MOLECULAR MEDICINE REPORTS 5: 817-821, 2012

Correlation of E-cadherin and CD44v6 expression
with clinical pathology in esophageal carcinoma
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Abstract. Cell adhesion, important for maintaining tissue
architecture, plays a role in numerous cancers and particularly
in tumor progression. In the present study, we investigated
perturbations in the expression of two important adhesion
proteins, epithelial (E)-cadherin and CD44v6, in esophageal
carcinoma (EC). EC specimens were obtained from 42 patients
undergoing resection of EC; both cancer and adjacent normal
tissue were collected. Expression of E-cadherin and CD44v6
was detected by immunohistochemistry and the correlation
between the expression of these two proteins and their
individual relationships with pathology were determined.
E-cadherin expression in EC tissue was significantly less
common than in adjacent normal tissue. Furthermore, absence
of E-cadherin expression was correlated with infiltration
depth, lymph node metastasis, distant metastases and TNM
stage (P<0.05), but not with gender, age, differentiation
or tumor size. By contrast, CD44v6 expression in EC was
significantly higher than that in adjacent normal tissue and
was correlated with differentiation, distant metastases and
TNM stage (P<0.05), but not with other clinicopathological
parameters. Additionally, we observed a negative correlation
between E-cadherin and CD44v6 expression in EC (P<0.05).
Based on their correlations with pathology, we suggest that the
expression of E-cadherin and CD44v6 is important roles in
promoting the infiltration and metastasis of EC.

Correspondence to: Dr Wei-Dong Shen, Department of Gastro-
enterology, The Affiliated Jangyin People's Hospital of Southeast
University Medical College, Shoushan Road 163, Jiangyin, Jiangsu
214400, P.R. China

E-mail: jiyongmyp@126.com

“Contributed equally

Key words: esophageal carcinoma, E-cadherin, CD44v6, immuno-
histochemistry, cell adhesion

Introduction

Esophageal carcinoma (EC), affecting the gastrointestinal
tract, is the fourth most lethal malignancy, with an average
annual mortality rate of 14.59/100,000 (1). As with many
cancers, invasion and metastasis of these malignant tumors
are the leading causes of mortality, posing one of the biggest
challenges in the treatment and survival of this cancer.

One factor known to promote both invasion and metas-
tasis is the loss of cell adhesion. Cell adhesion maintains
the architecture of tissues by linking cells together or to an
extracellular matrix. The aberrant expression or function of
cell adhesion molecules results in loss of this architecture,
providing an opportunity for tumor cells to invade and spread
(2). For example, the CD44 cell adhesion molecules, which
anchor cells to matrices, are closely correlated with invasion
and metastasis of a number of tumors and are abnormally
expressed on their cell surfaces (3). One splice variant, CD44v6,
is highly correlated with the metastasis of various malignant
tumors and serves as a key indicator for prognosis of patients
with tumors (4). Another class of cell adhesion molecules,
cadherins, which typically mediate adhesion between cells
of the same type (5), have also been associated with cancer.
Epithelial cadherin (E-cadherin) was identified as an impor-
tant marker in evaluating tumor invasion and metastasis, and
has been widely studied in various malignant tumors (6-8).
Although E-cadherin is a tumor suppressor, loss of function
of this cell adhesion molecule promotes tumor progression (9).

Recent studies have demonstrated associations between
the loss of cell adhesion and the invasion or metastasis of
EC (10). We investigated the expression of the cell adhesion
molecules E-cadherin and CD44v6 in both EC and normal
adjacent tissues. In particular, the correlation between the
expression of these two molecules, their relationship with
clinicopathological parameters and their role in the develop-
ment and progression of EC were assessed.

Materials and methods

Patients. EC specimens were obtained from 42 patients
undergoing resection of EC in the Affiliated Jangyin People's
Hospital of Southeast University Medical College; adjacent
normal tissue was also acquired. Patients included 24 males
and 18 females, aged 46-72 years (mean, 60.4+7.4). Cases were
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Figure 1. Positive expression of (A) E-cadherin and (B) CD44v6 in esophageal cancer (magnification, x100).

categorized according to the WHO pathological classification
criteria (12), as: highly, moderately or poorly differentiated,;
infiltrated to the submucosa, to muscle or to the outer layer;
tumor size <5 or =5 cm; lymph node metastasis or no metas-
tasis; distant metastasis or no distant metastasis; and clinical
stage I and IT or IIT and IV.

Experimental methods: Immunohistochemistry. Streptavidin-
biotin-horseradish peroxidase complex (SP method; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was used for
immunohistochemistry of E-cadherin and CD44v6. Briefly,
tissues were formalin-fixed, dehydrated, embedded for
sectioning at 4 ym, and sections were placed onto glass
slides by conventional methods. Sections were dewaxed with
dimethylbenzene, dehydrated by alcohol gradient and soaked
prior to antigen retrieval by high temperature. Subsequently,
3% hydrogen peroxide solution was used to block endogenous
peroxidase activity; sections were covered with non-specific
serum, placed in a humidified chamber and incubated at room
temperature. Primary antibodies (E-cadherin or CD44v6;
Santa Cruz Biotechnology) were added and slides were
incubated at 4°C overnight. Slides were washed with (PBS)
three times and biotinylated secondary antibodies were then
added for incubation at room temperature. Slides were washed
with PBS three times, treated with with streptococcus avidin-
peroxidase and incubated at 37°C for 30 min. Following DAB
reaction, staining was visualized by light microscopy. Sections
were counterstained with hematoxylin and sealed with neutral
gum. Positive tissue sections were used as a positive control,
and PBS was used in place of primary antibodies as a negative
control.

Ten high-power fields (x400) were selected for each case;
100 esophageal squamous cells were counted per field. Positive
E-cadherin staining appears as brown granules, mainly
located in the cytoplasm but also expressed in nuclei. Positive
CD44v6 staining appears as brownish-yellow granules in the
cell membrane. Staining results were classified according to
intensity and proportion of positive cancer cells. For staining
intensity, scoring was as follows: 0 indicated colorless, 1
indicated light brown, 2 indicated moderate brown and 3
indicated dark brown. For the number of positive cells, scoring
was as follows: a ratio of positive to total cancer cells <25%
was scored as 0; 25-50% was scored as 1, 50-75% was scored
as 2 and >75% scored as 3. Scores were added together for the

final determination: <2 was considered negative (-), 2-3 was
considered weak positive (+), 3-4 was considered positive (++)
and =4 was considered strong positive (+++).

Statistical analysis. SPSS 13.0 statistical software was used for
statistical analysis. The %> test was used to compare E-cadherin
and CD44v6 expression, and Spearman's rank correlation
was used to analyze the correlation between E-cadherin and
CD44v6 expression. Analysis was performed with two-sided
tests, with a level 0.05. P<0.05 was considered to indicate
statistical significance.

Results

Altered E-cadherin and CD44v6 expression in EC.
Histopathology of EC tissue demonstrated brown granules
within the cytoplasm and nuclei, indicative of E-cadherin
expression, and brownish-yellow granules in the cell
membrane, indicative of CD44v6 expression (Fig. 1).

Quantitative analysis of protein expression revealed differ-
ences in the expression of cell adhesion proteins between
adjacent normal tissue and EC tissue. E-cadherin was detected
in only 20 samples (47.6%) of EC tissue, but in 35 samples
(83.3%; Table I) of normal adjacent tissue. Thus, E-cadherin
expression was significantly less common in EC (%*=12.428,
p=0.006). In addition, loss of E-cadherin expression in EC
tissue was correlated with several pathological parameters,
including depth of invasion, lymph node metastasis, distant
metastasis and clinical stage (p<0.05), but not with gender,
age, differentiation degree or tumor size (Table IT).

By contrast, CD44v6 was significantly more commonly
detected in EC tissue than in adjacent normal tissue. CD44v6
expression was detected in 36 samples (85.7%) of EC,
compared to only 6 samples (14.3%) of normal adjacent tissue
(x*=44.967, p=0.001; Table III). Moreover, CD44v6 expres-
sion in EC was correlated with differentiation degree, distant
metastasis and clinical stage (p<0.05), but not with gender,
age, depth of invasion, tumor size or lymph node metastasis
(Table IV).

Correlation between expression of E-cadherin and CD44v6
in EC. Expression of E-cadherin and CD44v6 was not only
altered in EC tissue, but a negative correlation was also found
between them (r=-0.607, p=0.001), such that E-cadherin



MOLECULAR MEDICINE REPORTS 5: 817-821, 2012 819
Table I. Expression of E-cadherin in cancer and adjacent normal tissues [n (%)].
Groups No. - + ++ +++
Cancer tissues 42 22 (52.4) 11 (26.2) 6(14.3) 3 (7.1)
Adjacent normal tissues 42 7(16.7) 16 (38.1) 11 (26.2) 8(19.0)
Total 84 29 (34.5) 27 (32.1) 17 (20.2) 11 (13.1)

%2=12.428, p=0.006.

Table II. Correlation between the expression of E-cadherin and clinicopathological parameters in esophageal cancer [n (%)].

Clinicopathological parameters No. - + ++ +++ x> p-value

Gender
Male 24 11 (45.8) 7(29.2) 4 (16.7) 2 (8.3) 0981 0.806
Female 18 11 (61.1) 4(22.2) 2 (11.1) 1 (5.6)

Age (years)
<60 17 8 (47.1) 5(294) 2(11.8) 2(11.8) 1.249 0.741
=60 25 14 (56.0) 6(24.0) 4(16.0) 1 4.0

Differentiation
High 9 4 (44 .4) 4(33.3) 2(22.2) 0 3.686 0.719
Moderate 23 14 (60.9) 4(174) 3(13.0) 2 (8.7)
Poor 10 4 (40.0) 4 (40.0) 1 (10.0) 1 (10.0)

Infiltration depth
To the submucosa 5 4 (80.0) 1(20.0) 0 0 14.740 0.022
To the muscle 22 16 (72.7) 3(13.6) 2 (9.1) 1 45
To the outer layer 15 2(13.3) 7 (46.7) 4(26.7) 2(13.3)

Tumor size (cm)
<5 29 15 (51.7) 9(31.0) 4 (13.8) 1 34 2.653 0.448
=5 13 7(53.8) 2(15.4) 2(154) 2(154)

Lymph node metastasis
Yes 18 4(22.2) 6(33.3) 5(27.8) 3(16.7) 14.097 0.003
No 24 18 (75.0) 5(20.8) 1 42 0

Distant metastasis
Yes 23 6 (26.1) 8 (34.8) 6 (26.1) 3(13.0) 15.579 0.001
No 19 16 (84.2) 3(15.8) 0 0

Clinical stage
I+1I 26 19 (73.1) 6(23.1) 1(3.8) 0 15915 0.001
I+1v 16 3(18.8) 5(31.3) 5(31.3) 3(18.8)

expression weakened with an enhanced expression of CD44v6
(Table V).

Discussion

EC is one of the most common tumors in clinical practice
and its development is extremely complex, involving multiple
stages and genes. Invasion and metastasis are the main
biological characteristics of EC, as well as the main causes of
treatment failure and mortality. Invasion and metastasis are
also highly intricate processes with multiple steps, factors and
effects. Thus, investigation into the mechanisms and preven-
tion of invasion and metastasis constitutes an important aspect
of cancer research.

Loss of cell adhesion is one factor known to promote inva-

sion and metastasis. Several different cell adhesion molecules
exist, a number of which are involved in cancer develop-
ment and progression. One type of cell adhesion molecule,
E-cadherin, is a transmembrane protein primarily found in
epithelial cells that functions in cell-cell contact and maintains
epithelial cell morphology and structural integrity (13). Loss of
E-cadherin expression results in decreased adhesion between
cells, leading to cell dispersal and invasive growth towards the
periphery; once conditions are ideal, cells break away from
the primary tumor and metastasize. This phenomenon has
been observed in nasopharyngeal, ovarian, bladder cancer and
pancreatic ductal adenocarcinoma (14-17). Herein, we extend
the importance of E-cadherin to EC, since E-cadherin was



820

Table III. Expression of CD44v6 in cancer and adjacent normal tissues [n (%)].
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Groups No. - + ++ +++
Cancer tissues 42 6(14.3) 20 (47.6) 9(21.4) 7(16.7)
Adjacent normal tissues 42 36 (85.7) 6(14.3) 0 0
Total 84 42 (50.0) 26 (31.0) 9(10.7) 7(8.3)

¥?=44.967, p=0.001.

Table IV. Correlation between the expression of CD44v6 and clinicopathological parameters in esophageal cancer [n (%)].

Clinicopathological parameters No. - + ++ +++ y p-value

Gender
Male 24 3(125) 14 (58.3) 2 (8.3) 5(20.8) 6.540 0.088
Female 18 3(16.7) 6(33.3) 7 (38.9) 2 (11.1)

Age (years)
<60 17 4(23.5) 7(41.2) 3(17.6) 3(17.6) 2.614 0.539
=60 25 2 (8.0 13 (52.0) 6 (24.0) 4(16.0)

Differentiation
High 9 0 6 (66.7) 1(11.1) 2(22.2) 16.792 0.010
Moderate 23 6(26.1) 8 (34.8) 8 (34.8) 1 4.3)
Poor 10 0 6 (60.0) 0 4 (40.0)

Infiltration depth
To the submucosa 5 0 1(20.0) 2 (40.0) 2 (40.0) 14.981 0.010
To the muscle 22 1 4.5) 10 (45.5) 7(31.8) 4(18.2)
To the outer layer 15 5(33.3) 9 (60.0) 30 1 (6.7)

Tumor size (cm)
<5 29 4(13.8) 15 (51.7) 5(17.2) 5(17.2) 1.133 0.769
=5 13 2(154) 5(38.5) 4(30.8) 2(154)

Lymph node metastasis
Yes 18 4(22.2) 10 (55.6) 2 (11.1) 2 (11.1) 3.954 0.267
No 24 2 (8.3) 10 (41.7) 7(29.2) 5(20.8)

Distant metastasis
Yes 23 6(26.1) 12 (52.2) 2 (8.7) 3(13.0) 9.425 0.024
No 19 0 8 (42.1) 7 (36.8) 4(21.1)

Clinical stage
I+II 26 1 (3.8) 2 (46.2) 7(26.9) 6 (23.1) 7.882 0.049
MI+1v 16 5(31.3) 8 (50.0) 2 (12.5) 1 (6.3)

Table V. Correlation between E-cadherin and CD44v6 expres-
sion in esophageal cancer.

E-cadherin  No. CD44v6 [n (%)]

- + ++ +++
- 22 0 8(364) 9(409) 5(22.7)
+ 11 2(182) 7(63.6) 0 2(18.2)
++ 6 2(333) 4(66.7) 0 0
o 3 2(66.7) 1(333) 0 0

r=-0.607, p=0.001.

less frequently detected in EC than in adjacent normal tissue,
consistent with the findings of Chung et al (18). Furthermore,
absence of E-cadherin expression in EC was correlated with
depth of invasion, lymph node metastasis, distant metastasis
and clinical stage, indicating the relationship between loss of
E-cadherin, and therefore loss of cell adhesion, and the inva-
sion and metastasis of EC.

CD44s are another family of cell adhesion molecules that
have been implicated in cancer. Owing to numerous splice
variants, CD44 mediates different functions on different
cells. In the physiological state, CD44 is mainly involved in
inter-cell and cell-mesenchyma adhesion and mediation of
lymphocyte homing and cell migration. One variant, CD44v6,
changes the composition and function of adhesion molecules
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on the tumor cell surface of the tumor, which increases the
invasive and metastatic abilities of tumor cells (19). Recent
studies have confirmed that the overexpression of CD44v6
is closely correlated with incidence, development, invasion
and metastasis of tumors (20,21). In this study, we found that
CD44v6 was more commonly expressed in EC tissue than in
adjacent normal tissue, consistent with the findings of Li et al
(22). Furthermore, CD44v6 expression was correlated with
differentiation degree, distant metastasis and clinical stage.
Thus, CD44v6 expression promotes the incidence, develop-
ment and metastasis of EC and may therefore be useful as an
indicator of prognosis in patients with tumors.

In addition to these findings, we identified a negative
correlation between E-cadherin and CD44v6 expression in
EC. E-cadherin and CD44v6 may therefore have negative
synergistic effects in the pathology of EC: loss of E-cadherin
and up-regulation of CD44v6 promotes the invasion and
metastasis of tumor cells.

In conclusion, since the expression of E-cadherin and
CD44v6 in EC is altered, detecting this expression may help
determine the biological behavior, invasion and metastasis
of these tumors. Additionally, these molecules may serve as
reference indicators for prognosis evaluation of patients with
EC, aiding in the treatment and potentially improving the
efficacy and survival rate of this disease.
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