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Epithelial ovarian cancer is the leading cause of death among female genital malignancies. Reduced expression of the cell adhesion
molecule E-cadherin was previously shown to be associated with adverse prognostic features. The role of the E-cadherin repressor
Snail in ovarian cancer progression remains to be elucidated. We analysed formalin-fixed and paraffin-embedded specimens of 48
primary ovarian tumours and corresponding metastases for expression of E-cadherin and Snail by immunohistochemistry. We found
a significant correlation between E-cadherin expression in primary cancers and their corresponding metastases (Po0.001). This
correlation was found for Snail expression as well (Po0.001). There was a significant (P¼ 0.008) association of reduced E-cadherin
expression in primary ovarian cancer with shorter overall survival. Similarly, Snail expression in corresponding metastases (P¼ 0.047)
was associated with reduced overall survival of the patients. Additionally, the group of patients showing reduced E-cadherin and
increased Snail immunoreactivity in primary tumours and corresponding metastases, respectively, had a significantly higher risk of
death (P¼ 0.002 and 0.022, respectively) when compared to the patient group with the reference expression profile E-cadherin
positive and Snail negative. Taken together, the results of our study show that the E-cadherin repressor Snail is associated with lower
overall survival of ovarian cancer patients.
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Epithelial ovarian cancer is the second most common gynaecolo-
gical cancer and the leading cause of death among female genital
malignancies in the developed world (Parkin et al, 2005;
Sankaranarayanan and Ferlay, 2005). More than two-thirds of
patients with ovarian cancer are diagnosed with advanced-stage
disease, because ovarian cancer is often asymptomatic in its early
stages (Ozols, 2005). The degree of peritoneal dissemination is
related to the poor prognosis in patients with advanced-stage
ovarian cancer. The molecular mechanisms that allow ovarian
cancer cells to detach from the primary tumour, invade the
peritoneal surfaces, and regrow at this site are not yet well
understood. Nevertheless, it is known that epithelial–mesenchy-
mal transition (EMT) is an important mechanism during early
steps of tumour progression where tumour cells disseminate from
the primary tumour (Thiery and Chopin, 1999; Thiery, 2002, 2003;
Gotzmann et al, 2004). Predominantly, EMT is a key process in
normal embryonic development by which epithelial cells acquire a
fibroblastoid morphology, accompanied by the loss of epithelial
and gain of mesenchymal markers (Hay, 1995; Thiery and Chopin,

1999; Thiery, 2003). The process of acquisition of the invasive
phenotype by epithelial tumours can be regarded as a pathologic
version of the EMT of embryogenesis.
Expression of the homophilic Ca2þ -dependent cell adhesion

molecule E-cadherin is lost during EMT. As a key regulator of the
differentiated epithelial phenotype, E-cadherin plays a critical role
in the suppression of tumour invasion, and its function is required
for the maintenance of stable adherens junctions and epithelial cell
polarity (Takeichi, 1991; Perez-Moreno et al, 2003). Occurrence of
altered E-cadherin expression has been correlated with dediffer-
entiation, increased risk of local invasion and metastatic disease,
and recurrence and poor prognosis in a variety of carcinomas, for
example, breast, uterine cervix, or gastric carcinomas (Moll et al,
1993; Fujimoto et al, 1997; Jawhari et al, 1997; Jeffers et al, 1997;
Huiping et al, 2001). Previous studies have shown that reduced
expression of E-cadherin in ovarian cancer is associated with the
invasive phenotype, advancing tumour stage, lower 5-year survival
rate, and poor recurrence-free survival (Faleiro-Rodrigues et al,
2004; Imai et al, 2004; Marques et al, 2004; Voutilainen et al, 2006)
but not much is known about the underlying mechanisms of
E-cadherin downregulation.
A regulator of E-cadherin expression is the transcription factor

Snail, a member of the Snail superfamily of zinc-finger transcrip-
tion factors, which was first identified in Drosophila melanogaster
(Grau et al, 1984; Nieto, 2002). Snail mediates events in mesoderm,
neuroectoderm, and other organ development in the embryo but is
also an important effector of the process of invasiveness and
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tumorigenecity (Hemavathy et al, 2000). Snail is considered as a
key regulator of EMT as it represses the transcription of
E-cadherin by binding to E-box elements found in the proximal
E-cadherin promoter, thereby triggering a complete EMT with the
acquisition of invasive and tumorigenic properties (Batlle et al,
2000; Cano et al, 2000; Peinado et al, 2004; De Craene et al,
2005). In humans, Snail mRNA expression has been detected in
biopsies or resected tissue samples from patients with breast
cancer (Blanco et al, 2002), gastric cancer (Rosivatz et al, 2002),
hepatocellular carcinomas (Jiao et al, 2002), oral squamous cell
carcinoma (Yokoyama et al, 2001), and ovarian carcinoma
(Elloul et al, 2006). Because Snail is significantly regulated at the
protein level, we decided to analyse Snail immunoreactivity in
ovarian cancer. Our recently established Snail-specific antibody
allows a direct cellular comparison between E-cadherin down-
regulation and endogenous nuclear Snail expression at the protein
level in cancer tissues (Rosivatz et al, 2006; Blechschmidt et al,
2007).
The aim of our study was to elucidate the role of the

transcription factor Snail in E-cadherin downregulation and
cancer progression in ovarian carcinomas.

MATERIALS AND METHODS

Tissue samples

A total of 51 patients who had undergone primary surgery for
newly diagnosed advanced-stage (FIGO IIIC and IV) ovarian
cancer between 1998 and 2001 at the University Hospital of the
Technical University of Munich were eligible for this retrospective
analysis. Exclusion criteria were a second malignancy or
chemotherapy or radiotherapy within the last 6 months prior to
surgery. Follow-up data were available for all patients, with a
median follow-up time of 55 months.
Formalin-fixed and paraffin-embedded specimens of the pri-

mary ovarian tumours and corresponding metastases were
immunohistochemically analysed for expression of E-cadherin
and Snail. In 47 cases, specimens of the primary tumour as well as
the corresponding metastases were analysed, in one case only the
primary tumour was available, and in three cases only specimens
of metastases were analysed. Metastases were located in the
peritoneum (n¼ 17), omentum (n¼ 25), distant lymph nodes
(n¼ 6), and uterus (n¼ 2).

Immunohistochemistry

Sections (4mm) of formalin-fixed and paraffin-embedded material
were analysed. For detection of E-cadherin- and Snail-specific
immunoreactivity, sections were treated as follows: after standard
pressure-cooker-based antigen retrieval with citric acid (pH 6.0)
pretreatment, sections were incubated with either H2O2 (for
E-cadherin) or normal goat serum (for Snail).
The sections were incubated with either a monoclonal anti-

E-cadherin antibody (1 : 1500) (clone 36; Transduction Laboratories,
Lexington, KY, USA) at room temperature for 1 h or a monoclonal
anti-Snail antibody (1 : 20) (hybridoma supernatant Sn9H2;
Rosivatz et al, 2006) at room temperature for 2 h. Both antibodies
were detected using the avidin–biotin complex peroxidase
method (ABC Elite Kit; Vector, Burlingame, CA, USA). Final
staining was developed with the Sigma FAST DAB peroxidase
substrate kit (Sigma, Deisenhofen, Germany). Haemalaun was
used for counterstaining. For the analysis of E-cadherin immuno-
reactivity, adjacent endometrium, intestinal mucosa, or non-
tumorous ovarian surface epithelium was used as an endogenous
positive control. Sections of archival placental tissue were used
as a positive control for Snail immunoreactivity (Rosivatz et al,
2006).

Immunohistochemical evaluation

Expression of E-cadherin and Snail was assessed using a
semiquantitative scoring system, ranging from 0, 1þ , 2þ , and 3þ .
E-cadherin expression was scored as follows:

� 0, no immunoreactivity or immunoreactivity of o10% of
tumour cells

� 1þ , low-intensity immunoreactivity of X10% of tumour cells
� 2þ , medium-intensity immunoreactivity of X10% of tumour

cells
� 3þ , high-intensity immunoreactivity of X10% of tumour cells

All cases were summarised into two groups, showing preserved
E-cadherin expression (score 3þ ) or reduced E-cadherin expres-
sion (scores 0, 1þ , and 2þ ).
Snail expression was evaluated as following:

� 0, no immunoreactivity or immunoreactivity ofo1% of tumour
cells

� 1þ , immunoreactivity of 1% of tumour cells
� 2þ , immunoreactivity of 2–5% of tumour cells
� 3þ , immunoreactivity of 45% of tumour cells

Snail staining was graded as positive only when nuclear staining
was detectable.
All cases were summarised into two groups, negative for Snail

expression (score 0) or positive for Snail expression (scores 1þ ,
2þ , and 3þ ).

Statistical analysis

Continuous variables are reported as median with range, and
categorical data are expressed as frequencies and percentages.
w2-test and if appropriate Fisher Exact test were applied to test for
bivariate associations of categorical parameters. Logistic regres-
sion was used to perform multivariate investigations of binary-
response variables. Analysis of survival times was performed using
the method of Kaplan–Meier, and comparison of survival between
patient subgroups was done by Log-rank test and Cox proportional
hazard regression. Hazard ratios and median survival were
reported with 95% confidence intervals. All tests were performed
two-tailed at a 5% level of significance. Bonferroni adjustment of
a-error rate was considered in case of multiple comparisons, in
particular performing subgroup analysis. Analyses were conducted
using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 48 specimens of primary tumours and 50 specimens of
metastases of ovarian carcinomas were examined for E-cadherin
and Snail immunoreactivity, of which 47 cases were matched pairs
of primary tumours and their corresponding metastases (Figure 1).
A summary of the clinicopathological characteristics of the
patients is given in Table 1.

E-cadherin expression in primary and metastatic ovarian
cancer

E-cadherin expression was preserved (score 3þ ) in 75% of
primary ovarian cancers and 78% of the corresponding metastases.
A reduced E-cadherin immunoreactivity (score 0, 1þ , and 2þ )
was found in 25% of primary tumours and 22% of metastases
(Table 2A).
There was a significant correlation between E-cadherin expres-

sion in ovarian cancers and their corresponding metastases
(Po0.001). Out of 35 primary tumours with preserved E-cadherin
expression, 33 (94.3%) showed preserved expression in the
corresponding metastases. Out of 12 primary tumours with
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reduced E-cadherin expression, 8 (66.7%) showed reduced
expression in the corresponding metastases (Table 3). There was
no difference in E-cadherin expression in various metastatic
locations.
No association was found between E-cadherin immunoreactivity

and clinicopathological factors including patient age, tumour
grade, histological subtype, and FIGO stage in primary ovarian
cancers, nor in the corresponding metastases. These results
were confirmed by multivariate analysis considering E-cadherin
immunoreactivity in primary cancers and metastases, respectively,
and TNM status, tumour grade, histological subtype, and FIGO
stage. No statistical significance was found for multivariate
analysis as well.

Snail expression in primary and metastatic ovarian cancer

Expression of Snail (score 1þ , 2þ , and 3þ ) was detected in
37.5% of primary ovarian cancers and in 52% of corresponding
metastases (Table 2B). There was a significant correlation between
Snail expression in ovarian cancers and their corresponding
metastases (Po0.001). Out of 17 primary tumours with positive
Snail expression, 16 (94.1%) showed Snail expression in the
corresponding metastases. Out of 30 primary tumours with

negative Snail immunoreactivity, 21 (70.0%) were negative for
Snail in the corresponding metastases (Table 3). There was no
difference in Snail expression in various metastatic locations. No
association was found between Snail expression and clinicopatho-
logical factors including patient age, tumour grade, histological
subtype, and FIGO stage in primary ovarian cancers nor in the
corresponding metastases. These results were confirmed by
multivariate analysis considering Snail immunoreactivity in

Table 1 Clinicopathological characteristics of the patients (n¼ 51)

Characteristic n %

Age, years
Median 63
Range 29–82

Histological grade
1 3 6
2 11 22
3 37 72

FIGO stage
III 39 76
IV 12 24

TNM staging
T
1 3 6
2 2 4
3 46 90

N
0 6 12
1 22 43
x 23 45

M
0 38 74
1 11 22
x 2 4

Histological type
Serous 39 76
Endometrioid 5 10
Othersa 7 14

End state
Dead 31 61
Alive 20 39

aIncludes three mucinous, two Muellerian, one Brenner, and one clear cell.

Table 2A E-cadherin expression in primary ovarian cancer and
corresponding metastases

Primary tumours (n¼48)a Metastases (n¼ 50)a

E-cadherin Score (n) (%) (n) (%)

Reduced 12 25.0 11 22.0
0 1 2.1 1 2.0
1+ 2 4.2 1 2.0
2+ 9 18.7 9 18.0

Preserved 3+ 36 75.0 39 78.0

aFor n¼ 47 cases, matched pairs of primary tumours and their corresponding
metastases were available for analysis. Reduced, reduced E-cadherin expression
defined by scores of 0, 1+, and 2+. Preserved, preserved E-cadherin expression
defined by a score of 3+. n, number of patients. The main categories of ‘reduced’
and ‘preserved’ (as compared to the subcategories of reduced expression) are shown
in bold.

E-cadherin

PT

MET

PT

MET

Snail

Figure 1 (A, B) Consecutive immunostainings for E-cadherin and Snail
of two ovarian cancer cases showing the primary tumours and the
corresponding metastases. (A) An ovarian cancer case showing reduced
E-cadherin immunostaining in the primary tumour (1þ ), while E-cadherin
immunoreactivity is preserved in the corresponding metastasis (3þ ). Snail
immunoreactivity is positive (3þ ) for both, primary tumour and metastasis
(immunoperoxidase staining, � 200). (B) An ovarian cancer case showing
preserved E-cadherin immunostaining (3þ ) in primary tumour and
corresponding metastasis. Snail immunoreactivity is negative (0) in the
primary tumour, whereas it is positive (1þ ) in the corresponding
metastasis. Note that tumour-associated stromal cells also show nuclear
staining for Snail (indicated by arrowheads) (immunoperoxidase staining,
� 200). PT, primary tumour; MET, corresponding metastasis.
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primary cancers and metastases, respectively, and TNM status,
tumour grade, histological subtype, and FIGO stage. No statistical
significance was found for multivariate analysis as well.
There was no statistically significant correlation between E-

cadherin and Snail expression, neither in primary ovarian cancers
nor in their metastases. Out of 36 primary tumours with preserved
E-cadherin expression, 13 (36.1%) showed positive Snail and 23
(63.9%) negative Snail immunoreactivity (P¼ 0.743). Out of 39
metastases with preserved E-cadherin expression, 21 (53.8%)
showed positive Snail and 18 (46.2%) negative Snail immuno-
reactivity (P¼ 0.623).

E-cadherin and Snail expression and overall survival

There were significant differences in patients’ overall survival with
regard to E-cadherin expression in primary ovarian cancer
(P(log-rank)¼ 0.008; significant according to the adjusted significance
level) (Figure 2). Patients with a reduced E-cadherin expression
(n¼ 12) had a median overall survival of 17.9 months (95% CI:
5.8–30.0) compared to 48.8 months (95% CI: 24.0–73.6) in
patients with preserved E-cadherin expression (n¼ 36). The
corresponding hazard ratio was 2.82 (95% CI: 1.3–6.3). In
metastases, no significant differences were found in overall
survival when examining E-cadherin expression.
There was a borderline significant difference in the overall

survival of patients with positive Snail expression in metastases of
ovarian cancer compared to patients with negative Snail expres-
sion (P(log-rank)¼ 0.047) (Figure 3), whereas these differences were
not found in primary tumours. Patients with positive Snail
expression in their metastases (n¼ 26) had a lower median overall
survival of 17.9 months (95% CI: 12.2–23.7) with a hazard ratio of
2.10 (95% CI: 1.0–4.4). The median overall survival of patients

with Snail negative metastases (n¼ 24) has not yet been reached at
55 months of median follow-up time.
To analyse the patients’ overall survival with regard to different

combinations of E-cadherin and Snail expression profiles, we
divided the patients into four different groups, which are shown
in Tables 4A and B. The comparison of survival between the
different groups was done by multivariate Cox proportional hazard
regression adjusted for patient age. Since normal non-cancerous
epithelial tissue is characterised by preserved E-cadherin and
negative Snail expression, this expression profile served as a
reference standard. When analysing the protein expression profile
in primary ovarian tumours with regard to patient survival, we
found that only patients with the expression profile ‘E-cadherin
reduced and Snail positive’ showed a significantly (P¼ 0.002;
significant according to the adjusted significance level) higher risk
for the occurrence of death with a hazard ratio of 5.91 (95% CI:
1.9–18.0) when compared to the reference group (Table 4A). In
case of the corresponding metastases, a significantly (P¼ 0.025)
higher risk for the occurrence of death was seen in patients
with the same expression profile of ‘E-cadherin reduced and
Snail positive’ with a hazard ratio of 4.26 (95% CI: 1.2–15.2)
when compared to the reference group (Table 4B). Taken together,
a total of eight patients showed this profile of reduced E-cadherin
and positive Snail expression in either the primary tumour (n¼ 5)
or metastases (n¼ 5). (Two of these patients showed this profile
in both their primary tumor and metastases.) Out of these
eight patients, five (62.5%) were serous carcinomas, two (25%)
endometrioid, and one (12.5%) mucinous carcinoma. This
distribution of histological subtypes reflects their statistical
frequency in the study population (see Table 1).

DISCUSSION

In the current study, we analysed the active, that is, nuclear-
localised, Snail protein and its target E-cadherin by immunohisto-
chemistry in a series of primary ovarian carcinomas and their

Table 2B Snail expression in primary ovarian cancer and corresponding
metastases

Primary tumours (n¼ 48)a Metastases (n¼ 50)a

Snail Score (n) (%) (n) (%)

Negative 0 30 62.5 24 48.0
Positive 18 37.5 26 52.0

1+ 11 22.9 17 34.0
2+ 4 8.3 6 12.0
3+ 3 6.3 3 6.0

aFor n¼ 47 cases, matched pairs of primary tumours and their corresponding
metastases were available for analysis. Negative, no expression of Snail defined by a
score of 0. Positive, positive Snail expression defined by scores of 1+, 2+, and 3+. n,
number of patients. The main categories of ‘negative’ and ‘positive’ (as compared to
the subcategories of positive expression) are shown in bold.

Table 3 Correlation of E-cadherin and Snail expression in primary
ovarian cancer compared to the corresponding metastasesa

E-cadherin (n) Snail (n)

Primary positive 35 17
Primary negative 12 30
Primary positive, metastasis positive 33 (94.3% of n¼ 35) 16 (94.1% of n¼ 17)
Primary positive, metastasis negative 2 (5.7% of n¼ 35) 1 (5.9% of n¼ 17)
Primary negative, metastasis negative 8 (66.7% of n¼ 12) 21 (70.0% of n¼ 30)
Primary negative, metastasis positive 4 (33.3% of n¼ 12) 9 (30.0% of n¼ 30)

an¼ 47 cases for which both the primary tumours and their corresponding
metastases were available. Primary, primary ovarian cancer. Metastasis, corresponding
metastases of primary ovarian cancers. Positive, preserved immunoreactivity for
E-cadherin (3+) or Snail positive (1+, 2+, and 3+). Negative, reduced
immunoreactivity for E-cadherin (0, 1+, and 2+) or Snail negative (0).
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Figure 2 Kaplan–Meier survival curve for ovarian carcinoma patients
according to E-cadherin immunoreactivity in primary ovarian cancers.
Discontinuous line represents preserved E-cadherin immunoreactivity
(3þ ). Continuous line represents reduced E-cadherin immunoreactivity
(2þ , 1þ , and 0). Patients with reduced E-cadherin immunoreactivity had
a significantly shorter overall survival (P¼ 0.008).
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corresponding metastases. The results show a significant associa-
tion between reduced E-cadherin expression in primary ovarian
cancer and shorter overall survival of the patients. Similarly,
positive Snail expression in the corresponding metastases was
correlated with reduced overall survival. Interestingly, for both
E-cadherin and Snail, we observed no significant difference in
expression between primary tumours and their corresponding
metastases.
The cell adhesion molecule E-cadherin has already been

described to be involved in tumour dedifferentiation and poor
recurrence-free survival in ovarian cancer (Imai et al, 2004;
Voutilainen et al, 2006). We showed that reduced E-cadherin
immunoreactivity in primary ovarian tumours was significantly
(P¼ 0.008) associated with shorter overall survival.
A key regulator of E-cadherin expression is the zinc-finger

transcription factor Snail, a master molecule of EMT (Cano et al,
2000). Up to now, more than 2000 cases from at least nine different
tumour types reported in more than 21 studies have been analysed
for Snail expression, including carcinomas from breast, stomach,
colon, liver, ovary, oesophagus, head and neck, and endometrium,
and synovial sarcomas (Becker et al, 2007). Elloul et al (2006)
recently analysed the expression of E-cadherin and its transcrip-
tional regulators in ovarian cancer. They evaluated the expression
of the repressors Snail, Slug, and SIP1 in fresh non-fixed material
of ovarian primary carcinomas, solid metastases, and malignant
peritoneal and pleural effusions by reverse transcription (RT)-PCR
and western blot. The authors reported positive Snail expression in
the majority of the analysed tumour specimens. Snail mRNA
expression was detected in 93% (38/41) primary tumours, 93% (14/
15) metastases, and 87% (68/78) effusions. Snail protein expression
determined by Western blot analysis was found in 100% (30/30)
primary tumours, 100% (10/10) metastases, and 97% (72/74)
effusions. The authors found that mean expression levels of Snail
protein were lower in effusions, with expression of 17% of control
levels in effusions compared to 118% in primary tumours and
127% in metastases (Elloul et al, 2006). These discrepancies
between Snail mRNA and protein expression levels may partly be
explained by potential posttranslational regulation mechanisms.
Besides being tightly regulated at the transcriptional level, Snail’s
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Figure 3 Kaplan–Meier survival curve for ovarian carcinoma patients according to Snail immunoreactivity in metastases of ovarian cancer. Discontinuous
line represents negative Snail immunoreactivity (0). Continuous line represents positive Snail immunoreactivity (1þ , 2þ , and 3þ ). Patients with positive
Snail immunoreactivity had a significantly shorter overall survival (P¼ 0.047).

Table 4A Comparison of survival in patient groups with different
expression profiles of E-cadherin and Snail in primary ovarian cancer using
multivariate Cox proportional hazard regression adjusted for patient age

95% CI for HR

Primary ovarian cancer (n¼48) P HR Lower Upper

E-cadherin+/Snail� (n¼ 23)a 1.00
E-cadherin+/Snail+ (n¼ 13) 0.590 1.28 0.521 3.150
E-cadherin�/Snail� (n¼ 7) 0.165 2.13 0.733 6.191
E-cadherin�/Snail+ (n¼ 5) 0.002# 5.91 1.973 18.036
Age (years) 0.890 1.01 0.973 1.032

CI¼ confidence interval; HR¼ hazard ratio for the occurrence of death;
+¼ preserved immunoreactivity for E-cadherin (3+) or Snail positive (1+, 2+, and
3+); �¼ reduced immunoreactivity for E-cadherin (0, 1+, and 2+) or Snail negative
(0). aWas set as the reference group. #Significant according to the adjusted
significance level. n, number of patients. Bold value signifies P-value o0.05.

Table 4B Comparison of survival in patient groups with different
expression profiles of E-cadherin and Snail in metastases of ovarian cancer
using multivariate Cox proportional hazard regression adjusted for patient
age

95% CI for HR

Metastases of ovarian cancer (n¼ 50) P HR Lower Upper

E-cadherin+/Snail� (n¼ 18)a 1.00
E-cadherin+/Snail+ (n¼ 21) 0.069 2.35 0.936 5.884
E-cadherin�/Snail� (n¼ 6) 0.313 1.90 0.547 6.601
E-cadherin�/Snail+ (n¼ 5) 0.025# 4.26 1.198 15.159
Age (years) 0.692 1.01 0.977 1.036

CI¼ confidence interval; HR¼ hazard ratio for the occurrence of death;
+¼ preserved immunoreactivity for E-cadherin (3+) or Snail positive (1+, 2+, and
3+); �¼ reduced immunoreactivity for E-cadherin (0, 1+, and 2+) or Snail negative
(0). aWas set as the reference group. n, number of patients. Significant according to
the adjusted significant level. Bold value signifies P-value o0.05.
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activity is also influenced by its subcellular localisation. In ovarian
tumour cells derived from effusions, Elloul et al (2006) found that
Snail protein was exclusively localised in the cytoplasm, which may
reflect an inactive form of the protein (Dominguez et al, 2003).
Snail can cycle between the nucleus and the cytosol by virtue of a
nuclear export sequence. At least two kinases, glycogen synthase
kinase-3b and p21-activated kinase-1, are known to govern Snail’s
localisation (Dominguez et al, 2003; Zhou et al, 2004; Yang et al,
2005). In addition, the zinc-finger transporter LIV-1 seems to be
involved in this level of regulation, as shown for zebrafish
(Yamashita et al, 2004). The complexity of Snail’s functional
activation makes clear that it is a shortcoming of Western blot
analysis that only total protein expression is reflected, which does
not necessarily correlate to the amount of active Snail.
In the current study, we analysed the expression of nuclear-

localised, active Snail. We found that 37.5% of the primary
tumours and 52% of the corresponding metastases showed a
positive nuclear staining for Snail. In addition to Snail-positive
carcinoma cells, we also found tumour-associated stromal cells
showing a positive immunoreactivity for Snail. Snail-positive
stromal cells have been described previously by us (Blechschmidt
et al, 2007) and by Franci et al (2006) in endometrial and colon
cancer, respectively. This raises the question whether these Snail-
positive stromal cells represent former tumour cells that have
undergone mesenchymal transition. On the other hand, a de novo
expression of Snail in tumoral stroma might suggest a key role for
stromal cells in promoting tumour progression. The role of Snail
in tumour-associated stromal cells needs to be established in
additional studies.
We found a significant correlation between Snail expression in

primary ovarian tumours and their corresponding metastases
(Po0.001). Cases (94.1%) with a positive Snail immunoreactivity
in primary tumours were also Snail positive in the corresponding
metastases. On the other hand, 70% of cases with Snail-negative
primary tumours were also Snail negative in the corresponding
metastases, yet 30% showed a positive Snail immunoreactivity. In
previous studies, it was shown that Snail not only induces tumour
invasion but also blocks the cell cycle and confers resistance to cell
death (Vega et al, 2004). Our results indicate that these or other,
yet unknown, features of Snail might be of special importance for
the establishment or maintenance of metastases at the new
invasion site in ovarian cancer, possibly leading to preserved
Snail expression. Additionally, we demonstrated that positive Snail
immunoreactivity in metastases of ovarian cancer was significantly
associated with a lower overall survival of the patients. No
association was found between Snail expression in primary ovarian
cancer and survival.

There was no correlation between Snail immunoreactivity and
other clinicopathological parameters, including patient age,
tumour subtype, or grade of differentiation. The last might be
due to the small numbers of low-grade and low-stage cases as
discussed above. In the current study, there was no correlation
between Snail upregulation and E-cadherin downregulation,
neither in primary tumours nor in corresponding metastases.
We found coexpression of E-cadherin and Snail in 36.1% of
primary tumours and in 53.8% of metastases. These results are in
accordance with previous studies on endometrial and colon cancer
(Franci et al, 2006; Blechschmidt et al, 2007), although it is not yet
understood why Snail expression does not lead to E-cadherin
downregulation in these cases.
We also asked whether specific combinations of E-cadherin and

Snail protein expression had a prognostic value. We found that a
profile of reduced E-cadherin expression and nuclear Snail
expression was associated with a significantly increased risk of
death. Patients showing an ‘E-cadherin reduced and Snail positive’
profile, in either the primary tumours or corresponding meta-
stases, respectively, had a 6-fold and 4.2-fold increased risk of
death (P¼ 0.002 and 0.022, respectively) when compared to the
patient group with a ‘normal epithelial’ expression profile of
‘E-cadherin positive and Snail negative’.
Additionally, patients with a profile of preserved E-cadherin and

positive Snail expression in metastases were at an increased risk of
death (P¼ 0.077), although this association was not statistically
significant. Taken together, these observations indicate that Snail
might be an independent prognostic factor for clinical outcome in
ovarian cancer. Snail may be important for the establishment
and maintenance of metastases in ovarian cancer, while loss of
E-cadherin expression might be crucial in primary tumours, for
example, for tumour invasion, both leading to an adverse clinical
outcome for ovarian cancer patients.
This is the first study in which the subcellular expression of the

E-cadherin repressor Snail has been analysed in a series of ovarian
carcinomas. Our findings, although derived from a limited number
of patients, form an important basis for future prospective studies.
In conclusion, the results of our study show that Snail is associated
with lower overall survival of ovarian cancer patients and provide
new evidence for a role of Snail as a prognostic factor for adverse
clinical outcome in ovarian cancer.
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Becker KF (2007) The E-cadherin repressor Snail plays a role in
tumor progression of endometrioid adenocarcinomas. Diagn Mol Pathol
(in press)

Cano A, Perez-Moreno MA, Rodrigo I, Locascio A, Blanco MJ, del Barrio
MG, Portillo F, Nieto MA (2000) The transcription factor snail controls
epithelial–mesenchymal transitions by repressing E-cadherin expres-
sion. Nat Cell Biol 2: 76–83; doi:10.1038/35000025

De Craene B, Gilbert B, Stove C, Bruyneel E, van Roy F, Berx G (2005)
The transcription factor snail induces tumor cell invasion through
modulation of the epithelial cell differentiation program. Cancer Res 65:
6237–6244

Dominguez D, Montserrat-Sentis B, Virgos-Soler A, Guaita S, Grueso J,
Porta M, Puig I, Baulida J, Franci C, Garcia de Herreros A (2003)
Phosphorylation regulates the subcellular location and activity of the
snail transcriptional repressor. Mol Cell Biol 23: 5078–5089; doi:10.1128/
MCB.23.14.5078-5089.2003

Elloul S, Silins I, Trope CG, Benshushan A, Davidson B, Reich R (2006)
Expression of E-cadherin transcriptional regulators in ovarian carcino-
ma. Virchows Arch 449: 520–528; doi:10.1007/s00428-006-0274-6

Faleiro-Rodrigues C, Macedo-Pinto I, Pereira D, Lopes CS (2004) Prognostic
value of E-cadherin immunoexpression in patients with primary ovarian
carcinomas. Ann Oncol 15: 1535–1542; doi:10.1093/annonc/mdh387

Franci C, Takkunen M, Dave N, Alameda F, Gomez S, Rodriguez R, Escriva
M, Montserrat-Sentis B, Baro T, Garrido M, Bonilla F, Virtanen I, Garcia
de Herreros A (2006) Expression of Snail protein in tumor–stroma
interface. Oncogene 25: 5134–5144; doi:10.1038/sj.onc.1209519

Snail in ovarian cancer

K Blechschmidt et al

494

British Journal of Cancer (2008) 98(2), 489 – 495 & 2008 Cancer Research UK

G
e
n
e
tic

s
a
n
d
G
e
n
o
m
ic
s



Fujimoto J, Ichigo S, Hirose R, Sakaguchi H, Tamaya T (1997) Expression
of E-cadherin and alpha- and beta-catenin mRNAs in uterine cervical
cancers. Tumour Biol 18: 206–212

Gotzmann J, Mikula M, Eger A, Schulte-Hermann R, Foisner R, Beug H,
Mikulits W (2004) Molecular aspects of epithelial cell plasticity:
implications for local tumor invasion and metastasis. Mutat Res 566:
9–20; doi:10.1016/S1383-5742(03)00033-4

Grau Y, Carteret C, Simpson P (1984) Mutations and chromosomal
rearrangements affecting the expression of Snail, a gene involved in
embryonic patterning in Drosophila Melanogaster. Genetics 108: 347–360

Hay ED (1995) An overview of epithelio–mesenchymal transformation.
Acta Anat (Basel) 154: 8–20

Hemavathy K, Ashraf SI, Ip YT (2000) Snail/slug family of repressors:
slowly going into the fast lane of development and cancer. Gene 257:
1–12; doi:10.1016/S0378-1119(00)00371-1

Huiping C, Kristjansdottir S, Jonasson JG, Magnusson J, Egilsson V,
Ingvarsson S (2001) Alterations of E-cadherin and beta-catenin in gastric
cancer. BMC Cancer 1: 16

Imai T, Horiuchi A, Shiozawa T, Osada R, Kikuchi N, Ohira S, Oka K,
Konishi I (2004) Elevated expression of E-cadherin and alpha-, beta-, and
gamma-catenins in metastatic lesions compared with primary epithelial
ovarian carcinomas. Hum Pathol 35: 1469–1476; doi:10.1016/j.humpath.
2004.09.014

Jawhari A, Jordan S, Poole S, Browne P, Pignatelli M, Farthing MJ (1997)
Abnormal immunoreactivity of the E-cadherin–catenin complex in gastric
carcinoma: relationship with patient survival. Gastroenterology 112: 46–54

Jeffers MD, Paxton J, Bolger B, Richmond JA, Kennedy JH, McNicol AM
(1997) E-cadherin and integrin cell adhesion molecule expression in
invasive and in situ carcinoma of the cervix. Gynecol Oncol 64: 481–486;
doi:10.1006/gyno.1996.4578

Jiao W, Miyazaki K, Kitajima Y (2002) Inverse correlation between
E-cadherin and Snail expression in hepatocellular carcinoma cell lines
in vitro and in vivo. Br J Cancer 86: 98–101

Marques FR, Fonsechi-Carvasan GA, De Angelo Andrade LA, Bottcher-Luiz
F (2004) Immunohistochemical patterns for alpha- and beta-catenin,
E- and N-cadherin expression in ovarian epithelial tumors. Gynecol
Oncol 94: 16–24; doi:10.1016/j.ygyno.2004.03.037

Moll R, Mitze M, Frixen UH, Birchmeier W (1993) Differential loss of
E-cadherin expression in infiltrating ductal and lobular breast carcino-
mas. Am J Pathol 143: 1731–1742

Nieto MA (2002) The snail superfamily of zinc-finger transcription factors.
Nat Rev Mol Cell Biol 3: 155–166; doi:10.1038/nrm757

Ozols RF (2005) Treatment goals in ovarian cancer. Int J Gynecol Cancer
15(Suppl 1): 3–11

Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics, 2002.
CA Cancer J Clin 55: 74–108

Peinado H, Ballestar E, Esteller M, Cano A (2004) Snail mediates E-cadherin
repression by the recruitment of the Sin3A/histone deacetylase 1

(HDAC1)/HDAC2 complex. Mol Cell Biol 24: 306–319; doi: 10.1128/
MCB.24.1.306-319.2004

Perez-Moreno M, Jamora C, Fuchs E (2003) Sticky business: orchestrating
cellular signals at adherens junctions. Cell 112: 535–548; doi:10.1016/
S0092-8674(03)00108-9

Rosivatz E, Becker I, Specht K, Fricke E, Luber B, Busch R, Hofler H, Becker
KF (2002) Differential expression of the epithelial–mesenchymal
transition regulators snail, SIP1, and twist in gastric cancer. Am J Pathol
161: 1881–1891

Rosivatz E, Becker KF, Kremmer E, Schott C, Blechschmidt K, Hofler H,
Sarbia M (2006) Expression and nuclear localization of Snail, an
E-cadherin repressor, in adenocarcinomas of the upper gastrointestinal
tract. Virchows Arch 448: 277–287; doi:10.1007/s00428-005-0118-9

Sankaranarayanan R, Ferlay J (2005) Worldwide burden of gynaecological
cancer: the size of the problem. Best Pract Res Clin Obstet Gynaecol 20:
207–225; doi:10.1016/j.bpobgyn.2005.10.007

Takeichi M (1991) Cadherin cell adhesion receptors as a morphogenetic
regulator. Science 251: 1451–1455; doi:10.1126/science.2006419

Thiery JP (2002) Epithelial–mesenchymal transitions in tumour progres-
sion. Nat Rev Cancer 2: 442–454; doi:10.1038/nrc822

Thiery JP (2003) Epithelial–mesenchymal transitions in development
and pathologies. Curr Opin Cell Biol 15: 740–746; doi:10.1016/
j.ceb.2003.10.006

Thiery JP, Chopin D (1999) Epithelial cell plasticity in development and
tumor progression. Cancer Metastasis Rev 18: 31–42; doi:10.1023/
A:1006256219004

Vega S, Morales AV, Ocana OH, Valdes F, Fabregat I, Nieto MA (2004) Snail
blocks the cell cycle and confers resistance to cell death. Genes Dev 18:
1131–1143

Voutilainen KA, Anttila MA, Sillanpaa SM, Ropponen KM, Saarikoski SV,
Juhola MT, Kosma VM (2006) Prognostic significance of E-cadherin–
catenin complex in epithelial ovarian cancer. J Clin Pathol 59: 460–467;
doi:10.1136/jcp.2005.029876

Yamashita S, Miyagi C, Fukada T, Kagara N, Che YS, Hirano T (2004) Zinc
transporter LIVI controls epithelial–mesenchymal transition in zebra-
fish gastrula organizer. Nature 429: 298–302; doi:10.1038/nature02545

Yang Z, Rayala S, Nguyen D, Vadlamudi RK, Chen S, Kumar R (2005) Pak1
phosphorylation of snail, a master regulator of epithelial-to-mesenchyme
transition, modulates snail’s subcellular localization and functions.
Cancer Res 65: 3179–3184

Yokoyama K, Kamata N, Hayashi E, Hoteiya T, Ueda N, Fujimoto R,
Nagayama M (2001) Reverse correlation of E-cadherin and snail
expression in oral squamous cell carcinoma cells in vitro. Oral Oncol
37: 65–71; doi:10.1016/S1368-8375(00)00059-2

Zhou BP, Deng J, Xia W, Xu J, Li YM, Gunduz M, Hung MC (2004)
Dual regulation of Snail by GSK-3beta-mediated phosphorylation in
control of epithelial–mesenchymal transition. Nat Cell Biol 6: 931–940;
doi:10.1038/ncb1173

Snail in ovarian cancer

K Blechschmidt et al

495

British Journal of Cancer (2008) 98(2), 489 – 495& 2008 Cancer Research UK

G
e
n
e
ti
c
s
a
n
d
G
e
n
o
m
ic
s


	The E-cadherin repressor Snail is associated with lower overall survival of ovarian cancer patients
	Main
	Materials and methods
	Tissue samples
	Immunohistochemistry
	Immunohistochemical evaluation
	Statistical analysis

	Results
	E-cadherin expression in primary and metastatic ovarian cancer
	Snail expression in primary and metastatic ovarian cancer
	E-cadherin and Snail expression and overall survival

	Discussion
	Acknowledgements
	References


