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ABSTRACT
Metastasis-associated protein family (MTA) promotes tumor cell invasion and 

metastasis of human malignancies. However, the novel component of MTA family, MTA3 
was found to play conflicting roles in human malignancies. While the expression pattern 
and potential function of MTA3 in colorectal cancer has not been addressed yet. In the 
present study, we investigated the protein expression of MTA3 by immunohistochemistry 
assay, analyzed its association with tumor progression, recurrence and prognosis 
in239 cases of patients. Results showed that MTA3 expression in colorectal cancer 
was significantly decreased in colorectal cancer compared with normal specimens. Its 
expression was found to be correlated with tumor differentiation, metastases and TNM 
stage. Kaplan–Meier analysis proved that MTA3 was associated with both disease-free 
survival and overall survival of patients with colorectal cancer that patients with negative 
MTA3 expression tend to have unfavorable outcome. Moreover, cox’s proportional 
hazards analysis showed that negative MTA3 expression was an independent prognostic 
marker of poor outcome. These results provided the first evidence that MTA3 level was 
decreased in colorectal cancer and significantly correlated with tumor cell invasion and 
metastasis. It also demonstrated that MTA3 might serve as a potential marker of tumor 
recurrence and prognosis of colorectal cancer.

INTRODUCTION

The MTA (Metastasis-Associated Protein) family, 
including MTA1, MTA2 and MTA3, are Mi-2/nucleosome 
remodeling and deacetylase (NuRD) protein complex [1]. 
Due to their ability of promoting or suppressing gene 
expression by changing chromatin structure, MTA family 
members are correlated with tumor carcinogenesis and 
metastasis [1]. However, the exact roles of the three MTA 
members in human malignancies might be diverse. It 
was found that MTA1 expression level was significantly 
increased in a variety of solid tumor, such as hepatocellular 
cancer, esophageal cancer, pancreatic cancer and breast 
cancer, and could facilitate tumor invasion and metastasis 
in these malignancies [2–5]. Compared with MTA1, 

MTA2 was reported to have high homology consistence 
in protein structure. In addition, a series of work showed 
that MTA1 could promote tumor cell invasion and 
metastasis in non-small cell lung cancer, colon cancer, 
gastric cancer and breast cancer [6–10]. These results 
indicated that MTA1 and MTA2 could play oncogenic 
roles in human malignancies and facilitate tumor cell 
invasion and metastasis. Nevertheless, in opposite to 
MTA1 and MTA2, MTA3 was reported to have different 
expression pattern and function in human malignancies, 
which was first identified in human breast cancer [11, 12]. 
The expression level of MTA3 was found to be decreased 
in human malignancies including ovarian cancer, breast 
cancer and endometrial cancer. Moreover, MTA3 was 
found to could inhibit tumor cell invasion and metastasis 
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in these malignancies [13–15]. These opposing results 
indicated that MTA3 might play different roles in human 
malignancies compared with MTA1 and MTA2, which 
further suggested a wide range of function of MTA family. 
In human colorectal cancer, previous work revealed 
that MTA1 and MTA2 expression was up-regulated 
and correlated to tumor aggressiveness [7, 16–18]. 
However, till now, the expression level and potential 
function of MTA3 remains unclear in colorectal cancer.

Therefore, in order to clarify the expression level 
and explore the potential function of MTA3 in colorectal 
cancer, we investigated the protein expression level of 
MTA3 in clinical specimens by immunohistochemistry 
assay, analyzed the association of MTA3 level with 
clinicopathological characteristics and postoperative 
survival of patients in the present study.

RESULTS

MTA3 expression detected by 
immunohistochemical assay

In our study, MTA3 staining detected by 
immunohistochemistry assay was found mainly 
located in cytoplasm (Figure 1). According to the 
immunohistochemical staining evaluation protocol 
described in methods, negative MTA3 staining was 
detected in 178 colorectal cancer specimens. While 61 
cases were defined as positive MTA3 staining in the 239 
cases of colorectal cancer. Among the 56 cases of normal 
control specimens, negative MTA3 staining was detected 
in 14 cases of specimens and positive staining was found 
in 41cases of specimens. Based on staining classification, 
results of statistical analysis showed that the negative rate 
of MTA3 in colorectal cancer specimens was significantly 
increased, compared with that in normal control specimens 
(P < 0.05). These results indicated that protein expression 
level of MTA3 was down-regulated in colorectal cancer. 

Association of MTA3 level with clinicopathologic 
characteristics 

As results showed a decreased expression pattern 
of MTA3, we further investigated the association of 

MTA3 level in colorectal cancer with clinicopathologic 
characteristics of patients involved. Statistical analysis 
results showed that MTA3 expression level in colorectal 
cancer was significantly correlated to tumor differentiation, 
node metastasis, distant metastasis as well as TNM 
stage, since negative MTA3 staining was more likely 
to be detected in tumors with poor differentiation  
(P < 0.001), node metastasis (P < 0.001), distant metastases  
(P = 0.034) or advanced TNM stage (P < 0.001). These results 
indicated that MTA3 might play a tumor suppressor role in 
differentiation and aggression in colorectal cancer. However, 
MTA3 expression level was not found to be associated with 
sex (P = 0.545), age at diagnosis (P = 0.596), tumor site  
(P = 0.890), tumor size (P = 0.204) or depth of invasion 
 (P = 0.284). Results were showed in Table 1.

Association of MTA3 level with disease-free 
survival 

Due to statistical analysis revealed a significant 
association between MTA3 level and tumor 
aggressiveness, we next investigated the association of 
MTA3 level in colorectal cancer with disease-free survival 
which depended on tumor invasion and metastasis. Results 
of Kaplan–Meier analysis proved that, compared with 
patients with MTA3 positive tumors, those with MTA3 
negative tumors had unfavorable disease-free survival 
(Figure 2, log-rank test: P = 0.002). The median disease-
free survival of patients with MTA3 negative tumors was 
29.5 months (95% CI: 24.5–34.5). While the median 
disease-free survival time of patients with MTA3 positive 
tumors cannot be estimated due to more than half of 
patients survived. These results indicated that patients with 
tumors of positive MTA3 staining had lower risk of tumor 
recurrence. In addition, differentiation status (log-rank 
test: P = 0.012), invasion depth (log-rank test: P = 0.005), 
node metastasis (log-rank test: P = 0.002) and TNM stage 
(log-rank test: P < 0.001) were also found to be correlated 
to disease-free survival in univariate survival analysis, 
indicating that patients with tumors of poor differentiation, 
deep invasion, node metastasis or advanced TNM stage 
had unfavorable disease-free survival and higher risk 
of tumor recurrence. While no statistically significant 
correlations were found between disease-free survival and 

Figure 1: MTA3 staining in colorectal cancer detected by immunohistochemistry assay (200×). (A) negative staining of 
MTA3; (B) weak positive staining of MTA3; (C) moderate ositive staining of MTA3; (D) strong positive staining of MTA3.
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sex, age, tumor location or tumor size. Statistical results 
and unadjusted hazard ratio (HR) were showed in Table 2.

To verify the independent effect of MTA3 level on 
disease-free survival of patients involved, cox proportional 
hazards model analysis was performed adjusting for sex, 
age at diagnosis and tumor differentiation status, which 
aimed to control for confounding factors. Results showed 
that low MTA3 level was independently correlated 
to unfavorable disease-free survival of patients. The 
adjusted HR of patients with colorectal cancer of negative 
MTA3 staining was 1.78 (95% CI: 1.18–2.70 P = 0.006), 
compared with those with MTA3 positive tumors (Table 2).  
The results above suggested that patients with MTA3 

negative colorectal cancer would have higher risk of tumor 
relapse than those with MTA3 positive ones. 

Association of MTA3 expression with overall 
survival

Since univariate and multivariate analysis 
demonstrated that patients with MTA3 negative tumors 
had higher risk of tumor recurrence, we next carried out 
statistical analysis to investigate the association of MTA3 
level in colorectal cancer with overall survival of patients. 
Similar to the results on disease-free survival, MTA3 level 
was found to be significantly correlated to overall survival 

Table 1: Association of MTA3 expression with clinical features
Variable n MTA3 expression P

Negative Positive
Total 239 178 61
Sex 0.545*

 Male 141 103 38
 Female 98 75 23
Age at diagnosis 0.596*

 ≤ 60 144 109 35
 > 60 95 69 26
Tumor site
 Left colon 68 52 16 0.890*

 Right colon 78 58 20
 Rectum 93 68 25
Tumor size 0.204*

 ≤ 3.0 cm 82 57 25
 > 3.0 cm 157 121 36
Differentiation status < 0.001*

 Well 41 17 24
 Moderately 103 75 28
 Poor 95 86 9
Depth of invasion 0.284*

 T1+ T2 92 65 27
 T3+ T4 147 113 34
Lymph node metastasis < 0.001*

 Absent 92 57 35
 Present 147 121 26
Distant metastasis 0.034*

 Absent 208 151 57
 Present 31 28 3
TNM stage < 0.001*

 I+ II 92 57 35
 III+ IV 147 115 26

*P value when expression levels were compared using Pearson χ2 test 
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of patients. Univariate survival analysis results showed 
that patients with MTA3 negative tumors had unfavorable 
overall survival, compared with those with MTA3 positive 
ones (Figure 3, log-rank test: P = 0.011). The postoperative 
median overall survival of patients with MTA3 negative 
tumors was 36.0 months (95% CI: 30.0–42.4). While 
the median overall survival time of patients with MTA3 
positive tumors cannot be estimated due to more than half 
of patients survived. In addition, it was also found that 
overall survival of patients with colorectal cancer was 
closely correlated to differentiation status (log-rank test:  

P = 0.005), depth of invasion (log-rank test: P = 0.010), 
node metastasis (log-rank test: P = 0.001) and TNM 
stage (log-rank test: P < 0.001), indicating that patients 
with tumor of poor differentiation, deep invasion, node 
metastasis or advanced TNM stage had unfavorable overall 
survival. While no statistically significant correlations 
were found between overall survival of patients and sex, 
age, tumor location or tumor size and. Statistical results 
and unadjusted HR were showed in Table 3.

In multivariate cox proportional hazards analysis, 
results showed that MTA3 level in colorectal cancer could 

Table 2: Association of MTA3 and clinical factors with disease-free survival
Unadjusted HR (95% CI) P Adjusted HR (95% CI) P

MTA3 negative 1.91 (1.26–2.88) 0.002 1.78 (1.18–2.70) 0.006
Sex 0.91 (0.60–1.38) 0.907 0.93 (0.59–1.47) 0.753
Age at diagnosis 1.18 (0.85–1.64) 0.312 1.13 (0.81–1.56) 0.473
Tumor site 1.22 (0.81–1.86) 0.342 1.24 (0.83–1.95) 0.356
Tumor size 1.49 (0.95–2.36) 0.083 1.30 (0.59–2.85) 0.520
Differentiation status 1.70 (1.07–2.69) 0.026 1.64 (1.06–2.54) 0.035
TNM stage 5.76 (3.12–10.65) < 0.001 4.20 (1.72–10.24) 0.002

*Hazard ratios in univariate models.
†Hazard ratios in multivariable models.
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval. 

Figure 2: Kaplan–Meier postoperative survival analysis on disease-free survival for patients with colorectal cancer 
and MTA3 staining. 
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be an independent prognostic factor on overall survival 
after adjusting for sex, age at diagnosis, differentiation 
status and TNM stage, since low MTA3 level was 
independently correlated to unfavorable overall survival 
after controlling for all these factors. The adjusted HR of 
patients with MTA3 negative colorectal cancer was 1.60 
(95% CI: 1.04–2.44 P = 0.032, Table 3), compared with 
those with MTA3 positive tumors (Table 3). Moreover, 

lymph node metastasis and TNM stage was also found to 
be independently correlated to overall survival of patients 
in multivariate analysis (Table 3).

DISCUSSION

Colorectal cancer is one of the most common human 
malignancies all over the world [19, 20]. In this century, 

Table 3: Association of MTA3 and clinical factors with overall survival 
Unadjusted HR* (95% CI) P Adjusted HR† (95% CI) P

MTA3 negative 1.72 (1.12–2.62) 0.013 1.60 (1.04–2.44) 0.032
Sex 0.79 (0.52–1.21) 0.280 0.85 (0.54–1.36) 0.501
Age at diagnosis 1.18 (0.84–1.66) 0.347 1.17(0.82–1.67) 0.389
Tumor site 1.25 (0.71–2.22) 0.440 1.18 (0.63–2.20) 0.601
Tumor size 1.76 (0.86–3.06) 0.121 1.73 (0.82–2.96) 0.144
Differentiation status 2.24 (1.33–3.76) 0.002 2.16 (1.28–3.61) 0.005
TNM stage 6.43 (3.39–12.18) < 0.001 4.56 (1.82–11.40) 0.003

*Hazard ratios in univariate models
†Hazard ratios in multivariable models
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval.

Figure 3: Kaplan–Meier postoperative survival analysis on overall survival for patients with colorectal cancer and 
MTA3 staining. 
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the incidence rate of colorectal cancer in China has been 
continually increasing, ranking it the third out of all 
cancer-related deaths [21]. Recently, molecules involved 
in cancer progression have been thought to could serve as 
markers for prognosis. Thus, better understanding of the 
pathogenesis and identification of novel biomarkers for 
colorectal cancer will shed light on the understanding of 
the molecular mechanisms underlying cancer progression, 
providing more effective management strategies. 
Recently, the members of MTA family were identified 
to be closely correlated to tumor aggressiveness. Till 
now, investigations on MTA3 have only limited to a 
few types of human malignancies. Moreover, limited 
publications indicated that MTA3 might play conflicting 
roles compared with the other two MTA members [22]. 
The expression level of MTA3 was found to be down-
regulated in human brain glioma and closely correlated to 
clinicopathologic characteristics and outcome of patients 
[23]. While in human brain glioma cell lines, knockdown 
of MTA2 expression was found to could significantly 
suppress tumor cell growth, migration and invasion [24]. 
These results suggested that different MTA members 
might have diverse function in human malignancies. 

Therefore, we conducted the present study to 
determine MTA3 expression level and its association with 
clinicopathologic characteristics, disease-free survival 
and overall survival of patients with colorectal cancer. 
Our study included a prospective hospital-based study 
cohort with large sample size and intimate information on 
outcome and clinicopathological characteristics. Results 
based on MTA3 staining classification proved that MTA3 
level in colorectal cancer was down-regulated compared 
with that in normal tissues. Statistical analysis revealed 
that low MTA3 expression level in colorectal cancer was 
significantly associated with poor differentiation, node 
metastasis, distant metastases and advanced TNM stage. In 
colorectal cancer, negative MTA3 staining was more likely 
to be detected in tumors with poor differentiation, node 
metastasis, distant metastases or advanced TNM stage in 
our investigation. These results indicated that MTA3 might 
inhibit tumor differentiation and progression in colorectal 
cancer. As invasion and metastasis could determine 
tumor recurrence and corresponding outcome, we next 
analyzed the association of MTA3 level with disease-free 
and overall survival. In our study cohort, it was proved 
that low MTA3 level in colorectal cancer was correlated 
to unfavorable disease-free and overall survival. In not 
only univariate but also multivariate survival analysis, the 
prognostic impact of MTA3 for disease-free and overall 
survival was both statistically significant. These results 
indicated that MTA3 might be an independent molecular 
marker of tumor recurrence and survival for patients with 
colorectal cancer. 

In MTA family, MTA3 is the latest identified 
member. Thus, the potential mechanism of MTA3 is still 
uncertain. It has been reported that MTA3 could inhibit 

the transcription of Snail gene and alter downstream 
gene expression including E-Cadherin, by which MTA3 
may take part in the regulation of cancer cell invasion, 
metastasis and mediate epithelial to mesenchymal 
transition (EMT) [25, 26]. In breast cancer, MTA3 was 
demonstrated to could enhance cell-cell adhesion and 
inhibit tumor cell invasion and metastasis by its inhibition 
on Snail and E-cadherin [27, 28]. In hormone-independent 
types of cancer, MTA3 was also found to could suppress 
tumor cell invasion and metastasis by inhibiting Wnt-
target genes through directly targeting the transcription 
of Wnt [29, 30]. These findings provided clues for the 
mechanism of the tumor suppressor role of MTA3 in 
colorectal cancer demonstrated by our investigation. 
However, further studies are still needed to explore the 
molecular mechanism of MTA3 in colorectal cancer.

In the present study, we demonstrated that MTA3 
expression level in human colorectal cancer was down-
regulated and significantly associated with tumor 
differentiation, invasion and metastasis. Our study also 
proved for the first time that MTA3 was independently 
correlated to disease-free and overall survival of patients 
with colorectal cancer. These results indicated that MTA3 
might act as a tumor suppressor and potential prognostic 
marker in colorectal cancer

MATERIALS AND METHODS

Patients and specimens 

The present research has been approved by 
the Ethics Committee of Fourth Military Medical 
University. The study cohort consisted of 239 cases 
clinical specimens from patients who were diagnosed as 
colorectal cancer between January 2008 and June 2009 in 
Xijing Hospital of Digestive Diseases has been validated 
in our previous publication [31]. The histomorphology of 
all tissue specimens were confirmed by the Department 
of Pathology, Xijing Hospital. Patients with following 
criteria were subsequently excluded: received treatment 
prior to surgery including neoadjuvant chemotherapy; 
harvested insufficient specimens for protein expression 
evaluation; diagnosed as colorectal stromal tumor; 
diagnosed with additional cancers; refused consent. 
Clinicopathologic information and follow-up data of the 
remaining 239 patients were prospectively entered into a 
database, which was under a close follow-up scheme and 
updated with respect to survival status every three month 
by telephone visit and questionnaire letters. Disease-free 
survival is defined as the time elapsed from surgery to the 
first occurrence of any of the following events: recurrence 
of colorectal cancer; colorectal cancer distant metastasis; 
development of second non-colorectal malignancy 
excluding basal cell carcinomas of the skin and carcinoma 
in situ of the cervix; or death from any cause without 
documentation of a cancer-related event. The diagnosis 
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of recurrence and distant metastasis was based on the 
imaging method such as endoscope, ultrasonography, 
computed tomography, magnetic resonance imaging and 
position emission tomography, if possible, cytologic 
analysis or biopsy. Overall survival is defined as the time 
elapsed from surgery to death of patients with colorectal 
cancer. Death of participants was ascertained by reporting 
from the family and verified by review of public records. 
The disease-free and overall survival status was assigned 
by trained staff blinded to other clinicopathologic and 
exposure data. 

Immunohistochemistry assay and staining 
evaluation

Immunohistochemistry assay on MTA3 was 
performed in all the 239 cases of colorectal cancer and 
56 cases of normal specimens. Fresh tissues were fixed 
in 10% formalin and embedded in paraffin wax. One 
of the deepest sections from each tumor was selected 
for evaluation, and 4-μm sections were examined 
by immunohistochemistry. Tissue sections were 
deparaffinized in xylene, and then rehydrated in graded 
concentrations of ethyl alcohol. Antigen retrieval was 
performed by placing the tissues in sodium citrate 
buffer and applying a high voltage for 3 min (pH 6.0), 
followed by natural cooling. Then sections were placed 
in 3% H2O2 for 10 min to inhibit the endogenous peroxide 
activity, washed three times with phosphate-buffered 
saline (PBS) buffer for 5 min and placed in normal goat 
serum as blocking antibody at room temperature for 10 
min. The primary antibody against MTA3 utilized was 
rabbit polyclonal antibody (1:150; Proteintech, Chicago, 
IL, USA). After incubation at 4°C for 24 h, sections 
were washed three times with PBS buffer for 10 min. 
The samples were then incubated with the biotinylated 
goat anti-rabbit secondary antibodies at 37°C for 25 min. 
Subsequently, the sections were washed with distilled 
water and PBS for 3 min. Prepared DAB was dropped onto 
the slides, which were then incubated at 37°C for between 
3 and 5 min. The sections were then counterstained in 
hematoxylin, washed with distilled water, differentiated 
with 1% hydrochloric acid alcohol, washed with distilled 
water. All sections were evaluated by pathologist without 
knowledge of the clinical information. MTA3 staining 
was classified by the following criteria: 0, negative; 1+,  
< 10% positive cells; 2+, 10–50% positive cells; 3+, > 50% 
positive cells. Specimens with 2+ or 3+ immunostaining 
were classified as positive MTA staining.

Statistical analysis

Statistical analysis was carried out by the statistical 
package SPSS (version l3.0). Associations between MTA3 
expression and categorical variables were analyzed by 

Pearson χ2 test. Correlation coefficients were analyzed 
by contingency or Spearman correlation analysis,  
as appropriate. Survival curves were estimated using  
the Kaplan–Meier method, and differences in survival 
distributions were evaluated by the log-rank test. Cox’s 
proportional hazards modeling of factors potentially 
associated with survival was performed in order to identify 
which factors might have a significantly independent 
influence on survival. Differences with a P value of 0.05 
or less were considered to be statistically significant.

CONFLICTS OF INTEREST

We declared no conflicts of interests.

FUNDING

This work was supported by grants from National 
Natural Science Foundation of China (Grant number: 
81172010), Natural Science Foundation of Shaanxi 
Province (Grant number: 2014SF2-10) and National 
Clinical Research Center for Digestive Diseases (Grant 
number: 2015BAI13B07)

REFERENCES

 1. Liu J, Wang H, Huang C, Qian H. Subcellular localization 
of MTA proteins in normal and cancer cells. Cancer 
Metastasis Rev. 2014. doi: 10.1007/s10555-014-9511-7.

 2. Jang KS, Paik SS, Chung H, Oh YH, Kong G. MTA1 
overexpression correlates significantly with tumor grade 
and angiogenesis in human breast cancers. Cancer Sci. 
2006; 97:374–9. doi: 10.1111/j.1349-7006.2006.00186.x.

 3. Toh Y, Ohga T, Endo K, Adachi E, Kusumoto H, 
Haraguchi M, Okamura T, Nicolson GL. Expression of the 
metastasis-associated MTA1 protein and its relationship to 
deacetylation of the histone H4 in esophageal squamous cell 
carcinomas. Int J Cancer. 2004; 110:362–7. doi: 10.1002/
ijc.20154.

 4. Hofer MD, Menke A, Genze F, Gierschik P, Giehl K. 
Expression of MTA1 promotes motility and invasiveness 
of PANC-1 pancreatic carcinoma cells. Br J Cancer. 2004; 
90:455–62. doi: 10.1038/sj.bjc.6601535.

 5. Yoo YG, Na TY, Seo HW, Seong JK, Park CK, Shin YK, 
Lee MO. Hepatitis B virus X protein induces the expression 
of MTA1 and HDAC1, which enhances hypoxia signaling 
in hepatocellular carcinoma cells. Oncogene. 2008; 27: 
3405–13. doi: 10.1038/sj.onc.1211000.

 6. Covington KR, Fuqua SA. Role of MTA2 in human cancer. 
Cancer Metastasis Rev. 2014. doi: 10.1007/s10555-014-
9518-0.

 7. Zhou J, Zhan S, Tan W, Cheng R, Gong H, Zhu Q. P300 
binds to and acetylates MTA2 to promote colorectal cancer 
cells growth. Biochem Biophys Res Commun. 2014; 444: 
387–90. doi: 10.1016/j.bbrc.2014.01.062.



Oncotarget37171www.impactjournals.com/oncotarget

 8. Covington KR, Brusco L, Barone I, Tsimelzon A, Selever J, 
Corona-Rodriguez A, Brown P, Kumar R, Hilsenbeck SG, 
Fuqua SA. Metastasis tumor-associated protein 2 enhances 
metastatic behavior and is associated with poor outcomes in 
estrogen receptor-negative breast cancer. Breast Cancer Res 
Treat. 2013. doi: 10.1007/s10549-013-2709-5.

 9. Zhou C, Ji J, Cai Q, Shi M, Chen X, Yu Y, Liu B, Zhu Z, 
Zhang J. MTA2 promotes gastric cancer cells invasion and 
is transcriptionally regulated by Sp1. Mol Cancer. 2013; 12: 
102. doi: 10.1186/1476-4598-12-102.

10. Liu SL, Han Y, Zhang Y, Xie CY, Wang EH, Miao Y, Li HY, 
Xu HT, Dai SD. Expression of metastasis-associated protein 
2 (MTA2) might predict proliferation in non-small cell lung 
cancer. Target Oncol. 2012; 7:135–43. doi: 10.1007/s11523-
012-0215-z.

11. Fujita N, Jaye DL, Kajita M, Geigerman C, Moreno CS, 
Wade PA. MTA3, a Mi-2/NuRD complex subunit, regulates 
an invasive growth pathway in breast cancer. Cell. 2003; 
113:207–19.

12. Kumar R. Another tie that binds the MTA family to breast 
cancer. Cell. 2003; 113:142–3. 

13. Fearon ER. Connecting estrogen receptor function, 
transcriptional repression, and E-cadherin expression in 
breast cancer. Cancer Cell. 2003; 3:307–10. 

14. Dong H, Guo H, Xie L, Wang G, Zhong X, Khoury T, 
Tan D, Zhang H. The metastasis-associated gene MTA3, 
a component of the Mi-2/NuRD transcriptional repression 
complex, predicts prognosis of gastroesophageal junction 
adenocarcinoma. PLoS One. 2013; 8: e62986. doi: 10.1371/
journal.pone.0062986.

15. Bruning A, Juckstock J, Blankenstein T, Makovitzky 
J, Kunze S, Mylonas I. The metastasis-associated gene 
MTA3 is downregulated in advanced endometrioid 
adenocarcinomas. Histol Histopathol. 2010; 25:1447–56. 

16. Liu J, Xu D, Wang H, Zhang Y, Chang Y, Zhang J, Wang 
J, Li C, Liu H, Zhao M, Lin C, Zhan Q, Huang C, et al. 
The subcellular distribution and function of MTA1 in 
cancer differentiation. Oncotarget. 2014; 5:5153–64. doi: 
10.18632/oncotarget.2095.

17. Tuncay Cagatay S, Cimen I, Savas B, Banerjee S. MTA-1 
expression is associated with metastasis and epithelial to 
mesenchymal transition in colorectal cancer cells. Tumour 
Biol. 2013; 34:1189–204. doi: 10.1007/s13277-013-0662-x.

18. Ding W, Hu W, Yang H, Ying T, Tian Y. Prognostic 
correlation between MTA2 expression level and colorectal 
cancer. Int J Clin Exp Pathol. 2015; 8:7173–80. 

19. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, 
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin. 
2015; 65:87–108. doi: 10.3322/caac.21262.

20. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA 
Cancer J Clin. 2015; 65:5–29. doi: 10.3322/caac.21254.

21. Chen W. Cancer statistics: updated cancer burden in China. 
Chin J Cancer Res. 2015; 27:1. doi: 10.3978/j.issn.1000-
9604.2015.02.07.

22. Bruning A, Blankenstein T, Juckstock J, Mylonas I. Function 
and regulation of MTA1 and MTA3 in malignancies of the 
female reproductive system. Cancer Metastasis Rev. 2014; 
33:943–51. doi: 10.1007/s10555-014-9520-6.

23. Shan S, Hui G, Hou F, Shi H, Zhou G, Yan H, Wang L, Liu 
J. Expression of metastasis-associated protein 3 in human 
brain glioma related to tumor prognosis. Neurol Sci. 2015; 
36:1799–804. doi: 10.1007/s10072-015-2252-8.

24. Cheng CY, Chou YE, Ko CP, Yang SF, Hsieh SC, Lin CL, 
Hsieh YH, Chen KC. Metastasis tumor-associated protein-2 
knockdown suppresses the proliferation and invasion of 
human glioma cells in vitro and in vivo. J Neurooncol. 
2014; 120:273–81. doi: 10.1007/s11060-014-1558-3.

25. Liu J, Wang H, Huang C, Qian H. Subcellular localization of 
MTA proteins in normal and cancer cells. Cancer Metastasis 
Rev. 2014; 33:843–56. doi: 10.1007/s10555-014-9511-7.

26. Sen N, Gui B, Kumar R. Physiological functions of MTA 
family of proteins. Cancer Metastasis Rev. 2014; 33:869–
77. doi: 10.1007/s10555-014-9514-4.

27. Zhang H, Stephens LC, Kumar R. Metastasis tumor 
antigen family proteins during breast cancer progression 
and metastasis in a reliable mouse model for human 
breast cancer. Clin Cancer Res. 2006; 12:1479–86. doi: 
10.1158/1078-0432.CCR-05-1519.

28. Ning Z, Gan J, Chen C, Zhang D, Zhang H. Molecular 
functions and significance of the MTA family in hormone-
independent cancer. Cancer Metastasis Rev. 2014; 33:901–
19. doi: 10.1007/s10555-014-9517-1.

29. Zhang H, Singh RR, Talukder AH, Kumar R. Metastatic 
tumor antigen 3 is a direct corepressor of the Wnt4 pathway. 
Genes Dev. 2006; 20:2943–8. doi: 10.1101/gad.1461706.

30. Ma L, Yao Z, Deng W, Zhang D, Zhang H. The Many Faces 
of MTA3 Protein in Normal Development and Cancers. 
Curr Protein Pept Sci. 2016; 17:726–34. 

31. Li Y, Li Y, Chen W, He F, Tan Z, Zheng J, Wang W, Zhao Q, 
Li J. NEAT expression is associated with tumor recurrence 
and unfavorable prognosis in colorectal cancer. Oncotarget. 
2015; 6:27641–50. doi: 10.18632/oncotarget.4737.


