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Abstract

Background The expression of E-cadherin correlates with
the progression and metastasis of gastric cancer. Slug, a
member of the snail family of transcriptional factors, is a
newly identified factor that represses transcription of the
E-cadherin gene. The purpose of the present study was to
evaluate the clinical significance of E-cadherin and Slug
expression in gastric cancer.

Methods Immunohistochemistry was used to investigate
the expression of E-cadherin and Slug proteins in 164
patients with gastric cancer. The relationships between
the expression of these proteins and clinicopathological
factors, including prognosis, were analyzed.

Results Positive expression of E-cadherin and Slug was
observed in 43.9 and 29.9% of cases, respectively. Tumors
with reduced E-cadherin or positive Slug expression
had greater extent of lymph node metastasis, lymphatic
invasion, and venous invasion, and were at a worse stage
than the tumors with preserved E-cadherin or negative Slug
expression. Slug expression was significantly correlated
with reduced E-cadherin expression; 37 of the 49
(75.5%) tumors with positive Slug expression had reduced
E-cadherin expression (P = 0.0008). Patients with reduced
E-cadherin expression or positive Slug expression had poor
clinical outcomes. In the group with preserved E-cadherin
expression, the 5-year survival rate was better for patients
who were negative for Slug expression than for those who
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were positive for Slug expression (P = 0.0001). However,
multivariate analysis indicated that E-cadherin expression
and Slug expression were not independent prognostic
factors.

Conclusions Evaluation of not only the expression of
E-cadherin, but also the coexpression of E-cadherin and
Slug in patients with preserved E-cadherin expression
would be useful for predicting malignant properties of
gastric cancer.

Keywords Gastric cancer - E-cadherin - Slug -
Transcriptional factor - Prognosis

Introduction

Advanced gastric cancer is one of the most aggressive
carcinomas of the gastrointestinal tract because it leads to
lymph node metastasis, hematogenous metastasis, and
peritoneal dissemination [1]. The malignant potential of
gastric cancer has been studied using various biological
markers [2]. E-cadherin is a major cell-cell adhesion
molecule that plays a critical role in the development and
maintenance of cell polarity and tissue architecture [3, 4].
The expression of E-cadherin is regulated at the genetic
level via processes such as mutation, loss of heterozygos-
ity, and hypermethylation of its promoter [5-7]. In gastric
cancer, loss of E-cadherin expression is associated with
tumor dedifferentiation, invasiveness, and metastasis, as
well as prognosis [8, 9]. Slug is a member of the snail
family of repressors, and is expressed in the neural crest
and mesodermal cells emigrating from the primitive streak
in chick embryos [10]. Recently, another critical role of
Slug has been reported. Slug binds to E-box elements in the
proximal E-cadherin promoter and represses transcription
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of the E-cadherin gene [11, 12]. Some reports have found
that Slug plays a role in tumor progression in primary
human cancers. Castro Alves et al. [13, 14] reported the
mRNA expression of Slug and E-cadherin in gastric can-
cer. But Slug protein expression has not yet been reported
in primary gastric cancer.

The purpose of the present study was to examine the
clinical significance of Slug expression and the correlation
between Slug expression and E-cadherin expression in
primary gastric cancer.

Patients and methods
Patients and specimens

The study subjects, 164 patients with gastric cancer (113
males and 51 females), underwent gastrectomy with lymph
node dissection between 1990 and 1998 at Kagoshima
University Hospital, Kagoshima, Japan. The patients ran-
ged in age from 22 to 88 years (mean 65 years). None of
these patients underwent endoscopic mucosal resection,
palliative resection, or preoperative chemotherapy, or had
synchronous or metachronous multiple cancer in other
organs. Specimens of cancer tissues and noncancerous
tissues were collected from the patients after informed
consent had been obtained, in accordance with the insti-
tutional guidelines of our hospital.

Clinicopathological findings were based on the criteria
of the tumor node metastasis (TNM) classification of the
International Union against Cancer [15]. Histopathological
types of gastric cancer were classified into two types,
intestinal type and diffuse type. The intestinal type was
further classified into three differentiated types: well-dif-
ferentiated (tubl), moderately differentiated (tub2), and
papillary differentiated (pap); and the diffuse type was
classified into two undifferentiated types: diffuse-adherent
(porl) and diffuse-scattered (tub2).

All patients were followed up after discharge, with
X-ray examination and tumor marker assays (carcinoem-
bryonic antigen and carbohydrate antigen 19-9) performed
every 1-3 months, computed tomography performed every
3-6 months, and ultrasonography performed every
6 months. Endoscopic examinations were performed when
necessary. Postoperative follow-up data were obtained
from all patients, with a median follow-up period of
35 months (range 1-136 months).

Immunohistochemical staining and evaluation

After the primary lesions were fixed in 10% formalde-
hyde, and routinely embedded in paraffin, 3-pm-thick
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sections were prepared for immunohistochemistry.
Immunohistochemical staining was performed using the
avidin-biotin peroxidase method as described previously
[16]. Briefly, after the sections were deparaffinized in
xylene and dehydrated in ethanol, endogenous peroxidase
activity was blocked by incubating the sections for
15 min in 0.3% H,0, in methanol. Then the sections
were heated in a citrate buffer (10 mM, pH 6.0) at 120°C
for 10 min in an autoclave to reveal the antigen. After
cooling, the sections were preincubated in 3% skim milk/
phosphate buffered saline (PBS) for 30 min at room
temperature. Next, the sections were incubated with
either anti-E-cadherin monoclonal antibody (1:100;
E-cadherin:HECD-1, Takara Biotechnology, Japan) or
anti-Slug polyclonal antibody (1:100; Slug:D-19; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) overnight at
4°C. The sections were then incubated with biotinylated
anti-goat IgG and avidin-biotin peroxidase using the
Vectastain Elite ABC kit (Vector Laboratories, Burlin-
game, CA, USA), and reactions were visualized using
diaminobenzidine tetrahydrochloride. The sections were
then slightly counterstained with hematoxylin.

Evaluation of immunohistochemistry was indepen-
dently performed by two investigators (Y.U. and S.N.).
Expression of E-cadherin was compared between malig-
nant cells and normal epithelial cells located distant from
the tumor. Tumor cells that stained as strongly as normal
epithelial cells were considered to have preserved
expression, whereas those that exhibited weaker staining
patterns than normal epithelial cells, and those that did
not stain at all were considered to have reduced
expression [17]. For Slug, positive expression was
defined as detectable immunoreaction in the perinuclear
and other cytoplasmic regions of more than 10% of the
cancer cells. To evaluate the expression of Slug and
E-cadherin, 10 fields (within the tumor and at the inva-
sive front) were selected, and expression in 1000 tumor
cells (100 cells/field) was evaluated using high-power
(x200) microscopy.

Statistical analysis

Statistical analysis of group differences was performed
using the y* test and ¢ test. The Kaplan-Meier method
was used for survival analysis, and differences in sur-
vival were estimated using the log-rank test. Prognostic
factors were examined by univariate and multivariate
analyses (Cox proportional hazards regression model).
A value of P < 0.05 was considered statistically signif-
icant. All statistical analyses were performed using the
JMP 5 for Windows software (SAS Institute, Cary, NC,
USA).
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Results

Expression of E-cadherin and Slug in gastric cancer
and normal gastric mucosa

E-cadherin expression was observed on the cell membrane
of cancer cells, indicating preserved expression, in 43.9%
of all patients (72 of 164; Fig. 1a, b). Expression of Slug
was observed in the cytoplasm of cancer cells in 29.9% of
all patients (49 of 164; Fig. lc, d). The expression of
E-cadherin and Slug in normal gastric mucosa is shown in
Fig. 11, j. In normal cells E-cadherin expression was shown

in the cell membrane; no expression of Slug was shown in
the cytoplasm.

E-cadherin and Slug expression in relation
to clinicopathological findings

E-cadherin expression was significantly associated with the
following clinicopathological parameters: lymph node
metastasis, stage, lymphatic invasion, and venous invasion
(Table 1). The tumors with reduced E-cadherin expression
had greater extent of lymph node metastasis, lymphatic
invasion, and venous invasion than the tumors with

Fig. 1 Expression of E-cadherin and Slug in gastric cancer (GC) and
normal gastric mucosa. E-cadherin expression in GC showed two
histopathological types; intestinal type (a, e) and diffuse type (b, f). a,
b Preserved expression of E-cadherin is detected in the cell
membrane; e, f reduced expression of E-cadherin. Slug expression

in GC showed two histopathological types; intestinal type (¢, g) and
diffuse type (d, h). ¢, d expression of Slug is detected in the
cytoplasm; g, h no expression of Slug; i E-cadherin expression in the
cell membrane of normal cells; j no expression of Slug in normal
cells. a—j x400
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Table 1 E-cadherin and Slug expression in relation to clinicopathological findings

Slug
Positive (n = 49)

Slug P
Negative (n = 115)

Characteristics  Total (n = 164)  E-cadherin E-cadherin P
Preserved (n = 72) Reduced (n = 92)
Age (years) 66 + 12 64 = 13 NS
Sex
Male 113 53 60 NS
Female 51 19 32

Histopathological type
Intestinal type

pap 5 3 2 NS
tubl 38 18 20
tub2 45 26 19

Diffuse type
porl 24 8 16 NS
por2 52 17 35

Tumor depth (pT)
pT1 72 39 33 NS
pT2 53 18 35
pT3 34 13 21
pT4 5 2 3

Lymph node metastasis (pN)
pNO 93 50 43 0.015
pN1 40 13 27
pN2 16 3 13
pN3 15 6 9

Distant metastasis (pM)
pMO 153 66 87 NS
pM1 11 6 5

pStage
I 94 48 46 0.016
I 24 11 13
I 23 5 18
1AY 23 8 15

Lymphatic invasion
Negative 70 39 31 0.0084
Positive 94 33 61

Venous invasion
Negative 115 57 58 0.024
Positive 49 15 34

Hematogenous recurrence
Negative 144 63 81 NS
Positive 20 9 11

Peritoneal recurrence
Negative 145 67 78 NS
Positive 19 5 14

Slug expression
Positive 49 12 37 0.008
Negative 115 60 55

65 + 12

27
22

14
11

10
12

14

18
14

18
18

43

20

10

12

12
37

28
21

41

38
11

64 £ 13 NS

86 0.014
29

24
34

14 NS
40

58 0.036
35
20

75 0.0083
22
10

110 NS

74 0.049
14
16
11

58 0.0017
57

87 0.02
28

103 NS
12

107 0.0067

NS not significant
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preserved expression (P = 0.015, 0.0084, and 0.024,
respectively), and these tumors were at a worse stage than
those with preserved E-cadherin expression (P = 0.016).

Slug expression was associated with gender, depth of
tumor invasion, lymph node metastasis, stage, lymphatic
invasion, venous invasion, and peritoneal recurrence
(Table 1). Tumors that were positive for Slug expression were
more frequently observed in female patients than in male
patients (P = 0.014). The tumors that were positive for Slug
expression invaded deeper, had more lymph node metastasis,
lymphatic invasion, and venous invasion, and recurred more
in the peritoneal cavity than those that were negative for Slug
expression (P = 0.036, 0.0083, 0.0017, and 0.02, 0.0067,
and, respectively), and these tumors were at a worse stage than
those that were negative for Slug expression (P = 0.049).

In regard to histopathological type, the expression of
E-cadherin or Slug was not associated with any subtype
(Table 1).

The presence of Slug expression was significantly cor-
related with reduced E-cadherin expression (Table 1).
Thirty-seven of the 49 (75.5%) tumors that were positive
for Slug expression had reduced E-cadherin expression
(P = 0.0008).

Relationship between Slug expression
and clinicopathological findings according
to E-cadherin expression

The tumors were divided into the E-cadherin preserved
group and E-cadherin reduced group. In the E-cadherin
preserved group, the expression of Slug was related to
lymph node metastasis, distant metastasis, stage, venous
invasion, hematogenous recurrence, and peritoneal recur-
rence, while in the E-cadherin reduced group the
expression of Slug was related to lymphatic invasion
(Table 2).

Table 2 Relationship between Slug expression and clinicopathological findings according to E-cadherin expression

E-cadherin preserved

Slug positive Slug negative

P E-cadherin reduced P

Slug positive Slug negative

(n=12) (n = 60) (n =37) (n =55)

Histopathological type
Intestinal type 9 38 NS 18 23 NS
Diffuse type 3 22 19 32

Tumor depth (pT)
pT1 and pT2 7 50 NS 25 43 NS
pT3 and pT4 5 10 12 12

Lymph node metastasis (pN)
Negative 4 46 0.0043 14 29 NS
Positive 8 14 23 26

Distant metastasis (pM)
pMO 8 58 0.0036 35 52 NS
pM1 4 2 2 3

pStage
ITand II 7 52 0.032 23 36 NS
II and IV 5 8 14 19

Lymphatic invasion
Negative 4 35 NS 8 23 0.041
Positive 8 25 29 32

Venous invasion
Negative 6 51 0.012 22 36 NS
Positive 6 9 15 19

Hematogenous recurrence
Negative 7 56 0.0034 34 47 NS
Positive 5 4 3 8

Peritoneal recurrence
Negative 9 58 0.0215 29 49 NS
Positive 3 2 8 6
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Relationships between prognosis and expression
of E-cadherin or Slug

No patient died of postoperative complications within
30 days of the beginning of the study period. The 5-year
survival rate of patients with tumors with preserved
E-cadherin expression was 88.6%, whereas the rate for
patients with reduced E-cadherin expression was 63.5%.
Thus, there was a significant difference in 5-year survival
between the groups with preserved and reduced expression
of E-cadherin (P = 0.022; Fig. 2a). The 5-year survival
rate of patients who were negative and positive for the
expression of Slug was 78.0 and 54.3%, respectively, and
this difference was also significant (P = 0.015; Fig. 2b).

In stage II and III patients, data showed no difference in
survival between the patients with Slug expression and
those without Slug expression.

Relationships between prognosis and Slug expression
according to E-cadherin expression

In the E-cadherin preserved group, the 5-year survival rate
of patients who were negative and positive for Slug

100% — E-cadherin(Preserved)

90 ——
80 -"_‘-\.--.\____L

70 T =
60 E-cadherin(Reduced)

50 63.5%
40 —
30
20 —
10 4 p=0.022

88.6%

~
“
-~y

Survival rate

100% —
90 — Slug(-)

80 =y
70 7 Y
60 BT

Slug(+) T

78.0%

Survival rate
n
(=)
|

Years

Fig. 2 Postoperative 5-year survival curves of patients according to
the expression of E-cadherin (a) or Slug (b). a There was a significant
difference in survival between the patients with preserved and those
with reduced expression of E-cadherin (P = 0.022). b There was also
a significant difference in 5-year survival between the patients with
(+) and without (—) the expression of Slug (P = 0.015)
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expression was 92.0 and 46.7%, respectively, and this
difference was significant (P = 0.0001; Fig. 3a). However,
in the E-cadherin reduced group, there was no significant
difference between patients positive and negative for Slug
expression (Fig. 3b).

Univariate and multivariate analyses of prognostic
factors

Table 3 shows the univariate and multivariate analyses of
factors related to patient prognosis. The univariate analysis
showed that the following factors were significantly related
to postoperative survival: depth of tumor invasion, lymph
node metastasis, stage, lymphatic invasion, venous inva-
sion, E-cadherin expression, Slug expression, and combi-
nation of E-cadherin and Slug expression (P < 0.05).
Multivariate regression analysis indicated that depth of
invasion and lymph node metastasis were independent
prognostic factors, but indicated that E-cadherin expres-
sion, Slug expression, and the combination of E-cadherin

a Preserved E-cadherin group

100% —es—

90 —
80 —
70 —
60 — —————
50 — :
40
30 —
20 —
10 4 p=0.0001

0 T T T T 1

Slug(-) 92.0%

(N
[
b}

1)

Survival rate

Slug(+)

Years

b Reduced E-cadherin group

100%
90
80
70
60
50
40 —
30 —
20 —
10 4 N.S

Survival rate

Years

Fig. 3 Postoperative 5-year survival curves in the patients with (4)
and without (—) Slug expression according to E-cadherin expression.
a In the group with preserved E-cadherin expression, the patients
without Slug expression (—) had a better outcome than those with
Slug expression (4) (P = 0.0001). b In the group with reduced
E-cadherin expression, there was no difference in outcome between
the patients with Slug expression (+) and those without Slug
expression (—). NS not significant
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Table 3 Univariate and multivariate analyses of prognostic factors in gastric cancer

Independent factors Univariate P

Multivariate P

Hazard ratio 95% Confidence interval

Tumor depth (pT)

pT1 and pT2/pT3 and pT4 <0.0001 0.0019 2.95 1.48-6.11
Lymph node metastasis (pN)

Negative/positive <0.0001 <0.0001 7.41 2.68-26.24
Venous invasion

Negative/positive <0.0001 0.082 1.87 0.93-3.96
Combination of E-cadherin and Slug expression

E-cadherin (+) Slug (—)/others 0.006 0.721 3.01 0.66-13.62

and Slug expression were not independent prognostic
factors.

Discussion

Previous studies have indicated that reduction of E-cadherin
expression ranges from 51 to 72% of baseline in gastric
cancer specimens, and reduced expression of E-cadherin is
associated with histological differentiation, lymph node
metastasis, peritoneal dissemination, and poor prognosis
[9, 18-20]. In the present study, 56.1% of patients with
gastric cancer showed reduced expression of E-cadherin,
which was associated with lymph node metastasis, stage,
lymphatic invasion, venous invasion, and poor prognosis.
The present results are almost consistent with previous
reports, although reduced E-cadherin expression was
not correlated with peritoneal recurrence in the present
study.

In the present study and previous studies, although
some patients with preserved E-cadherin expression had
lymph node metastases and died of recurrence after
surgery, most patients survived for a relatively long
period without lymph node metastases or recurrence [9,
20]. To investigate the involvement of molecular factors
in the regulation of the function of E-cadherin in gastric
cancer, we had an interest in Slug, which is a factor that
represses transcription of the E-cadherin gene [11, 12]. In
the present study, we found that positive Slug expression
was associated with reduced E-cadherin expression,
tumor invasion, lymph node metastasis, stage, lymphatic
invasion, venous invasion, peritoneal recurrence, and
worse clinical outcomes. In the E-cadherin preserved
group, positive Slug expression in these patients was
associated with lymph node metastasis, distant metastasis,
stage, venous invasion, hematogenous recurrence, peri-
toneal recurrence, and worse prognosis. Our results, taken
together with previous findings that both hematogenous
recurrence and peritoneal recurrence are important factors
in causing a worse outcome in gastric cancer, suggest

that Slug plays an important role not only in the sup-
pression of E-cadherin function, but also in the promo-
tion of tumor invasiveness in patients with preserved
E-cadherin expression.

In regard to histopathological type, the expression of
E-cadherin or Slug was not associated with any subtype. In
colorectal cancer there was no relationship between histo-
pathological type and E-cadherin or Slug expression [21].
The reason for this lack of relationship may be the problem
of heterogeneity of E-cadherin or Slug expression in the
same section of gastric cancer cells. In early gastric cancer,
it was reported that the expression of the mucin phenotype
was dependent on genetic change, and was related to tumor
aggressiveness [22-24]. It has also been reported that
E-cadherin expression was regulated by genetic alterations
[5, 6]. We will need to investigate in future whether there is
a correlation between the mucin phenotype and E-cadherin
or Slug expression.

Castro Alves et al. [14] reported an analysis of the
epithelial-mesenchymal transition demonstrating that Slug
upregulation accompanied by E-cadherin downregulation
was correlated with the presence of distant metastases and
with advanced pTNM stages. There are some important
differences between our study and that of Castro Alves
et al. [14], as follows: first, all of the patients in our study
group underwent curative surgical treatment and their pM1
category consisted of only distant lymph node metastasis,
without organ metastasis. Second, our study group included
many pNO patients (57%) whose stages were earlier com-
pared to those in the study group of Castro Alves (pNO:
22%). Third, the sample sizes were different, 164 in our
study versus 59 in the Castro Alves study. Fourth, we
performed immunohistochemical analysis that detected
only the membranous expression of E-cadherin or the
cytoplasmic expression of Slug, whereas they performed
reverse transcription- polymerase chain reaction (RT-PCR)
analysis that detected all expression signals in the tissues.
Although the conclusions of our study and those of Castro
Alves were different, it is likely that the downregulation of
E-cadherin was a major cause of the poor prognosis of
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gastric cancer patients in our study, with the upregulation
of Slug being a component that partly inhibited E-cadherin
function.

Slug has an anti-apoptotic effect on leukemia cells [25,
26] and downregulates epithelial markers including des-
moplakin and cytokeratin-18 [27, 28]. Additionally, Slug
mediates radioresistance and chemoresistance in ovarian
cancer cells [29]. These previous findings imply that the
anti-apoptotic function, and downregulation of certain
adhesion molecules, or treatment resistance can worsen the
outcome of patients with preserved E-cadherin expression.
In contrast, in the patients with reduced E-cadherin
expression in our study, Slug expression did not have a
marked effect on prognosis. When E-cadherin expression is
reduced in gastric cancer, E-cadherin expression may be
regulated not only by Slug but also by other suppressive
transcriptional factors such as Snail, SIP-1, or Twist, and
by genetic or epigenetic alterations such as DNA mutation
or CpG methylation [5, 6, 30].

Although preserved E-cadherin expression without Slug
expression was one prognostic factor in the univariate
analysis in the present study, it was not an independent
prognostic factor in the multivariate analysis. But Slug
expression was significantly and strongly correlated with
lymph node metastasis, lymphatic invasion, and peritoneal
recurrence. Patients who are positive for Slug expression
will require more careful observation. We note that these
correlations with Slug expression are novel findings.
Especially, positive Slug expression may play a particu-
larly important role in tumors with preserved E-cadherin
expression in gastric cancer. Similar results in regard to
prognosis were observed in our previous report about the
expression of E-cadherin and Slug in esophageal cancer
[31], although there were some differences in clinico-
pathological factors between gastric and esophageal can-
cer. The expression of Slug in patients with preserved
E-cadherin expression was strongly associated with tumor
depth and venous invasion in esophageal cancer and with
lymph node metastasis and lymphatic invasion in gastric
cancer. These data suggest that E-cadherin and Slug might
have various different functions according to cell type or
cell differentiation.

In conclusion, the expression of E-cadherin and that of
Slug were associated with tumor properties, including
lymph node metastasis, stage, lymphatic invasion, and
venous invasion, as well as with prognosis. Although
E-cadherin expression and Slug expression were not
independent prognostic factors, the evaluation of both
the expression of E-cadherin and the coexpression of
E-cadherin and Slug in patients with preserved E-cadherin
expression would be useful in predicting malignant prop-
erties of gastric cancer.
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