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Abstract 
                                                              
 TACC1 protein belongs to the transforming acidic 

coiled-coil family shown to interact with the gastric 
cancer. In the present study we analyzed the expression 
of TACC1 in gastric cancer by means of 
immunohistochemistry, and verified its prognostic 
significance by univariate and multivariate Cox 
analyses .In addition, the correlation between TACC1 
expression and clinicopathological factors was tested by 
chi-square test and Fisher's exact test. The results 
demonstrated that TACC1 expression was linked to 
gastric wall invasion (T), lymph node metastasis (N), 
tumor node metastasis (TNM) stage and likelihood of 
recurrence (p<0.05). The Cox multivariate analysis 
indicated that the TACC1 expression was an 
independent indicator for shorter survival (p = 0.048). In 
conclusion, the study suggested that TACC1 is a 
favorable and independent prognostic indicator for 
gastric cancer.  
                                              

1. Introduction 
 

Gastric cancer is one of the most common 
cancers, accounting for approximately 17.2 % of 
all malignant tumors. Gastric cancer is 
characterized by invasion and metastasis, which 

mainly contributes to the lethality of this disease 
[1, 2]. The molecular mechanisms underlying 
these processes involve changes in the expression 
of various genes and research in this area is 
becoming increasingly popular. A major focus in 
the field of clinical gastric cancer research has 
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been to identify biological markers associated 
with these processes. 

 TACC1(transforming acidic coiled-coil 1) [3] 
belongs to a family of three paralogous [4] genes 
that also includes TACC2 [5] and TACC3 [6]. 
Transforming acidic coiled-coil (TACC) proteins 
emerged initially as a group of proteins 
implicated in cancer. As their family name 
implies, changes in their expression have been 
associated with cell transformation, with each of 
the three human members of the family 
(TACC1-3) localized to genomic regions 
amplified in some cancers, and with changes in 
TACC expression noted even in tumors lacking 
obvious DNA rearrangements. The first member 
of the TACC family to be discovered was 
identified in a search of genomic regions that are 
amplified in breast cancer. TACC1 could 
promote cellular transformation because of its 
highly acidic nature and the presence of a 
predicted coiled -coil domain at its C terminus 
(now known as the TACC domain) [3]. Some 
reports have shown that the TACC1 gene was 
originally identified within the 8p11 human 
breast cancer amplicon, and its over-expression 
has been shown to cause cellular transformation 
and to promote mammary tumorigenesis [3, 
7] .However, no major correlation has emerged 
to date between the significance of TACC1 
expression in the gastric cancer and prognosis. 
The present study was undertaken to analyze the 
clinical features of TACC1 expression in gastric 
cancer and to determine their clinical 
implications. 

 
2. Materials and Methods 
 
2.1 Patients and Tissue samples  
 

Tissue samples were collected from 130 
gastric cancer patients (87 male, 43 female; 
median age 58 years, range 26–90 years) who 
were enrolled with approval of the ethics 
committee of our Center and who had received 
surgical resection from the Department of 
Surgery, Affiliated Hospital of Qingdao 
University between November, 2007 and March, 
2009. None of the patients were treated with 

radiotherapy or perioperative chemotherapy. 
Resected tissues had been formalin-fixed, 
paraffin-embedded and diagnosed clinically and 
histopathologically at the Departments of 
Gastrointestinal Surgery and Pathology before 
use. For all patients, the median follow-up time 
was 40 months (range 3 to 56 months). The 
survival time was calculated from the date of 
surgery to the follow-up dead-line or date of 
death, which was predominantly due to 
carcinoma recurrence or metastasis. The study 
items included age, gender, tumor size, gastric 
wall invasion, lymph node metastasis, 
histological differentiation, TNM stage and 
recurrence. And all patients have signed a letter 
of informed consent. 

 
2.2 Immunohistochemistry 
 

Immunohistochemical (IHC) analysis was 
performed to study TACC1 expression in 130 
human gastric cancers. The paraffin-embedded 
tissue blocks were sectioned in 4 μm slices and 
deparaffinized in 100 % xylene and rehydrated in 
descending ethanol series according to standard 
protocols. Heat-induced antigen retrieval was 
performed in 10 mM citrate buffer at 100 °C for 
2 min. Endogenous peroxidase activity and 
nonspecific antigen were blocked with a 
peroxidase-blocking reagent containing 3 % 
hydrogen peroxide and serum. This was followed 
by incubation with rabbit polyclonal to TACC1 
(NBP1-01031, Novus Biologicals, Littleton, 
USA) for 90 minutes, using PBS instead of 
antibody as a negative control. After washing, the 
sections were incubated with1 and 2 reagent of 
PV9005 mouse hypersensitivity in two-step 
immunohistochemical Kit (Beijing fir Jinqiao) 
for a total of 60 minutes at 37℃ in a humid 
chamber. Then the sections were washed for 
3×3-min with PBS, and the peroxidase reaction 
was developed with 3, 3′-diaminobenzidine 
(DAB) chromogen solution in DAB buffer 
substrate. The sections were visualized with 
DAB, counterstained with hematoxylin, mounted 
in neutral gum, and analyzed using a bright field 
microscope.



                   Zhang et al. / Cancer Cell Research 1 (2014) 19-26                                   21 
 

Copyright@2014 by Cancer Cell Research 

 
Fig1. The expression of TACC1 in gastric carcinoma tissues by immunohistochemical method. Patients 
with a score of “−/+” were classified as the negative expression group (a and b), whereas those with 
“++/+++” were classified as the positive expression group(c and d). Magnification 4 0 0 × 

 
 

 
2.3 Evaluation of Results 
 

TACC1 was stained as buffy colored in the 
cytoplasm. Scoring was performed according to 
the extent of staining (0=0%; 1=0-10%; 
2=10-50%; 3=50-100%) and intensity of the 
staining (0 for none, 1 for yellow staining, 2 for 
brown yellow staining, and 3 for brown staining, 
respectively). The final score was the product of 
the two former values (0=−, 1–4 = +, 5 –8 = ++, 
9-12 = +++). Patients with a score of “−/+” were 
classified as the negative expression group, 
whereas those with “++/+++” were classified as 
the positive expression group. 

 
2.4 Statistical analysis 

All statistical analyses were performed using 

SAS 9.2 software. Correlation between TACC1 
expression and clinicopathological variables was 
estimated using χ2 or Fisher exact tests. Survival 
curves were estimated using the Univariate Cox 
analysis, and the log-rank test was used to 
compute differences between the curves. 
Multivariate analysis using the Cox proportional 
hazards regression model was performed to 
assess the prognostic values of the protein 
expression. In all of the statistical analyses, a p < 
0.05 was considered to be statistically significant. 
 
3. Result 
 
3.1 Immunohistochemical analysis of TACC1 
expression in gastric tumor tissues   
 

TACC1 was predominantly localized in the
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Fig2.Survival curves with univariate analyses (log-rank) for age (a), tumor size (b), TNM stage(c), 
histological differentiation (d) and TACC1 expression (e) in all patients with gastric carcinoma. Patients 
with older age, larger size, higher TNM stage, lower stages of differentiation, and TACC1 expression 
positive had a significantly worse survival. 

 
Cytoplasm of the cancer cells. 

Immunohistochemical analysis revealed a 
significant increase in the intensity of TACC1 
expression and in the percentage of positively 
stained cells in gastric cancer specimens (Fig.1). 
Indeed, TACC1 was expressed at moderate（++） 
or strong（+++） levels in 52 % (68/130) of 
carcinoma samples (Fig.1 c,d). Patients’ 
demographical, clinical and histopathological 
variables are reviewed in Table 1.  
 
3.2 TACC1 expression and clinical features 

correlations  
 

Analysis of TACC1 expression with respect to 
clinicopathological features revealed that positive 
expression of TACC1 was correlated with gastric 
wall invasion (T), lymph node metastasis (N), 
tumor node metastasis (TNM) stage and 
recurrence (P < 0.05). In contrast, TACC1 
expression was not correlated with age, gender, 
tumor size or histological differentiation (P > 
0 .05) (Table 1).Moreover, we observed that the 
TACC1expression increased robustly in tumors 
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of higher pathologic T category (T3>T2>T1), 
higher TNM stage (III>II>I), and with nodal 
involvement (N1/N2/N3>N0) and postsurgical 
recurrence. Although we also found that TACC1 
levels displayed a trend toward increased 
expression at lower stages of differentiation, this 
was not statistically significant (P > 0.05) (Table 
1).  
 

Table1.Correlation between clinical features and 
TACC1 expression 

 
3.3 Patient survival analysis 
 

The survival analysis revealed that age (p = 
0.014), tumor size (p= 0.035), gastric wall 

invasion (T) (p=0.024), lymph node metastasis 
(N)(p =0.0015), TNM stage (p=0.039), 
histological differentiation (p = 0.0094), and 
TACC1 expression (p = 0.0014) were parameters 
that correlated with poor patient survival (Table 
2). For patients with older age, larger size, higher 
TNM stage, lower stages of differentiation, 
TACC1 expression had a much poorer prognosis 
(Fig. 2).The study did not identify any significant 
correlation between gender and patient survival(p 
=0.488).  

 
3.4 Multivariate analysis 
 

The multivariate analysis considered 
parameters that included age, TNM stage, tumor 
size, T (TNM stage), N (TNM stage), 
histological differentiation and TACC1 
expression. The analysis indicated that TACC1 
expression was an independent predictor of 
shorter survival (p = 0.0048). Other independent 
factors that contributed to survival included T 
(TNM stage), N (TNM stage) and TNM stage 
(p<0.0001) Moreover, TACC1 expression was a 
more accurate predictor (Hazard Ratio 3.4, 
95%CI: 1.452-7.959) of outcome than the N 
(TNM stage) (Hazard Ratio 3.215, 95%CI: 
2.227-4.643) (Table 3). 

 
4. Discussion 
 

Previous studies have shown that tumor 
development, invasion and metastasis are 
associated with distinct gene expression profiles 
[8]. But the correlations between TACC1 
expression and clinicopathologic factors and the 
prognostic implications have not been 
determined before. Our study provides strong 
evidence that a molecular marker TACC1 
expression is an effective indicator of adverse 
outcome both on univariate and multivariate 
survival analysis, independently of common 
characteristics among gastric cancer patients 
after curative resection. On the basis of sufficient 
data gathered, we could suggest that TACC1 may 
play a major role in the development of gastric 
cancer. 

 

TACC1  
Cliniccal 
features 
 

Cases 
n(%) 

Negative
cases 
 n(%) 

Positive 
cases  
n(%) 

P- 
Value 

 
 

Number 130 62(48) 68(52)  
Age 
 ＜60 58 26(45) 32(55) 
 ≥60 72 36(50) 36(55) 0.55 

Gender 
 Male 87 44(51) 43(49) 
 Female 43 18(42) 25(58) 0.34 

Tumor size  
 ≤4 cm 63 31(49) 32(51) 
 ＞4cm 67 31(46) 36(54) 0.73 

T(TNM stage) 
 T1 14 10(71) 4(29) 
 T2 29 19(66) 10(34) 
 T3 54 21(39) 33(61) 
 T4 33 12(36) 21(64) 

0.0035 

N(TNM stage) 
 N0 51 30(59) 21(41) 
 N1 57 28(49) 29(51) 
 N2 13 2(15) 11(85) 
 N3 9 2(22) 7(78) 

0.0033 

TNM stage 
 I 36 23(64) 13(36) 
 II 64 29(45) 35(55) 
 III 30 10(33) 20(67) 

0.04 

Histological differentiation   
 well 17 11(65) 6(35) 
 moderate 20 10(50) 10(50) 
 poor 93 41(44) 52(56) 

0.28 

Recurrence 
 NO 104 57(55) 47(45) 

 Yes 26 5(19) 21(81) 
0.0017 
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Table2. Cox univariate analysis of initial variables 

 
TACC1 is a member of transforming acidic 

coiled-coil (TACC) protein family [3]. All three 
currently known human TACC proteins 
(designated TACC1–3) are centrosome and 
microtubule binding proteins and they are 
essential for mitotic spindle formation and 
function [9, 10] Initial analysis has suggested that 
TACC1 mRNA levels are expressed at high 
levels during embryogenesis and are then down 
regulated as differentiation proceeds, finally 
being expressed either at low levels or only in 
restricted tissues [3]. As earlier studies 
demonstrate the TACC1 gene was originally 
identified within the 8p11 human breast cancer 
amplicon, and it is encoded by 18 exons spread 

over approximately 150 kb of the proximal short 
arm of chromosome 8 [11]. Alternative splicing, 
together with differential promoter usage, results 
in at least TACC1 transcripts predicted to have 
significantly different cellular functions based 
upon the inclusion and exclusion of distinct 
protein binding motifs [12].This alternative 
splicing is particularly important in cancer 
biology where specific TACC1 splice variants 
are associated with the malignant phenotype. In a 
previous study, we searched for immunogenic 
proteins in gastric cancer by SEREX (serological 
analysis of recombinant cDNA expression 
library), and discovered the presence of 14 
antigens, including TACC1 [13]. And in the 
present study, we found that the expression rate 
of TACC1 in gastric cancer cells exhibited a high 
level close to 52% (68/130). Based on these 
reports and our data, we could reasonably suspect 
that an increase in TACC1 expression may 
contribute to the occurrence and development 
of gastric arcinoma. This result shares a similar 
conclusion with a previous result that the TACC1 
protein may be important during tumorigenesis 
because TACC proteins are also involved in cell 
cycle checkpoints [14] and can form multiple 
complexes [15]. Furthermore, some studies 
showed that its expression was closely related to 
the development of ovarian and breast cancer [16, 
17]. Recent evidence suggests a prognostic value 
for TACC1 in breast cancer where it associates 
with endocrine therapy resistance [18]. 

In our experiment, we also found that the 
expression of TACC1 was significantly 
associated with gastric wall invasion (T), lymph 
node metastasis (N), TNM stage and recurrence 
(P < 0.05) in gastric cancer. The deeper invasion 
and higher TNM stage, with lymph node 
metastasis or recurrence group, exhibited a 
higher expression rate of TACC1. From the 
above we can draw a conclusion that the TACC1 
may play an important role in the progression of 
gastric carcinoma. Some previous studies prove 
that TACC1 protein can affect multiple cellular 

characteristics Number 
of  patients 

n=130 (%) 

χ2 P- 
Value 

Age 
 ＜60 58(45) 
 ≥60 72(55) 

6.004 0.014 

Gender 
 Male 87(67) 
 Female 43(33) 

0.4796 
 

0.488 

Tumor size  
 ≤4 cm 63(48) 
 ＞4cm 67(52) 

4.4391 0.035 

T(TNM stage) 
 T1 14(11) 
 T2 29(22) 
 T3 54(42) 
 T4 33(25) 

9.3802 0.024 

N(TNM stage) 
 N0 51(39) 
 N1 57(44) 
 N2 13(10) 
 N3 9(7) 

15.3714 0.0015 

TNM stage 
 I 36(28) 
 II 64(49) 
 III 30(23) 

6.4560 0.039 

Histological differentiation 
 well 17(13) 
 moderate 20(15) 
 poor 93(72) 

9.3286 
 

0.0094 

TACC1 
 Negative 62（48） 
 Positive 68（52） 

10.2281 0.0014 
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Table3. Cox multivariate analysis of prognostic factors 
Characteristics χ2 P-Value Hazard Ratio 95%CI 
Age 0.0095 0.9225 0.962 0.445-2.081 
Tumor size 3.1647 0.0752 2.068 0.929-4.604 
T(TNM stage) 19.8927 <0.0001 4.207 2.238-7.910 
N(TNM stage) 38.8381 <0.0001 3.215 2.227-4.643 
TNM stage 29.3543 <0.0001 53.459 12.674-225.498 
Histological differentiation 2.7367 0.0981 4.607 0.754-28.144 
TACC1 7.9519 0.0048 3.4 1.452-7.959 

 
functions, and alterations in its expression are 
held responsible for cell malignant 
transformation [12]. And additional studies [19] 
have reported that some of the interactions of 
TACCs are with the FHL (four and a half LIM 
domain ) family of proteins and thus participate 
in the crosstalk between cell signaling pathways 
important for cancer development and tumor 
progression, which is in concordance with our 
results. Based on these reports, it is reasonable to 
say that the TACC1 expression is related to 
development of gastric cancer. 

In addition, the survival analysis indicated that 
the expression of TACC1 was correlated with 
poor patient survival for gastric carcinoma. We 
also found that classical characteristics such as 
age, tumor size, gastric wall invasion, lymph 
node metastasis, TNM stage and histologica 
differentiation predicted a shorter postsurgical 
survival, while we further concluded that 
TACC1expression was an independent 
prognostic factor and more powerful predictor of 
terminal outcomes than the N (TNM stage), 
which have not previously been determined. In 
other words, the expression of TACC1 in patients 
with gastric cancer may be predictive for their 
outcomes, and provide a new direction for 
treatment of gastric cancer by inhibiting the 
molecular marker expression in clinical work. 

The exact mechanism of TACC1 in 
carcinogenesis and tumor progression has not yet 
been determined. However, research has 
indicated that TACC1 is able to bind the 
Sm-like7(LSM7)and SmG proteins involved in 
telomere formation, while the Transferrin 
Receptor 2(TFR2) protein, a component of the 
telomeric complex shelterin, has been observed 
in a complex with Aurora-C [20, 21]. Thus, it 

may be speculated that alterations in TACC1 
and/or Aurora-C expression or function may 
contribute to cancer progression by affecting 
telomere stability [22, 23]. And several studies 
have suggested the TACC1 protein level is 
down-regulated in breast cancer, which may be 
due to the alteration of the TACC1 function in 
mRNA metabolism [20]. But so far, the 
molecular mechanism of the TACC1 in gastric 
cancer development and/or progression is unclear 
and it is not within the scope of our study. 

In conclusion, our study contributes to a 
growing body of evidence that TACC1 plays an 
important role in human gastric cancer 
development. The expression of the protein may 
have adverse effect on survival in patients with 
gastric carcinoma. Given the independent 
negative prognostic significance of 
TACC1expression, the proteins may represent 
attractive targets for therapeutic inhibition in 
patients with gastric cancer. Nonetheless, it is 
known that the biological outcomes of TACC1 
are far more complicated than previously 
anticipated. In the future, the identification of 
additional factors involved in the activation of 
TACC1 and signaling pathways will likely 
provide us with more selective ways to treat the 
gastric cancer, via targeted inhibition. 
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