
Snail accelerates cancer invasion by upregulating MMP expression
and is associated with poor prognosis of hepatocellular carcinoma
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We have previously demonstrated in an in vitro study that Snail increased the invasion activity of hepatoma cells by upregulating
matrix metalloproteinase (MMP) gene expression. In the present study, we examined whether Snail gene expression correlates with
cancer invasion and prognosis of patients with hepatocellular carcinoma (HCC). Quantitative reverse transcription–polymerase chain
reaction (RT–PCR) was performed to evaluate Snail, E-cadherin, and MMP mRNA expressions in eight nodule-in-nodule tumours
and 47 ordinary HCC tissues. In the nodule-in-nodule tumours, Snail expression significantly increased with tumour dedifferentiation
(P¼ 0.047). In the ordinary HCC tissues, Snail expression was significantly correlated with portal vein invasion (P¼ 0.035) and
intrahepatic metastasis (P¼ 0.050); it also showed a significant correlation with MT1-MMP expression (r¼ 0.572, Po0.001). In
recurrence-free survival, the group with high Snail expression showed significantly poorer prognosis (P¼ 0.035). Moreover, high Snail
expression was an independent risk factor for early recurrence after curative resection. During the progression of HCC, Snail
expression may be induced and accelerate invasion activity by upregulating MMP expression, resulting in portal invasion, intrahepatic
metastasis, and poor prognosis.
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Hepatocellular carcinoma (HCC) is one of the most prevalent
malignancies in the world and a frequent cause of cancer fatalities
in Japan. Improvements in early diagnosis, surgical techniques,
and perioperative management have contributed to decreases in
mortality and morbidity among patients with HCC (Okuda et al,
1985; Fran et al, 1999). However, the long-term prognosis of
patients with HCC after hepatectomy has been still poor because of
a high incidence of recurrence after initial treatment (Fong et al,
1999; Poon et al, 2000b). Several centres have reported a
cumulative 5-year recurrence rate ranging from 75 to 100% (Chen
et al, 1994; Fong et al, 1999; Poon et al, 2000b). Pathological and
genetic analyses have indicated two features in HCC recurrence:
multicentric occurrence of new tumours (MO) and intrahepatic
metastasis of the original tumour (im) (Tsuda et al, 1992;
Matsumoto et al, 2001). It has been reported that MO is
significantly influenced by the underlying liver status, such as
the presence of active hepatitis (Belghiti et al, 1991; Ko et al, 1996).
On the other hand, im is thought to be more closely associated
with tumour factors, especially portal vein invasion (vp) (Vauthey
et al, 1995; Shimada et al, 1999). Several published studies have
demonstrated that vp plays an important role in the im process
and influences the survival rate of patients with HCC (Fuster et al,
1996; Mitsunobu et al, 1996; The Liver Cancer Study Group of
Japan, 1994). Therefore, it is important to elucidate the molecular
mechanisms of vp and im; the subsequent establishment of

markers for predicting vp and im may contribute to improvement
in the prognosis of patients with HCC.

Recently, the zinc-finger transcription factor Snail has been
reported to repress E-cadherin expression, which mediates cell–
cell adhesion, and to increase cancer invasion in various
malignancies (Battle et al, 2000; Yokoyama et al, 2001). We have
demonstrated in an in vitro study using HCC cell lines that Snail
not only represses E-cadherin but also increases gene expression of
the matrix metalloproteinase (MMP) family, which is thought to
accelerate cancer invasion (Miyoshi et al, 2004).

In this study, we attempted to clarify the in vivo significance of
Snail expression in HCC progression. We evaluated Snail, E-
cadherin, and MMP gene expressions in surgically resected HCC
tissues by quantitative reverse transcription –polymerase chain
reaction (RT –PCR). Subsequently, we assessed the relationship
between Snail gene expressions and those of E-cadherin and MMP.
Snail expression was further compared with the clinicopathologic
factors and prognosis of patients with HCC.

MATERIALS AND METHODS

Patients

From January 1998 to January 2003, 95 patients with primary HCC
consecutively underwent curative resection in the Department of
Surgery, Saga University Faculty of Medicine. Curative resection
was defined as complete excision of the tumour with clear
microscopic margins and no residual tumours demonstrated by
computed tomography (CT) scanning. Of these 95 patients, 10
patients who underwent preoperative transarterial embolisation
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were excluded from this study. Another 30 patients were excluded
because their RNA samples degraded.

Among the 55 patients remaining in the study, eight patients
had tumours with a nodule-in-nodule appearance (NIN) on
macroscopic and microscopic findings (Figure 1). Hepatocellular
carcinoma with NIN was better tissue for investigating the
dedifferentiation and progression of HCC because the inner
nodule of less differentiation developed sequentially from the
well-differentiated outer nodule with the same genetic background
(Kojiro, 1998; Midorikawa et al, 2002).

Eight patients with NIN and 47 patients without NIN were the
subjects of this study and these data sets were analysed separately.

Written informed consent that was recognised by the ethical
committee in Saga University Faculty of Medicine was obtained
from each patient before tissue acquisition. The eight patients with
NIN were six men and two women with a mean age of 68.7 years
(range, 60– 74 years). The mean tumour size was 50.1 mm (range,
17–110 mm). Histologically, four tumours had well-differentiated
HCC in the outer nodules and moderately differentiated HCC in
the inner nodules; the other four tumours had moderately
differentiated HCC in the outer nodules and poorly differentiated
HCC in the inner nodules.

The 47 patients without NIN were 33 men and 14 women with a
mean age of 65.7 years (range, 48– 84 years). Four patients (8.5%)
were positive for the hepatitis B surface antigen and 39 (83.0%)
were positive for the hepatitis C antibody. Four patients (8.5%)
were negative for both of these viruses. A total of 24 patients
(51.1%) had liver cirrhosis. The mean tumour size was 45.7 mm
(range, 13 –170 mm). The histological grade of each tumour was
determined according to the General Rules for the Clinical and
Pathological Study of Primary Liver Cancer (The Liver Cancer
Study Group of Japan, 2000). In all, 21 tumours (44.7%) were well-
differentiated HCC and 26 (55.3%) were moderately differentiated
HCC. Of these 47 patients, 42 underwent anatomical resections
according to Couinaud’s segments (Couinaud, 1957). The other

five patients underwent nonanatomical resections, including
limited resection and tumour enucleation. All 47 patients received
follow-up examinations of tumour markers, ultrasonography (US),
and CT every 3 months. The median follow-up period was 42
months (range, 12– 69 months). In this period, tumour recurrence
was observed in 24 patients (51.1%) and early recurrence (o1
year) was observed in 11 patients (23.4%). The liver was the first
site of recurrence in all of these cases.

RNA extraction

In the eight HCC frozen tissues with NIN, total RNA was extracted
from both the inner and outer nodules in 30 mg frozen tissue using
RNeasyt Mini Kits (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. In the 47 HCC tissues without NIN, total
RNA was extracted from both the cancer and noncancerous liver
tissues using the same protocol. All RNA samples were confirmed
to have no degradation by electrophoresis on 1% agarose gel.

Quantitative RT–PCR

The RNA samples (1mg) were converted into cDNA by reverse
transcription (RT) using random primers (TAKARA, Siga, Japan)
according to the manufacturer’s instructions. To quantitatively
estimate the mRNA expressions of several genes, polymerase chain
reaction (PCR) amplification was performed on a Light-Cyclert
instrument system (Roche, Mannheim, Germany) using the Light-
Cycler-FastStartt DNA Master SYBR green I kit (Roche).
Amplifications were performed in a 20-ml solution of 4 mM MgCl2,
20 pmol of primer, 2 ml of Light-Cycler-FastStart DNA Master
SYBR green I reagent, and 2 ml of cDNA. After 3 min denaturation
at 951C, amplifications were carried out with 50 cycles of 15 s
denaturation at 951C, 5 s annealing at 601C, and 10 s extension at
721C. Melting curves were obtained according to the protocol
under the following conditions: 0 s denaturation period at 951C,

Figure 1 Macroscopic and microscopic features of HCC showing a NIN appearance. (A) Macroscopically, the solitary tumour was separated into an
outer nodule and an inner nodule by a septum. (B) Microscopically, the outer nodule showed a moderately differentiated HCC, forming in a
pseudoglandular fashion. (C) Hepatocellular carcinoma cells in the inner nodule were poorly differentiated with large hyperchromatic nuclei. Microscopic
photographs were taken at a magnification of � 200.
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starting temperature of 651C, ending temperature of 951C, and rate
of temperature increase of 0.11C s�1. The sequences of the PCR
primer pair and the fragment size are shown in Table 1. These
experiments were carried out in triplicate.

Quantification of expression

Relative expression levels of target genes were determined from
standard curves using the control plasmid pSTBluel (Novagen,
Madison, WI, USA) inserted into the cDNA fragments of E-
cadherin, Snail, or MMP genes, and serially diluted to 3 pg ml�1,
30 pg ml�1, 300 pg ml�1, and 3 ng ml�1. The quantitative value of
the target gene in each sample was normalised using GAPDH
expression as an internal control. The quantitative RT–PCR assay
was carried out in triplicate and the mean value was calculated.
Finally, the mRNA expression ratio of cancerous (C) to
noncancerous (N) tissues was calculated from the following
formula: R¼ {target gene (C)/GAPDH (C)}/{target gene (N)/
GAPDH (N)}. High Snail expression was defined as R41.0 and
low Snail expression as Rp1.0.

Statistical analysis

Statistical analysis was performed using the StatViewt version 5.0
software system (SAS Insititute Inc., Cary, NC, USA). On analysis
of the samples with NIN, gene expressions were compared between
well-differentiated and less-differentiated nodules using the paired
Student’s t-test. A Pearson’s correlation test was used to assess the
correlation between Snail and MMP family gene expressions in
which each value of mRNA expression was estimated as log
transformed before statistical analysis. The relationships between
Snail expression levels and clinicopathologic features were
evaluated using the unpaired Student’s t-test. Survival rates were
calculated by the Kaplan–Meier methods and compared by the
Wilcoxon test. To elucidate the risk factors for early recurrence (o
1 year), univariate analysis was performed using the w2 test and
multivariate analysis was carried out using the logistic regression
model. A P-value of less than 0.05 was considered to be statistically
significant.

RESULTS

Expressions of Snail and MMP family genes in HCC tissues
with NIN

Using HCC tissues with NIN, we quantitatively analysed the gene
expressions of Snail, E-cadherin, and the MMP family in the outer
as well as the inner nodules of NIN tumours and compared the
results with the differentiation grades. As shown in Figure 2, Snail
expression was significantly higher in the less-differentiated
nodules than in the well-differentiated nodules (P¼ 0.047)
(Figure 2A). In less-differentiated nodules, the expression of
MMP-7 was significantly increased (P¼ 0.039) (Figure 2B) as well
as the expression of MT1-MMP (P¼ 0.034) (Figure 2C). However,
MMP-2 expression did not significantly vary with differentiation
(data not shown). The MMP-1 mRNA was not detectable in most
of the tissues (data not shown). Figure 3 shows the correlation
between Snail expression and MMP expression. Snail expression
had a trend correlating with MMP-7 expression (r¼ 0.818)
(Figure 3A) and MT1-MMP expression (r¼ 0.788) (Figure 3B).
However, these correlations were not significant because of the
small number of samples examined. No correlation was found

Table 1 Sequence of PCR primer and fragment size

Gene Sequence Fragment size (bp)

E-cadherin 50-TCGACACCCGATTCAAAGTGG-30 194
30-TTCCAGAAACGGAGGCCTGAT-50

Snail 50-TATGCTGCCTTCCCAGGCTTG-30 145
30-ATGTGCATCTTGAGGGCACCC-50

MMP-1 50-GATGTTCAGCTAGCTCAGGAT-30 193
30-AAGGGATTTGTGCGCATGTAG-50

MMP-2 50-CTTCTTCAAGGACCGGTTCAT-30 183
30-GCTGGCTGAGTAGATCCAGTA-50

MMP-7 50-ATGGGGAACTGCTGACATCAT-30 153
30-CCAGCGTTCATCCTCATCGAA-50

MT1-MMP 50-CTAAGACCTTGGGAGGAAAAC-30 192
30-AAGCCCCATCCAAGGCTAACA-50

GAPDH 50-GGCGTTTTGCAATGCAGATGTAG-30 189
30-CACAGGAGCCGTCACTTCTCTTG-50
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Figure 2 Comparison of Snail (A), MMP-7 (B), and MTl-MMP (C) expressions between well-differentiated and less-differentiated nodules (n¼ 8).
Relative mRNA levels of these genes were significantly increased in the less-differentiated nodules. Statistical analyses were carried out using a paired
Student’s t-test.
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between E-cadherin expression and Snail expression in HCC with
NIN (data not shown).

Relationship between Snail expression and
clinicopathologic features in 47 patients with ordinary
HCC

To elucidate the biologic significance of Snail expression in HCC,
we correlated the Snail expression with the clinicopathologic
features of 47 HCC tissue samples. As shown in Table 2, the mean
amount of Snail expression was significantly higher in HCC
tumours with vp (P¼ 0.035) and im (P¼ 0.050) than in tumours
without these parameters. However, Snail expression was not
correlated with histological grade.

Correlation between Snail expression and MMP expression
in 47 patients with ordinary HCC

Figure 4 shows the correlation between mean amounts of Snail
expression and MMP expression in 47 HCC tissue samples. A
positive correlation was found between Snail expression and
MMP-7 expressions (r¼ 0.256, P¼ 0.147); however, the correlation
was not strong (Figure 4A). A strongly positive correlation was
found between Snail expression and MT1-MMP expression

(r¼ 0.572, Po0.001) (Figure 4B). E-cadherin expression was not
correlated with Snail expression (data not shown).

Prognostic significance of high Snail expression

Overall and recurrence-free survival rates were estimated by
Kaplan–Meier curves (Figure 5). Of 47 patients, 11 (23.4%) with
HCC had high Snail expression and 36 (76.6%) had low Snail
expression. Regarding overall survival, Snail expression was not
significantly associated with the prognosis of patients with HCC
(Figure 5A). However, regarding recurrence-free survival, the
group with high Snail expression showed significantly poorer
prognosis than the group with low Snail expression (Figure 5B)
(P¼ 0.035). In particular, 54.5% of patients in the high Snail
expression group developed a metastasis within 12 months after
curative resection compared with 13.8% of patients in the low Snail
expression group. On the other hand, the patients in the low Snail
expression group had an increased rate of recurrence after 12
months.

Risk factors for early tumour recurrence

Among the 47 patients, 24 patients (51.1%) experienced tumour
recurrence and 11 (23.4%) experienced early recurrence (within 1
year). As shown in Table 3, early recurrence was compared with
various factors including Snail expression. Six of the 11 patients
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Figure 3 Correlation between Snail expression and MMP expression in
tumours with a NIN appearance (n¼ 8). (A) A positive correlation was
found between Snail expression and MMP-7 expression (r¼ 0.818,
P¼ 0.103). (B) A positive correlation was found between Snail expression
and MT1-MMP expression (r¼ 0.788, P¼ 0.131). All data were log
transformed before statistical analysis.

Table 2 Relationship between Snail mRNA expression and clinico-
pathologic features

Snail mRNA expression

Factors N (Mean7s.d.) P-value

Gender
Male 33 0.84172.084
Female 14 1.13272.170 0.668

Age (years)
p65 19 1.12872.720
465 28 0.79271.570 0.594

Liver cirrhosis
Absent 23 0.86271.718
Present 24 0.99172.430 0.835

Alpha-fetoprotein (ng ml�1)
p10 12 0.57870.488
410 35 1.04772.403 0.508

Tumour multiplicity
Solitary 28 0.55670.517
Multiple 19 1.47673.199 0.140

Tumour size (mm)
p50 33 0.79272.084
450 14 1.24872.147 0.500

Histological grade
Well 21 1.16572.582
Moderate 26 0.73671.619 0.490

Capsular invasion (fc-inf)
Absent 14 0.28170.268
Present 31 1.25872.516 0.157

Portal vein invasion (vp)
Absent 35 0.55670.486
Present 12 2.01173.978 0.035

Hepatic vein invasion (vv)
Absent 36 0.75171.403
Present 11 1.50673.568 0.299

Intrahepatic metastasis (im)
Absent 32 0.53570.509 0.050
Present 15 1.76573.561

Well¼well-differentiated HCC, Moderate¼moderately differentiated HCC, fc-inf,
vp, vv, im, diagnosed by pathological findings.
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with high Snail expression and five of the 36 patients with low Snail
expression relapsed within 12 months. As a result of statistical
analysis using the w2 test, high Snail expression showed significant
correlation with early tumour recurrence (P¼ 0.005). Alpha-
fetoprotein (P¼ 0.153) and histological grade (P¼ 0.148) were
also associated with early tumour recurrence. Multivariate analysis
was further carried out using logistic regression analysis (Table 4).
The analysis demonstrated that high Snail expression was an
independent risk factor for early recurrence of HCC after hepatic
resection (risk ratio 10.174, P¼ 0.015).

DISCUSSION

Zinc-finger transcription factor Snail has been isolated in
Drosophila embryos (Grau et al, 1984). During the embryonic
development, Snail has been implicated in the triggering of the
epithelial–mesenchymal transition (EMT) in the precursors of the
mesoderm and neural crest (Cano et al, 2000). Snail is known to
directly repress E-cadherin gene transcription by binding to the E-
box on the E-cadherin promoter (Batlle et al, 2000). Several reports
have also implicated Snail not only in E-cadherin repression but
also in the acceleration of cancer invasion in various carcinomas
(Batlle et al, 2000; Yokoyama et al, 2001). Blanco et al (2002) have
reported that Snail expression correlated with histological grade
and lymph node status in breast carcinomas, which was

demonstrated by the in situ hybridisation technique. Sugimachi
et al (2003) reported in a study using real-time RT– PCR that Snail
mRNA levels independently correlated with capsular invasion in
HCC tissues. As reported above, RT–PCR or in situ hybridisation
has been performed to assess Snail expression because available
Snail antibody has not been isolated. We have also reported the
results of an in vitro study concerning Snail expression in HCC
cells. First, we demonstrated an inverse correlation between Snail
and E-cadherin expression in various HCC cells in which
differentiated HCC cells expressed E-cadherin but not Snail and
undifferentiated HCC cells expressed Snail but not E-cadherin
(Jiao et al, 2002). Then, we established Snail transfectants in
differentiated hepatoma HepG2 cells and evaluated the biologic
alteration by Snail introduction. As a result, we found that E-
cadherin expression was repressed in the Snail transfectant,
furthermore, EMT was dramatically induced and invasion activity
was increased about 10-fold compared with that of mock
transfectant cells. We further discovered that MMP-1, MMP-2,
MMP-7, and MT1-MMP expressions were significantly upregulated
by Snail introduction (Miyoshi et al, 2004). The MMP family is
known to play a key role in tumour invasion of various human
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Figure 4 Correlation between Snail expression and MMP expression in
47 consecutive tumours. (A) A positive correlation was found between
Snail expression and MMP-7 expression (r¼ 0.256, P¼ 0.147), but it was
not significant. (B) A significant positive correlation was found between
Snail expression and MT1-MMP expression (r¼ 0.572, Po0.001). All data
were log transformed before statistical analysis.
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Figure 5 Kaplan–Meier curves of 47 patients with HCC after curative
resection. (A) Regarding the overall survival rate, no significant difference
was found between the group with high Snail expression and the group
with low Snail expression (P¼ 0.475; Wilcoxon test). (B) Regarding the
recurrence-free survival rate, the group with high Snail expression (n¼ 11)
had a significantly poorer prognosis compared with the group with low
Snail expression (n¼ 36) (P¼ 0.035; Wilcoxon test).
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cancers including HCC (Yamamoto et al, 1997; Harada et al, 1998;
Nabeshima et al, 2002). Increased expression of MMP-2, MMP-7,
and MT1-MMP had a strong association with dedifferentiation,
portal invasion, intrahepatic metastasis, and recurrence in HCC
(Yamamoto et al, 1997; Harada et al, 1998). In particular, MT1-
MMP appeared to be the most important factor in HCC
progression because of its widespread pattern of expression
(Harada et al, 1998).

On the basis of these findings, we hypothesised that Snail
represses E-cadherin expression, which may lead to HCC
dedifferentiation, and induces MMP expression, which causes
vascular invasion and intrahepatic metastasis in the primary
tumour of HCC.

In the present study, we first analysed eight HCC tissues with
NIN tissues that were thought to express typical features of
dedifferentiation and progression processes in HCC. We examined
the quantitative expressions of Snail, E-cadherin, and MMP
mRNAs in eight HCC tissues with NIN. As a result, Snail
expression significantly increased in the less differentiated
nodules, compared with the well-differentiated nodules. Snail
expression had a trend of correlation with MMP-7 and MT1-MMP
expressions. These results strongly suggest that Snail was induced
during HCC dedifferentiation and the gene product upregulated
MMP-7 and MT1-MMP expressions. We further investigated the
relationship between Snail expression and clinicopathologic
features in 47 patients with HCC who underwent curative
resection. We provided evidence that Snail expression was
significantly associated with vp and im. In the 47 HCC tissues,
there was a significant correlation between Snail and MT1-MMP
expression. These results implied that Snail accelerated cancer
invasion via upregulating MMP gene, especially MT1-MMP,
leading to the development of vp and im in HCC. However, Snail
expression did not correlate with histological grade in these 47
HCC specimens, unlike the finding in eight samples of HCC with
NIN in which Snail was induced with tumour dedifferentiation.
HCC tumours sometimes have microscopically heterogenous
differentiation. In the general rules for the clinical and pathological
study of primary liver cancer, tumour grade was decided according
to the majority. The 47 ordinary HCC samples may have cancer
contents with heterogenous differentiation and the differentiation
state of frozen specimens may not always be consistent with the
corresponding histological grade. In addition, an inverse correla-
tion between E-cadherin expression and Snail expression had been
found in a previous study using HCC cell lines; however, no
association was found between the two gene expressions in the 47
HCC and eight NIN tissue samples in this study. Several reports
have shown two mechanisms in the downregulation of E-cadherin
in HCC; one is the hypermethylation of the E-cadherin promoter
and the other is the loss of heterozygosity of the E-cadherin gene
(Kanai et al, 1997; Matsumura et al, 2001; Wei et al, 2002). The
authors demonstrated that DNA hypermethylation of the E-
cadherin promoter region was observed in 33– 67% and loss of
heterozygosity (LOH) was detected in 30–43% of HCC tissues. It
was reported that loss of E-cadherin expression was associated
with LOH of E-cadherin locus and methylation in the promoter
region. Sugimachi et al (2003) reported that Snail overexpression
was observed in 16% of HCC patients and there were 69% with
reduced E-cadherin expression but without Snail overexpression.
In the present study, Snail overexpression was detected in 11(23%)
of 47 HCC patients but an inverse correlation between Snail and
E-cadherin was not observed. Although the apparent reason remains
uncertain, Snail might play a lesser role in E-cadherin repression
than those of promoter hypermethylation and LOH. Finally,
regarding the recurrent-free survival rate, the high Snail expres-
sion group showed significantly poorer prognosis than that with
low Snail expression. In particular, six of 11 (54.5%) patients with
high Snail expression experienced tumour recurrence within 1 year
after hepatic resection. On the other hand, the incidence of tumour
recurrence of patients with low Snail expression was increased
during 1 year after hepatectomy. Several reports have indicated
that early recurrence (o1 year) after hepatic resection arose
mainly from im and resulted in a significantly worse prognosis
than late recurrence (41 year). Conversely, late recurrence was
reported to occur most likely due to MO (Jwo et al, 1992; Poon
et al, 2000a; Imamura et al, 2003). Therefore, it is suggested that
tumour recurrence in the high Snail expression group is associated
with im, which possibly spread through the portal vein invaded by
the primary tumour. To identify risk factors affecting early tumour
recurrence (o1 year), we performed multivariate analysis as well
as univariate analysis with clinicopathologic parameters that were
reported to be associated with the tumour recurrence (Chen et al,

Table 3 Univariate analysis for risk factor associated with early tumour
recurrence

Early recurrence

Factors N (%) P-value

Gender
Male 33 8 (24.2)
Female 14 3 (27.2) 0.839

Age (years)
p65 19 3 (15.7)
465 28 8 (28.5) 0.309

Liver cirrhosis
Absent 23 6 (26.0)
Present 24 5 (20.8) 0.670

Alpha-fetoprotein (ng ml�1)
p10 12 1 (8.3)
410 35 10 (28.5) 0.153

Tumour multiplicity
Solitary 28 8 (28.5)
Multiple 19 3 (15.7) 0.309

Tumour size (mm)
p50 33 8 (24.2)
450 14 3 (21.4) 0.834

Histological grade
Well 21 4 (15.3)
Moderate 26 7 (33.3) 0.148

Capsular invasion (fc-inf)
Absent 14 4 (28.5)
Present 31 7 (22.5) 0.665

Portal vein invasion (vp)
Absent 35 9 (25.7)
Present 12 2 (16.7) 0.523

Hepatic vein invasion (vv)
Absent 36 9 (25.0)
Present 11 2(18.2) 0.640

Intrahepatic metastasis (im)
Absent 32 8 (25.0)
Present 15 3 (20.0) 0.705

Snail expression level
Low 36 5 (13.8)
High 11 6 (54.5) 0.005

Well¼well-differentiated HCC, Moderate¼moderately differentiated HCC, fc-inf,
vp, vv, im, diagnosed by pathological findings.

Table 4 Multivariate logistic regression analysis for risk factor contribut-
ing early tumour recurrence

Variables Risk ratio 95% CI P-value

Snail expression (high) 10.174 1.561–66.321 0.015
Alpha-fetoprotein (410 ng ml�1) 10.199 0.709–146.787 0.087
Histological grade (moderate) 1.386 0.219–8.757 0.728

CI¼ confidence interval, Moderate¼moderately differentiated HCC.
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1994; Fong et al, 1999; Poon et al, 2000a). As a result, high Snail
expression was revealed as an independent risk factor for early
recurrence (o1 year). Several reports showed that vp was
associated with early recurrence (Fong et al, 1999; Shimada et al,
1999; Poon et al, 2000a). However, in the present study, vp did not
correlate with early recurrence. We analysed 178 patients with
HCC who underwent hepatic resection from 1984 to 2003. As a
result of the analysis, vp correlated with early tumour recurrence
(not published data). So, it is supposed that small numbers affect
this difference in the present study.

In conclusion, we elucidated a novel invasion mechanism of
HCC that is triggered by Snail gene expression. Clinically, Snail
may be a crucial marker for predicting vp, im, and early recurrence
after hepatic resection.

ACKNOWLEDGEMENTS

We thank Masayoshi Ichiba, PhD for his useful suggestions on the
statistical analysis.

REFERENCES

Batlle E, Sancho E, Franci C, Dominguez D, Monfar M, Baulida J, Herreros
AG (2000) The transcription factor Snail is a repressor of E-cadherin
gene expression in epithelial tumour cells. Nat Cell Biol 2: 84 – 89

Belghiti J, Panis Y, Farges O, Benhamou JP, Fekete F (1991) Intrahepatic
recurrence after resection of hepatocellular carcinoma complicating
cirrhosis. Ann Surg 214: 114 – 117

Blanco MJ, Moreno-Bueno G, Sarrio D, Locascio A, Cano A, Palacios J,
Nieto MA (2002) Correlation of Snail expression with histological grade
and lymph node status in breast carcinomas. Oncology 21: 3241 – 3246

Cano A, Perez-Moreno MA, Rodrigo I, Locascio A, Blanco MJ, 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

Chen MF, Hwang TL, Jeng LB, Wang CS, Jan YY, Chen SC (1994)
Postoperative recurrence of hepatocellular carcinoma. Two hundred five
consecutive patients who underwent hepatic resection in 15 years. Arch
Surg 129: 738 – 742

Couinaud C (1957) Etudes anatomiques et chirurgicales. Paris: Masson
Fong Y, Sun RL, Jarnagin W, Blumgard LH (1999) An analysis of 412 cases

of hepatocellular carcinoma at a Western center. Ann Surg 229: 790 – 800
Fran ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yuen C, Wong J (1999)

Hepatectomy for hepatocellular carcinoma: towards zero hospital death.
Ann Surg 229: 322 – 330

Fuster J, Garcia-Valdecasas JC, Grande L, Tabet J, Bruix J, Anglada T, Taura
P, Lacy AM, Gonzalez X, Vilana R, Bru C, Sole M, Visa J (1996)
Hepatocellular carcinoma and cirrhosis. Results of surgical treatment in
a European series. Ann Surg 223: 297 – 302

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

Harada T, Arii S, Mise M, Imamura T, Higashitsuji H, Furutani M, Niwano
M, Ishigami S, Fukumoto M, Seiki M, Sato H, Imamura M (1998)
Membrane-type matrix metalloproteinase-1 (MT1-MMP) gene is over-
expressed in highly invasive hepatocellular carcinomas. J Hepatol 28:
231 – 239

Imamura H, Matsuyama Y, Tanaka E, Ohkubo T, Hasegawa K, Miyagawa S,
Sugawa Y, Minagawa M, Takayama T, Kawasaki S, Makuuchi M (2003)
Risk factors contributing to early and late phase intrahepatic recurrence
of hepatocellular carcinoma after hepatectomy. J Hepatol 38: 200 – 207

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: 96 – 101

Jwo SC, Chiu JH, Chau GY, Loong CC, Lui WY (1992) Risk factors linked to
tumor recurrence of human hepatocellular carcinoma after hepatic
resection. Hepatology 16: 1367 – 1371

Kanai Y, Ushijima S, Hui AM, Ochiai A, Tsuda H, Sakamoto M, Hirohashi S
(1997) The E-cadherin gene is silenced by CpG methylation in human
hepatocellular carcinomas. Int J Cancer 71: 355 – 359

Kojiro M (1998) Pathology of early hepatocellularcarcinoma. Progression
from early to advanced. Hepato-Gastroenterol 45: 1203 – 1205

Ko S, Nakajima Y, Kanehiro H, Hisanaga M, Aomatsu Y, Kin T, Yagura K,
Ohyama T, Nishio K, Ohashi K, Sho M, Yamada T, Nakao H (1996)
Significant influence of accompanying chronic hepatitis status on
recurrence of hepatocellular carcinoma after hepatectomy. Results of
multivariate analysis. Ann Surg 224: 591 – 595

Matsumoto Y, Fujii H, Matsuda M, Kono H (2001) Multicentric occurrence
of hepatocellular carcinoma: diagnosis and clinical significance.
J Hepatobiliary Pancreat Surg 8: 435 – 440

Matsumura T, Makino R, Mitamura K (2001) Frequent down-regulation of
E-cadherin by genetic and epigenetic changes in malignant progression
of hepatocellular carcinomas. Clin Cancer Res 7: 594 – 599

Midorikawa Y, Tsutsumi S, Taniguchi H, Ishii M, Kobune Y, Kodama T,
Makuuchi, Aburatani H (2002) Identification of genes associated with
dedifferentiation of hepatocellular carcinoma with expression profiling
analysis. Jpn J Cancer Res 93: 636 – 643

Mitsunobu M, Toyosaka A, Oriyama T, Okamoto E, Nakao N (1996)
Intrahepatic metastases in hepatocellular carcinoma: the role of the
portal vein as an efferent vessel. Clin Exp Metastasis 14: 520 – 529

Miyoshi A, Kitajima Y, Sumi K, Sato K, Hagiwara A, Koga Y, Miyazaki K
(2004) Snail and SIPl increase cancer invasion by upregulating
MMP family in hepatocellular carcinoma cells. BrJ Cancer 22:
1265 – 1273

Nabeshima K, Inoue T, Shimao Y, Sameshima T (2002) Matrix
metalloproteinases in tumor invasion: role for cell migration. Pathol
lnt 52: 255 – 264

Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki N, Hasegawa H,
Nakajima Y, Ohnishi K (1985) Natural history of hepatocellular
carcinoma and prognosis in relation to treatment: study of 850 patients.
Cancer 56: 918 – 928

Poon RT, Fan ST, Ng IO, Lo CM, Liu CL, Wong J (2000a) Different risk
factors and prognosis for early and late intrahepatic recurrence after
resection of hepatocellular carcinoma. Cancer 89: 500 – 507

Poon RT, Fan ST, Wong J (2000b) Risk factors, prevention and manage-
ment of postoperative recurrence after resection of hepatocellular
carcinoma. Ann Surg 232: 10 – 24

Shimada M, Hasegawa H, Gion T, Shirabe K, Taguchi K, Takenaka K,
Sugimachi K (1999) Risk factors of the recurrence of hepatocellular
carcinoma originating from residual cancer cells after hepatectomy.
Hepato-Gastroenterol 46: 2469 – 2475

Sugimachi K, Tanaka S, Kameyama T, Aishima S, Shimada M, Sugimachi K,
Tsuneyoshi M (2003) Transcription factor Snail and progression of
human hepatocellular carcinoma. Clin Cancer Res 9: 2657 – 2664

The Liver Cancer Study Group of Japan (1994) Predictive factors for long-
term prognosis after partial hepatectomy for patients with hepatocellular
carcinoma in Japan. Cancer 74: 2772 – 2780

The Liver Cancer Study Group of Japan (2003) The General Rules for the
Clinical and Pathological Study of Primary Liver Cancer Second English
edition. Tokyo: Kanehara

Tsuda H, Oda T, Sakamoto M, Hirohashi S (1992) Different pattern of
chromosomal allele loss in multiple hepatocellular carcinomas as
evidence of their mutifocal origin. Cancer Res 52: 1504 – 1509

Vauthey JN, Klimstra D, Franceschi D, Tao Y, Fortner J, Blumgart L,
Brennan M (1995) Factors affecting long-term outcome after hepatic
resection for hepatocellular carcinoma. Am J Surg 169: 28 – 35

Wei Y, Nhieu JT, Prigent S, Prigent S, Srivatanakul P, Tiollais P, Buendia
MA (2002) Altered expression of E-cadherin in hepatocellular carcinoma:
correlations with genetic alterations b-catenin expression, and clinical
features. Hepatology 36: 692 – 701

Yamamoto H, Itoh F, Adachi Y, Sakamoto H, Adachi M, Hinoda Y, Imai K
(1997) Relation of enhanced secretion of active matrix metalloprotei-
nases with tumor spread in human hepatocellular carcinoma. Gastro-
enterology 112: 1290 – 1296

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

Snail is a key molecule in the progression of HCC

A Miyoshi et al

258

British Journal of Cancer (2005) 92(2), 252 – 258 & 2005 Cancer Research UK

C
lin

ic
a
l

S
tu

d
ie

s


