
Abstract. Accumulating evidence has demonstrated that T-
cell lymphoma invasion and metastasis 1 (Tiam1) plays an
important role in the occurrence and development of several
different tumors; however, to date, little research has been
done to verify the potential role of Tiam1 as a prognostic
marker for esophageal squamous cell carcinoma (ESCC). In
the present study, we examined the expression of Tiam1 in
ESCC tissues by immunohistochemistry, in situ hybridization,
semi-quantitative RT-PCR and Western blotting methods
and investigated the correlation between Tiam1 levels and
prognosis of patients with ESCC. Tiam1 exhibited high expres-
sion in ESCC tissues, whereas the normal esophageal tissues
showed negative or weak Tiam1 expression. Additionally,
Tiam1 mRNA and protein expression levels were both signi-
ficantly correlated with histology grade, clinical staging and
lymph node metastasis (all P<0.05), but not related to age
and gender (both P>0.05). Further, ESCC patients with strong
Tiam1 mRNA (P=0.000) and protein (P=0.000) expression had
a poorer prognosis than those with weak expression. These
findings demonstrate that Tiam1 may be used as molecular
marker for predicting the prognosis of patients with ESCC.

Introduction

Esophageal carcinoma, one of the most aggressive carci-
nomas of the gastrointestinal tract, is the sixth most common
cause of cancer related death worldwide (1,2). Esophageal
squamous cell carcinoma (ESCC) as the main histological
type of esophageal carcinoma occurs at a very high frequency
in China, South Africa, France and Italy (3), and especially in

Linzhou city of Henan Province, China (4). Although recently
there is an increase in adenocarcinomas of esophagus in
Western countries, most esophageal cancers are still
squamous cell carcinomas in the world (5-7). Currently,
although therapy strategies have improved, the prognosis of
patients with ESCC is still poor and the 5-year survival rate
is decreasing (7). There is, therefore, an urgently need for new
molecular markers to help improve the prognosis of patients
with ESCC.

It has been reported that T-cell lymphoma invasion and
metastasis 1 (Tiam1) participates in morphological trans-
formation, cell motility and invasive behavior in many cell
types, such as T-lymphoma cells, fibroblasts and epithelial
cells (8-11). Increasing evidence has focused on the regu-
lation of Tiam1 expression, as well as the role of Tiam1 in
cancer progression and metastasis that Tiam1 specifically
activates Rho-like GTPases (e.g., Rac1) and Tiam1-Rac1
pathway affects the migration and invasion of many tumors,
such as nasopharyngeal carcinoma (12), breast cancer (13),
retinoblastoma (14) and hepatocellular carcinoma (15).
Additionally, overexpression of Tiam1 in tumor cells, implying
a poor prognosis, has been linked to multiple different tumors
(12-15). However, to date, few studies have been performed
to investigate whether Tiam1 plays a major role in the occur-
rence and development of ESCC and whether its over-
expression implies poor prognosis of the patients with ESCC.
The purpose of the present study was to determine the
expression level of Tiam1 in ESCC tissues and to analyze the
prognostic value of Tiam1 in the patients with ESCC.

Materials and methods

Patients and tissue samples. A total of 173 cases of paraffin-
embedded ESCC tissues, 95 cases of para-carcinoma tissues
and 173 cases of normal esophageal tissues utilized in this
study were obtained from The First Affiliated Hospital of
Zhengzhou University from 2005 to 2009, which were histo-
pathologically and clinically confirmed as ESCC by The First
Affiliated Hospital of Zhengzhou University. The patients
did not receive any form of treatment prior to surgery, and
the clinical data about the samples are listed in Table I.

Immunohistochemistry (IHC) staining of Tiam1 gene.
Expression of the Tiam1 gene was investigated by streptavidin-
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biotin-peroxidase complex method according to a previous
publication (16). Briefly, ESCC tissue sections were deparaf-
finized and non-specific bindings were blocked with 10%
normal rabbit serum for 10 min. The tissue sections were
then incubated at 4˚C overnight with anti-Tiam1 polyclonal
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) at a
dilution of 1:50, and subsequently incubated with biotinylated
goat anti-rabbit immunoglobulin at a concentration of 1:100
for 30 min at 37˚C. The slides were observed under the micro-
scope and pictures were taken for analysis. Negative controls
were performed by replacing the primary antibody by normal
serum.

In situ hybridization (ISH). ISH was carried out according to
previous descriptions (16,17). In brief, the probe used for in
situ hybridization comprised of a 180-bp region of Tiam1
cDNA (GenBank accession no.: NM_003253) amplified with
specific primers (forward: 5'-AATCGTGCTGCTGAC
GCCCT-3' and reverse: 5'-GGTGAGAAAGGCGAGGGG
GC-3') and labeled with digoxigenin (Promega Corp., Madison,
WI). The slides were deparaffinized, hydrated and then
treated with 0.2 mol/l HCl for 10 min at room temperature
(RT), followed by digestion with proteinase K (100 mg/l) at
37˚C for 15 min. The slides were placed in hybridization
solution containing 50% formamide, 4X SSC, 5% dextran
sulfate, 5X Denhardt's solutions, 200 mg/ml denatured salmon
sperm DNA and Tiam1 probes (25-50 ng) and the hybridi-
zation reaction was completed overnight in a wet chamber
at 42˚C. After hybridization, the slides were washed with
2X SSC and 1X SSC for 30 min each. Anti-digoxigenin anti-
body conjugated with alkaline phosphatase was added to the
samples for 30 min at 37˚C. The purple-blue ISH signals were

developed by incubating slides in NBT/BCIP for 15 min. The
slides were observed under the microscope and pictures were
taken for analysis. The negative control was incubated with
hybridization solution without Tiam1 probe.

Immunostaining score. All of the fields in the selected block
were taken into consideration for assessment of immuno-
staining. The percentage of tumor cells stained of the total
tumor cells was reported. Representative areas of each
section were selected, and cells were counted in at least four
fields at 400-fold magnification. Scoring based on the
percentage of positive cells of Tiam1 staining was identified
as 0, <5%; 1, 5-25%; 2, 25-50%; 3, 50-75%; and 4, >75%.
The intensities of Tiam1 staining were scored as follows: 1+,
weak; 2+, moderate; and 3+, intense. The scores indicating
percentage of positive tumor cells and staining intensity were
multiplied to produce a weighted score for each case. Cases
with weighted scores <1 were defined as negative, and the
other cases as positive.

Semi-quantitative RT-PCR. Total RNA was isolated from
ESCC tissues and normal esophageal tissues using TRIzol
reagent (Invitrogen, Carlsbad, CA) following the manu-
facturer's instruction. Reverse transcription of total RNA
(10 μg) was performed for each sample using a First-Strand
cDNA Synthesis Kit (Biotech Co., Shanghai, P.R. China),
and cDNA was subjected to PCR for 30 cycles of amplifi-
cation described as follows: 30 sec at 94˚C, 30 sec at 56˚C
and 30 sec at 72˚C. The PCR primers used for amplification
of Tiam1 gene were 5'-CAGGACTCCACGGGGCCTCA-3'
for forward primer and 5'-AGTGCTCCTCGCTCTCCGCA-3'
for reverse primer (product size is 580 bp), and internal
control ß-actin primers were 5'-CGGGGTCACCCACACTG
TGC-3' for forward primer and 5'-GGGCAGCGGAACCGC
TCATT-3' for reverse primer (product size is 303 bp). The
amplification products were separated on 1.5% agarose
gels and visualized by ethidiumbromide staining, and semi-
quantitative analysis of band intensity was done with Gene
Tools software (UVP, Inc., Upland, CA).

Western blotting. Western blotting was performed according
to standard methods as described previously (18,19). Briefly,
ESCC tissues and normal esophageal tissues were lysed in a
sample buffer (50 mM Tris-HCl, pH 8.0; 150 mM NaCl, 1%
Triton X-100; 100 μg/ml PMSF) on ice for 30 min. Lysates
were then centrifuged for 5 min (12000 x g, 4˚C). Protein
concentration was determined by the Bradford method. An
equal amount of tissues lysates (60 μg/lane) was electro-
phoresed through a 10% SDS-PAGE gel, and then trans-
ferred to nitrocellulose membranes (Amersham, Uppsala,
Sweden). The membranes were then blocked in 5% skimmed
milk in PBS-T containing 0.05% Tween-20 at RT for 2 h,
and then incubated at RT for 2 h with corresponding primary
antibodies including anti-Tiam1 and anti-ß-actin (all from
Santa Cruz Co.) diluted in 1% skimmed milk in PBS-T,
respectively, followed by incubation with horseradish
peroxidase-linked goat anti-mouse IgG, and the bands of
specific proteins on the membranes were developed with
DAB. Quantification of band intensity was performed using
Gene Tools (UVP, Inc.).

LIU et al:  OVEREXPRESSION OF Tiam1 IN ESCC842

Table I. Clinicopathological characteristics of patients with
ESCC.
–––––––––––––––––––––––––––––––––––––––––––––––––
Features No. of patients (n=173) (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 95 (54.9)
Female 78 (45.1)

Age (years)
≥60 129 (74.6)
<6 44 (25.4)

Histological grade of tumor
Well-differentiated 51 (29.5)
Moderately-differentiated 47 (27.2)
Poorly-differentiated 75 (43.4)

Tumor stage
I and II 70 (40.5)
III and IV 103 (59.5)

Lymph node metastasis
Yes 97 (56.1)
No 76 (43.9)

–––––––––––––––––––––––––––––––––––––––––––––––––
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Statistical analysis. The correlations between expressions of
Tiam1 mRNA and protein with various clinicopathological
parameters were evaluated with the ¯2 test. Survival analyses
were performed according to the Kaplan-Meier method. Cox
proportional-hazard analysis was used for univariate and
multivariate analysis to explore the effect of variables on
survival. The SPSS 13.0 software was used for all statistical
analyses and a P-value of <0.05 was considered significant.

Results

Clinicopathological features of ESCC. Clinicopathological
features of ESCC and demographic characteristics of the
patients from whom they were obtained are listed in Table I.
Particularly, cases of male and female in this study were 95
(54.9%) and 78 (45.1%), respectively, 44 cases (25.4%)
were aged <60 years, whereas 129 were ≥60 years old.
Additionally, regarding histological grade of ESCC, well,
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Figure 1. Immunohistochemical staining of Tiam1 protein in ESCC, para-carcinoma and normal esophageal tissues. (A) No Tiam1 protein staining was present
in the normal esophageal tissues. (B) Moderate Tiam1 protein expression in the para-carcinoma tissues. (C) Strong positive Tiam1 immunostaining in well-
differentiated ESCC tissues. (D) Stronger positive Tiam1 immunostaining in moderately-differentiated ESCC tissues. (E) The strongest positive Tiam1
immunostaining in poorly-differentiated ESCC tissues.

Figure 2. In situ hybridization staining of Tiam1 mRNA in ESCC, para-carcinoma and normal esophageal tissues. (A) No or weak Tiam1 mRNA staining was
present in the normal esophageal tissues. (B) Moderate Tiam1 mRNA staining in the para-carcinoma tissues. (C) Strong positive Tiam1 mRNA staining in
well-differentiated ESCC tissues. (D) Stronger positive Tiam1 mRNA staining in moderately-differentiated ESCC tissues. (E) The strongest positive Tiam1
mRNA staining in poorly-differentiated ESCC tissues.
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moderaterly- and poorly-differentiated cases were 51, 41 and
75, respectively. Initial evalutions showed that 70 cases
(40.5%) with ESCC had stages I and II disease, whereas 103
cases (59.5%) had stages III and IV disease. Finally, 97 cases
(56.1%) with lymph node metastasis and 76 cases (43.9%)
without lymph node metastasis were utilized in the study.

The expression of Tiam1 protein in ESCC tissues. Tiam1
protein expression was investigated in 173 cases of primary
ESCC samples, 95 cases of para-carcinoma samples and 173
cases of paired normal esophageal samples by immuno-
histochemistry method. In ESCC tissues, 91.91% (159 of
173) of samples exhibited positive Tiam1 staining, whereas
8.09% (14 of 173) of ESCC tissues were not immunoreactive
for Tiam1. In contrast, only 49.47% (47 of 95) of para-
carcinoma samples and 9.25% (16 of 173) of normal eso-
phageal tissues displayed positive Tiam1 staining. Compared
to those of para-carcinoma and normal esophageal tissues,
there was obvious increase in Tiam1 protein expression in
ESCC tissues (P<0.05) (Fig. 1), indicating that Tiam1
expression at a high level in ESCC tissues may be closely
associated with the occurrence and development of ESCC.

The expression of Tiam1 mRNA in ESCC tissues. In situ
hybridization method was used to measure the Tiam1 mRNA
expression in 173 cases of primary ESCC samples, 95 cases
of para-carcinoma samples and 173 cases of paired normal
esophageal samples. The results revealed that positive ratios
of Tiam1 mRNA expression were 87.28% (151 of 173) in
primary ESCC tissues, 41.05% (39 of 95) in para-carcinoma
tissues and 6.94% (12 of 173) in normal esophageal tissues

(Fig. 2), respectively, suggesting overexpression of Tiam1
mRNA may play a central role in the development of ESCC.

The association between Tiam1 expression and clinico-
pathologic characteristics. To further identify the potential
role of Tiam1 in the occurrence and development of ESCC,
we analyzed the correlations between Tiam1 mRNA and
protein expressions in ESCC and clinicopathologic parameters
including age, gender, histologic grade, clinical staging and
lymph node metastasis. We found that Tiam1 mRNA and
protein expressions were both closely associated with histo-
logic grade, clinical stage and lymph node metastasis (all
P<0.05), but not age and gender (both P>0.05) (Table II),
notably, in all poorly-differentiated samples and the patients
with lymph node metastases, positive expression ratios of
Tiam1 mRNA and protein were both 100% (Table II),
implying Tiam1 expressions with intense mRNA and protein
staining may be tightly associated with malignant degree and
invasiveness and metastasis of ESCC.

RT-PCR and Western blotting analysis for Tiam1 expression.
Randomly 3 cases of ESCC and paired normal epithelium
tissues were selected to investigate the relative levels of
Tiam1 mRNA and protein by semi-quantitative RT-PCR and
Western blotting methods. The results demonstrated that
relative levels of Tiam1 mRNA and protein in ESCC tissues
were significantly higher than those in normal esophageal
tissues (Figs. 3 and 4), indicating overexpression of Tiam1
gene may play an essential role in the occurrence and develop-
ment of ESCC.
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Table II. Correlation between Tiam1 expression and the clinicopathological characteristics of the patients with ESCC.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Tiam1 protein Tiam1 mRNA
Characteristic Total (n=173) expression (%) P-value expression (%) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 95 86 (90.5) 80 (84.2)
Female 78 73 (93.6) 0.462 71 (91.0) 0.181

Age
≥60 129 119 (92.2) 112 (86.8)
<60 44 40 (90.9) 0.779 39 (88.6) 0.755

Histologic grade
Well-differentiated 51 40 (78.4) 33 (64.7)
Moderately-differentiated 47 44 (93.6) 43 (91.5)

0.000 0.000
Poorly-differentiated 75 75 (100) 75 (95.6)

Clinical stage
I and II 70 60 (85.7) 51 (72.9)
III and IV 103 99 (96.1) 0.014 100 (97.1) 0.000

Lymph node metastases
Yes 97 97 (100) 97 (100)
No 76 62 (81.6) 0.000 54 (71.1) 0.000

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Effect of Tiam1 expression on prognosis of the patients with
ESCC. The relationship between expressions of Tiam1
mRNA and protein and survival time of the patients with
ESCC was evaluated by Kaplan-Meier survival curve. The
mean follow-up period of all the patients with ESCC in this
study was 45 months (range from 1 to 60 months). The
results revealed that the patients with high levels of Tiam1
mRNA and protein had a poorer prognosis than those with
low levels of Tiam1 mRNA and proteins, and there was a
significant difference between Tiam1 expression and survival
time of the patients with ESCC (both P<0.01) (Fig. 5), indi-
cating that Tiam1 may be a good prognostic marker in the
diagnosis of ESCC.

Disscussion

Originally, Tiam1, as one of guanine nucleotide exchange
factors (GEFs), was identified by retroviral insertional muta-
genesis and selected for its invasive cell behavior in vitro
(20,21). Tiam1 is involved in a large number of cellular events,
such as cytoskeleton reorganization, cell adhesion, cell
migration, invasion, metastasis and carcinogenesis, suggesting
Tiam1 may play a pivotal role in the occurrence and develop-
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Figure 3. Relative expression analysis of Tiam1 mRNA in three representative cases of ESCC tissues (T) and the adjacent normal esophageal tissues (N). (A)
The relative expression of Tiam1 mRNA was analyzed by semi-quantitative RT-PCR. (B) Semi-quantitive values of three independently repeated RT-PCR
were statistically analyzed by densitometry using Gene Tools software, are expressed as the means ± SD. *P<0.05, compared to expression of Tiam1 in
normal esophageal tissues.

Figure 4. Relative expression analysis of Tiam1 protein in three represen-
tative cases of ESCC tissues (T) and the adjacent normal esophageal tissues
(N). (A) The relative expression of Tiam1 protein was analyzed by Western
blotting. Expression of ß-actin was simultaneously used as an internal
control. (B) Semi-quantitive values of three independently repeated Western
blotting were statistically analyzed by densitometry using Gene Tools soft-
ware, are expressed as the means ± SD. *P<0.05, compared to expression of
Tiam1 in normal esophageal tissues.
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ment of tumors. The malignant degree and invasive and
metastasis phenotype of ESCC, determined by multiple
characteristics such as tumor cell motility and membrane
perturbations, is easily linked to changes of specific molecules
Tiam1 related to invasiveness and metastasis, however, up to
now, the role of Tiam1 in ESCC has not yet investigated
worldwide. To our knowledge, this is the first comprehensive
description of Tiam1 expression in ESCC tissues by immuno-
histochemistry, in situ hybridization, semi-quantitative RT-PCR
and Western blotting methods, and analysis of the association
between Tiam1 expression and the prognosis of the patients
with ESCC.

It is well documented that Tiam1, one important regu-
lator of Rho GTPase functions in tumor cells (22), induces
T-lymphoma invasion and metastasis, but also inhibits
migration and invasion of human renal cell carcinoma through
Rac activation (20,23,24). Besides, overexpression of Tiam1
in metastatic melanoma cells converts the constitutive
mesenchymal phenotype into an epithelial-like phenotype
(25), and, most importantly, is considered as the useful
indicator for predicting the prognosis of hepatocellular carci-
noma (15), implying the crucial role of Tiam1 in melanoma
and hepatocellular carcinoma. Adithi et al reported signi-
ficantly increased Tiam1 expression in invasive retinoblastoma
(14). Malliri et al reported a cross-talk between Tiam1/Rac and
the canonical Wnt-signaling pathway that affects intestinal
tumor formation and progression (26), indicating Tiam1 play
an important role in tumor signaling pathway. Whether these
functions of Tiam1 can be extended to ESCC remains
elusive, in the current study, positive Tiam1 protein staining

was found in 91.91% (159 of 173) of the analyzed ESCC
cases, whereas only 49.47% (47 of 95) of paracarcinoma
tissues and 9.25% (16 of 173) of normal esophageal tissues
displayed positive Tiam1 protein expression. Additionally, as
for Tiam1 mRNA expression, the result of ISH revealed that
positive ratios of Tiam1 mRNA expression were 87.28%
(151 of 173) in ESCC tissues, 41.05% (39 of 95) in para-
carcinoma tissues and 6.94% (12 of 173) in normal
esophageal tissues, respectively. Compared to those of para-
carcinoma and normal esophageal tissues, there was obvious
increase in Tiam1 protein and mRNA expressions in ESCC
tissues (P<0.05), indicating that Tiam1 expression at a high
level in ESCC tissues may be closely associated with the
occurrence and development of ESCC. Moreover, randomly
selected 3 cases of ESCC and normal esophageal tissues
were used to further investigate the Tiam1 level by semi-
quantitative RT-PCR and Western blotting methods, the
result demonstrated that the levels of Tiam1 mRNA and
protein in ESCC tissues were significantly higher than those
in normal esophageal tissues. Notably, expressions of Tiam1
mRNA and protein were presented with intense staining in
all poorly-differentiated and the patients with lymph node
metastases samples investigated, indicating overexpression
of Tiam1 may be tightly associated with malignant degree
and invasiveness and metastasis of ESCC.

Increasing evidence has demonstrated that Tiam1 is
tightly related to lymph node metastasis, histological
differentiation, clinical stage and disease recurrence. Yang et al
recently reported that overexpression of Tiam1 was signi-
ficantly correlated with vascular invasion status (P=0.02),
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Figure 5. Effect of Tiam1 expression on prognosis of the patients with ESCC by Kaplan-Meier plots. (A) IHC analysis for the association between Tiam1
protein expression and survival time of the patients with ESCC. (B) ISH analysis for the relationship between Tiam1 protein expression and survival time of
the patients with ESCC. There was a significant difference between the two curves by log-rank test (Mantel-Cox) (P<0.01).
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intrahepatic metastasis status (P=0.009) and histological
differentiation (P=0.008) of patients with hepatocellular
carcinoma (15). In addition, Tiam1 was overexpressed in naso-
pharyngeal carcinoma cells and their protein up-regulation
was significantly associated with stage and grading (P<0.05
for all) (12). Strong Tiam1 overexpression in prostate carci-
nomas relative to the respective benign prostatic epithelium
was statistically significantly associated with disease recurrence
(P=0.016), the presence of lymph vessel invasion (P=0.031)
and high Gleason scores (GS) (27). Moreover, Tiam1 expres-
sion was found to correlate with a high tumor grade in a
small number of breast cancer tissue samples (28). To further
elucidate the potential role of Tiam1 in the occurrence and
development of ESCC, we analyzed the relationship between
expressions of Tiam1 mRNA and protein and clinicopatho-
logic parameters including age, gender, histologic grade,
clinical staging and lymph node metastasis. We found that
Tiam1 protein and mRNA expressions were both closely
associated with histologic grade (both P=0.000), clinical stage
(P=0.014 and 0.000, respectively) and lymph node metastasis
(both P=0.000), but not gender (P=0.462 and 0.181) and age
(P=0.779 and 0.755, respectively), suggesting Tiam1 may
play an important role in the occurrence and development of
ESCC, however, precise molecular mechanisms have yet
remained to be elucidated.

Although numerous molecular markers including p53
(29), Ki-67 (30) and cyclin D1 (31) have been utilized to
evaluate survival probabilities of patients with cancer, few
transfer to widespread clinical use. Yang et al found that
hepatocellular carcinoma patients with strong Tiam1
expression had shorter disease-specific survival than those
with weak expression (P=0.01). Multivariate analysis also
showed that Tiam1 overexpression may be a predictor of
poor prognosis (P=0.02) (15). Up-regulation of Tiam1 protein
was associated with lower disease-free and overall survival
rates (P<0.001); implying up-regulation of Tiam1 protein
may play a critical role in tumor progression of naso-
pharyngeal carcinoma, and work as a prognostic factor for
the patients with nasopharyngeal carcinoma (12). Certainly,
prognostic value of Tiam1 has extended to a great number of
different tumors including prostate carcinoma (27) and
gastric carcinoma (32), but not ESCC. In this study, the
patients of ESCC with high levels of Tiam1 mRNA and
protein had a poorer prognosis than those with low levels of
Tiam1 mRNA and proteins, and there was a significant
difference between Tiam1 expression and survival time of the
patients with ESCC (both P<0.01), suggesting Tiam1 mRNA
and protein at high level may be an independent prognostic
marker for poorer survival in all investigated patients with
ESCC.

In summary, our study suggests high Tiam1 expression to
be an independent prognostic marker for poorer survival in
the patients with ESCC. High level Tiam1 was closely associ-
ated with maglinant phenotype and lymph node metastasis of
ESCC. Further work is needed to elucidate the important
biological significance of high Tiam1 expression and better
outcome, which will make Tiam1 as an extremely attractive
molecular therapeutic target for ESCC.
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