sterile conditions the
ends of the cords were cut and, into each end, a flexible tube was
inserted and fixed with a cable tie. The umbilical veins were rinsed
with PBS (1 x PBS). One end was clamped and, from the other end,
the vein was filled with Type I-A collagenase 1 mg/mL (100 mg;
Sigma, Saint Louis, MO, USA) to detach the endothelial cells.
Subsequently, the second end was clamped and the cords were in-
cubated in 1 x PBS in a water bath at 37°C for 15 minutes. HUVEC
were collected and mixed 1:1 with endothelial cell growth medium
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(C-22010; PromocCell, Heidelberg, Germany) + 10% FCS with 1%
penicillin/streptomycin (Gibco Life Technologies, Carlsbad, CA,
USA). After centrifugation for 5 minutes at 290 g, the supernatant
was discarded and the pellet was resuspended in culture medium.
HUVEC were seeded in Primaria tissue flasks (25 cm?) (BD Falcon,
Bedford, MA, USA) and incubated at 37°C in 5% CO,,.

2.9 | Stimulation and RNA isolation of HUVEC

Endothelial cells were stimulated in six-well plates for 48 hours with
500 ng/mL VEGF alone, 5000 ng/mL Flt-1/Fc alone and 500 ng/mL
VEGF + 5000 ng/mL Flt-1/Fc (VEGF, Sigma; VEGF Receptor-1 [Flt-
1]/Fc Chimera; Sigma). Total RNA from HUVEC was extracted from
cells with the RNeasy Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer's instructions. RNA was quantified by absorb-
ance at 260 nm, and total RNA (1 pg) was reverse transcribed into
cDNA using a cDNA High Capacity Reverse Transcription Kit (Applied
Biosystems, Foster City, CA, USA) in accordance with the manufac-

turer's protocol. RT-PCR was carried out as described below.

2.10 | Preparation of tissue for RNA isolation

Pulverized tumor and peritoneal tissue (50-100 mg) was mixed with
1 mL peqGOLD TriFast reagent (Peqlab, Erlangen, Germany), incu-
bated at room temperature for 5 minutes and mixed with 200 pL
chloroform. After 3-5 minutes incubation at room temperature and
centrifugation, the aqueous phase was mixed with 500 pL isopro-
panol and incubated for 5-15 minutes at 4°C. After centrifugation,
the pellet was washed twice with 1 mL of 75% ethanol in diethyl-
pyrocarbonate (DEPC)-H,O and centrifuged for another 10 minutes
at 4°C. Then the pellet was dispensed in RNA-free H,O for 10 min-
utes at 55°C. RNA was measured on a spectrophotometer at 260 nm
(NanoDrop 2000; Peglab) and stored at -80°C.

2.11 | Human ovarian surface epithelial cells and
reverse transcription

As control for our tumor samples, Human Ovarian Surface Epithelial
Cell total RNA (HOSEpiC #7315; 3H Biomedical, Uppsala, Sweden)
already prepared by manufacturer from early passage human ovar-
ian surface epithelial (OSE) cells using the Qiagen AllPrep DNA/RNA
Mini kit) was used and reverse transcribed into cDNA.

Total RNA (1.0 pg) was reverse transcribed into cDNA using the
High Capacity cDNA Reverse Transcription Kit (Applied Biosystems,

Foster City, CA, USA) according to the manufacturer's instructions.

2.12 | Real-time-PCR

For quantification of Nectin-2 expression, TagMan Gene Expression
Assays for Nectin-2 (Hs01071562) was used according to the
manufacturer's instructions using TagMan Universal PCR Master
Mix (Applied Biosystems/Life Technologies, Darmstadt, Germany).
Amplification and detection of specific products was carried
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out with ViiA 7 Real-Time PCR System (Applied Biosystems/
Life Technologies). As internal controls, two housekeeping genes
HSP90AB1 (Hs01546471_g1) and p2-microglobolin (Human B2M,;
Applied Biosystems) were used and the quantity of cDNA was nor-
malized to the quantity of both cDNAs in each sample. Calculation
of relative gene expression was done using the comparative 2rAacT
method.?® This method made it possible to determine the fold
change in gene expression compared to control and create linear

data from exponential values.

2.13 | Small interfering RNA knockdown of
Nectin-2

For our knockdown experiments 1 day before transfection, 8 x 10°
cells were seeded into Primaria cell culture flasks T25 (BD Falcon)
and cultured under normal growth conditions (37°C; 5% CO,). Cells
were then washed with PBS, and 2 mL growth medium was added.
The transfection reagent contained (per T25 flask) 400 pL cul-
ture medium without serum, 6 pL negative control siRNA (20 nmol,
1027281; Qiagen) or Nectin-2 (mixture of nectin 2_5 siRNA Qiagen
S104950442, nectin 2_6 siRNA Qiagen SI04950449, and nectin 2_7
siRNA Qiagen S104950456, each 5 nmol) and 12 pL HiPerFect trans-
fection reagent (Qiagen). The transfection medium was incubated at
least for 5 minutes to allow for the formation of transfection com-
plexes before it was added to 2 mL of the endothelial cell growth me-
dium. After 48 hours, transfection was repeated as described. After
72 hours, RNA was isolated for confirmation of a successful knock-

down. The permeability assays were carried out for the same times.

2.14 | Permeability assay (in knockdown
experiments)

To test the permeability of endothelial cells for macromolecules,
HUVEC were seeded into an insert to allow the flow of dye through
the membrane. HUVEC were seeded on micropore inserts (pore size
0.4 pm) at a density of 3 x 10° cells per insert and cultured overnight.
The next day, BSA was labeled with Trypan blue (66.7 mg Trypan
blue to 1.6 g BSA in 40 mL PBS), mixed with culture medium 1:1, and
added to the insert, whereas unlabeled albumin was added to the
lower compartment. Samples of the wells were taken after 10 and
30 minutes and measured for color intensity at 607 nm. Each experi-
ment was repeated on three separate occasions.

2.15 | Statistical analysis

Statistical analysis was carried out using SPSS for Windows version
24.0. Data distribution of most variables was significantly different
from normal distributions; thus, non-parametric statistical proce-
dures were used for all analyses presented here. Independent groups
were compared using Kruskal-Wallis and Mann-Whitney U tests.
Comparisons among groups are illustrated using box-and-whisker
plots where the horizontal line inside the box represents the median
and the box indicates the interquartile range (IQR; the middle 50%
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FIGURE 1 Histology and immunohistochemistry of ovarian cancer: A, H&E stain showing a confluent glandular growth pattern
suggesting endometrioid carcinoma. B, CK7 expression as seen in adenocarcinomas of the gynecological tract. C, Scattered vimentin (VIM)
expression in carcinoma cells, typical of endometrioid carcinoma. D, Most of the carcinoma cells show a nuclear positivity for estrogen
receptor (ER). E, High proliferation rate of carcinoma cells as seen by Kié7 positivity. Altogether, these findings are diagnostic of an
endometrioid adenocarcinoma. Original magnification, x400; scale bar, 100 pm

of scores). The ends of the whiskers denote the lowest and highest
values still within 1.5 IQR of the lower and upper quartiles (ie, the
lower and upper ends of the box), respectively. If there are no values
>1.5 IQR below the lower or above the upper quartile (ie, outliers),
the ends of the whiskers denote minimum and maximum of the data.
All statistical tests were two-tailed and P values below .05 were con-

sidered to be statistically significant.

3 | RESULTS

3.1 | Patients and histopathological characteristics

In total, 60 patients with ovarian cancer and 20 healthy control biop-

sies were collected over a period of 6 years with a follow-up period
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of 5-10 years after collection of the last sample. Patient age ranged
from 21 to 82 years with a mean age of 60 years for the cancer group
and from 38 to 71 years with a mean age of 56 years for the healthy
controls. Of the affected patients, 52% died of cancer, 12% died of
other reasons, and 36% of all ovarian cancer patients are still alive.
H&E staining together with the use of different ovarian cancer
markers showed the histopathological diagnosis of ovarian cancer sub-
types in the cancer patients (eg, endometrioid) as shown in Figure 1.
Most ovarian cancer patients presented with serous papillary
ovarian cancer (71%), followed by mixed type tumors (14%) and en-
dometrioid tumors (15%). Of all ovarian cancer patients, 85% had
advanced tumor disease (T3). There were 76% of ovarian cancer pa-
tients with poorly differentiated tumors (G3), 19% presented with
moderate tumor differentiation (G2), and 5% of the patients had
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FIGURE 2 Comparison of the percentage of positive lymph nodes to total number of dissected lymph nodes in nodal-positive patients
with respect to tumor stage (T1/T3) (A) or survival (B). Asterisk indicates significant differences
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well-differentiated tumors (G1). Concerning the postoperative re-
maining tumor, 54% of our analyzed patients were operated without
residual tumor remaining (TR 0), 28% had residual tumor <1 cm (TR
1), and 18% of the patients were left with a residual tumor >1 cm (TR
2). Of all patients, 72% fulfilled the criteria for lymphadenectomy. Of
these patients 29% were nodal negative and 71% were nodal positive.
Patients with advanced tumor stage (T3) had a significantly higher
percentage of positive lymph nodes than patients with early tumor
stage (T1) (P = .037; Figure 2A). Patients who died from ovarian can-
cer had a significantly higher percentage of positive lymph nodes
than patients who are still alive (P =.009; Figure 2B). Table 1 sum-
marizes the histopathological characteristics of the enrolled patients.

3.2 | Nectin-2 protein localization and quantification
in ovarian cancer and peritoneal biopsies

In nearly all of our tumor biopsies, Nectin-2 protein was local-
ized in the plasma membrane of cancer cells (Figure 3) which was
identified by tumor cell markers as described earlier. Staining was
particularly evident in regions in which the tumor still mimicked a

glandular appearance, whereas other regions with tumor cell bulk

TABLE 1 Baseline patient and tumor characteristics of all 60
ovarian cancer patients randomized in the present study

Age (y)

Median 60

Range 21-82
Tumor size

pT1l 7 (12%)

pT2 2 (3%)

pT3 51 (85%)
Lymph node metastasis (%) (72% of the operated patients)

pNO 17 (28%)

pN+ 43 (72%)
Histological grading (%)

G1 3(5%)

G2 11 (18%)

G3 46 (77%)
Histological type (%)

Serous papillary 43 (72%)

Endometrioid 9 (15%)

Mixed type 8 (13%)
Tumor rest (TR) after surgery (%)

TRO 32 (54%)

TR1 17 (28%)

TR2 11 (18%)
Vital status (%)

Alive 22 (36%)

Dead (from cancer) 31 (52%)

Dead (other reason) 7 (12%)
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lacked any Nectin-2 staining (Figure 3F). CD31/Nectin-2 dual stain-
ing was found only for a few capillaries, indicating that the main
source of protein synthesis of Nectin-2 are the tumor cells them-
selves (Figure 3G).

In the peritoneal biopsies, Nectin-2 was clearly localized in
the endothelium of the peritoneal vasculature (Figure 4). In con-
trols, staining appeared as a continuous inner circle of the vessel
(Figure 4F,G). In peritoneal vasculature of tumor patients, this con-
tinuous circle is disrupted and dual staining was only evident in a
few parts of the vessel. Quantitative analysis confirmed a significant
decrease in these vessels in comparison to control (ie, 62.1% + 6.1%
vs 91.1% + 2.0% [P = .05]).

3.3 | Nectin-2 gene expression in ovarian cancer
biopsies

Comparison of Nectin-2 gene expression in tumor biopsies of our
ovarian cancer patients with control (ovarian surface epithelium)
showed higher expression levels in the tumor biopsies (Figure 5A).
There were no significant detectable differences between histo-
logical subtypes (Figure 5B), grading, receptor status or distant
metastasis.

However, we found significantly higher gene expression of
Nectin-2 in tumor biopsies of patients with lymph node metastasis
as compared to nodal negative patients (P = .018; Figure 5C).

In ovarian cancer biopsies of women in which the tumor was suc-
cessfully removed during surgery (TR 0), Nectin-2 expression was
lower as compared to women with an incomplete resection of the
tumor (TR 1 or TR 2). This difference was significant (P = .018) for pa-
tients with >1 cm residual tumor after surgery (TR 2) in comparison

to patients with no residual tumor (Figure 5D).

3.4 | Nectin-2 gene expression in peritoneal
endothelium and VEGF serum levels in cancer
patients in comparison to controls

In the peritoneal endothelium, Nectin-2 expression was signifi-
cantly decreased (P =.013) in tumor patients compared to controls
(Figure 6A). At the same time, VEGF was significantly increased
(P =.01) clearly shown in the serum samples of tumor patients as
compared to the serum levels of controls (Figure 6B).

No significant differences of Nectin-2 expression in peritoneal
endothelium or serum VEGF levels were detectable regarding differ-
ent histological subtypes, grading, nodal status or distant metastasis

(not shown).

3.5 | Nectin-2 gene expression in endothelial cells,
after VEGF stimulation, and VEGF inhibition with
Fit-1/Fc in HUVEC culture

To further elucidate the degree to which VEGF affects Nectin-2 ex-
pression in endothelial cells, HUVEC were stimulated with VEGF, and
Nectin-2 gene expression was measured. After treatment, Nectin-2
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FIGURE 3 HG&E staining of representative sections of ovarian cancer tissue (A). Immunocytochemical staining of CD 31 (green staining)
or Nectin-2 (red staining) (B,C); scale bar, 1 mm. Detailed images D-G illustrate either H&E staining, immunocytochemical staining with
CD31 (green staining), Nectin-2 (red-staining) or colocalization (yellow staining); scale bar, 50 pm. Note that in tumor biopsies most
staining is found in tumor cells (arrowheads) (F) with only a few endothelial cells being positive for Nectin-2 (G). Pictures were taken with a
fluorescence microscope under 40x magnification

FIGURE 4 HG&E staining of representative sections of peritoneal tissue of ovarian cancer patients (C) or immunocytochemical staining
with Nectin-2 (D) in comparison to control peritoneal tissue (A,B); scale bar, 1 mm. Detailed representative immunocytochemical staining of
Nectin-2 (red staining) (1) and colocalization (yellow staining) (J) with CD31 (green staining) (H) in endothelial cells (arrowheads) was carried
out in comparison to control (E-G). In control peritoneal tissue samples, clear colocalization of CD31 and Nectin-2 can be seen (arrowheads)
(G). Comparison of control tissue (G) with peritoneum of cancer patients (J) shows a decrease in endothelial cells positive for Nectin-2; scale
bar, 50 um. Pictures were taken with a fluorescence microscope under 40x magnification

expression was significantly downregulated (P < .001). This effect was

3.6 | Effect of knockdown of Nectin-2 in HUVEC on

significantly reversed by simultaneous inhibition of VEGF by Flt-1/Fc . e
& Y Y Y endothelial permeability

(P <.001). Interestingly, Nectin-2 expression after VEGF inhibition
was significantly even higher (P < .001) as compared to Nectin-2 gene To investigate the effect of Nectin-2 on permeability regulation,
expression in control endothelium (HUVEC; Figure 7A). we carried out knockdown experiments by quantifying the relative
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permeability after knockdown of Nectin-2, showing a significant in-
crease (Figure 7B; P =.016).

4 | DISCUSSION

Ovarian cancer is mostly diagnosed in an advanced stage of tumor.!
At this stage, tumor cells have already spread into the abdominal
cavity presenting as peritoneal tumor spread and metastasis. The
cause of death is mostly associated with the mass of advanced ab-
dominal tumor spread and abdominal tumor manifestation.?”28

In the present study, we localized Nectin-2 in the tumor cells of
ovarian cancer biopsies and found that Nectin-2 is highly expressed
in ovarian cancer patients especially in nodal-positive patients and in
those with >1 cm residual tumor after surgery (TR 2), namely patients
who are known to be associated with a poor outcome.?” A possible
interpretation of this observation might be that tumor cell spread
and dissemination into the abdominal cavity may be supported by
increased peritoneal permeability as a result of downregulation of
capillary adhesion proteins such as Nectin-2 in the peritoneal vascu-
lature as shown in this study.

Recent studies have indicated that for local tumor spread into the
abdominal cavity and to the peritoneal tissue, tumor cell migration
and adhesion are the main mechanisms involved.?’ Although very
few studies are available, molecules such as Nectins are described to
be involved in these processes.&17 These functions of Nectins impli-
cate its possible roles in tumor cell survival and proliferation. In our
study, we localized Nectin-2 protein mostly in the tumor cells in our
human ovarian cancer biopsies and found higher gene expression
of Nectin-2 in tumor cells of ovarian cancer patients in comparison
to controls (ovarian surface epithelium). This observation is in line

with investigations by Oshima et al.?0 By using expression profile

analysis, the authors showed overexpression of Nectin-2 in ovarian
cancer tissue as compared to healthy controls. Moreover, recent
studies have shown that Nectin-2 is highly expressed in epithelial
malignancies and it was suspected that the expression correlates
with high malignancy, fast progression, and/or poor prognosis of

human breast cancer?

or gallbladder cancer.?! It was also demon-
strated that inhibition of Nectin-2—using monoclonal antibodies—
suppressed tumor cell proliferation in vitro.?% The hypothesis that
Nectin-2 supports tumor growth and metastasis by its function as
an adhesion molecule is supported by our finding of significantly
increased Nectin-2 expression in tumor biopsies of nodal-positive
patients. In our collective patients in which lymphadenectomy had
been carried out, 71% were affected with histologically proven
lymph node metastasis, and patients who have already died from
cancer had a significantly higher percentage of lymph node metasta-
sis at the initial diagnosis as compared to patients who are still alive.
In addition, in patients with advanced local stage tumors (T3), the
percentage of positive lymph nodes was significantly higher than in
early-stage ovarian cancer patients (T1). These results may lead to
the suggestion that Nectin-2 is associated with more aggressive tu-
mors characterized by lymph node metastasis. This finding is in line
with results obtained by Liang et al*° concerning the significance of
Nectin-2 in pancreatic ductal adenocarcinomas. They showed that
Nectin-2 expression significantly correlated with clinical progres-
sion, as indicated by large tumor size and lymph node metastasis.
Moreover, this study group found that positive Nectin-2 expression
correlated with shorter survival. Investigations on other tumor enti-
ties such as multiple myeloma®! support these findings of Nectin-2
expression being closely related to the prognosis of disease.

The hypothesis that Nectin-2 supports tumor growth and me-
tastasis is further supported by our findings that resection status

after surgery is related to Nectin-2 expression. It is well known that



BEKES ET AL.

complete surgical removal of ovarian cancer is the main prognostic
and survival factor for this tumor entity.?”23% In our study, patients
in whom complete removal of the tumor was achieved showed sig-
nificantly lower Nectin-2 expression in tumor biopsies as compared
to patients in which a tumor residual of more than 1 cm remained.
These results suggest that high tumor Nectin-2 expression in ovarian
cancer may account for aggressive tumors and those associated with
poor prognosis.

A second aspect of Nectin-2 functioning as a promotor of tumor
cell spread may be seen in its potential involvement in ascites pro-
duction. Ascites formation in ovarian cancer is known to facilitate
the dissemination of cancer cells into the abdominal cavity.>* In our
previous investigations, we showed that increased peritoneal vas-
cular permeability is due to VEGF-induced suppression of adhesion
molecules in the peritoneal vasculature.?* Furthermore, we showed
that VEGF-derived ascites formation increases with aggressive ovar-
ian cancer subtypes.?’ In the current study, we found Nectin-2 local-
ized in the peritoneal vasculature. This is in line with the results of
our previous studies where colocalization of the adhesion proteins
claudin 5 and VE-cadherin, as well as decreased expression in the
peritoneum of ovarian cancer patients, was found.?*?? In the current
experiment, Nectin-2 was clearly suppressed in the peritoneal endo-
thelium of tumor patients as compared to controls, associated with
highly expressed VEGF in the tumor and increased VEGF serum lev-
els indicating that Nectin-2 downregulation might be VEGF driven.

In our cell culture experiments, VEGF stimulation of endothe-
lial cells resulted in significant downregulation of Nectin-2 that was
not only reversed by simultaneous VEGF inhibition, but was also
followed by significantly increased Nectin-2 expression as com-
pared to controls. This interesting observation may be explained
by additional suppression of endogenous VEGF synthesized by the
endothelial cells themselves. Moreover, our finding that Nectin-2
knockdown in endothelial cells significantly increased endothelial
permeability further supports the hypothesis that Nectin-2 plays a
role in the regulation of permeability in the peritoneum. Taking these
results together, it can be assumed that downregulation of Nectin-2
by VEGF, together with other adhesion proteins, supports the in-
crease in vascular permeability to allow ascites production for local
tumor dissemination. So far, it is not clear whether this is a direct
effect of VEGF or whether the effect is indirectly achieved by down-
regulation of other adhesion proteins. In earlier studies, we showed
that adhesion proteins influence each other. Knockdown of claudin
5 or VE-cadherin resulted in suppression of one or the other, respec-
tively, and of Nectin-2 in vitro.%> Both effects were associated with
increased endothelial permeability. In the present study, we found
that knockdown of Nectin-2 in HUVEC was followed by an increase
in permeability, indicating that Nectin-2 is either directly or indi-
rectly regulated by VEGF and, in this way, involved in permeability
regulation that may facilitate local tumor spread into the abdominal
cavity.

In summary, herein we showed that high expression of Nectin-2
in tumor cells of ovarian cancer patients is associated with early
lymph node metastasis and residual tumor after surgery (TR 2),
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resulting in a poor outcome for the patient. Downregulation of
Nectin-2 in the peritoneal vasculature through the function of VEGF
may increase vascular permeability followed by ascites production

that further facilitates tumor dissemination in the abdominal cavity.
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