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Abstract

Background: Claudin 4 is one of the tight junction proteins
which considered one of the protective barriers that are mostly
involved in the regulation of intercellular communication,
paracellular transport and apical cell-to-cell adhesion. Over-
expression of COX-2 and subsequent increase in prostaglandins
(PGs) concentration have emerged in recent years as important
players in cancer progression.

Aim of Study: To explore immunohisto chemically the
expression of both claudin-4 and COX2 in nasopharyngeal
carcinoma and correlate their expression with each other and
with different clinicopathological parameters.

Material and Methods: This retrospective study was done
upon formalin fixed, paraffin blocks of 32 nasopharngeal
carcinoma cases and 6 non-neoplastic nasopharyngeal epithe-
lium. The materials were obtained from archieves of Pathology
Departement and Early Cancer Detection Unit (ECDU),
Faculty of Medicine, Benha University during the years 2012-
2017. The immunohistochemical stain with Claudin 4 and
COX2 was done and evaluated for each case.

Results: High expression of claudin 4 was observed in
44% of studied nasopharyngeal cases with statistically signif-
icant correlation with tumor stage and distant metastasis
(»<0.05). Positive expression of COX2 was detected in 75%
of neoplastic group and statistically correlated with depth of
tumor invasion, nodal invasion and tumor stage (p<0.05). A
statistically significant correlation was detected between
overexpression of COX2 and low expression of claudin4 in
the studied neoplastic cases (»p<0.05).

Conclusion: Claudin -4 has different tumorigenic effects
besides their known adhesion attributes. Because of that, we
believe that claudin 4 with other clinicopahological parameters
may be a promising prognostic molecular indicator in na-
sopharyngeal cancer cases and can be taken as a novel bi-
omarker for the predication of distant metastasis and survival.
This work also highlights COX-2 expression's potential as an
indicator of cancer progression that can contribute to assess-
ment of prognosis and treatment decisions. Therefore, COX -
2 inhibitors may have considerable potential as therapeutic
agents.

Correspondence to: Dr. Rasha M. Abdrabuh, The Department
of Pathology, Faculty of Medicine, Benha University

Key Words: Claudin-4 — COX2 — Nasopharyngeal carcinoma.

Introduction

NASOPHARYNGEAL carcinoma is a malignant
epithelial neoplasm of the head and neck. World-
wide, it is uncommon tumor accounting about only
0.7% of all cancer [1]. Nasopharyngeal carcinoma
is rare in united states and western Europe. But, it
is relatively common in Southwest Asian, North
Africa, and eskimo populations [2]. In Egypt, ac-
cording to National Cancer Insitute, Cairo Univer-
sity, it represents bout 0.39% of all tumors and
about 6.08% of respiratory tumors [3].

The most often used staging system to predict
prognosis of nasopharyngeal carcinoma cases is
American Joint Committee on Cancer (AJCC)
TNM staging system. Although the patients can
be classified owing to their clinical stage in this
system, their outcome may vary significantly,
making this staging system insufficient to perfectly
predict the prognosis of this tumor [4]. So recogni-
zation of an accurate prognosticator is essential to
improve the outcome of these patients.

Tight junctions (TJs) are specialized parts of
cell-cell contact and have vital actions in preser-
vation of cell polarity, cellular arrangement, adhe-
sion, and paracellular permeability [5]. Recent
studies have concluded that TJs not only have a
vital roles on cell polarity but they also affect cell
proliferation, invasion and distant metastasis [6].

One of these vital tight junctions is claudin
protein family.This family is constituded of 27
known members. Each member has characteristic
expression profile and barrier functions that differ
interestingly from that of the other [7].
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Claudin 4 (CLDN4) belongs to impermesability
claudins. It has been described as a receptor for

the cytotoxic clostridium perfringens endotoxin
(CPE) [g].

Whereas some previous studies showed that
the loss of claudin 4 expression has been involved
in increased invasion and distant metastasis of
tumors, others showed that its overexpression
promote cancer progression [9] .

There has been increasing evidence that inflam-
mation and inflammatory microenvironment play
an important role in the developement and progno-
sis of cancer. Several studies have shown that high
levels of prostaglandins (PGs) have been detected
in cancers of different anatomical sites, but the
role of these metabolites in tumor growth and
prognosis has been postulated [10].

Cyclooxygenases (COX) are well known en-
zymes that act as inflammatory regulators respon-
sible for conversion of arachidonic acid to pros-
taglandin H2 (PGH2) [6] . COX hastwo isoforms:
COX1 and COX2. The two isoforms have different
functions as COX-1 isinvolved in maintaining
homestasis and expressed by most normal cells
while COX-2 isinvolved in many pathological
events and abscent in most normal tissues [11].
COX-2 appears to have arole in the neoplastic
transformation and progression by affecting cell
proliferation, cell adhesion, apoptosis, angiogenesis
and immunesurvillance [12].

Whereas, some studies have shown that the
levels of COX-2 increase when metastasis happens
in nasopharyngeal carcinoma, others ones have
failed to find any assocaition. A 1so COX-2 prog-
nostic values and roles of COX-2 inhibitorsin
clinical practice remain unclear.

This study aimed to investigate the expressions
of both COX-2 and claudin-4 and their relationship

Table (1): Studied antibodies in this research.
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with clinicopathol ogic parameters of nasopharyn-
geal carcinoma that may represent a new chemo-
therapeutic agents for treatment of this malignant
disease.

Material and Methods

This retrospective study included 6 cases of
formalin-fixed, paraffin-embedded blocks of reac-
tive nasopharyngeal tissue and 32 selected cases
of nasopharyngeal carcinoma collected after ap-
proval of the Ethical Committee from the archieves
of Pathology Department and Early Cancer De-
tection Unit (ECDU), Faculty of Medicine, Benha
University and from international medical centre
from the period between June 2012 and may 2017.
To confirm diagnosis and grading; hematoxylin
and eosin sections from each cases were reviewed
by two pathologists. The grading of the studied
cases were done accorging to WHO (2017) into
type 1 (squamous cell carcinoma) and type 2 (un-
differentiated carcinoma). Primary tumor size (T),
lymph node metastasis (N), and clinical staging
were listed owing to the American Joint Committee
on Cancer (AJCC) 8th edition [13].

Immunohistochemical staining:

From each blocks, two formalin-fixed, paraffin-
embedded, 4-micron tissue sections on positively
charged slides were prepared for each case. Immu-
nohistochemical staining for both Claudin-4 and
Cox-2 was performed (Table 1). Staining steps
were done according to the standard ABC (avidin-
biotin complex) procedures following the manu-
facturer"sinsrtuctions (Neomarker, LABVISION,
USA, CA 94538-7310). The sections were visual-
ized with 0.02% diaminobenzidine (DAB) solution.
Lastly the sections were counterstained with
Mayer’s hematoxlin then dehydrated in alcohols
and mounted. Negative control was done by omit-
ting the primary antibody.

. . Antigen Incubation Positive Staining
Antibody Source Cat. No. Clonality retrieval period control pattern
Claudin 4 Thermo fisher 3E2C1 Monoclonal Citrate buffer One hour at room Normal Membranous

(ready to use) PH 6.0 temperature colon
Cox-2 Labvision/ RB-9072-R7 Monoclonal Citrate buffer Onehour at room Colorecta  Cytoplasmic
(ready touse)  thermoscientific, PH 6.0 temperature carcinoma
Fremont, USA

Immunohistochemical inter pretation:

The immunohistochemically stained sections
were assesed under light microscope (leica). Clu-

adin-4 postivity were cosidered only as brownish
membranous staining and scored according to
intensity of expression from 0-3 where O is nega-
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tive, 1 isweakly positive, 2 isintermediately
positive and 3 is stongly positive [14] . For statistical
analysis; High claudin-4 was classified as neoplastic
cellswith staining intensity more than or equal 2
and low claudin-4 intensity with staining intensity
less than 2.

Cox-2 positivity was regarded as brown cyto-
plasmic staining. The postive results were classified
into O (negative staining), 1 (less than 10% of the
cells stained or weakly stained), 2 (10%-50%
positively stained or moderate staining) and 3
(more than 50% of cells positively stained or
strongly stained) [15] . To simplify the data analysis,
cases were divided into positive group (*>.2) and
negative (<2).

Satistical analysis:

Results were analyzed using SPSS (version 16)
statistical package for Microsoft windows as follow:
p-value >0.05 is non-significant (N) p<0.05is
significant (S) & p<0.01ishighly significant (HS).

Results

A- Clinicopathological characters:

» Group I: Non-neoplastic nasopharyngeal cases
(N=6); this group includes reactive nasopharyn-
geal tissue adjacent the detected tumor.

* Group II: Neoplastic cases (N=32).

After histopathological examination the studied
Nasopharyngeal carcinoma cases were divided
into:

Type I: Squamous cell carcinoma (N=12) with
well nest of pleomorphic squamous cells, hyper-
chromatic nuclei and squamous eddies, Type ll:
Undifferentiated carcinoma (N=20) with sheets of
highly pleomorphic epithelial cellsthat showed
syncytial growth pattern, vesicular nuclei with
prominent central nucleoli, reactive lymphoid
stroma and no keratinization.

After reviewing the demographic data, it was
found that: pT1, pT2, Pt3 and pT4 were 3,6,15,8
cases respectively. For nodal status: NO, N1, N2
and N3 were 4, 7 10 and 11 cases respectively .
From NPC cases 3 cases were of stage |, 7 of stage
11, 12 cases of stage |11 and stage 1V in 10 cases.

B- Immunohistochemical claudin4 staining results:

The expression of claudins 4 was found in 67%
of group | (non neoplastic nasopharyngeal tissue)
and in all of NPC studied cases in which 56% was
of low score and high score in 44% of group Il.
(Figs. D&F).
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Correlation between clinicapathological pa-
rameter s of the studied cases and expression of
claudin 4:

There was a significant decrease in the expres-
sion of claudin 4 with the advancing of the stage,
as 80% & 75% of stage 1V and 11 respectively
showed low score of claudin 4 compared with only
one of each stage | and 11 were of low score with
percentage of 33% and 14.5% respectively ( p-
value <0.05).

The distant metastasis was statistically corre-
lated with low Claudin expression, as all cases
(100%) of M1 showed low Claudin score while
only 19% of M 0 cases showed the same expression
(p-value <0.05).

There was no significant relationship deter-
mined between claudin 4 expression and histolog-
ical type, tumor size and nodal status (p-value
<0.05) (Table 3).

C- Immunohistochemical COX2 staining results:

Positive COX2 expression was dominant in
NPC in the form of diffuse brown cytoplasmic
staining. It was detected in 24 (75%) of carcinoma
cases and detected only in 1 case of group I. This
correlation was statistically significant (p<0.05)
Figs. (C&E).

Regarding depth of invasion, COX 2 was pos-
itive in 33.3%, 50%, 80% and 88% of pT1, pT2,
pT3, pT4 respectively; which was a stetistically
significant correlation (p<0.05).

Out of 27 cases of NPC cases which were
accompanied by nodal invasion, 78% were positive
to COX2 expression, in which all of N3 (100%)
and 80% of N2 were positive, while only one of
4 cases with no nodal spread (25%) showed positive
immunostaining, so statistically significant corre-
|ationwas demonstrated with lymph node metastasis
(p-value <0.05).

The positivity of COX2 was increased in cor-
relation to higher stage, so statistically significant
correlation was demonstrated between its expres-
sion and tumor stage (p-value <0.05) (Table 4).

D- Correlation between Claudin-4 and COX2
exxpression:

A statistically significant correlation was found
between low expression of Claudin 4 and COX2
overexpression in the studied cases (p-value <0.05).
Twenty four cases (87.5%) examined in this study
showed positive immunostai ning for COX2; of
them; 71% showed low claudin 4 expression in
the time 87% of negative COX2 expressed cases
showed high claudin 4 expression (Table 5).
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Table (2): Expression of COX 2 & CLDN 4 in two-studied groups.

Claudin 4 Cox2
Group No. p-value p-value
Low High Negative Positive
Group I (non-neoplastic) 6 2 (33.5%) 4 (66.5%) >0.05 5(83.5%) 1 (16.5%) <0.05
Group II (neoplastic) 32 18 (56%) 14 (44%) 8 (25%) 24 (75 %)

Table (3): Correlation between Claudin-4 expression and
different clinico-pathologic features of the studied
Neoplastic cases.

Table (4): Correlation between COX2 expression and different
clinico-pathologic features of the studied NPC
cases.

CLDN4 expression COX2 expression
. p- in NPC .
Parameter Total  Low High value Parameter Total pl
(N=18) (N=14) Negative Positive value
(N=18)  (N=24)
Type:
Well differentiated 14 10 (50%) 4 (50%) >0.05 Type:
type I Well differentiated 14 6 (36%) 8 (64%) >0.05
Undifferentiated 18 8 (44.5%) 10 (55.5%) typel
Undifferentiated 18 3(17%) 13 (83%)

carcinoma type III

Primary tumor

extension:
Tl 3 2 (66.5%) | (33.5%) >0.05
T2 6 4 (66.5%) 2 (33.5%)
T3 15 8 (53%) 7 (47%)
T4 8 4 (50%) 4 (50%)
Nodal status:
NO I (25%) 3 (75%) >0.05
N1 7 4 (57%) 3 (43%)
N2 10 7 (70%) 3 (30%)
N3 I 6 (54.5%) 5 (45.5%)
Distant metastasis:
MO 22 8 (36%) 14 (64%) <0.05
M1 10 10 (100%) 0 (0%)
Stage:
1 3 I (33.5%) 2 (66.5%) <0.05
11 7 3 43%) 4 (57%)
111 129 (75%) 3 (25%
v 10 8 (80%) 2 (20%)

carcinoma type III

Primary tumor

extension:
T1 3 2 (66.5%) 1 (33.5%) <0.05
T2 6 3(50%) 3 (50%)
T3 15 2 (20%) 12 (80%)
T4 8 2(12%) 6 (88%)
Nodal status:
NO 4 3 (75%) I (25%) <0.05
N1 7 3(42.5%) 4 (47.5%)
N2 10 3@30%) 7 (70%)
N3 11 0 (0%) 11 (100%)
Distant metastasis:
MO 22 8 (36%) 14 (64%) >0.05
M1 10 0(0%) 10 (100%)
Stage:
1 3 2 (66.5%) 1 (33.3%) <0.05
11 7 343%) 3 (57%)
111 12 2(17%) 10 (83%)
v 10 1(10%) 9 (90%)

Table (5): Correlation between COX2 expression and Claudin- 4 in NPC cases.

Claudin 4 expression

Cox 2 expression - p-

High value
Negative (8 cases) | (125%)  7(87.5%)  <0.05
Positive (24 cases) 17 (71 %) 7 (29%)
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(A)

(€)

(E)
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(B)

(D)

(F)

Fig.: (A): Negative cytoplasmic COX2 expression in normal squamous epithelium. (B): High membranous claudin 4 expression
in normal squamous epithelium. (C): Positive weak cytoplasmic expression of COX2 in Typel nasopharyngeal carcinoma.
(D): Low membranous claudin 4 expression in Type I nasopharyngeal carcinoma. (E): Positive strong cytoplasmic
expression of COX2 in Type II nasopharyngeal carcinoma. (F): Low membranous expression of Claudin 4 in Typell

nasopharyngeal carcinoma.
Discussion

In certain geographic and ethnic popula-
tions,nasopharyngeal carcinoma (NPC) registers
high incidence rates, that still lacks relevant bi-
omarkers for its development and prognosis; there-
fore, studying more biomarkers are going to predict
of the prognosis of (NPC) andestablishment of
targeted therapeutic approaches [18].

Claudin 4 is overexpressed in many cancer
types including pancreatic ductal adenocarcinoma,

endometrial adenocarcinoma, ovarian, urinary
bladder, and breast cancers [19]. Whileits expression
islost in other different types of cancer such as in
hepatocellular carcinoma, renal cell carcinomas
and squamous cell carcinoma [20].

Thirty two cases of (NPC) with different stages
and grades were included in this retrospective work

and studied immunohistochemically for claudin 4
and COX2.

Only one case of the studied NPC was of neg-
ative claudin 4 expression that was included within
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low claudin 4 scoring groupand all the remaining
cases showed positive claudin 4 expression. Sim-
ilarly, claudin 4 was detected in al casesin which
clauding was studied in 18 patients with EBV -
related non-keratinized NFC [21].

Claudin 4 overexpression was scored in 14
cases (44%) of studied NPC, in contraste in the
study done by Hsueh, et al., [22] ; 88% of studied
cases scored high claudin 4 expression. This dif-
ference may be due to low numbers of our studied
cases comparing with 176 cases in Hsueh'swork.

Concerning the expression in normal tissue,
this work showed expression ofclaudin 4 in 66.5%
cases of non neoplastic group. This matches with
Hsueh, et al., [22] who demonstrated claudin 4
expression in 57.9% of the non-neoplastic cases.

Thisfinding also is proven in other normal
tissue like Soini, et al., [23] who detected that
Claudin 4 was expressed in normal human bronchi,
bronchioles and in type 2 alveolar cells while type
1 alveolar cellswere negative.

When correlating claudin 4 expression with
the stage of studied NPC cases, an inverse statisti-
cally significant correlation was found as 75% &
80% of stage I11& 1V respectively were of low
claudin 4 score comparing to 14.5% of stage |1
and 33% of stage | showed same low score.

The same finding was registered when corre-
lating with distant metastasis as, al casesof M 1
(100%) were included within low claudin 4 expres-
sion group.

In keeping with current study, Suren, et al., [24]
who found statistically significant correlation
between low claudin 4 expressions and stage of
NPC. Similar resultswere in Hsueh, et al., [22]
study in which decreased claudin 4 immunostaining
was statistically related to advanced stage and
distant metastasis.

Our results also proven the study of Ohtani [25]
in which claudin 4 expression was significantly
decreased with advanced stage and peritoneal
metastasis of gastric carcinoma.

Analysis of claudin4 expression and clinico-
pathological parameters of colorectal carcinoma
in Tani, et a (26) study showed that claudin-4
levels were inversely correlated with depth of
tumor invasion which was similarly shown in our
studied cases of NPC but without registered sig-
nificant difference.

Assessment of correlation with other parameters
including tumor size and nodal invasion was insig-
nificant, similar results were seen in the study of
Suren, et a., [24] adso, no significant relation with
the same parameters of NPC.

In study of breast cancer cases, most high grades
and node positive casesin Al Zakaria, et a., [27]
were al of clauding high expression in the contrast
of our findings, however, none of these parameters
reached statistically significant relation.

Our claudin 4 expression results regarding the
staging and distant metastasis are actually the same
with gastric carcinoma and hepatocellular carcino-
ma [25] , but it was the opposite comparing with
that in breast, ovarian and colorectal carcinoma
[28] . It may be due to the different signaling path-
ways could interfere with post-transl ational mod-
ification of the expressed claudin 4. Also Differ-
ences in the underlying mechanism of
carcinogenesis of each entity of carcinoma. These
could explain this controversy.

The differential regulation of claudin proteins
in various cancer types represents an opportunity
to determine the mechanism of different therapeutic
responses [25] .

Regarding COX 2, the association between
COX-2 expression and various types of cancers
has been cleared in recent studies. While some
studies have detected the prognostic value of Cox2
in NPC, othersfail to find the same value. Both
of the diagnostic and prognostic values of the
COX-2in NPC and the role of COX-2 inhibitors
in treatment remain unclear [29]. In this current
work,a clear association of COX-2 expression with
clinico-pathological parameters of NPC was dem-
onstrated.

When correlating COX 2 with tumor extension,
nodal metastasis and the tumor stage, we observed
astatistically significant correlation between COX2
expression and all of them (p<0.05). Despite all
of M1 showed positive COX2 but we cannot reg-
istered significant difference with COX2 positive
cases within MO group.

This data a so supports results of Weigi et d.,
[30] and Honghai, et al., [31] who have reported
that COX2 overexpression was significantly asso-
ciated with nodal metastasis as COX2 overexpres-
sion was detected in 95%, and 84.5% respectively
of nodal metastatic cases in the same work done
by Weiqi, 92% of advanced stage registered high
COX 2 expression with statistically significant
correlation.
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Also Yang, et al., [32] determined results that
are consistent with what our work found of statis-
tically significant correlation with the stage and,
tumor size.

Shi, et al., [33] reached the same significant
correlation with stage as 83% of advanced cases
and 89% of M1 were with high COX2. Parallel to
our results concerning distant metastasis, he found
that most cases of M1 showed COX 2 overexpres-
sion but without statistically significant correlation
like this present result. Also the study by Honghai,
et al., [31] which failed to establish any correlation
between COX2 overexpression and metastasis.

In contrast to these results, the studies of
Y afeng, et a., [34] and Shanzhi, et d., [35] found
no statistically correlation between COX 2 and
tumor size and stage (p>0.05). It may be due to
variations in technique, number of studied cases
and standards for identifying COX-2 positivity.

In attempt to view the inverse relationship
between claudin-4 and COX2 expression, it can
be explained by that COX2, as known, PGDs
synthesizer which by its role causes a significant
decrease of the tight junction proteins, of which
is claudin-4 leading to ateration in cell-cell adhe-
sion. It isalso proven by that NSAIDs and other
drugs having chemo-preventive effects by increas-
ing the intracellular Ca2+ concentration that result
in induced claudin-4 levels. So, Theloss of tight
junction proteins and permeability control of both-
epithelial and endothelial membrane by increased
COX2, it will promote cell invasiveness, motility
and proliferation.

Conclusion:

Thiswork highlights the association between
COX-2 expression and progression of NPC so, it
can be considered as an indicator of cancer pro-
gression and help in the assessment of prognosis
and treatment plan. Therefore, COX-2 inhibitors
may have valuable use as therapeutic agents. Also
in this study, the significant relationship between
the decline in claudin 4 expression with both the
stageand distant metastasis of tumor may indicate
that, claudins 4 has different tumorigenic effects
besides their known adhesion attributes. Because
of that, claudin 4 can be taken as anovel biomarker
for the predication of distant metastasis and survival
[36].
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