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Expression and clinical significance of Tiam1 gene in 
esophageal carcinoma
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Abstract: Objective: To investigate the relationship between Tiam1 gene expression and the invasion and metasta-
sis of esophageal cancer. Methods: By RT-PCR technique, Tiam1 mRNA expression levels in 49 cases of esophageal 
cancer tissues and normal esophageal tissues were detected. Results: Average Tiam1 mRNA expression level in 49 
cases of esophageal cancer tissues (1.83 ± 0.73) was significantly higher than that in normal esophageal tissues 
(0.87 ± 0.45) (P < 0.01); High Tiam1 mRNA expression rate in esophageal cancer tissues was positively correlated 
with clinical stage and T stage; Tiam1 mRNA expression rate was 59.38% (19/32) in patients with lymph node 
metastasis, and in patients without lymph node metastasis it was 23.53% (4/17), with statistically significant dif-
ferences (P < 0.05). Conclusion: Tiam1 gene expression in esophageal cancer tissues was significantly higher than 
that in normal esophageal tissues, and its overexpression was positively correlated with invasion and metastasis of 
esophageal cancer.
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Introduction

Esophageal cancer is one of the common gas-
trointestinal cancer in China [1, 2]; lymph node 
metastasis is one of the most important bio-
logical characteristics, and it is also an inde-
pendent prognostic factor of esophageal can-
cer [3]. Tiam1 gene (T lymphoma invasion and 
metastasis gene) is a gene isolated from mouse 
T lymphocytes, expressed in a variety of tumor 
cell lines [4]; high expression of Tiam1 can 
induce the proliferation and metastasis of 
tumor cells. But its role in the invasion and 
metastasis of human esophageal cancer is still 
unclear. This study used RT-PCR to detect 
Tiam1 mRNA expression in esophageal cancer, 
in order to explore its relationship with the inva-
sion and metastasis of esophageal cancer.

Material and methods

Material

Samples were collected from resected fresh 
specimens from thoracic surgery department 
attached to our hospital between August 2004 
and August 2005 hospitalized esophageal pa- 

tients with a total of 49 cases and without pre-
operative radiation therapy and chemotherapy. 
Cancer tissue and normal esophageal tissue 
from 5 cm of lesions were taken and then they 
were stored in liquid nitrogen immediately. In 
49 cases of esophageal cancer, 35 cases were 
male patients, and 14 cases were females, 
aging between 52 and 76 with mean age 65 ± 
3.2; 32 cases were mid-esophageal cancer and 
17 cases were lower-esophageal cancer; they 
were all underwent esophagectomy, regional 
lymph node dissection, and stomach substitut-
ing esophageal anastomosis. Intraoperative 
esophageal lesions were cut and then immedi-
ately took normal and esophageal tissue for 
cryopreservation. All the esophageal speci-
mens were pathologically confirmed squamous 
cell carcinoma. Lymph node was used to iden-
tify pathological metastasis.

Immunohistochemistry (IHC) staining of Tiam1 
gene

Expression of the Tiam1 gene was investigated 
by streptavidin-biotin-peroxidase complex me- 
thod according to a previouspublication [5].
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Extraction and identification of total RNA  

1 ml of Trizol reagent (Invitrogen products) was 
added to 100 mg frozen tissue in a homoge-
nized ice bath. The total RNA was extracted 
according to the operating instructions. A260 
value was measured by using double beam 
spectrophotometer. A260/280 ratio was mea-
sured to detect its purity. 1.98% denaturing gel 
electrophoresis was used for analysis the integ-
rity of total RNA.

cDNA preparation

Reverse transcription kit (RevertAid TM Fer- 
mentas) was used. Proceed as follows: 2.0 μg 
of total RNA was collected, and 1 μl random 
primer was added; then add water to 12 μl. 5 × 
buffer 4 μl, RNA inhibitors 1 μl and 10 mm old 
NTP 2 μl were added, 25°C water bathing for 5 
min; reverse transcriptase 1 μl was added, 

F1: 5’-ACCCCCACTGAAAAAGATGA-3’, F2: 5’-AT- 
CTTCAAACCTCCATGATG-3’. Both were synthe-
sized by Shanghai Sangon Company (Shanghai, 
China).

Reaction system PCR amplification kit (SK2492, 
Shanghai Sangon Company) was used. The 
reaction system was 50 μl, including 2 mmol 
DNTP 5 μl, 10 × PCR buffer 5 μl, 10 μmol/L 
Tiam1 gene primers (upstream and down-
stream) each 18 μl, internal reference β2 M 
primer each 1 μl, 25 mmol/L MgCl2 5 μl, 5 U/μl 
Taq enzyme 016 μl, template DNA 5 μl, double 
distilled water 25.8 μl. Circulation was per-
formed on MJ PTC2220 PCR instrument. Tiam1 
gene and internal reference β2 M gene were 
amplified simultaneously: 94°C denaturation 
for 45 s, 55°C annealing for 1 min, 72°C exten-
sion for 1 min 30 s, 72°C extension for 5 min in 
the last cycle.

Figure 1. Immunohistochemical staining of Tiam1 protein in esophageal cancer and normal esophageal tissues. A. 
No Tiam1 protein staining was presentin the normal esophageal tissues. B. Stronger positive Tiam1 immunostain-
ing in esophageal cancer tissues.

Figure 2. Relative expression analysis of Tiam1 mRNA in ESCC tissues and 
theadjacent normal esophageal tissues. M: DNA marker; 1-3: ESCC; 4-6: nor-
mal esophageal tissues.

water bathing at 25°C for 101 
1 min, at 42°C for 60 min, 
and then at 70°C for 10 min 
to stop the reaction. Ice bath 
for spare.

PCR primer sequences

Tiam1 primer: F1: 5’-AAGA- 
CGTACTCAGGCCATGTCC-3’, 
F2: 5’-GACCCAAATGTCGCAGT- 
CAG-3’. Internal reference β2- 
microglobulin (β2 M) primer: 
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Optimal conditions

Optimal PCR cycle number for Tiam1 gene and 
optimal amount of total RNA template for 
reverse transcription were determined by one 
case of laryngeal carcinoma specimen; 1.5, 2.0 
and 2.5 μl of total RNA template is subjected to 
reverse transcription, and 5 μl of each product 
was collected for PCR respectively with 29, 32, 
35, 38 and 41 cycles; absorbance values of 
products were analyzed to determine the opti-
mal PCR conditions for simultaneous amplifica-
tion of Tiam1 and the internal reference β2 M 
gene.

Semi-quantitative PCR

5 μl PCR product was added in 23 g/L agarose 
gel containing ethidium bromide for electro- 
phoresis, and the results were observed und- 
er ultraviolet light. The amplified fragments of 

phageal cancer. A P < 0.05 was considered 
significant.

Results

The expression of Tiam1 protein in esophageal 
cancer tissues

Tiam1 protein expression was investigated in 
these esophageal cancer samples by immuno-
histochemistry method. In esophageal cancer 
tissues exhibited positive Tiam1 staining. In 
contrast the normal esophageal tissues dis-
played negative Tiam1 staining (Figure 1).

Optimization of semi-quantitative RT-PCR

Between the cycle numbers of 32 and 38, 
Tiam1 gene PCR product amount was linearly 
related with the cycle numbers. Increase of the 
cycle number could reduce the linear correla-
tion; reducing the number of cycles would 
reduce the sensitivity of the PCR reaction. This 
linear relationship was observed when the 
amount of total RNA template was 2.0, 1.5 and 
1.0 μg, and the PCR linear relationship of the 
cDNA prepared by 1.5 μg template was the 
best. In this experiment, 1.5 μg of total RNA 
template and 35 cycles were used to determine 
Tiam1 gene expression. Simultaneously, ampli-
fication of the internal reference β2-micro- 
globulin was performed.

Table 1. Relationship between Tiam1 mRNA expression and clinical 
outcomes

Clinical indicators Cases
Relative A values of RT-PCR products P value
Highly-expressed Lowly-expressed

Age (Years) 49 62 ± 5.8 63 ± 5.6 0.183
Gender
    Male 28 12 16 0.572
    Female 21 11 10
TNM
    1~2 14 2 12 0.010
    3 19 10 9
    4 16 11 5
T stages
    T1 8 1 7 0.025
    T2 20 9 11
    T3 18 11 7
    T4 3 2 1
Lymph node metastasis
    Yes 17 4 13 0.017
    No 32 19 13

Table 2. Logistic regression of the relation 
between Tiam1 mRNA expression and clinical 
outcomes
Parameters OR 95% CI P value
Tiam1 expression 3.11 1.920~5.114 0.016
Lymphnode metastasis 2.133 1.104~3.254 0.011
TNM 4.231 2.012~8.443 0.022

Tiam1 and β2 M were 
respectively 253 and 118 
bp. A value in each band 
was measured with auto-
matic UVP gel image anal-
ysis system. The ratios of 
A values of Tiam1 and β2 
M were the relative Tima1 
mRNA levels of samples. 
Detection of each speci-
men was repeated three 
times, and the mean was 
calculated.

Statistical analysis

SPSS 17.0 software was 
used for analysis. Mea- 
surement data using t 
test, and count data using 
chi-square test. Logistic 
regression analysis was 
performed to identify the 
prognostic factor of eso- 
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Tiam1 mRNA expression

Tiam1 mRNA was expressed in varying degrees 
in esophageal cancer and esophageal normal 
tissues. Electrophoresis maps of RT-PCR prod-
ucts were shown in Figure 2. Sequencing 
results confirmed that RT-PCR product was 
Tiam1 gene, and the base pairing accuracy was 
97.5%. 

Between the two groups of Esophageal carci-
noma tissues and normal esophageal tissues, 
no statistically significant differences had been 
found in age and gender (P > 0.05); average 
Tiam1 mRNA expression levels in esophageal 
carcinomna was 1.83 ± 0.73, significantly high-
er than that in normal esophageal tissues (0.87 
± 0.45; P < 0.01).

Relationship between Tiam1 mRNA expression 
in esophageal carcinoma and clinical stages 
and T stages and N grades

The critical value of Tiam1 mRNA expression 
rate was based on the relative average A value 
(1.83) of esophageal Mta1RT PCR products, A 
> 1.83 for high expression and A < 1.83 for low 
expression. No statistically significant differ-
ences had been found in age and gender 
between two groups of Tiam1 mRNA highly-
expressed and lowly-expressed in esophageal 
tissues (all P > 0.05); In various clinical stages, 
high Tiam1 mRNA expression respectively 
accounted for 18.2%, 43.2%, and 71.3% in I~II 
stages, III stage and IV stage, and the differ-
ences between the clinical stages were statisti-
cally significant (all P < 0. 05); and high expres-
sion rates increased with the increase of clini-
cal stage (P < 0.05); in T staging, high Tiam1 
mRNA expression rate respectively accounted 
for 0%, 46.7%, 58.3%, and 83.8% in T1, T2, T3 
and T4; the difference was statistically signifi-
cant between T stages (P < 0.05), and the high 
expression rate increased with T stage increas-
ing (P < 0.05); high Tiam1 mRNA expression 
rate in patients with lymph node metastasis 
accounted for 59.3%, significantly higher than 
that in patients without lymph node metasta-
sis, accounting for 21.4% (P < 0.05) (Table 1).

Logistic regression analysis

All subjects in the esophageal cancer group 
and the control group were analyzed as a single 
group. The stepwise logistic regression analysis 

was performed with multiple variables. The 
results showed that the Tiam1 gene expres-
sionwas an independent risk factor of poor 
prognosis of esophageal cancer. The detailed 
data are shown in Table 2.

Discussion

Tiam1 gene is a gene isolated from mouse T 
lymphoma cells by Habets et al [6], which is 
closely associated with tumor invasion and 
metastasis. The whole name of Tiam1 gene is 
cell lymphoma invasion and metastasis-induc-
ing protein 1, which is a ubiquitousconversion 
factor for diphosphate guanine nucleotide 
(GDP) and triphosphate guanine nucleotide 
(GTP) [7]. It is mainly expressed in brain and 
testis and not or lowly expressed in other nor-
mal tissues. It belongs to Rho triphosphate gua-
nine nucleotide hydrolase (GTPases) family [8]. 
Tiam1 is located in 21q22.1, encoding a pro-
tein containing 1591 amino acids and one DH 
homologous functional area involved in GDP-
GTP exchange; Tiam1 gene is highly expressed 
in tumor cells of different tissue origins. Tiam1 
genecauses tumor invasion and metastasis by 
Tiam1-Rac signaling pathway, regulating the 
transcription factor c-myc and LPA (lysophos-
phatidic acid), and affecting adhesion mole-
cules. It has been currently reported that Tiam1 
gene was closely related with the invasion and 
metastasis of renal cell carcinoma, breast can-
cer and colorectal cancer [9-11]. 

Engerset al [12] found that Tiam1 protein was 
not or lowly expressed in renal tubular epitheli-
al-derived renal clear cell carcinoma, which 
was consistent with the biological behaviors 
and clinical characteristics of the tumor, such 
as low growth and rare metastasis. Malignant 
tumor invasion and metastasis are caused by a 
series of complex and multi-step interactions 
between tumor cells and host cells and intersti-
tial. This process involves the roles of a variety 
of genes and their products. Tiam1 Tiam1 gene 
is a gene isolated from mouse T lymphoma 
cells by Habets et al [13]; it is a ubiquitous con-
version factor for diphosphate guanine nucleo-
tide (GDP) and triphosphate guanine nucleotide 
(GTP), belonging to Rho-GTPases family. Tiam1 
gene is located in the q22 band of chromosome 
21 and the centromeric end of Aml 21 gene, 
containing two exons separated by one intron; 
two exons were about 7.3 kb, and the intron 
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was 14 kb. This gene encodes a protein with a 
molecular weight of 177,000, consisting of 
1591 amino acid residues, with DH and PH 
homologous functional regions. DH homolo-
gous functional area is involved in GDP-GTP 
conversion to promote the release of GDP and 
the binding of GTP. PH homologous functional 
region not only is involved in subcellular local-
ization, but also directly regulates the nucleo-
tide exchange in DH region. Meanwhile, Tiam1 
is a kind of GDP isolated stimulator (GDS) and a 
activity-regulating factor of Rac and Rho, affect-
ing cytoskeleton, cell adhesion and movement 
by participating in Tiam1 Rac information trans-
fer pathways, and playing an important role in 
tumor development, invasion and metastasis 
[3, 4]. Therefore, Tiam1 disorder in this path-
way may lead to oncogenic transformation, 
tumor progression and metastasis.

Human Tiam1 is mainly expressed in normal 
brain and testis tissues, but not or lowly 
expressed in other normal tissues; it is highly 
expressed in tumor cells of different tissue ori-
gins [13]. Engers et al [12] found that Tiam1 
protein was not or lowly expressed in renal 
tubular epithelial-derived renal clear cell carci-
noma, which was consistent with the biological 
behaviors and clinical characteristics of the 
tumor, such as low growth and rare metastasis. 
A locus mutation of Tiam1 plays an important 
role in the progression of human renal cell car-
cinoma. Adam L et al detected the Tiam1 
expression levels in breast tumor cells and 
found that Tiam1 interacting with the cytoskel-
etal protein and ankyrin resulted inoncogenic 
signal transduction and metastasis of breast 
tumor. Sun Qing et al detected the Tiam1 gene 
expression in metastatic colorectal cancer cell 
lines and tissue samples; semi-quantitative 
RT-PCR showed that, Tiam1 in metastatic 
colorectal carcinoma cell line showed a posi-
tive rate of 100%; Northern dot hybridization 
and situ hybridization indicated that Tiam1 
gene was highly expressed in metastatic cell 
lines and invasive and metastatic cancer.

The role of Tiam1 gene in human esophageal 
cancer invasion and metastasis is rarely report-
ed at home and abroad. This study focused on 
Tiam1, the key gene in tumor invasion and 
metastasis, used RT-PCR technique to detect 
Tiam1 gene expression at the transcriptional 
level and investigated its relationship with the 
invasion and metastasis of esophageal cancer; 

the results showed that the average level of 
Tiam1 mRNA in esophageal cancer tissues was 
significantly higher than that in normal esopha-
geal tissues (P < 0.05), prompting that Tiam1 
gene may provide a reference for the discrimi-
nation of esophageal cancer and normal tis-
sues; this study also found that the expression 
rates of Tiam1 mRNA in esophageal carcinoma 
significantly increased with the increase of clin-
ical stage and grade (P < 0.05); Tiam1 mRNA 
expression rates in esophageal carcinoma with 
lymph node metastasis was significantly higher 
than those in esophageal carcinoma without 
lymph node metastasis (P < 0.05). High expres-
sion rates to some extent reflected the local 
invasion and distant metastasis of esophageal 
cancer, providing potential information for com-
prehensive treatment of esophageal cancer. 
Studies have shown that, Tiam1 gene may play 
an important role in the invasion and metasta-
sis of esophageal cancer. Presumably inhibiting 
the expression of Tiam1 gene by antisense 
technology and cutting off TiamlRac informa-
tion transfer pathway may down-regulate the 
invasiveness of esophageal cancer cells and 
inhibit the invasion and metastasis of esopha-
geal cancer.

Molecular mechanism of Tiam1 gene in tumor 
metastasis is not entirely clear, but the results 
of this study show that, Tiam1 gene was related 
with the invasion and metastasis of esopha-
geal cancer; high expression rate of Tiam1 
mRNA in esophageal cancer tissues can be 
used as an indicator of potential esophageal 
malignancy, and provide potential information 
to guide the treatment of esophageal cancer.
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