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Oral squamous cell carcinoma is a challenging oncology problem. A reliable biomarker for metastasis or

high-risk prognosis in oral cancer patients remains undefined. Using quantitative immunohistochemistry,

we examined the expression of vimentin, E-cadherin, and b-catenin in 83 oral squamous cell carcinoma

patients, and the relationships between the expression of these markers and specific clinicopathological

features were analysed. The high expression of vimentin was observed in 23 of 43 (53%) tumours from patients

who eventually developed a recurrent tumour and was associated with recurrence and death (Po0.001 and

o0.001, respectively). The decreased expression of E-cadherin was observed in 36 of 43 (84%) tumours from

patients who eventually developed a recurrent tumour and was also associated with recurrence and death

(Po0.001 and o0.001, respectively). Although no correlation between b-catenin expression in whole-tumour

sections and clinicopathological features was observed, decreased b-catenin expression at the tumour invasive

front was closely associated with recurrence and death (P¼ 0.002 and 0.002, respectively). The expression of

vimentin and that of E-cadherin were associated with survival and were independent prognostic factors in

univariate and multivariate analyses. Our data show that the overexpression of vimentin was closely associated

with recurrence and death in oral squamous cell carcinoma patients. The combination of the upregulation of

vimentin and aberrant expression of E-cadherin/b-catenin complexes at the tumour invasive front may provide

a useful prognostic marker in oral squamous cell carcinoma.
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Oral cancer is the sixth most frequently occurring
cancer worldwide, accounting for 3–5% of all
malignancies in both sexes.1,2 Over 90% of all oral

carcinomas are classified as oral squamous cell
carcinoma, which remains a challenging oncology
problem.3 Although early-stage oral squamous cell
carcinoma can be treated or cured, the prognosis for
advanced oral squamous cell carcinoma (stage III
and IV) is poor. The treatment of oral squamous cell
carcinoma is usually based on surgery or radiation,
with or without concomitant chemotherapy. Despite
these advanced therapeutic strategies, the 5-year
survival rate of oral squamous cell carcinoma
(B50%) has not increased over the past four
decades.3–5 Local or regional relapse and cervical
lymph node metastasis are the most prevalent
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causes of death in these patients, but these processes
are poorly understood. If a reliable biomarker for
metastasis and high-risk prognoses in oral squamous
cell carcinoma patients could be identified, it would
aid in definitive treatment planning, provide clues
for selection of a treatment strategy, and could
improve survival. However, to date, few reports
have examined markers to predict metastasis,6,7 and
the molecular mechanisms mediating invasion and
metastasis of oral squamous cell carcinoma remain
undefined. Therefore, there is a need to better
understand the molecular cause of oral squamous
cell carcinoma progression to develop new treat-
ment options.

Studies of epithelial malignancies have consis-
tently shown that the transition from an epithelial
cell to a mesenchymal cell, as characterised by the
loss of E-cadherin expression, the aberrant expression
of E-cadherin/b-catenin complexes, or the gain of
vimentin expression, is correlated with the conver-
sion of early-stage tumours to invasive malignan-
cies.8–10 This process is similar to the epithelial–
mesenchymal transition that has been implicated in
tissue remodelling, organ development, wound heal-
ing, and cancer progression.9–12 The epithelial–me-
senchymal transition is a complex process that
governs morphogenesis in multicellular organisms
and can lead to a spectrum of epithelial cellular
changes, including loss of polarity and adhesion,
increased motility, and the acquisition of a mesen-
chymal phenotype.9–12 Several studies of epithelial
malignancies have shown that E-cadherin or b-catenin
can have a transcriptional and regulatory role in
invasion and metastasis and is associated with a
poor outcome.13–23

E-cadherin is a 120kDa calcium-dependent
transmembrane glycoprotein encoded by the CDH1
gene located on chromosome 16q21, and it is expressed
in most epithelial cells.18 E-cadherin has a major role
in establishing cell polarity and in maintaining normal
tissue architecture. The intracellular domain of
E-cadherin is linked to the actin cytoskeleton
through its interaction with its cytoplasmic-binding
partners, the catenins (a-, b-, and g-catenin).24 The
E-cadherin/b-catenin complex, therefore, functions
as a component of adherent cell–cell junctions that
promote cell adhesion.13,24 The accumulation of free
cytoplasmic b-catenin and/or its translocation to the
nucleus (where it acts as a transcriptional activator
through its binding with the members of the TCF/LEF-
1 family) has been associated with various physiologi-
cal and pathological processes, including tumour
progression.25,26

In addition to the aberrant expression of E-
cadherin/b-catenin complexes, the de novo expres-
sion of vimentin has been frequently associated with
the metastatic conversion of epithelial cells and
tumour invasion. Vimentin is a type III intermediate
filament protein normally found in mesenchymal
cells.27 Numerous data have shown that vimentin
can be expressed in migratory epithelial cells that

are involved in embryogenesis and organogenesis,
wound healing, or tumour invasion.28–31 Gilles et al29

have shown that the vimentin promoter is a target of
the b-catenin/TCF pathway, which suggests that this
functional regulation of epithelial cells is involved
in invasion and/or migration.32

Currently, it is thought that the invasive front of
tumours is the region containing the most useful
prognostic information because, presumably, the
most invasive cells are located there.33,34 The histo-
logical features of oral squamous cell carcinoma
may vary widely within the same tumour from the
central area to the invasive area. The tumour grade
at the invasive front (the histological grade at the
deep invasive front) has been shown to have a high
prognostic value for oral squamous cell carci-
noma.6,33,34 Therefore, it is very important to
evaluate the tumour invasive front and identify
molecular biomarkers that can help clinicians
decide the best treatment strategy. In this study, we
investigated the expression of vimentin and E-
cadherin/b-catenin expression in oral squamous cell
carcinomas and examined the potential role of the
epithelial–mesenchymal transition in invasiveness
through its association with clinicopathological
features and patient outcome.

Materials and methods

Patients and Tissue Specimens

A total of 83 primary oral squamous cell carcinoma
biopsy specimens from patients diagnosed from
1994 to 2004 were obtained from the files of the
Department of Oral Pathology and the Department of
Oral Maxillofacial Surgery, College of Stomatology,
Nanjing Medical University. Detailed clinicopatho-
logical information was obtained from patient
records. Two pathologists (Drs XL Song and SX
Wang from the Department of Oral Pathology,
College of Stomatology, Nanjing Medical University)
evaluated haematoxylin and eosin-stained tissue
sections to confirm or correct the previous histo-
logical diagnoses according to the revised criteria
suggested by the World Health Organization (2005).
All the patients had been surgically treated with
a wide excision of the primary tumour with a
simultaneous classical radical neck dissection or
an elective dissection of the regional lymph nodes.
The primary treatments were given at our centre.
None of the patients had received any form of
tumour-specific therapy before the total surgical
excision of the lesion. This study protocol was
approved by the Ethics Committee (Institutional
Review Board) of the Nanjing Medical University.

Histopathological Evaluation

The histological characteristics of oral squamous
cell carcinoma were classified into well-, moder-
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ately, and poorly differentiated groups (G1–G3)
according to the criteria proposed by the World
Health Organization.

The clinical staging and TNM classification were
determined according to the International Union
Against Cancer tumour classification for each
patient: the T classification was into the T1, T2,
T3, and T4 categories and the N classification was
into lymph node-negative (N0) and lymph node-
positive (N) categories. The stage grouping was
divided into the stage I, I, III, and IV categories.

Pattern of Invasion

The pattern of tumour invasion was examined at
the normal tissue–tumour interface. The pattern
of invasion was classified into four types according
to Bryne’s classification.6,35,36 Pattern of invasion
type one represents tumour invasion in a broad
pushing manner with a well-delineated infiltrating
border. Pattern of invasion type two represents
tumour invasion with broad pushing ‘fingers’ or
separate large tumour islands, with a stellate
appearance. Pattern of invasion type three repre-
sents invasive tumour islands greater than 15 cells
per island. Pattern of invasion type four represents
invasive islands of tumour smaller than 15 cells
per island, including cord-like and single-cell
invasions.

Immunohistochemistry

Specimens from all cases were fixed in a 10%
formaldehyde solution and embedded in paraffin.
Briefly, tissue sections (4–5 mm) from representative
paraffin blocks were deparaffinised in xylene and
rehydrated through graded alcohols. Endogenous
peroxidases were blocked using 3% hydrogen
peroxide. For antigen retrieval, the sections were
processed by conventional microwave heating in
0.01 M sodium citrate retrieval buffer (pH 6.0) for
20 min. The sections were then incubated with
primary antibody for 60 min at room temperature
and subsequently incubated with goat anti-mouse
EnVision (Dako, Carpinteria, CA, USA) for E-cadherin
(mouse monoclonal antibody, ZM-0092, Zymed
Laboratories, San Diego, CA, USA) or b-catenin
(mouse monoclonal antibody, sc-7963, Santa Cruz
Biotechnology), or goat anti-rabbit EnVision (Dako)
for vimentin (rabbit monoclonal antibody, ZM-0511,
Southern California, Zymed Laboratories) for 30 min
at room temperature. The sections were then
washed three times with phosphate-buffered saline
(pH 7.2) for 2 min. The reaction product was
developed with 3,30-diaminobenzidine and counter-
stained with haematoxylin. Immunoreactivity in the
tissue was judged independently by two patholo-
gists who were blinded to the clinical data and other
immunohistochemical results. Normal oral mucosal
tissues were used as a positive control. Negative

controls were included in each slide run (omission
of primary and secondary antibodies), and all
controls gave appropriate results.

Evaluation of Immunoreactivity

Immunoreactivity was semiquantitatively evaluated
on the basis of staining intensity and distribution
using the immunoreactive score:37,38 Immunoreac-
tive score¼ intensity score�proportion score. The
intensity score was defined as 0, negative; 1, weak;
2, moderate; or 3, strong, and the proportion score
was defined as 0, negative; 1, o10%; 2, 11–50%;
3, 51–80%; or 4, 480% positive cells. The total
score ranged from 0 to 12. The immunoreactivity
was divided into three groups on the basis of the
final score: negative immunoreactivity was defined
as a total score of 0, low immunoreactivity was
defined as a total score of 1–4, and high immuno-
reactivity was defined as a total score 44. The
immunostaining of the tumour invasive front was
evaluated using the same method. The stained
tumour tissues were scored, although blinded to
the clinical patient data.

Follow-Up and Statistical Analysis

To determine the prognostic factor, the outcome of
the 83 patients was determined by reviewing their
medical charts. The follow-up period ranged from
2 to 170 months (average: 50.1 months; median: 51.0
months). In total, 60 patients had at least a 2-year
follow-up after treatment. The end point in the
analysis was carcinoma-related death. The overall
and disease-free survival rate was estimated using
the Kaplan–Meier method and compared by the
log–rank test. A prognostic analysis was carried out
with univariate and multivariate Cox regressions
models. The correlation between the clinico-
pathological parameters and vimentin, E-cadherin,
and b-catenin expression was analysed using the
w2-test, Fisher’s exact test, or the Kruskal–Wallis
H-test. The associations between vimentin,
E-cadherin, and b-catenin expression were analysed
using the w2-tests for a linear trend. The data
were analysed using SPSS statistical software
(for Windows, version 16.0). A P-value o0.05 was
considered statistically significant.

Results

Clinicopathological Characteristics

A total of 83 cases of primary oral squamous
cell carcinoma were analysed, 46 men (55%)
and 37 women (45%) (mean age 58.0 years, range
26–79 years). The main clinical characteristics
of the patients analysed in this study are detailed
in Table 1.
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Immunohistochemical Analysis

Expression of vimentin, E-cadherin, and b-catenin
in oral squamous cell carcinoma patients
The immunohistochemical staining results for
vimentin, E-cadherin, and b-catenin are presented
in Table 1.

Vimentin: Vimentin was detected in the cyto-
plasm of the connective tissue mesenchymal cells
of the normal oral mucosal tissue, but not in
the normal squamous epithelium (Figure 1a).
Of the 83 tumours, 57 (69%) exhibited weak or
strong cytoplasmic immunoreactivity for vimentin
(immunoreactive score¼ low expression, 29 cases;

Table 1 Relationship between vimentin, E-cadherin, and b-catenin expression levels of tumors and clinical variables

Variable No. Vimentin E-cadherin b-Catenin

N L H P-value N L H P-value N L H P-value

Sex 0.113 0.929 0.109
Male 46 18 12 16 19 9 18 4 11 31
Female 37 8 17 12 16 8 13 9 5 23

Age (years) 0.523 0.753 0.757
r50 25 10 8 7 12 5 8 4 6 15
450 58 16 21 21 23 12 23 9 10 39

Tumor location 0.786 0.607 0.928
Tongue 30 12 9 9 14 5 11 7 5 18
Buccal mucosa 23 5 8 10 8 4 11 2 4 17
Gingiva 11 3 4 4 5 1 5 2 3 6
Palate 8 1 5 2 3 4 1 1 2 5
Lip 3 1 1 1 2 1 0 1 0 2
Floor of the mouth 2 1 1 0 0 1 1 0 1 1
Retromolar pad 2 1 1 0 1 0 1 0 0 2
Others 4 2 0 2 2 1 1 0 1 3

Histological differentiation 0.568 0.834 0.250
Well 49 16 19 14 21 9 19 8 12 29
Moderate 30 9 8 13 12 7 11 5 4 21
Poor 4 1 2 1 2 1 1 0 0 4

Pattern of invasion 0.447 0.404 0.932
1 15 6 5 4 5 2 8 4 2 9
2 36 12 13 11 17 7 12 3 8 25
3 20 4 9 7 6 5 9 3 3 14
4 12 4 2 6 7 3 2 3 3 6

Tumor size 0.255 0.288 0.723
T1 20 7 4 9 12 3 5 4 5 11
T2 32 6 15 11 10 10 12 5 5 22
T3 9 3 2 4 3 3 3 0 3 6
T4 22 10 8 4 10 1 11 4 3 15

Clinical stage 0.430 0.459 0.726
I 19 7 4 8 12 2 5 3 5 11
II 30 6 14 10 8 10 12 4 5 21
III 12 3 3 6 5 4 3 2 3 7
IV 22 10 8 4 10 1 11 4 3 15

Nodal metastasis 0.134 0.586 0.828
N0 51 18 20 13 21 9 21 7 10 34
N (+) 32 8 9 15 14 8 10 6 6 20

Recurrence o0.001 o0.001 0.056
No 40 17 18 5 11 5 24 5 4 31
Yes 43 9 11 23 24 12 7 8 12 23

Follow-up o0.001 o0.001 0.091
Live without recurrence 40 17 18 5 11 5 24 5 4 31
Died of recurrence 41 8 10 23 24 12 5 8 12 21
Live with recurrence 2 1 1 0 0 0 2 0 0 2

No., number of patients; N, negative; L low expression; H, high expression; N0, no nodal metastasis; N (+), nodal metastasis.
Bold values signify P-value o0.05.
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immunoreactive score¼high expression, 28 cases).
The remaining 26 (31%) were negative (immuno-
reactive score¼ 0) (Figures 2a1, a2). Increased
cytoplasmic staining of vimentin was detectable in
the majority of finger-like invasive fronts of tumours
(Figures 3a1, a2). The staining of vimentin showed
no significant differences between the well-, mod-
erately, and poorly differentiated tumours.

E-cadherin: In normal oral mucosa, distinct
membranous expression of E-cadherin was observed
mainly on the cell membrane of the basal layer of the
spinosum layers (Figure 1b). In cancerous tissue
from oral squamous cell carcinoma patients, 48 (58%)
of 83 tumours exhibited membranous or cytoplasmic
E-cadherin expression (immunoreactive score¼ low
expression, 17 cases; immunoreactive score¼high
expression, 31 cases) (Figures 2b1, b2). The remaining

35 (42%) were negative (immunoreactive score¼ 0).
Especially at the invasive front of the tumour, the
E-cadherin expression was frequently lost (54%)
(immunoreactive score¼ 0, 45 cases; immunoreactive
score¼ low expression, 16 cases; immunoreactive
score¼high expression, 22 cases) (Figures 3b1, b2).

b-Catenin: In normal oral mucosa, membranous
or cytoplasmic expression of b-catenin was
observed in the suprabasal to the basal cell layer
(Figure 1c). In cancerous tissue, the majority of
the 83 tumour samples (70 of 83, 84%) exhibited
membranous or cytoplasmic expression of b-catenin
(immunoreactive score¼ low expression, 16 cases;
immunoreactive score¼high expression, 54 cases)
(Figures 2c1, c2). The remaining 13 (16%) were
negative (immunoreactive score¼ 0). A shift in the
b-catenin expression (22 of 83, 27%) was observed

Figure 1 Vimentin, E-cadherin, and b-catenin expression was examined by immunohistochemistry. Negative staining of vimentin (a),
strong membranous staining of E-cadherin (b), and membranous or cytoplasmic staining of b-catenin (c) were found in normal oral
epithelia. (a–c, �400).

Figure 2 Vimentin (a1, a2), E-cadherin (b1, b2), and b-catenin (c1, c2) expression was examined by immunohistochemistry. In oral
squamous cell carcinoma patients, the absence or reduced expression of E-cadherin (b1, b2) or b-catenin (c1, c2) and increased
cytoplasmic staining of vimentin (a1, a2) was observed in cancerous tissue. (a1–c1, � 200; a2–c2, �400).
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from membranous or cytoplasmic expression toward
nuclear and/or cytoplasmic expression (immuno-
reactive score¼ 0, 18 cases; immunoreactive
score¼ low expression, 18 cases; immunoreactive
score¼high expression, 47 cases), particularly at
the invasive front of the tumour (Figures 3c1, c2).

Association of the clinicopathological variables
with the expression levels of vimentin, E-cadherin,
and b-catenin
The relationship between the clinicopathological
features and the expression levels of vimentin,
E-cadherin, and b-catenin is shown in Table 1.
There were no statistically significant differences
between the expression levels of vimentin, E-cadherin,
or b-catenin and sex, age, tumour location, histological
differentiation, pattern of invasion, tumour size,
clinical stage, or the presence/absence of regional
lymph node spread. Similarly, there were no statis-
tically significant differences between b-catenin
expression and the absence/presence of tumour
recurrence or death from recurrence. However, the
increased expression of vimentin was observed in
53% (23 out of 43) of tumours from patients who
eventually developed a recurrent tumour and 56%
(23 out of 41) of tumours from patients who died of
recurrence, whereas 13% (5 out of 40) of tumours
from patients without a history of tumour recur-
rence expressed vimentin. There was a significant
increase in vimentin expression in tumours from
patients who eventually developed a recurrent
tumour or in tumours from patients who died of
recurrence, compared with tumours from patients

without a history of tumour recurrence (Po0.001
and o0.001, respectively).

The absence or reduced expression of E-cadherin
was observed in 84% (36 out of 43) of tumours
from patients who eventually developed a recurrent
tumour and 88% (36 out of 41) of tumours from
patients who died of recurrence, whereas 40%
(16 out of 40) of tumours from patients without a
history of tumour recurrence lacked the expression
of E-cadherin. There was a significant decrease in
E-cadherin expression in tumours from patients
who eventually developed a recurrent tumour or in
tumours from patients who died of recurrence,
compared with tumours from patients without a
history of tumour recurrence (Po0.001 ando0.001,
respectively).

The relationship between the vimentin, E-cadherin,
and b-catenin expression at the tumour invasive front
and the clinical variables is shown in Table 2. There
were no statistically significant differences between
the expression levels of vimentin, E-cadherin, and
b-catenin at the tumour invasive front and sex, age,
tumour location, histological differentiation, pattern
of invasion, tumour size, clinical stage, or lymph
node metastasis. However, the absence or reduced
expression of b-catenin was observed in 60% (26 out
of 43) of tumours from patients who eventually
developed a recurrent tumour and 63% (26 out of
41) of tumours from patients who died of recurrence,
whereas 25% (10 out of 40) of tumours from patients
without a history of tumour recurrence lacked
b-catenin expression. There was a significant decrease
in b-catenin expression at the tumour invasive front

Figure 3 Immunohistochemical expression of vimentin (a1, a2), E-cadherin (b1, b2), and b-catenin (c1, c2) at the invasive front of oral
squamous cell carcinoma. Strong cytoplasmic staining of vimentin (a1, a2) was found at the tumour invasive front, whereas there was no
staining or low expression of E-cadherin (b1, b2). A shift of the b-catenin expression pattern (c1, c2) was observed from the membrane or
cytoplasm toward the nucleus and/or cytoplasm at the invasive front of oral squamous cell carcinoma. (a1–c1, �200; a2–c2, � 400).
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in tumours from patients who eventually developed a
recurrent tumour or tumours from patients who died
of recurrence, compared with tumours from patients
without a history of tumour recurrence (P¼ 0.002 and
0.002, respectively). There was a statistically signifi-
cant increase in vimentin expression at the tumour
invasive front in tumours from patients who even-
tually developed a recurrent tumour or tumours from

patients who died of recurrence, compared with
tumours from patients without a history of tumour
recurrence (Po0.001 and o0.001, respectively).
Similarly, there was also a statistically significant
decrease in E-cadherin expression at the tumour
invasive front in tumours from patients who even-
tually developed a recurrent tumour or tumours from
patients who died of recurrence, compared with

Table 2 Relationship between vimentin, E-cadherin, and b-catenin expression levels of the tumors invasive front and clinical variables

Variable No. Vimentin E-cadherin b-Catenin

N L H P-value N L H P-value N L H P-value

Sex 0.231 0.624 0.091
Male 46 18 10 18 23 9 14 6 12 28
Female 37 8 10 19 22 7 8 12 6 19

Age (years) 0.484 0.777 0.313
r50 or younger 25 10 6 9 15 4 6 7 7 11
450 58 16 14 28 30 12 16 11 11 36

Tumor location 0.559 0.755 0.882
Tongue 30 12 7 11 17 4 9 8 8 14
Buccal mucosa 23 5 5 13 11 5 7 3 6 14
Gingiva 11 3 2 6 6 3 2 3 2 6
Palate 8 1 4 3 4 3 1 2 1 5
Lip 3 1 0 2 3 0 0 2 0 1
Floor of the mouth 2 1 1 0 0 1 1 0 0 2
Retromolar pad 2 1 1 0 1 0 1 0 0 2
Others 4 2 0 2 3 0 1 0 1 3

Histological differentiation 0.904 0.830 0.160
Well 49 16 11 22 28 8 13 12 13 24
Moderate 30 9 8 13 14 8 8 6 5 19
Poor 4 1 1 2 3 0 1 0 0 4

Pattern of invasion 0.620 0.247 0.397
1 15 6 2 7 6 2 7 5 1 9
2 36 12 9 15 21 7 8 5 9 22
3 20 4 7 9 9 5 6 4 4 12
4 12 4 2 6 9 2 1 4 4 4

Tumor size 0.259 0.234 0.695
T1 20 7 2 11 13 4 3 6 4 10
T2 32 6 11 15 16 8 8 6 8 18
T3 9 3 1 5 4 2 3 2 1 6
T4 22 10 6 6 12 2 8 4 5 13

Clinical stage 0.481 0.371 0.966
I 19 7 2 10 13 3 3 5 4 10
II 30 6 11 13 14 8 8 5 7 18
III 12 3 1 8 6 3 3 4 2 6
IV 22 10 6 6 12 2 8 4 5 13

Nodal metastasis 0.092 0.349 0.828
N0 51 18 15 18 27 8 16 10 11 30
N (+) 32 8 5 19 18 8 6 8 7 17

Recurrence 0.001 o0.001 0.002
No 40 17 14 9 13 8 19 7 3 30
Yes 43 9 6 28 32 8 3 11 15 17

Follow-up o0.001 o0.001 0.002
Live without recurrence 40 17 14 9 13 8 19 7 3 30
Died of recurrence 41 8 5 28 32 8 1 11 15 15
Live with recurrence 2 1 1 0 0 0 2 0 0 2

No., number of patients; N, negative; L, ¼ low expression; H, high expression; N0, no nodal metastasis; N (+), nodal metastasis.
Bold values signify P-value o0.05.
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tumours from patients without a history of tumour
recurrence (Po0.001 and o0.001, respectively).
However, there was no significant association
between the nuclear and/or cytoplasmic expression
of b-catenin at the tumour invasive front with
clinicopathological factors and survival in oral squa-
mous cell carcinoma patients (data not shown).

Correlation between the expression of vimentin,
E-cadherin, and b-catenin
The association between the expression levels of
vimentin, E-cadherin, and b-catenin is shown in
Table 3. The expression level of vimentin was
inversely associated with E-cadherin (P¼ 0.035),
whereas E-cadherin expression was directly asso-
ciated with b-catenin (P¼ 0.01). Similarly, there
was statistically significant correlation between the
expression of vimentin and E-cadherin (P¼ 0.005),
and E-cadherin and b-catenin (Po0.001) at the
tumour invasive front (data not shown). However,
no correlations were found between the expression
of vimentin and b-catenin (P¼ 0.15) at the tumour
invasive front (P¼ 0.065).

Survival Analysis

At the time of the last follow-up, 40 of 83 (48%)
patients were alive and disease-free, 2 (2%) patients
were alive with recurrent disease, and 41 patients
(50%) had died of tumour recurrence. The overall
survival curve for the 83 oral squamous cell carci-
nomas is shown in Figure 4a. The estimated 1-, 3-,
and 5-year disease-free survival was 84% (95% CI:
77–92%), 68% (95% CI: 58–78%), and 58% (95%
CI: 48–69%), respectively. Similarly, the overall rate
of survival was 84% (95% CI: 77–92%) at 1 year,
68% (95% CI: 58–78%) at 3 years, and 58% (95% CI:
48–69%) at 5 years.

In a univariate Cox proportional hazard regression
model analysis (Table 4), tumour size (P¼ 0.044),
node status (P¼ 0.049), and the expression levels of
vimentin (Po0.001, Figure 4b), E-cadherin (Po0.001

Figure 4c) and b-catenin (P¼ 0.01, Figure 4d)
were significantly associated with overall survival.
Similarly, tumour size (P¼ 0.037) and the expres-
sion levels of vimentin (Po0.001), E-cadherin
(P¼ 0.001), and b-catenin (P¼ 0.012) were signifi-
cantly associated with disease-free survival (data
not shown). Therefore, patients with tumours with
negative or low expression of vimentin had a better
prognosis than those with tumours with a high
vimentin expression level. Conversely, patients with
tumours with high E-cadherin or b-catenin expres-
sion had a better prognosis than those with tumours
with negative or low expression of E-cadherin or
b-catenin.

In a multivariate Cox regression analysis (Table 5),
the expression levels of vimentin (P¼ 0.042) and
E-cadherin (P¼ 0.016) showed a significant asso-
ciation with overall survival. Similarly, the expres-
sion levels of vimentin (P¼ 0.032) and E-cadherin
(P¼ 0.022) showed a significant association with
disease-free survival (data not shown). However,
a significant correlation between b-catenin expres-
sion and the disease-free survival or overall survival
was not shown (P¼ 0.204).

Discussion

This study quantified the upregulation of vimentin
and aberrant expression of E-cadherin/b-catenin
complexes in biopsies of primary oral squamous
cell carcinoma patients using immunohistochemis-
try. The relationship between the expression levels
of these molecular markers and the clinicopatholo-
gical features of the patients was analysed.

The results of this study show an inverse correla-
tion between vimentin and E-cadherin expression in
oral squamous cell carcinoma specimens. Specifi-
cally, the overexpression of vimentin was closely
associated with the absence or reduced expression
of E-cadherin at the invasive front of tumours.
E-cadherin, along with catenins, is well recognised
for its elective expression and specific roles in
epithelial cellular states.27,39 Vimentin expression,
coupled with the reduced or lack of E-cadherin
expression, is characteristic of cells of mesenchymal
origin, whereas the converse is true for cells with an
epithelial phenotype.27,39 These findings support the
results of previous in vivo experiments in which
vimentin expression resulted in the downregula-
tion of E-cadherin expression. This epithelial–
mesenchymal transition might have an important
role in oral squamous cell carcinoma carcinogenesis
or progression.8–10,39,40 We also showed a direct
correlation between b-catenin and E-cadherin
expression in oral squamous cell carcinoma speci-
mens. However, in this study, vimentin expres-
sion failed to correlate with b-catenin expression,
suggesting that either the b-catenin/TCF pathway
may not have a role in the regulation of vimen-
tin32,39,41 or that there were too few samples to

Table 3 Correlation between immunostaining of vimentin and
E-cadherin, and b-catenin

Variable Number Vimentin b-Catenin

N L H P-value N L H P-value

E-cadherin 0.035 0.001
Negative 35 11 7 17 10 8 17
Low expression 17 3 7 7 1 7 9
High expression 31 12 15 4 2 1 28

b-Catenin 0.150
Negative 13 3 4 6
Low expression 16 4 5 7
High expression 54 19 20 15

N, Negative; L, low expression; H, high expression.
Bold values signify P-value o0.05.
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effectively evaluate the relationship between vimen-
tin expression and the b-catenin/TCF pathway in
tumour cells. Further research is, therefore, neces-
sary to confirm the results of this study.

Many clinicopathological parameters and mole-
cular biomarkers have been associated with local
regional recurrence or death in oral squamous cell
carcinoma patients. However, clinicopathological

Figure 4 Survival curves of 83 oral squamous cell carcinoma patients. (a) Overall survival curves of 83 oral squamous cell carcinoma
patients. (b) Survival curves of 83 oral squamous cell carcinoma patients with tumours lacking or expressing a low or high level of
vimentin (log–rank test, Po0.001). (c) Survival curves of 83 oral squamous cell carcinoma patients with tumours lacking or expressing a
low or high level of E-cadherin (log–rank test, Po0.001). (d) Survival curves of 83 oral squamous cell carcinoma patients with tumours
lacking or expressing a low or high level of b-catenin (log–rank test, P¼ 0.010). N, negative; L, low expression; H, high expression.

Table 4 Univariate Cox regression analysis of overall survival

Covariate P-value Risk ratio 95% CI

Sex (male, female) 0.603 0.848 (0.454, 1.581)
Age (r50, 450 years) 0.955 0.999 (0.972, 1.027)
Tumor location (tongue, buccal mucosa, gingiva,
palate, lip, floor of the mouth, retromolar pad, others)

0.629 0.959 (0.810, 1.136)

Histological differentiation (G1, G2, G3) 0.294 1.298 (0.798, 2.113)
Pattern of invasion (1, 2, 3, 4) 0.178 1.260 (0.900, 1.763)
Tumor size (T1–T4) 0.044 0.739 (0.550, 0.992)
Clinical stage (I, II, III, IV) 0.120 0.796 (0.598, 1.061)
Nodal metastasis (N0, N (+)) 0.049 1.858 (1.004, 3.440)
Vimentin expression (negative, low, high) o0.001 2.213 (1.445, 3.387)
E-cadherin expression (negative, low, high) o0.001 0.502 (0.342, 0.736)
b-Catenin expression (negative, low, high) 0.010 0.615 (0.425, 0.890)

N0, no nodal metastasis; N (+), nodal metastasis.
Bold values signify P-value o0.05.
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variables and tumour-specific molecular markers
that can identify patients with the highest risk of
local recurrence have yet to be defined.16,18–23,42–49

Vimentin, a mesenchymal cell marker, associates
with components of the cytoskeleton and membrane
adhesions. Studies of human epithelial carcinomas,
such as breast cancer, hepatocellular carcinoma,
colon carcinoma, and prostatic adenocarcinoma,
have shown that vimentin expression can be
correlated with tumour invasion and a poor prog-
nosis.8–11,27–32 Several previous publications have
detected the expression of vimentin in oral squa-
mous cell carcinoma patients or cell lines.8,40,50 To
our knowledge, this is the first study to show that
the overexpression of vimentin in oral squamous
cell carcinoma specimens was closely associated
with local recurrence. No other clinicopathological
factors were significantly associated with vimentin
expression. Using univariate or multivariate ana-
lyses, the overexpression of vimentin showed a
significant association with a short overall or
disease-free survival in oral squamous cell carci-
noma patients. In oral squamous cell carcinoma
patients, tumours lacking or expressing a low level
of vimentin were correlated with a better prog-
nosis than tumours with high vimentin expression.
Moreover, strong vimentin expression was found
in the invading tumour cells at the invasive front.
On the basis of these findings, this study suggests
that vimentin may provide prognostically relevant
information on the biological behaviour of oral
squamous cell carcinoma.

The clinicopathological significance of E-cadherin
and b-catenin expression in whole-tumour sections
from oral squamous cell carcinoma patients is
controversial. The absence or low expression of
E-cadherin or b-catenin was significantly associated
with some clinicopathological parameters and with
a poor prognosis in some publications, but not in
others.19–23,51–54 The reason for these contradictory
results may be that the standard used to evaluate the
immunostaining and the definition of reduced or
overexpression is quite variable. Alternatively, the
tumour cells in oral squamous cell carcinoma

patients may exhibit a heterogeneous cell popula-
tion with variable behaviour.19,51 Some investigators
have reported that the lack of or reduced E-cadherin
expression in oral squamous cell carcinoma was
correlated with several clinicopathological factors,
such as a high tumour grade, a lower degree of
differentiation, and regional lymph node meta-
stasis.20–22,27,51 However, in this study, the expression
level of E-cadherin or b-catenin was not significantly
associated with sex, age, tumour location, histo-
logical differentiation, pattern of invasion, tumour
size, clinical stage, or nodal metastasis. However,
the absence of or reduced E-cadherin expression
was significantly associated with local recurrence
and a short overall or disease-free survival in oral
squamous cell carcinoma patients. Conversely, the
high expression of E-cadherin in tumours was
correlated with a better prognosis than the absence
of or reduced E-cadherin expression in tumours.
This may indicate that E-cadherin expression is
an independent prognostic factor in univariate or
multivariate analysis.18,20,21,55

In contrast to E-cadherin expression, we found
that the absence of or low b-catenin expression in
sections of whole tumour was not significantly
associated with local recurrence or with a short
survival. However, our results showed that the
absence of or low b-catenin expression at the tumour
invasive front associated with local recurrence
and with a short survival. Pukkila et al56 observed
a correlation between the nuclear expression of
b-catenin and patient survival, whereas in our study,
no such correlation was found.57 Therefore, there is
a need for further studies on b-catenin in oral
carcinomas. Although b-catenin expression at the
tumour invasive front was a prognostic factor in the
univariate analysis, it was not an independent factor
in the multivariate analysis in this study. Therefore,
our data suggest that b-catenin expression at the
tumour invasive front may function as a clinically
relevant tumour marker in conjunction with other
clinicopathological variables in the prognosis of
oral squamous cell carcinoma patients. To date,
the results from studies examining the correlation

Table 5 multivariate Cox regression analysis of overall survival

Covariate P-value Risk ratio 95% CI

Sex (male, female) 0.204 0.633 (0.312, 1.282)
Age (r50, 450 years) 0.701 0.854 (0.382, 1.909)
Tumor location (tongue, buccal mucosa, gingiva,

palate, lip, floor of the mouth, retromolar pad, others)
0.119 0.855 (0.702, 1.041)

Histological differentiation (G1, G2, G3) 0.343 1.307 (0.752, 2.272)
Pattern of invasion (1, 2, 3, 4) 0.998 1.000 (0.694, 1.440)
Tumor size (T1–T4) 0.083 0.395 (0.138, 1.130)
Clinical stage (I, II, III, IV) 0.328 1.691 (0.590, 4.851)
Nodal metastasis (N0, N (+)) 0.139 1.711 (0.839, 3.487)
Vimentin expression (negative, low, high) 0.042 1.612 (1.017, 2.554)
E-cadherin expression (negative, low, high) 0.016 0.579 (0.372, 0.903)
b-Catenin expression (negative, low, high) 0.204 0.757 (0.492, 1.164)

N0, no nodal metastasis; N (+), nodal metastasis.
Bold values signify P-value o0.05.
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between E-cadherin and b-catenin expression and
the prognosis of oral squamous cell carcinoma
patients have been controversial.19–23,51–54 Therefore,
further studies with a large patient population
are needed to examine the role of E-cadherin and
b-catenin using standardised methods to evaluate
the immunostaining and with standardised defini-
tions of reduced or overexpression.

In conclusion, these data show that the over-
expression of vimentin was closely associated
with local recurrence and survival in oral squamous
cell carcinoma patients. The combination of the
upregulation of vimentin and aberrant expression
of E-cadherin/b-catenin complexes at the tumour
invasive front in oral squamous cell carcinoma
patients may provide useful, prognostically relevant
data on the biological behaviour of oral squamous
cell carcinoma.
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et al. Reduced E-cadherin expression is an indicator of
unfavourable prognosis in oral squamous cell carcino-
ma. Oral Oncol 2006;42:190–200.

19 Mahomed F, Altini M, Meer S. Altered E-cadherin/
b-catenin expression in oral squamous carcinoma
with and without nodal metastasis. Oral Dis 2007;13:
386–392.

20 Tanaka N, Odajima T, Ogi K, et al. Expression of
E-caderin, a-catenine, and b-cetenin in the process of
lymph node metastasis in oral squamous cell carci-
noma. Br J Cancer 2003;89:557–563.

21 Andrews NA, Jones AS, Helliwell TR, et al. Expression
of the E-cadherin-catenin cell adhesion complex in
primary squamous cell carcinomas of the head and
neck and their nodal metastases. Br J Cancer
1997;75:1474–1480.

22 Chow V, Yuen AP, Lam KY, et al. A comparative study
of the clinicopathological significance of E-cadherin
and catenins (a,b,g) expression in the surgical manage-
ment of oral tongue carcinomas. J Cancer Res Clin
Oncol 2001;127:59–63.

23 Bánkfalvi A, Krassort M, Végh A, et al. Deranged
expression of the E-cadherin/beta-catenin complex
and the epidermal growth factor receptor in the
clinical evolution and progression of oral squamous
cell carcinomas. J Oral Pathol Med 2002;31:450–457.

24 Takeichi M. Cadherin cell adhesion receptors as a
morphogenetic regulator. Science 1991;251:1451–1455.

Upregulation of vimentin in oral carcinomas

L-K Liu et al 223

Modern Pathology (2010) 23, 213–224



25 Behrens J, von Kries JP, Kühl M, et al. Functional
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