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Overexpression of the Snail gene transcriptional repressor promotes an epithelial-to-mesenchymal transition (EMT) in epithelial
tumor cell lines. In this study, we aimed to determine the correlation between Snail protein expression and clinicopathological
features and to test whether Snail can be used as a marker to distinguish gastric carcinomas from benign tissues in biopsy samples.
The results of immunohistochemistry with an antibody against Snail showed that most adenocarcinomas had positive Snail
expression, whereas weak Snail expression was detected in a small number of gastritis and gastric adenomas. Snail-positive cells
were detected in the stroma as well as in the glandular epithelium in some adenocarcinomas. In addition to Snail immunostaining,
immunostaining of the EMT-related molecules, E-cadherin and vimentin, was performed. E-cadherin was not detected in
adenocarcinomas that expressed Snail, whereas gastritis and adenomas stained positively for E-cadherin. Vimentin expression was
seen in adenocarcinomas with positive Snail expression, whereas gastritis and adenomas did not express vimentin. In conclusion,
we propose that Snail is a useful biomarker to distinguish gastric adenocarcinomas from benign lesions in biopsy samples.

1. Introduction
The transcription factor Snail is a zinc finger protein that
represses transcription of the E-cadherin gene through an
interaction of the Snail COOH-terminal region with a 5 CACCTG-3 sequence called the E-box in the E-cadherin
promoter region [1]. The loss of E-cadherin expression
has been shown to be responsible for the loss of cell-cell
adhesion and cell polarity that occurs during the early stages
of invasion and metastasis of carcinoma cells [1]. During the
process of tumor invasion, tumor cells lose their properties of
cell-cell adhesion and frequently undergo profound changes
in their phenotype known as epithelial-to-mesenchymal
transition (EMT) [2]. Snail is one of the most important
regulators of EMT [3].
Gastric cancer is the most common malignant tumor in
Japan. In 1998, more than 100,000 new cases were reported.
By 2015, it is anticipated that this number will climb to
nearly 150,000 [4]. The only potentially curative treatment
for gastric cancer is surgical resection of all gross and

microscopic disease. Deciding which type of surgery to
perform is one of the most important surgical issues in this
disease. Recent advances in endoscopy have allowed easy
exploration of the stomach by gastroenterologists. However,
the final diagnosis of gastric cancer and the definitive
treatment still consist of surgical intervention [5].
Overexpression of Snail is associated with metastasis and
poor prognosis in gastric cancer [6]. However, in most of
these studies, Snail expression was analyzed with surgically
resected specimens. In the present study, we examined the
diﬀerence in the immunoreactivity of Snail protein in biopsy
specimens of gastric mucosa and showed that Snail can play
a significant role in the diagnosis of gastric cancer.

2. Materials and Methods
2.1. Samples. Two hundred forty-nine gastric endoscopy
specimens, including 43 gastritis, 41 adenoma, and 165 carcinoma specimens, were obtained from the First Department
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of Pathology, Wakayama Medical University. Clinicopathological parameters, such as age, sex, histological subtype, and
tumor location, were evaluated by reviewing pathological
records. These data are shown in Tables 1, 2, and 3, for
gastritis, adenomas, and adenocarcinomas, respectively. Of
165 specimens diagnosed as gastric cancer, 36 (22%) specimens were well diﬀerentiated tubular adenocarcinoma, 48
(29%) moderately diﬀerentiated tubular adenocarcinoma,
51 (31%) poorly diﬀerentiated adenocarcinoma, and 30
(18%) signet-ring cell carcinoma, according to the Japanese
classification of gastric carcinoma (Japanese Gastric Cancer
association, 2010) [7]. The protocol for the research project
has been approved by the Ethics Committee of Wakayama
Medical University.
2.2. Immunohistochemical Staining. Immunohistochemical
staining was performed on 4-μm sections of biopsy samples,
which were fixed with 4% formalin and embedded in
paraﬃn. The sections were incubated with an anti-Snail
polyclonal antibody (1 : 500, Abcam, Cambridge, UK), an
anti-E-cadherin monoclonal antibody (clone DECMA-1,
1 : 800, Sigma-Aldrich, St. Louis, USA), or an antivimentin
monoclonal antibody (clone V9, 1 : 100, Dako Cytomation,
Glostrup, Denmark) overnight at 4◦ C. An EnVison HRP
stain system (Dako Cytomation) was used for visualization
with hematoxylin counterstain according to the manufacturer’s instructions.
Immunohistochemical evaluations were conducted by
two investigators blinded to the clinicopathological data.
Snail staining was graded as positive only when nuclear
staining was detectable, as described previously for colon
cancer [2]. When the number of cells with positive nuclear
staining in a sample was lower than 1%, the sample
was considered negative for Snail. For the semiquantitative
evaluation, Snail staining was scored according to the nuclear
staining on a scale of 0 to 300, where the number is given
by multiplying the percentage of positive cells (from 0 to
100%) and the intensity of immunoreactivity (1 to 3). These
samples were categorized into three groups based on the
score: negative expression, <10; low expression, 10–20; high
expression, >20.
To evaluate E-cadherin and vimentin staining, cells with
positive staining were counted. When more than 10% of cells
were positive, the sample was considered positive.
2.3. Statistical Analysis. Diﬀerences were compared using
Spearman’s χ 2 test for qualitative variables. All statistical tests
were two-sided, and statistical significance was set at the P <
0.05 level. All analyses were performed using SPSS, version
13.0 (SPSS Inc. Chicago, USA).

3. Results
3.1. Snail Protein Expression Is Correlated with Gastric
Adenocarcinoma. Snail contributes to the initiation of classical EMT [1]. To determine whether Snail expression was
correlated with histological types in gastric biopsy tissues,
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Table 1: Characteristics of 43 patients with gastritis.
Characteristic
Age, mean (±SD)
Sex
Female
Male
Tumor location
Anastomosis
EC
CF
LC
GC
AP
Snail expression
Negative
Low
Total

N (%)
64.57 ± 15.3
28 (65%)
15 (35%)
2 (4.6%)
0
16 (37.2%)
9 (20.9%)
6 (14.0%)
10 (23.3%)
39 (91%)
4 (9%)
43

(AP: Antropyloric region; LC: lesser curvature; GC: greater curvature;CF:
Corpus Fornix; EC: eso-cardial region).

Table 2: Characteristics of 41 patients with gastric adenoma.
Characteristic
Age, mean (±SD)
Sex
Female
Male
Tumor location
Anastomosis
EC
CF
LC
GC
AP
Snail expression
Negative
Low
Total

N (%)
72.31 ± 15.62
23 (56%)
18 (44%)
2 (4.8%)
0
17 (41.5%)
10 (24.4%)
7 (17.1%)
5 (12.2%)
34 (83%)
7 (17%)
41

immunohistochemistry (IHC) with Snail antibodies was
performed on biopsy sections.
IHC analysis for Snail expression revealed that most
samples with gastritis and adenoma showed negative staining
for Snail, although focal and low expression was observed
(Figure 1(a), Tables 1 and 2). There were no correlations
between Snail expression and age, sex, or lesion location.
Table 3 summarizes the clinicopathological parameters
of well diﬀerentiated tubular adenocarcinomas, moderately
diﬀerentiated tubular adenocarcinomas, poorly diﬀerentiated adenocarcinomas, and signet-ring cell carcinomas. Most
carcinoma patients were over 50 years in age. Only three
cases of poorly diﬀerentiated adenocarcinomas were seen
in patients under 50 years in age. Most gastric carcinomas
occurred in the corpus and fornix (CF), although the
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Figure 1: Representative pictures for immunohistochemistry of Snail (A), E-cadherin (B), and vimentin (C) in biopsy samples from gastritis,
adenomas, and adenocarcinomas. Sections were stained with antibodies against Snail (A), E-cadherin (B), and vimentin (C). Consecutive
sections were used from patients with gastritis (a), adenoma (b), well diﬀerentiated tubular adenocarcinoma (c), moderately diﬀerentiated
tubular adenocarcinoma (d), poorly diﬀerentiated adenocarcinoma (e), and signet-ring cell carcinoma (f). Scale bar: 100 μm.
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Table 3: Characteristics of 165 patients with gastric carcinoma.

Characteristic
Age, mean (±SD)
Sex
Female
Male
Tumor location
Anastomosis
EC
CF
LC
GC
AP
Total

Well
69.35 (±11.8)

Moderate
71.57 (±12.0)

Poorly
67.52 (±11.9)

Signet-ring cell
64.84 (±10.1)

19 (53%)
17 (47%)

11 (23%)
37 (77%)

33 (65%)
18 (35%)

16 (53%)
14 (47%)

2 (5.6%)
4 (11.1%)
14 (38.9%)
7 (19.4%)
5 (13.9%)
4 (11.1%)
36

0
2 (4.2%)
24 (50%)
4 (8.3%)
6 (12.5%)
12 (25%)
48

0
2 (3.9%)
19 (37.3%)
7 (13.7%)
9 (17.6%)
14 (27.5%)
51

0
0
11 (37%)
12 (40%)
7 (23%)
0
30

(a)

(b)

(c)

Figure 2: Representative pictures for immunohistochemistry of Snail showing positive cells in the stroma and glandular cells in well
diﬀerentiated (a) and moderately diﬀerentiated (b) tubular adenocarcinomas as well as in a poorly diﬀerentiated adenocarcinoma (c). Scale
bar: 100 μm.

antropyloric region (AP) was the most frequent location
for moderately diﬀerentiated tubular adenocarcinomas and
poorly diﬀerentiated adenocarcinomas (25% and 27.5%,
resp.; see Table 3).
The relationship between Snail expression and clinicopathological parameters for adenocarcinomas is shown in
Table 4. Spearman correlation statistics did not show any
significant correlation between tumor location and Snail
staining (P = 0.381). The ratio of male to female carcinoma
patients was 1.09; sex was not significantly correlated with
Snail staining rates (P = 0.771).
Positive Snail expression was observed in 97.2% of
well diﬀerentiated tubular adenocarcinomas, all moderately
diﬀerentiated tubular adenocarcinomas, 88.9% of poorly differentiated carcinomas, and 70% of signet-ring cell carcinomas. There was no significant correlation between Snail
staining and degree of carcinoma diﬀerentiation (P = 0.362)
(Table 4): 72.2% (26/36) of well diﬀerentiated tubular adenocarcinomas, 72.9% (35/48) of moderately diﬀerentiated
tubular adenocarcinomas, and 86.3% (44/51) of poorly
differentiated adenocarcinomas, cells showed diﬀuse and
strong nuclear staining for Snail, whereas a lower percentage
of signet-ring cell carcinomas (36.7% (11/30)) had high
Snail expression (Table 4). Nine cases out of 30 signet-ring
carcinomas were negative for Snail. In 56% (76/135) of adenocarcinomas including well and moderately diﬀerentiated

tubular adenocarcinomas as well as poorly diﬀerentiated
adenocarcinomas, positive staining for Snail was observed in
both types of carcinoma and stromal cells (Figure 2).
3.2. Vimentin and E-Cadherin Expression Was Closely Correlated with Snail Expression. All biopsy cases were stained
with E-cadherin and vimentin antibodies.
E-cadherin and Snail expression levels were negatively
correlated in patients with gastritis and adenoma (P = 0.024,
0.034; Table 5). IHC with E-cadherin antibodies showed
diﬀuse and strong positive staining in cell membrane of the
foveolar and glandular epithelium in 79% (34/43) of patients
with gastritis and 61% (25/41) of those of adenoma (Figure
1(b)). By contrast, IHC was negative for E-cadherin in 73%
(121/165) of carcinomas. 101 out of the 121 cases stained
positively for Snail, indicating that Snail and E-cadherin were
also negatively correlated in gastric carcinoma (Figures 1(a)
and 1(b), and Table 6).
In all biopsy samples, vimentin and Snail expression
were closely correlated. Gastritis and adenomas samples
that were negative for Snail also showed weak or negative
vimentin expression (33/43 and 23/41, resp.; Figures 1(a),
and 1(c) and Table 5). Vimentin showed strong expression
in carcinoma cells as well as the stromal cells, especially in
poorly diﬀerentiated adenocarcinomas (40/51) (Figure 1(c)),
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Table 4: Correlation between Snail expression and clinicopathological features of gastric carcinoma. Spearman’s rank correlation was used
to determine the statistical significance of the correlations between Snail expression and the pathological variables. SPSS software v. 16.0 for
Windows was used for the statistical analysis.

Total
Diﬀerentiation
Well
Moderately
Poorly
Signet-ring cell
Sex
Female
Male
Tumor location
Anastomosis
EC
CF
LC
GC
AP

Snail expression
Low (10∼20)
39 (23.6%)

Negative (0∼10)
10 (6.1%)

High (>20)
116 (70.3%)

Total

P

165
0.362

1 (2.8%)
0
0
9 (30%)

9 (25%)
13 (27.1%)
7 (13.7%)
10 (33.3%)

26 (72.2%)
35 (72.9%)
44 (86.3%)
11 (36.7%)

36
48
51
30

6 (7.6%)
4 (4.7%)

18 (22.8%)
21 (24.4%)

55 (69.6%)
61 (70.9%)

79
86

0
0
5 (7.4%)
3 (10%)
2 (7.4%)
0

0
1 (12.5%)
19 (27.9%)
4 (13.3%)
9 (33.3%)
6 (20%)

2 (100%)
7 (87.5%)
44 (64.7%)
23 (76.7%)
16 (59.3%)
24 (80%)

2
8
68
30
27
30

0.771

0.381

Table 5: Correlation between Snail expression and E-cadherin, vimentin expression in gastritis, and adenoma biopsy samples.
Snail expression in gastritis
Negative (<10)
Low (10–20)
E-cadherin
Negative (0–10%)
Positive (>10%)
Vimentin
Negative (0–10%)
Positive (>10%)

7 (16%)
32 (74%)

3 (6%)
2 (4%)

33 (77%)
1 (2%)

5 (12%)
4 (9%)

Total

P

43
10
34
43
38
5

0.024

which is similar to Snail, indicating that Snail and vimentin
have a highly positive correlation (P = 0.023; Table 6).

4. Discussion
The malignant potential of gastric cancer has been studied
using various EMT regulators such as Sip, Slug, and Snail at
the mRNA level [6]. In this study, to examine whether Snail
can be a useful marker for the diagnosis of adenocarcinoma,
we analyzed the nuclear expression of Snail protein, which
is an E-cadherin gene repressor that triggers EMT [1]. As
expected, the expression of Snail was significantly higher
in gastric adenocarcinomas than in nonneoplastic mucosas
or gastric adenomas. Although a few samples of normal
gastric tissue and gastritis stained weakly for Snail protein,
most benign mucosal samples were negative for Snail.
Additionally, in a high percentage of gastric carcinoma
biopsies, positive Snail staining was seen in both stromal
cells and carcinoma cells. We believe that the stromal cells
with positive Snail staining are derived from carcinoma
cells in which EMT has occurred although we could not

Snail expression in adnoma
Negative (<10)
Low (10–20)
4 (10%)
23 (56%)

12 (30%)
2 (4%)

23 (56%)
4 (10%)

4 (10%)
10 (24%)

0.021

Total

P

41
16
25
41
27
14

0.034

0.031

show the direct evidence. In patients with colon cancer,
Snail expression in the tumor stroma correlates with worse
survival [2]. According to the report by Graham et al. , the
cells undergoing EMT in human cancers are usually found
on the invasion front of a malignant tumor [5], which is
in agreement with our findings from a previous study [8].
However, these techniques were not applicable to the biopsy
tissues here, because it was diﬃcult to identify the tumor
front.
We observed an inverse relationship between E-cadherin
and Snail expression in most of the carcinomas examined,
although a small number of neoplastic cells maintained
moderate expression in both proteins and did not show
evidence of EMT. This result is supported by previous
data showing that Snail expression is associated with Ecadherin downregulation in gastric cancer cell lines [9].
During EMT, Snail suppresses the expression of cell adhesion
molecules, such as E-cadherin, and increases the expression
of mesenchymal cell markers [10]. Vimentin is one of
the traditional mesenchymal markers and a major protein
constituent of intermediate filaments in normal and neoplastic mesenchymal cells [11]. Our results showed that,
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Table 6: Correlation between Snail expression and E-cadherin, vimentin expression in carcinoma biopsy samples.
Snail expression in carcinoma
Negative (<10)
Low (10–20)
High (>20)

Diﬀerentiation

Well

Moderately

Poorly

Signet-ring cell

E-cadherin
Negative (0–10%)
Positive (>10%)
Vimentin
Negative (0–10%)
Positive (>10%)
E-cadherin
Negative (0–10%)
Positive (>10%)
Vimentin
Negative (0–10%)
Positive (>10%)
E-cadherin
Negative (0–10%)
Positive (>10%)
Vimentin
Negative (0–10%)
Positive (>10%)
E-cadherin
Negative (0–10%)
Positive (>10%)
Vimentin
Negative (0–10%)
Positive (>10%)

0
1 (3%)

3 (8%)
6 (16%)

20 (56%)
6 (17%)

1 (3%)
0

4 (11%)
5 (14%)

3 (8%)
23 (64%)

0
0

5 (10%)
8 (17%)

30 (63%)
5 (10%)

0
0

6 (12%)
7 (15%)

3 (6%)
32 (67%)

0
0

4 (8%)
3 (6%)

41 (80%)
3 (6%)

0
0

2 (4%)
5 (10%)

4 (8%)
40 (78%)

3 (10%)
6 (20%)

5 (17%)
5 (17%)

10 (33%)
1 (3%)

7 (23%)
2 (7%)

6 (20%)
4 (14%)

0
11 (36%)

among all the samples examined, only adenocarcinomas
stained strongly for both Snail and vimentin. These findings
are consistent with a report that vimentin is correlated
with poor prognosis in cancer patients [12]. However, in
our study, Snail staining was observed more specifically
than vimentin staining in adenocarcinomas, suggesting that
Snail expression is more specific for adenocarcinomas than
vimentin.
Gastric cancer remains a national health issue in Japan
[13]. Although periodic endoscopic screening can detect
early cancer in many cases, improving the prognosis, close
cooperation between pathologists and gastroenterologists is
still needed for accurate diagnosis. TMN stage is the strongest
prognostic factor for survival in gastric cancer [14], but the
TMN stage cannot be definitively determined preoperatively.
Tumor size, appearance, and depth of penetration in the wall
are predictive for lymph node metastasis. These characteristics are estimated based on endoscopic or endosonographic
features. According to the treatment guidelines for gastric
cancer in Japan, endoscopic treatments (such as endoscopic
mucosal resection and endoscopic submucosal dissection)
may be oﬀered to patients with well diﬀerentiated cancers
that are localized in the mucosal layer, less than 2 cm
in diameter, and unaccompanied by ulceration (Japanese
Gastric Cancer Association. 2004) [15]. However, due to high
rates of local recurrence, more than half of the patients with
early gastric cancers remain uncured [16]. In these cases,
preoperative evaluation of prognostic factors is important.
Some papers have already proposed a new EMT phenotype
classification based on the numbers of EMT-related protein
changes [17].

Total
165
36
23
13
36
8
28
48
35
13
48
9
39
51
45
6
51
6
45
30
18
12
30
13
17

P
0.031

0.025

0.039

0.032

0.019

0.023

0.042

0.044

We suggest that Snail could be a marker for distinguishing gastric carcinomas from benign tissues. Especially
when we encounter a borderline lesion, it would be greatly
helpful to decide whether it is benign or malignant. Furthermore, analyzing Snail expression can aid in surgical
decision-making because Snail expression promotes tumor
invasiveness, migration, and proliferation activity [18], and
because most of the carcinomas stained positively for Snail.
Therefore, we suggest that Snail expression could be regarded
as a novel marker for the diagnosis of gastric cancer and
might be used to aid in surgical decision-making in patients
with gastric cancer.
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