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Abstract

e AIM: To investigate the expression of connexin 43 and
epithelial cadherin (E-cadherin) in choroidal melanoma, to
explore the clinical and pathological implications of expression
of these proteins, and to determine their relations with
malignant features.

e METHODS: The expression of connexin 43 and E-cadherin

in choroidal melanoma were detected by immunohist-
ochemistry and correlated with clinicopathological features.

e RESULTS: Positive rates of connexin 43 in choroidal

melanomas and benign pigmented nevus tissues were 75%
and 40% respectively with significant differences between the
two groups (y?=5.607, 2 =0.009). Positive rates of
E-cadherin in choroidal melanomas and benign pigmented
nevus tissues were 40% and 75% respectively with
significant differences between the two groups (y?=5.214,
£ = 0.010). Significant overexpression of connexin 43 and
reduction of E-cadherin expression was associated with the
invasion to the sclera, and there were respectively significant
differences between without and with scleral invasion groups
(¥*=2.880, ~0.040; y?>=2.778, F£=0.046). Overexpression
of connexin 43 were correlated with tumor cell types and the
expression of connexin 43 and E-cadherin may be correlated
with each other.

e CONCLUSION: The increased expression of connexin 43

and the decreased expression of E-cadherin may be involved

in the process of invasion of choroidal melanoma. The

overepression of connexin 43 and reduction of E-cadherin

may contribute to the development of choroidal melanoma.
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INTRODUCTION

s the most common primary intraocular malignant
A tumor in adults, choroidal melanoma is prone to
invasion and metastasis, and has high tumor-related
mortality rate!". Until now there is no effective treatment for
melanoma metastasis, and its biochemistry and molecular
mechanisms are not clear yet. Therefore, studying on
specific targets to understand the major pathophysiological
process of invasion and metastasis is quite necessary, and
may help us to find more effective treatment. Recent
evidence suggests that gap junctions interact with cell
adhesion-associated proteins, and both of them play critical
roles in cell contact inhibition, differentiation and
proliferation of various tumor cells ¥. Connexin 43, a
common and important gap junction protein connexin ., is
the major connexin homolog expressed in choroidal
melanoma. E-cadherin is a kind of cell adhesion-associated
proteins. Loss and decline of expression of E-cadherin-
mediated adhesion often exist in the process of the
non-invasive tumors translating to invasive tumors .
Connexin 43 and E-cadherin participate in the same signaling
events, and play important roles in carcinogenesis, malignant
behavior and tumor metastasis 7. However, in choroidal
melanoma, it is still not quite clear that how connexin 43
and E-cadherin protein are expressed and whether they
affect each other. In this study, we examined the expression
levels of connexin 43 and E-cadherin in human primary
choroidal melanoma to clarify the correlation between
connexin 43 and E-cadherin, and explore the pathological
and clinical implications of their expression.
MATERIALS AND METHODS
Materials A total of 40 cases from the Department of
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Ophthalmic Pathology of Qingdao Affiliated Hospital and
Department of Pathology of Tianjin Eye Hospital from 1990
through 2010 diagnosed as choroidal melanoma were
enrolled. As the control group, 20 cases with benign
pigmented nevus were collected from the Department of
Ophthalmic Pathology of Qingdao Affiliated Hospital. In
each case, routine hematoxylin and eosin (H& E)-stained
slides were reviewed for classifying the tumors. According
to the morphological features of the tumor cells, 40 cases of
choroidal melanoma were identified as spindle cell type,
epithelioid cell type and mixed cell type. According to the
variation in size, 40 cases of choroidal melanoma were
identified as small tumors (thickness <<3mm, largest tumor
diameter < 10mm), medium tumors (thickness 3-5 mm,
largest tumor diameter 10-16mm), and large tumors
(thickness >5mm, largest tumor diameter > 16mm).
According to the sclera involvement, 40 cases of choroidal
melanoma were identified as tumor without the scleral
invasion, and tumor with the scleral invasion.

Methods Immunohistochemistry was performed using the
streptavidin-peroxidase method. Negative control slides
were performed using PBS instead of primary antibodies
(Figure 1 and Figure 2). Three-micron sections were cut
from formalin-fixed, paraffin-embedded choroidal melanoma
and benign pigmented nevus tissues. After de-paraffin in
dimethylbenzene for 5 minutes twice, then rehydrated in
gradient ethyl alcohol and distilled water, the sections were
depigmented with 50g/L potassium permanganate for 5-15
minutes (according to the amount of melanin pigment), and
then processed with 10g/L oxalic acid for 2-5 minutes.
Epitope retrieval was performed by heating the slides in
citrate buffer at pH 6.0 for 20 minutes. If necessary, epitope
was retrieved twice. After getting rid of endogenous
peroxidase with 30mL/L hydrogen peroxide for 10 minutes,
sections reacted with confining liquid at room temperature
for 15 minutes. After that, sections reacted with connexin 43
and E-cadherin antibody
Goldenbridge
China) separately at 4°C overnight, then with a biotin-

(mouse polyclonal antibody,
Zhongshan Biotechnology  Corporation,
conjugated anti-mouse secondary antibody for 15 minutes,
and followed by a peroxidase-conjugated streptavidin for 15
minutes. Slides were developed with diaminobencidine. The
developing time was controlled according to the scene under
the standard light microscope. Then the sections were
counterstained with hematoxylin, dehydrated, and finalized
with neutral balsam.

The immunostaining of connexin 43 and E-cadherin was
graded for the percentage of the connexin 43 and E-cadherin
positive tumor. That is, <25%, 25%-50%, 50%-75%, and
>75% of tumor cells showed positive staining and were

Figure 1 PBS instead of connexin 43 antibody in choroidal
melanoma showed a negative staining (200x)

Figure 2 PBS instead of E —cadherin antibody in choroidal
melanoma showed a negative staining (200x)

defined as (-), (+), (++), and (+++) respectively. Samples
scoring (-) - (+) were considered negative and weak positive,
and those that scored (++) - (+++) were considered strong
positive®,

Statistical Analysis The x* test was used to compare the
positive expression rate of connexin 43 and E-cadherin
between choroidal melanoma and benign pigmented nevus,
and the relationships were clarified among connexin 43,
E-cadherin and clinicopathologic characteristics in choroidal
melanoma. All statistical analysis was performed by using
the SPSS software (version 11.5). 2<<0.05 was considered
statistically significant.

RESULTS

The patients ranged in age from 24 to 80 (mean, 48 years).
Twenty-three cases (57.5%) were men and 17 cases (42.5%)
were women. Histologically, 13 cases (32.5%) were spindle
cell type, 17 cases (42.5%) were epithelioid cell type and 10
cases (25%) were mixed cell type. Thirteen of the 40 cases
(32.5%) were identified as small tumors, 14 cases (35%)
were medium tumors, and 13 cases (32.5% ) were large
tumors. Twenty-five cases (62.5%) were identified without
scleral invasion, while 15 cases (37.5% ) with scleral
invasion.

In choroidal melanoma, 30 cases (75%) showed connexin 43
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(40% )
demonstrated E-cadherin positive. In benign pigmented

immunostaining positive, and only 16 cases

nevus, 8 cases (40%) showed connexin 43 immunostaining
positive with 12 cases (60%) negative (Figure 3), and 15
cases (75%) demonstrated E-cadherin positive (Figure 4).
The expression of connexin 43 and E-cadherin proteins
respectively had significant differences between the
choroidal melanoma and benign pigmented nevus groups
(x=5.607, 2=0.009; x*=5.214, 72=0.010).

In the 25 cases (62.5%) of choroidal melanoma without
scleral invasion, connexin 43 positive patterns were seen in
16 of 25 cases (64%), and 13 of these cases (52%) showed
E-cadherin positive. In the 15 cases (37.5%) which had the
scleral invasion, connexin 43 positive patterns were seen in
14 of 15 cases (93.9%), and only 3 of these cases (20%)
showed E-cadherin positive. The expression of connexin 43
and E-cadherin proteins respectively had significant
differences between without and with scleral invasion groups
(x=2.880, 2~=0.040; x*=2.778, 7=0.046).

Seven of 13 spindle cell type tumors (53.8%) were observed
connexin 43 immunostaining positive, 8§ of 10 mixed cell
type melanomas (80%) were connexin 43 reactive, while 16
of the 17 epithelioid cell type melanomas (94.1% ) were
connexin 43 positive. The expression of connexin 43 protein
was distinct in different kinds of cell types. We observed that
over-expression of connexin43 accompanied with low
E-cadherin expression. Connexin 43 and E-cadherin
expression may be correlated with each other. Several
samples showed simultaneous mixed (membranous and
cytoplasmic) expression of connexin 43 and E-cadherin,
while some were cytoplasmic or membranous expression
only.

DISCUSSION

Tumor cell migration and invasion play fundamental roles in
cancer metastasis. For choroidal melanoma, tumor invasion
can be an expansion in the vitreous cavity or infiltrating even
breaking through the sclera. The eye lacks lymphatic vessels,
and choroidal melanoma tends to spread by the
hematogenous route, especially to the liver ™. Choroidal
melanoma invasion is a complex process involving a variety
of mechanisms, and it is often related to tumor diameter,
pathological cell type, advanced scleral invasion staging and
so on. Meanwhile, the degree of violation to the sclera is an
important prognostic indicator . Sclera, almost entirely
collagenous and relatively avascular, is a compact structure
to form mechanical barrier against intraocular tumor spread.
Advanced choroidal melanoma will infiltrate even break
through sclera, and then followed by extraocular metastasis
and ultimately life-threatening condition. A series of studies

from Collaborative Ocular Melanoma Study (COMS, 1998)
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Figure 3 Connexin 43 expression in benign pigmented nevi
showed a negative staining (400x)

Figure 4 E —cadherin expression in benign pigmented nevi
showed a positive membranous and cytoplasmic staining
(400x)

confirmed that scleral invasion was seen in 56% of the cases
examined. In addition, some proteins secreted by tumor cells
can also be used to identify patients at risk for metastasizing
disease. Special high or low expression of biomarker in
choroidal melanoma may be participated in tumor
malignance®. Regulating their expressions facilitate possible
adjuvant therapy and improve survival level. Therefore, it is
becoming an urgent need to develop molecular biomarkers.
There are already many molecules can be used as
biomarkers guiding therapy selection and identifying
prognosis'”.

Connexin 43 belongs to a family of transmembrane proteins
called connexins, and it is composed of six subunits forming
Gap Junction Intercellular Communication (GJIC) between
the neighboring cells. Connexins form channels between
adjacent cells allowing the transport of small molecules
(such as Ca*, second messenger molecules, etc.) and many
metabolites. Connexin 43 plays an important role in
maintaining tissue homeostasis, and dysfunction of it may
lead to cancer . The role of connexin 43 in tumors is
controversial. In many tumors, such as lung cancer ™ and
ovarian cancer [, connexin 43 acts as a tumor suppressor

and the loss of it contributes to metastasis. Conversely, some
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other studies have found that the up-regulation of connexin
43 in breast cancer " as well as in gliomas " established
GIJIC between tumor cells and microenvironment, allowing
for the passage of ions and second messengers, thus
enhanced the metastatic process. Previous studies have
showed that connexin 43 up-regulation was seen in tumor
cells and endothelial cells in the contact area and played a
role in tumor cell adherence, diapedesis and enhancing
angiogenesis 2 v/vo '), Villares ez 2/" found in cutaneous
melanoma connexin 43 does not act as a tumor suppressor
but increased circulating melanoma cells to vascular
endothelial cell adhesion and exudation through increased
attachment and communication with the vascular
endothelium. Our study found that the distribution of
connexin 43 protein in choroidal melanoma showed clusters
under low magnification microscope (Figure 5). There were
intensive or high expression areas, and also sheets or
cord-like no expression zones. The strongest expression
zones of tumor cells were often located in peripheral tissue,
non-developed region concentrated in the central part. The
developing parts of tumor cells were also quite different, and
the expression of connexin 43 protein in some sections was
ectopic. In addition to distribution on the cell membrane,
connexin 43 protein were presented with both cytoplasmic
and membranous staining in most cases. Similar phenomena
were also found in other cancers, and that might be an
indirect evidence of lost of functional gap junction channels
between cancerous cells ", The local invasion to sclera
may be facilitated by loss of GJIC which is also related to
abnormal tumor cell survival and obtaining invasion ability,
because the reduction in cell to cell communication could
contribute to cellular dissociation. Our study also found that
the expression of connexin 43 in the spindle cell type of
choroidal melanoma was weaker than that in epithelial type
and mixed type. And in some sections of choroidal
melanoma, the expression of connexin 43 protein in spindle
B cells is stronger than spindle A cells. This suggests that
connexin 43 may be related to cell type transformation and
may reflect a higher degree of differentiation of tumor cells
in choroidal melanoma. Since histopathology type and tumor
size can be used as indicators of choroidal melanoma
prognosis™, these findings may have clinical significance.

Invasion and diapedesis into blood vessels is necessary for
tumor cell metastasis, and this potential mainly reflected in
the adhesion and communication capabilities between tumor
cells and endothelial cells. Our study found that in a case of
choroidal melanoma specimen, connexin 43 protein was
only presented with membranous staining around blood
vessels, just as Pollmann e7 2/ ™ found in breast cancer.
They reported that GJIC is necessary for emigration of

e, We 32

Rl B L) q
Figure 5 Connexin 43 expression in choroidal melanoma

showed a positive membranous and cytoplasmic staining
pattern with uneven dyeing (200x)

metastatic breast cancer cells through the vascular
endothelium. One specimen has been observed that some
tumor cells with strong cytoplasmic staining had invaded
Maybe the of this

overexpression was to enhance its adhesion, and facilitate

into blood vessels. meaning
the transfer and capture by target vascular endothelial cells
in organs. Some studies suggested that connexin 43
promotes cell adhesion and tumor cell diapedesis ™. When
diverting from the primary tissue, tumor cells adhered to the
vascular endothelial cell under the help of connexin 43,
established GJIC and then invaded through the vascular
endothelium. Connexin 43 also played an important role
when tumor cells were captured by vascular endothelium of
metastatic organs. Villares e7 2/ " got similar findings in
skin melanoma. Furthermore, connexin-positive metastases
suggest that it is necessary for tumor cells to possess
particular properties in order to acquire the metastatic
capability. Possibly only connexin-positive clones of tumor
cells possess metastatic potential 2. In addition to cell
communication, adhesion and promotion of exudation,
r7vostudies have shown that connexin 43 could play a role
in promoting angiogenesis ! It may also be meaningful to
the metastasis role of connexin 43. Therefore, the exact role
of connexin 43 in metastasis still needed more investigations
in detail than ever.

E-cadherin, which is localized in the adherent junction, is a
kind of molecule transmembrane glycoprotein involved in
cell-cell adhesion. It is considered to be a tumor suppressor
and play a key role in the negative regulation of tumor
invasion and metastasis. Decreased or loss expression of
E-cadherin were reported in many tumors, including
colorectal cancer, esophageal cancer, pancreatic cancer and
so on??, In vitro studies found that transfecting tumor cells
with increased the E-cadherin expression using cDNA
technology will lead to a significant decline of their invasive
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capacity, and at the mean time, sealing off E-cadherin
protein in use of inhibitory antibodies can enhance tumor
cells' invasiveness . In addition, results obtained from in
vivo tumor models also confirmed that E-cadherin acts as a
potent tumor suppressor 7. In skin malignant melanoma,
low or loss of expression of E-cadherin was first found in
vitro, and then confirmed in the tumor specimens by
immunohistochemistry studies . Our study found that
E-cadherin showed a heterogeneous decrease immunostaining
in choroidal melanoma compared with benign pigmented
nevus. Both cytoplasmic and membranous staining of
E-cadherin were expressed in choroidal melanoma
specimens. These ectopic expressions of tumor cells may be
relevant to the abnormal proliferation, because the tumor
cells surrounding small blood vessels and capillaries with
better metabolism and nutrient supply showed much more
E-cadherin ectopic expression than others (Figure 6). At
present, down-regulation mechanism for E-cadherin protein
in malignant melanoma is not quite clear. It may be
associated with promoter inactivation attributable to
hypermethylation, which also have been found in the breast,

[29-31]

stomach and prostate cancer Phenotypic changes
distinguish tumor cells from normal cells. The most
prominent of them are morphological changes, changes in
adhesion and acquisition of an invasion and metastasis
phenotype. As a critically important cell-cell adhesion
molecule, E-cadherin was a potential molecular target
involved in these alterations. Some studies showed that
down-regulated of E-cadherin in melanoma leads to control
deficiencies of reduced proliferation and invasive phenotype
changes of tumor cells®?. In many tumors®®? E-cadherin gene
mutations may exist in the process of protein inactivation,
but in melanoma, the expression decrease of E-cadherin
protein is not associated with gene change B, Its expression
may be regulated by the tumor microenvironment ®7 and
could be reversible in most cases. It provides a theoretical
basis for regulation of the E-cadherin becoming the target to
treatment.

Accumulating evidences indicated that there was close
relationship between connexins and adhesion molecules.
E-cadherin has been implicated in connexins docking. Its
activation played an important role on and may determine
the type of GJIC. Connexins and cadherins may be regulated
by common signaling pathways. Promoter regulation of
connexin 43 has been involved in many recent studies ™.
Connexin 43 and E-cadherin are expressed in many tumors.
Hernandez-Blazquez ¢s 2/ found that E-cadherin was
implicated in the regulation of connexin 43 expression and
function in lung cancer cells®”. In choroidal melanoma, their

relationship and connections with clinical or pathological
160

Figure 6 E —cadherin expression in choroidal melanoma
showed obvious reduction, and most positive expression
located in tumor cells surrounding the small vessels or
capillaries (200x)

features of tumor cells are still unclear. According to our
observation, we found that, in the same specimen, the higher
connexin 43 protein was expressed, the lower E-cadherin
protein was expressed in choroidal melanoma, and this
phenomenon was correlated with the degree of tumor
invasion to the sclera. The correlation between E-cadherin
and connexin 43 may be meaningful for studying the
occurrence and development of choroidal melanoma. The
expression change of connexin 43 and E-cadherin occurs in
a particular stage of the transfer process, especially in tumor
cell transendothelial migration process. That could increase
the adhesion and communication between tumor cell and
target cell and then increase the chance of metastasis.

As a malignant/aggressive cancer, improvement of the
prognosis and new treatments in choroidal melanoma are
important. Adding specific drugs to affect connexin 43
expression at the transcriptional level and using genetic
engineering technique to increase E-cadherin expression
might reduce the growth, invasion and survival of melanoma
cells P¥, As targets to control the process of invasion and
metastasis, connexin 43 and E-cadherin proteins may
provide new clinical treatment strategy for choroidal
melanoma. It is hoped that these findings will contribute to
the personalization of choroidal melanoma therapy using

novel molecularly targeted agents.
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