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Claudin-1 is linked to presence of implants and
micropapillary pattern in serous borderline epithelial
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ABSTRACT

Aims Expression of Claudin-1 has been associated with
prognosis in several cancers. Here

we investigated the expression pattern of Claudin-1 in
borderline tumours of the ovary (BOT).

Methods We analysed a cohort of 114 cases of
borderline tumour (BOT). Claudin-1 expression was
studied by immunohistochemistry using a polyclonal
antibody and was compared with clinical and
histopathological characteristics.

Results Strong Claudin-1 expression was found in

30 cases (26.3%) independent of histological subtype.
Expression was significantly less frequent in International
Federation of Gynecology and Obstetrics (FIGO) stage

| (p=0.045), while the presence of microinvasion did
not correlate with Claudin-1 expression. In contrast, we
detected a highly significant association of Claudin-1
expression with the presence of peritoneal implants
(p=0.003) and micropapillary pattern (p=0.047), which
are features exclusively seen in serous BOT. Moreover,
when we restricted our analysis to the subtype of serous
BOT, the association of Claudin-1 expression with
peritoneal implants (p<0.001) and micropapillary pattern
(p =0.003) remained highly significant.

Conclusions In conclusion, Claudin-1 expression is
associated with the presence of peritoneal implants

and micropapillary pattern, which have been shown to
be associated with poor prognosis. We speculate that
overexpression of Claudin-1 might be linked to the
mitogen-activated protein kinase pathway activation in
BOT and suggest further studies to define its prognostic
and potential therapeutic value.

INTRODUCTION
Borderline tumours (BOTs) of the ovary are a fasci-
nating group of ovarian tumours with a specific
behaviour. Their atypical cellular structure and
metastatic potential contrasts their less aggressive
behaviour, when compared with high-grade serous
ovarian tumours, a discrepancy that has been
noted since their first description in 1929." They
were first segregated as a different group in 2003,
and lastly revised in 2014 in the new WHO clas-
sification.” Similar to invasive carcinoma BOTs are
distinguished in six histological subtypes according
to the epithelial cell type.

Distinction between BOT and frankly invasive
tumours usually does not pose a diagnostic problem.
However, serous BOTs (SBOTs) are sometimes

associated with microinvasion, lymph node involve-
ment and peritoneal implants. The prognostic effect
of the presence of these parameters in SBOT is not
fully clear.?*° The former stratification of invasive
and non-invasive implants has been changed in the
most recent WHO classification, as any invasive
foci should now be considered as low-grade serous
carcinoma (LGSC). Otherwise the new classifica-
tion considers the terms ‘serous borderline ovarian
tumour’ and ‘atypical proliferative serous tumour’
(APST) as synonymous, and ‘SBOT with micropap-
illary pattern’ as synonymous with ‘non-invasive
low grade carcinoma’ (niLGSC).> Approximately
30%-47% of patients with SBOT develop extrao-
varian pelvic and/or intra-abdominal disease in
the form of tumour implants.” The presence of
(non-invasive) implants does not have a prog-
nostic impact, whereas invasive peritoneal disease
as associated with LGSC displayed reduced overall
survival.® #1% Although BOTs have a more favour-
able outcome than invasive ovarian cancer, with an
overall recurrence rate between 3% and 109,
BOT can recur even after several years.” The role
of BOT in the development of invasive epithelial
cancer of the ovary is still unclear. Nevertheless,
molecular data seem to confirm the view that inva-
sive LGSC develops in a stepwise fashion from
benign cystadenofibroma to classic invasive LGSC
via transformations to SBOT (or APST) and serous
proliferations with micropapillary pattern.’s 1°
At least 7% of SBOT will transform to low-grade
carcinoma, which occasionally occurs decades after
the primary diagnosis.” 7 #

Claudins are a family of integral membrane tight
junction proteins that are involved in signal trans-
duction and cellular transport functions."” Loss
of tight junction integrity seems to play a role in
tumourigenesis of solid tumours.”’ Depending
on the type of neoplasia, claudin proteins may be
reduced, elevated or mislocated in tumour cells
compared with normal adjacent cells.?! To date
more than 20 claudins have been cloned and charac-
terised.”> Claudins may play a cancer-promoting or
tumour-suppressing role.”' Their expression is asso-
ciated with prognosis in several cancers, suggesting
their utility as prognostic factors as well as thera-
peutic targets.” ** Claudin-1 is one of the most
dysregulated claudins in human cancers and seems
to have a crucial role in various cancers.”> Here we
analysed the expression pattern of Claudin-1 in
BOT and its association with clinicopathological
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Table 1 Sample characteristics
Characteristics according to
second pathology n %
Median age
46.5 years
Subtype
Serous 72 63.2
Mucinous 36 31.6
Endometrioid 2 1.8
Mixed 4 35
FIGO stage
| 86 75.4
Il 5 43
] 5 43
\% 1 1
NA 17 14.9
Micropapillary pattern
No 87 76.3
Partially 21 18.4
Yes 6 53
Microinvasion
No 113 99.1
Yes 1 0.9
Implants*
No 104 91.2
Yes 10 8.8

*All non-invasive.
FIGO, International Federation of Gynecology and Obstetrics;NA, not available.

parameters. The main finding was a significant association
between strong expression of Claudin-1 and important histolog-
ical features of BOT.

MATERIALS AND METHODS

Patients and samples

All analyses were performed according to the ‘REporting
recommendations for tumor MARKer prognostic studies’
(REMARK).*® Samples were processed anonymously. We have
previously described a cohort of 137 ovarian BOT samples
from the University of Frankfurt with validated diagnosis by
two experienced gynaecological pathologists (KE, RA).” 2* At
least one block per centimetre diameter of tumour was exam-
ined. Diagnosis and tumour grading were performed according
to the current criteria of the WHO.? Immunohistochemistry for
Claudin-1 was successfully performed for 114 of the samples.
The histopathological characteristics of this cohort are shown
in table 1.

Histopathological evaluation and immunohistochemistry

Paraffin sections (2 pm) were mounted on Superfrost Plus slides,
dewaxed in xylene and rehydrated through graduated ethanol
to water. Antigens were retrieved by microwaving sections in
10 mM citrate buffer (pH 6.0) for 20 min at 800 W. Blocking
was performed using antibody dilution buffer (DCS-Diagnos-
tics, Hamburg, Germany) at room temperature for 15 min.
Subsequently, the Claudin-1 antibody was diluted 1:100 in this
buffer. Sections were incubated with the diluted Claudin-1 anti-
body (Thermo Fisher Scientific, Germany, cat. #RB-9209, lot
9209P1306A) for 1 hour at room temperature. For negative
control, the primary antibody was replaced with phosphate-buff-
ered saline. For secondary antibody incubation and detection,
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Figure 1 Stratification of borderline tumours into two categories

according to the combined immunoreactive score (CIS) of Claudin-1
expression. Based on the observed distribution of CIS, two categories
(CIS 0-2 and CIS >2) were chosen for stratification.

the Dako REAL Detection System Alkaline Phosphatase/RED
(Dako, Glostrup, Denmark) was used following the protocol of
the supplier, and sections were counterstained with Hematox-
ylin Solution, Gill No 3 (Sigma-Aldrich GHS332). Secondary
goat antirabbit antibody (Fast-Red, code: K5005) was purchased
from Dianova (Hamburg, Germany).

Staining intensity (I) was semiquantitatively scored as
‘no staining’ (0), ‘weak’ (1), ‘medium’ (2) or ‘strong’ (3). A
combined immunoreactive score (CIS) was then calculated
as the product of staining intensity (I) and the percentage of
stained cells (P) with CIS=IxP/30 (thereby normalising the
CIS value to the absolute range of 0-10). All assessments were
made blinded with respect to clinical patient data. The distri-
bution of the CIS in the cohort is shown in figure 1. Based
on this distribution we adopted a cut-off of CIS >2 for our
analysis.

Statistical analysis

x* and Fisher’s exact tests were used to determine significance
of categorical variables and Mann-Whitney U test for analysis of
continuous variables. All p values are two-sided and 0.05 was
applied as the significance level. Subjects with missing values
were excluded from the analyses. All analyses were performed
using SPSS Statistics V.22.

RESULTS

Sample characteristics of the cohort

The median age of patients was 46.5 years (34.3-62.8). As
shown, most of the samples were either of serous (63.2%,
SBOT) or mucinous subtype (31.6%). Regarding the Interna-
tional Federation of Gynecology and Obstetrics (FIGO) stage,
most of the patients were classified as stage 1 (75.4%). Micro-
papillary pattern and implants were observed solely in SBOT (in
36.1% and 13.99%, respectively, of the patients).
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Figure 2 Immunohistochemical detection of Claudin-1

expression in borderline tumours (BOT) of the ovary. Examples of
immunohistochemical staining of formalin-fixed, paraffin-embedded
borderline tumour tissues using Claudin-1 antibody are shown:
mucinous (A) and serous BOT (B) with intense membrane staining. An
example of serous BOT negative for Claudin-1 expression is shown in
(C). Scale bar 100 pm.

Claudin-1 expression in BOT of the ovary

We next studied Claudin-1 expression by immunohistochemical
analysis of tissue samples from all 114 BOTs. Representative
examples of Claudin-1 staining results are shown in figure 2.
Claudin-1 localised to cell membrane in all tumours with positive
staining results. Fibroblasts and endothelial cells stained negative
for Claudin-1. Intensity of staining and percentage of stained
cells were scored separately and combined as an immunohisto-
chemical score (CIS, see above). Based on the distribution of CIS
shown in figure 1, we selected CIS >2 as a cut-off for Claudin-1
expression. This cut-off resulted in 30 cases (26.3%) with posi-
tive Claudin-1 expression and 84 cases (73.7%) with no expres-
sion. We then compared the expression of Claudin-1 with sample

Table 2 Claudin-1 expression in borderline tumours of the ovary

Claudin- Claudin-
1-negative 1-positive
Sample characteristics (CIS<2) % (CIS>2) % P values
Frequency 84 73.7 30 26.3 0.14
Median age 49.0 39.5
FIGO stage
| 65 75.6 21 24.4 0.045
Il 1 20 4 80
1] 3 60 2 40
\% 1 100
Subtype
Serous 54 75 18 25 0.88
Mucinous 26 72.2 10 27.8
Endometrioid 1 50 1 50
Mixed 3 75 1 25
Microinvasion
No 83 73.5 30 26.5 1.0
Yes 1 100 0
Implants
No 81 71.9 23 221 0.003
Yes 3 30 7 70
Micropapillary pattern
No 69 793 18 20.7 0.047
Partially 12 57.1 9 42.9
Yes 3 50 3 50

Significant p-values are given in bold.
CIS, combined immunoreactive score;FIGO, International Federation of Gynecology
and Obstetrics.

characteristics, as presented in table 2. There was no significant
difference in median age between patients with tumours positive
or negative for Claudin-1 (p=0.14) (table 2). Furthermore, no
significant correlation was found between histological subtype
and the expression of Claudin-1. In contrast, Claudin-1 expres-
sion was significantly less frequent in FIGO stage I (p=0.045) as
75.6% of these patients did not show Claudin-1 expression. Pres-
ence of microinvasion did not correlate with Claudin-1 expres-
sion. However, we detected a highly significant association of
Claudin-1 expression and the presence of implants (p=0.003),
with 70% of cases with implants showing Claudin-1 expression.
Furthermore, micropapillary pattern significantly correlated
to Claudin-1 expression (p=0.047). Because micropapillary
pattern is only observed in SBOT, we separately analysed this
subtype. As shown in table 3, both implants (p<0.001) and

Table 3 Micropapillary pattern and implants according to Claudin-1
expression in 72 serous borderline tumours of the ovary

Claudin- Claudin-
1-negative 1-positive
(CIS <2) % (CIS >2) % P values
Implants
No 51 823 " 17.7 <0.001
Yes 3 30 7 70
Micropapillary pattern
No 39 84.8 7 15.2 0.003
Partially 12 60 8 40
Yes 3 50 3 50

Significant p-values are given in bold.
CIS, combined immunoreactive score.
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micropapillary pattern (p=0.003) remained significantly associ-
ated with Claudin-1 expression in the subgroup of 72 SBOTs.

In addition, to verify the robustness of the obtained results, we
also repeated our analyses with two alternative cut-offs for the
CIS: slightly lower (CIS >1) and higher (CIS >4), respectively.
The association of Claudin-1 expression with the presence of
implants in SBOT remained clearly significant with both alter-
native cut-off values (p=0.005 and p=0.040 for CIS >1 and
CIS >4, respectively). The correlation of Claudin-1 expression
and micropapillary pattern in BOT showed a strong trend when
applying the lower cut-off value (CIS >1, p=0.075) and was
clearly significant with the higher cut-off (CIS >4, p=0.008).

Thus, we found that independent of the specific cut-off values
applied, Claudin-1 expression is associated with the presence of
implants and micropapillary pattern in SBOT.

Discussion

Cancer invasion and metastasis is characterised by changes in
the expression of junction proteins and disruption of the cell-to-
cell junction. Claudin expression in various tumours alters tight
junction structures and function, causing a disruption in cell
polarity and decrease in cell adhesion, thus enhancing the inva-
sive and metastatic potential of tumour cells.”’ The exact role
of Claudin-1 in tumourigenesis in ovarian cancer is unclear.*’
However, its overexpression has been found to be associated
with low degree of differentiation and high rate of invasion in
ovarian cancer cell lines.*

In the current study, we aimed to investigate the expres-
sion pattern of Claudin-1 in BOTs of the ovary and its associ-
ation with clinicopathological parameters. To our knowledge,
this represents the largest analysis of Claudin-1 in BOT to
date. Approximately one-third of all examined BOTs (26.3%)
expressed Claudin-1, with similar frequency in serous (18
cases) or mucinous (10 cases) histological subtypes. Our results
revealed a significant association between strong expression of
Claudin-1 and important histological features. The main finding
of our study is the correlation of Claudin-1 expression with the
presence of peritoneal implants (p<0.001) and micropapillary
pattern (p=0.003) in SBOT.

To evaluate the prognostic role of implants, a recently
published population-based study from Vang et al’' examined
the long-term follow-up of 942 patients with SBOT. This study
showed that the presence of implants regardless of being invasive
or non-invasive and irrespective of the type of ovarian tumour
(APST or niLGSC) was associated with statistically significantly
higher rates of subsequent development of serous carcinoma.
Furthermore, implants were associated with statistically signifi-
cantly increased risk of death.’! On the other hand, presence of
a micropapillary architecture in the primary diagnosis of SBOT
is a strong predictor of invasive implants.® Regarding patients
with tumours confined to the ovary harbouring micropapil-
lary growth pattern (niLGSC), the same investigators®' found
a significantly higher rate of subsequent serous carcinoma when
compared with typical SBOT. In contrast, du Bois et al** did
not find in their large published cohort study this prognostic
effect on recurrence. In another recently published study from
McKenney et al’’, extraovarian implants with micropapillary
architecture were often associated with tissue invasion, but this
did not add significant prognostic value when compared with
destructive tissue invasion alone.

According to the dualistic model of ovarian carcinogenesis,™*
LGSCs develop gradually from BOT and are characterised by
sequence mutations in the KRAS, BRAF and ERBB2 oncogenes,

which result in constitutive activation of the mitogen-activated
protein kinase (MAPK) signal transduction pathway (MAPK).* %
Expression of active MAPK was also detected in some LGSCs
as well as high grade serous carcinoma (HGSCs) with wild-type
KRAS and BRAF, indicating that the activation of MAPK could
be independent from these mutations.®” Interestingly, Claudin-1
has been linked to the MAPK signal pathway in mice, as treating
male mice with MEK 1/2 inhibitor led to a reduction of its
expression.’® These reported findings allow us to speculate that
the overexpression of Claudin-1 in the present study might be,
at least in part, linked to the activation of the Ras-Raf pathway
in BOT. We identified no previous studies linking Claudin-1
expression to the MAP kinase signal pathway in humans.

Our results could contribute to new knowledge in the unclear
pathomechanism in the development and behaviour of BOT and
low-grade ovarian carcinoma. The strengths of our study include
its large sample size, the use of a central pathology as well as
the blinded re-evaluation by a second pathologist. Limitations,
however, include the retrospective design of the analysis and
most importantly the missing follow-up of the patients. Further
studies of Claudin-1 expression in BOTs are needed in order to
better understand its role as a promising molecular marker in
BOT and to define its prognostic and potential therapeutic value.

Take home messages

» Risk factors for invasive recurrence of borderline tumours
(BOT) of the ovary are needed.

» Strong Claudin-1 expression was found in 26.3% of
BOT linked to features to elevated risk of recurrence as
micropapillary pattern and the presence of implants in SBOT.

» Claudin-1 could be a valuable marker to differentiate BOT
according to prognosis.

Handling editor Dhirendra Govender.
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