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Abstract: Aims: To investigate the clinical significance of Tbx3 in colorectal cancer (CRC) and the possible associa-
tion between Tbx3 expression and Epithelial- Transition Mesenchymal (EMT) phenotype. Methods: Quantitative real-
time reverse transcription polymerase chain reaction (qRT-PCR) and western blotting were employed to evaluate the 
expression of Tbx3 in 30 fresh CRC and matched normal tissues. Using immunochemistry, protein level of Tbx3 and 
EMT markers (E-cadherin and N-cadherin) were identified in 150 pairs of paraffin-embedded specimen. Results: The 
results of qRT-PCR and western blotting showed that Tbx3 expression was higher in CRC tissues than in correspond-
ing normal tissues. The statistical analysis based on immunohistochemical evaluation suggested that Tbx3 aberrant 
expression was significantly associated with tumor size (P=0.049), differentiation (P=0.032), invasion (P=0.019), 
lymph node metastasis (P=0.049) and TNM stage (P=0.018). Patients who displayed high expression of Tbx3 may 
achieve a poorer overall survival (OS) and disease-free survival (DFS), compared to those with low expression of 
Tbx3. This tendency was also observed in patients with intermediate levels of disease (II and III stage). The multi-
variate analysis indicated Tbx3 expression could independently predict the outcome of CRC patients. Interestingly, 
correlation analysis suggested Tbx3 expression was negatively correlated with E-cadherin expression, but positively 
correlated with N-cadherin expression. Conclusion: Tbx3 may promote CRC progression by involving EMT program 
and has the potential to be an effective prognostic predictor for CRC patients.
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Introduction

Despite encouraging progress in early detec-
tion and therapeutic technique, colorectal can-
cer (CRC) remains to be the third leading cause 
of cancer death across both genders in the 
United States [1]. Although surgical resection 
has been regarded as an effective treatment 
for CRC, a large proportion of patients with 
advanced CRC are still reported to suffer poor 
prognosis [2]. Traditional prognostic prediction 
is mainly dependent on American Joint Com- 
mittee on Cancer (AJCC) stage system, which is 
determined by the tumor invasion, lymph node 
metastasis and distal metastasis. It provides 
the most effective information for patients with 
early stage disease and those with advanced 
disease. However, it has been reported to be 

less able to predict the prognosis of patients 
with intermediate stage [3]. For example, 
patients in stage II may have a poorer prognosis 
than patients in stage III [4]. Therefore, novel 
prognostic biomarkers should be identified and 
applied in combination with current staging sys-
tem to improve the prognostic evaluation and 
clinical management of patients with CRC.

Tbx3 is a member of Tbx2 subgroup belonging 
to T-box family, whose members occupy an 
important role in developmental process by 
binding its T-box motif to the T-half-site in the 
promoters of the target genes [5-7]. Initially, 
Tbx3 was found to be widely expressed in mul-
tiple organs and involved in the embryonic 
development including mammary lungs and 
pancreas [8]. Recently, increasing studies have 
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suggested that Tbx3 may also participate in the 
initiation and progression of human malignanc-
es. For example, Tbx3 may drive malignant pro-
gression of hepatocellular carcinoma by regu-
lating Wnt/β-catenin signaling [11]. PTEN is a 
well acknowledged tumor suppressor inhibiting 
PI3K signal and researchers found Tbx3 may 
enhance the ability of anti-apoptotic and metas-
tasis in head and neck squamous cancer cells 
by repressing PTEN [12]. Moreover, research-
ers found that the carcinogenic role of Tbx3 
may be associated with its regulation in Epithe- 

embedded CRC tissue and corresponding nor-
mal tissues were employed for immunohisto-
chemistry. All the tissues samples were 
obtained from patients who were diagnosed of 
CRC clinicopathologically and underwent sur-
gery treatment in Department of General sur-
gery, Shanghai Sixth People’s Hospital Affiliated 
to Shanghai Jiaotong University between 2006 
and 2013.

All the patients have complete follow-up 
records. The corresponding normal colorectal 

Table 1. Correlation between Tbx3 expression and clini-
copathological Characteristics

Characteristics N
Tbx3

P valueHigh ex-
pression

Low ex-
pression

Gender
    male 76 45 31 0.251
    female 74 36 38
Age
    ≤60 69 36 33 0.743
    >60 81 45 36
Tumor location
    colon 89 50 39 0.617
    rectal 61 31 30
Tumor differentiation
    well 38 14 24 0.032
    moderate 39 21 18
    poor 73 46 27
Tumor size
    ≤5 cm 69 31 38 0.049
    >5 cm 81 50 31
Tumor invasion
    T1 23 7 16 0.019
    T2 50 24 26
    T3 60 40 20
    T4 17 10 7
Lymph node metastasis
    Absent 73 33 40 0.049
    Present 77 48 29
Distant metastasis
    Present 18 11 07
    Absent 132 70 62 0.519
TNM stage
    I 30 10 20
    II 42 20 22
    III 60 40 20 0.018
    IV 18 11 07

lial-Mesenchymal-Transition (EMT) [13- 
15].

EMT is a developmental process where-
by epithelial cells lose apical-basal polar-
ity with the disturbance of cell-to-cell 
tight contacts and cytoskeleton to 
acquire a mesenchymal phenotype that 
facilitates transformed epithelial cells to 
resist apoptosis, invade and migrate. 
EMT is characterized by a cadherin 
switch containing loss of E-cadherin and 
gain of N-cadherin [16]. E-cadherin, a 
well-established epithelial marker that 
contributes to the cell-to-cell tight junc-
tion, has been widely regarded as a key 
suppressor of motility and invasiveness 
of neoplastic epithelial cells in various 
types of tumors [17]. However, N- 
cadherin, a transmembrane protein 
shares many structural and functional 
features with E-cadherin, reversely has 
been proved to participate in invasion 
and distal metastasis [18]. 

Recently, a genome wide meta-analysis 
[19] has suggested Tbx3 may be involved 
in the development of CRC. However, to 
our knowledge, the clinical significance 
of Tbx3 and its association with EMT in 
CRC remain to be inconclusive. In this 
study, we aimed to investigate clinical 
significance of Tbx3 and explore its pos-
sible association with EMT phenotype in 
CRC.

Materials and methods

Patients and specimens

In our study, 30 pairs of fresh CRC tissue 
and corresponding normal tissues were 
employed for qRT-PCR and western blot. 
Additionally, 150 pairs of paraffin-
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tissues were obtained from colorectal mucosa 
far from the resected tumor (>5 cm). The basic 
clinical characteristics of patients were shown 
in Table 1. Tumor staging were performed 
based on the principle of the World Health 
Organization classification. Preoperative che-
motherapy and/or radiotherapy were never 
applied in the patients. The study was approved 
by the ethics committee of The Sixth People’s 
Hospital affiliated to Shanghai Jiao Tong 
University. The written informed consents were 
obtained from patients for using their tissue 
specimens in our study. 

Quantitative real-time reverse transcriptase 
polymerase chain reaction

Quantitative real-time reverse transcriptase 
polymerase chain reaction (qRT-PCR) was per-
formed to examine the mRNA expression of 
Tbx3 in 30 pairs of fresh CRC tissues and cor-
responding normal tissues. Total RNA was 
extracted from tissues using Trizol (Invitrogen, 
USA) according to the manufacturer’s instruc-
tion. Then, the cDNA fragments were synthe-
sized from total RNA by Superscript III Reverse 

Transcriptase (Promega, USA). The 
reaction was run on the StepOne 
Plus Real-time PCR System (Applied 
Biosystems, USA). The denaturation 
of Tbx3 was initiated at 95°C for 10 
minutes. Then 40 cycles were fol-
lowed at 95°C for 15 s. Finally, the 
annealing was performed at 55°C 
for 15 s. The PCR products consist-
ed with the fluorescence intensity of 
the SYBR Green (TaKaRa, Japan). 
β-actin was used as internal control. 
2-ΔΔCt cycle threshold (Ct) method 
was used to evaluate the relative 
expression of Tbx3. All experiments 
were repeated for three times. The 
sequences of PCR primers were 
used as follows: Tbx3: forward 5’- 
CCCGAAGAAGACGTAGAAGATGAC-3’ 
and reverse 5’-CCCGAA GAAGAG- 
GTGGAGGACGAC-3’; β-actin: for-
ward 5’-CCTCCATCGTCCA CCGCAA- 
ATG-3’ and reverse 5’-TGCTGTCACC- 
TTCACCGTTCCA-3’.

Western-blot

Western-blot was used to detect the 
protein expression of Tbx3 in 30 

Figure 1. Expression of Tbx3 in CRC tissues and non-tumor tissues. 
qRT-PCR was employed to evaluate the Tbx3 mRNA expression in 
CRC tissues and adjacent normal colorectal mucosal tissues. A. The 
expression of Tbx3 was apparently higher in CRC tissues than that 
in non-tumor tissues (5.59±1.13 versus 0.09±0.02, *P=0.034). B 
and C. The result was confirmed by Western blot (1.10±0.13 versus 
0.33±0.21, *P<0.001).

pairs of fresh CRC tissues and corresponding 
normal tissues. Total protein of tissues was 
obtained with lysis buffer. Then, 20 µg protein 
were separated with electrophoresis on a 10% 
SDS–PAGE and transferred onto a PVDF mem-
brane. Later, the anti-Tbx3 antibody (1:1000, 
Abcam) was added into the membrane with 
incubation at 40°C overnight. The β-actin anti-
body (1:2000, Abcam) was used as internal 
control. After three times washing, the mem-
brane was incubated with HRP-labeled Goat 
Anti-Rabbit IgG (1:2000) for 2 h at room tem-
perature. Chemiluminescence reagent (Abcam) 
was used to determine the expression of pro-
tein according to the manufacturer’s instruc-
tions. Quantitative analysis of Western-blot was 
performed by Image J 1.43 software.

Immunohistochemistry analysis

The 4 μm-thick sections cut from formalin-fixed, 
paraffin-embedded tissue specimens were 
deparaffinized with xylene and rehydrated with 
graded ethanol. Then, the antigen of tissue sec-
tions was retrieved by microwave heating for 25 
minutes in 15 mM citrate buffer (pH 6.0). After 
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that, 0.3% hydrogen peroxide was added into 4 
μm- thick sections for 15 minutes to block 
endogenous peroxidase activity. Subsequently, 
the tissue sliders were incubated with anti-
body overnight at 4°C at the following dilutions: 
rabbit monoclonal anti-human Tbx3 (1:300), 
rabbit monoclonal anti-human E-cadherin 
(1:100), and rabbit monoclonal anti-human 
N-cadherin (1:1000) (all from Abcam, Cam- 
bridge, UK), followed by incubation of second 
antibody for 30 minutes. Finally all sections 
counterstained with hematoxylin were dehy-
drated and mounted. The sections incubated 
with PBS instead of primary anti-body were 
used as negative control. 

Two independent researchers, who were blind 
to the clinicopathological parameters of pa- 
tients, were employed to evaluate immunohis-
tochemical staining. The immunoreactive score 
(IS) was calculated by multiplying the staining 
Intensity (SI) and percentage of Positive cells 
(PP). The SI was determined as follows: nega-
tive (score 0), weak (score 1), moderate (score 
2), strong (score 3). The PP was determined as 
follows: <5% (score 0), 6-25% (score 1), 26-50% 
(score 2), 51-70% (score 3), 71-100% (score 4). 
The consistency of the immunoreactive score 
between the observers was evaluated by Kappa 
value, which was 0.85 (Tbx3), 0.79 (E-cadherin), 
0.83 (N-cadherin), respectively. The evaluation 

Figure 2. Representative immunohistochemical staining for Tbx3, E-cadherin and N-cadherin in non-tumor CRC tis-
sues and CRC tissues (×400). A. Tbx3 expression in normal CRC tissues. B. Tbx3 negative staining in CRC tissues. C. 
Tbx3 positive staining in CRC tissues. D. E-cadherin expression in normal CRC tissues. E. E-cadherin negative stain-
ing in CRC tissues. F. E-cadherin positive staining in CRC tissues. G. N-cadherin expression in normal CRC tissues. 
H. N-cadherin negative expression in CRC tissues. I. N-cadherin positive expression in CRC tissues.
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outcomes of the two researchers were com-
pared and came to an agreement by many rep-
etitions. The cut-off score of Tbx3, E-cadherin 
and N-cadherin expression was determined by 
receiver operating characteristic (ROC) curve 
analysis. The results showed Tbx3 expression 
was high if IS was 4 or more. E-cadherin expres-
sion was considered downregulation if IS was 6 
or less. Tumors with N-cadherin staining score 
of 6 or more was defined as upregulation.

Statistical analysis

The software SPSS version 21.0 (Chicago, IL) 
was used for statistical analysis. All the results 
were presented as mean ± SD. Paired t test 
was used to evaluate the difference of Tbx3 
expression between tumors and non-tumor tis-
sues. χ2 test was performed to determine the 
correlation between the expression of Tbx3 
and clinicopathologic parameters. Nonpa- 
rametric Spearman rank correlation coefficient 
was used to evaluate the association between 
Tbx3 expression and E-cadherin/N-cadherin 
expression. Survival curve was plotted by the 
Kaplan-Meier model and intergroup difference 
was calculated by the log-rank test. The univari-
ate analysis was used to evaluate the associa-
tion of clinicopathologic parameters with prog-

nosis of CRC patients. The multivariate Cox 
proportional hazard model and hazard ratio 
(HR) was conducted to determine whether the 
variable could be an independent prognostic 
factor. A P-value<0.05 was regarded to be sta-
tistically significant.

Results

Expression of Tbx3 in CRC tissues and corre-
sponding no-tumor tissues

The expression of Tbx3 mRNA in 30 fresh CRC 
tissues and matched normal CRC tissues were 
compared by RT-PCR. Tbx3 mRNA expression in 
CRC tissues was significantly higher in CRC 
patients than in adjacent normal tissues 
(5.58±1.13 versus 0.09±0.02, P=0.034) 
(Figure 1A). This result was then confirmed by 
Western blot (1.10±0.13 versus 0.33±0.21, 
P<0.001) (Figure 1B and 1C). Moreover, we uti-
lized immunochemistry to examine the expres-
sion of Tbx3 in 150 paraffin-embedded CRC 
tissues and adjacent non-tumor colorectal tis-
sues. The result demonstrated Tbx3 expres-
sion was mainly located in the cytoplasm and 
81 of 150 (54%) CRC tissues showed Tbx3 high 
expression, compared to normal tissues show-
ing no or low Tbx3 expression. The mean IS of 

Figure 3. The Kaplan-Meier graph for 150 CRC patients stratified according to the immunoreactive score. A. 
The overall survival rate for CRC patients with high expression of Tbx3 was lower than those with low expression 
(P<0.001). B. The disease-free survival rate for CRC patients with high expression of Tbx3 was lower than those with 
low expression (P<0.001).
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CRC tissues was also statistically higher than 
that of normal tissues (mean IS: 7.79±2.43 ver-
sus 1.59±0.40, P<0.001). Representative im- 
munohistochemical results for Tbx3 in CRC and 
matched non-tumor tissues (×400) were shown 
in Figure 2.

Associations between Tbx3 expression and 
clinicopathological parameters 

As shown in Table 1, Tbx3 expression was 
remarkably associated with tumor size (P= 
0.049), differentiation (P=0.032), invasion 
(P=0.019), lymph node metastasis (P=0.049), 
and TNM stage (P=0.018). However, no signifi-
cant correlations were found in other clinico-
pathological parameters, including age (P= 
0.743), gender (P=0.251), tumor location (P= 
0.617), and distant metastasis (P=0.519),  

Prognostic significance of Tbx3 in patients with 
CRC

The association between Tbx3 expression and 
clinical outcome in CRC patients was shown in 
Figure 3A. CRC patients with high expression of 
Tbx3 had an overall survival rate of 34.6%, 
compared with 62.3% for CRC patients with low 
expression of Tbx3 (P<0.001). Similar result 
was observed in the disease-free survival anal-
ysis (P<0.001) (Figure 3B). Furthermore, 
patients in the intermediate stages (II and III 

stage) with low expression of Tbx3 had a better 
overall and disease-free survival rate than 
those with high expression of Tbx3 (P=0.004 
and 0.003, respectively) (Figure 4A and 4B). 

Cox’s univariate and multivariate hazard regres-
sion model was applied to determine indepen-
dent prognostic factors. As exhibited in Table 2, 
univariate analysis indicated overall survival of 
CRC patients was significantly associated with 
tumor differentiation, tumor invasion, lymph 
node metastasis, distant metastasis, Tbx3 
expression, and TNM stage (P=0.026, 0.004, 
0.008, 0.015, <0.001 and <0.001 respective-
ly). In multivariate analysis, Tbx3 expression 
(P=0.010), Tumor differentiation (P=0.043) 
Lymph node metastasis (P=0.039), distance 
metastasis (P=0.016) and TNM stage (P= 
0.009) could be independent predictive factors 
in CRC patients. 

The correlation between Tbx3 expression and 
EMT phenotype in CRC tissues

To determine the association between Tbx3 
expression and EMT, Immunochemistry was 
applied to examine the expression of two wide-
ly- acknowledged EMT markers (E-cadherin and 
N-cadherin). As shown in Figure 2, the mem-
branal expression of E-cadherin in non-tumor 
tissues was abundantly higher than that in CRC 
tissues. Conversely, N-cadherin expression 

Figure 4. Kaplan-Meier graph for the overall survival (A) and disease-free survival (B) of 102 intermediate CRC pa-
tients with low and high Tbx3 expression (P=0.003 and 0.004 respectively).



Tbx3 overexpression in colorectal cancer

350 Am J Cancer Res 2015;5(1):344-353

was mainly restricted to cytoplasm and sub-
stantially increased in CRC tissues when com-
pared with adjacent normal tissues. 64% 
(96/150) CRC tissues samples exhibited loss 
of E-cadherin, while N-cadherin overexpression 
was observed in 63% (95/150) CRC tissues. 

As shown in Table 3, in 81 patients with high 
expression of Tbx3, high expression of 
E-cadherin was only found in 14 patients, com-
pared with high expression of N-cadherin in 70 
patients. Nonparametric Spearman rank corre-
lation coefficient analysis indicated that Tbx3 
expression was negatively associated with 
E-cadherin (r=-0.422, P<0.001) but positively 
associated with N-cadherin (r=0.532, P< 
0.001).

Discussion

Increasing studies have suggested that Tbx3 
may be involved in malignant progression of 
several human cancers, including breast can-
cer, bladder cancer, melanoma and liver cancer 
[11, 13-15]. However, its role in CRC remains 
inconclusive. In this study, we found the expres-
sion of Tbx3 was significantly up-regulated in 
CRC tissues in comparison to that in normal 
colorectal tissues, suggesting a potential pro-
motion of Tbx3 in CRC initiation. This result is 
also in accordance with a recent genome wide 
association study that Tbx3 may be associated 
with colorectal tumor formation [19]. To further 
investigate its clinical significance, the immu-
nochemistry was applied and the results sug-
gested that the protein expression of Tbx3 was 
significantly associated with prognosis-related 
clinical parameters, including tumor size, tumor 
differentiation, tumor invasion, lymph node 
metastasis and TNM stages (all P<0.05). This 
result was similar with a recent study by Renard 
et al who found overexpression of Tbx3 may be 

Tbx3, and Tbx3 could become an important 
independent prognostic factor for CRC patients. 
TNM classification have been reported not to 
be suitable to predict outcome in patients with 
intermediate levels of disease. Patients with 
intermediate stages even in the same patho-
logic stage may suffer different clinical out-
comes [3]. So, intermediate levels of CRC (II 
and III) was applied to evaluate the effect of 
Tbx3 overexpression on the prognosis. Patients 
with high expression of Tbx3 achieved a poorer 
prognosis, compared with those with low 
expression of Tbx3 in the same pathologic 
stage. Therefore, Tbx3 biomarker may be a use-
ful tool for patients to make clinical decision 
with respect to follow-up scheduling and admin-
istration of adjuvant therapy.

It has been widely accepted that metastasis is 
one of the most decisive factors influencing 
patient prognosis and current studies have 
suggested that a molecular mechanism known 
as EMT broadly regulates cancer metastasis 
[23]. Therefore, we also detected the protein 
expression of EMT markers (E-cadherin and 
N-cadherin) in CRC tissues by immunohisto-
chemistry and analyzed the possible associa-
tion between them and Tbx3. Interestingly, we 
found Tbx3 expression was negatively correlat-
ed with E-cadherin expression but positively 
correlated with N-cadherin expression, sug-
gesting a potential involvement of Tbx3 in EMT 
phenotype. This deduction was also in accor-
dance with previous studies in other tumors. 
Du et al. found Tbx3 may act as a target of PLCε 
to promote the invasion and metastasis of 
bladder cancer cells by activating the promoter 
of E-cadherin [14]. Similarly, Tbx3 was reported 
to be regulated by B-RAF and drive EMT pro-
gram in B-RAF mutant melanomas [24]. Since 
EMT could confer abilities of anti-apoptosis and 
chemoradiotherapy resistance [25-26], resea- 

Table 2. Correlation between Tbx3 expression and EMT 
markers

EMT markers N
Tbx3

r PLow ex-
pression

High ex-
pression

E-cadherin
    Low expression 96 29 67 -0.422 P<0.001
    High expression 54 40 14
N-cadherin
    Low expression 56 45 11 0.532 P<0.001
    High expression 94 24 70

associated with advanced tumor stage 
of patients with liver cancer [11]. The 
effective biomarkers predicting prog-
nosis of patients play an important 
role in clinical management [20-22]. To 
investigate whether Tbx3 could be an 
independent predictive marker for CRC 
patients, we performed the Kaplan-
Meier method as well as Cox univariate 
and multivariate proportional hazard 
model. The result showed overall sur-
vival rate was significantly lower in 
patients with high expression of Tbx3 
than those with low expression of 
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rchers found silencing Tbx3 may enhance the 
sensitivity to Adriamycin and apoptosis resis-
tance in hepatic cancer cells, also supporting a 
possible association between Tbx3 and EMT 
[11]. Furthermore, EMT has been reported to 
have a close relationship with cancer stem cell 
(CSC) characteristics [27-28] and a recent 
study suggested Tbx3 could become the CSC 
markers of colon cancer cells [29]. Taken 
together, it is reasonable that Tbx3 may be 
involved in development of CRC partly by par-
ticipating in EMT. However, to investigate the 
specific regulatory role of Tbx3 in EMT, subse-
quent assays in vitro and vivo remains to be 
necessary.

In summary, our study for the first time demon-
strates that Tbx3 may be associated with the 
progression of CRC and can act as an indepen-
dent prognostic biomarker for patients with 
CRC. Furthermore, Tbx3 can also be an ideal 
prognostic biomarker for patients with interme-
diate levels of CRC. In particular, we also find 
Tbx3 may be associated with EMT phenotype in 
CRC. Taken together, these convincing evidenc-
es suggested that Tbx3 has the potential to be 
an effective therapeutic target and prognostic 
predictor for CRC patients in the forthcoming 
future. Further studies based on cellular and 
animal model will be continued to investigate 
the specific molecular mechanism that TBx3 
regulates in the development of CRC.
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