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Abstract: To investigate the expression of Ataxin-3 in human gastric cancer tissues and cell lines, and explore its 
clinical pathologic significance. Methods: The expression of Ataxin-3 in gastric cancer (n=536) and noncancerous 
gastric mucosa (n=312) was determined by immunohistochemistry and correlated to clinicopathologic features 
such as histologic differentiation and tumor size. The expression of Ataxin-3 protein in the human gastric cancer 
cell lines MKN45, SGC7901 and in normal human gastric epithelial cells (GES-1) was also evaluated by Western 
blot analysis. Quantitative real-time PCR was used to determine Ataxin-3 mRNA expression in human gastric cancer 
cell lines and tissues. Results: The expression of Ataxin-3 protein was decreased in the gastric cancer compared 
to noncancerous gastric tissue, and correlated with tumor size, Lauren classification, histologic differentiation, and 
mutant p53 protein (P < 0.05). Similarly, Ataxin-3 mRNA expression was decreased in the gastric cancers compared 
to the noncancerous gastric tissue. Ataxin-3 protein and mRNA expression was lower in MKN45, SGC7901 cells 
than in the normal GES-1 cells. Conclusion: Decreased expression of Ataxin-3 may play an important role in gastric 
carcinogenesis and development of gastric cancer.
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Introduction

Over the last several decades, there has been 
a decline in both the incidence and mortality of 
gastric cancer (GC), but the prevalence of gas-
tric cancer in China remains higher than in 
most of the western countries [1-3]. The prog-
nosis for patients with advanced gastric cancer 
is poor, and the overall 5-year survival rate is 
less than 30% after surgery [4]. Thus, addition-
al research investigating the molecular mecha-
nisms involved in gastric cancer initiation and 
progression is necessary to identify valuable 
biomarkers for early diagnosis and to develop 
novel therapeutic strategies.

The ubiquitin proteasome system (UPS) plays 
an important role in cellular homeostasis by 
degrading damaged proteins and preventing 
the abnormal accumulation of misfolded pro-
teins. In some cases, the amount of proteins to 
be degraded exceeds the degrading capacity of 
the UPS, which can result in the abnormal accu-

mulation of ubiquitinated proteins and may 
eventually cause cell dysfunction, cells death, 
or possibly major diseases, such as cancer [5]. 
Deubiquitinating enzymes (DUB) are an impor-
tant part of the UPS, and function in the deubiq-
uitination of proteins by recognizing specific 
sequences in ubiquitin (Ub) and proteasome 
substrates. The process of deubiquitination is 
closely related to the occurrence of many kinds 
of tumors [6].

The human Ataxin-3 protein is encoded by the 
ATXN3 gene located on chromosome 14q21, 
and is expressed by cells throughout the body 
[7]. Ataxin-3 is a deubiquitinating enzyme (DUB) 
that interacts with poly-Ub chains (≥ 4 ubiquitin 
subunits) through its Josephin domain (JD) in 
the N-terminus and its Ub interaction motifs 
(UIMs) in the C-terminus [8]. It can cleave ubiq-
uitin from unneeded proteins. Ataxin-3 binds 
and trims long poly-Ub chains and can prevent 
further chain extension, thus restricting the 
length of Ub chains on its substrate proteins. 
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This enzymatic function targets proteins to spe-
cific pathways, such as proteasomal degrada-
tion, and is also important for the maintenance 
of Ub recycling [9, 10]. Similarly to other DUBs 
in the UPS, Ataxin-3 is important for many cel-
lular functions, such as protein homeostasis 
[11], the regulation of transcription [12], cyto-
skeleton regulation [13], myogenesis [14], deg-
radation of mis-folded proteins [15] and cell 
cycle progression and cell death [16-18]. DUB 
dysregulation is a frequent event in cancer [19]. 
By comprehensive screening of human cancer 
for DUB dysregulation, Chiara L et al reported 
gastric carcinomas as examples of tumors with 
DUB downregulation [6].

Defects in the Ataxin-3 protein are the major 
cause of a neurologic disease called spinocer-
ebellar ataxia type 3 (SCA3) (also known as 
Machado-Joseph disease (MJD)). A feature of 
the disease is the presence of inclusions of 
aggregated pathological protein, due to an 
abnormally expanded polyglutamine (PolyQ) 
region of Ataxin-3 [20]. Ataxin-3 normally con-
tains 12-41 glutamines near the C-terminus, 
but in Ataxin-3 mutants there is an expansion 
of poly-Q repeats to 62-84 glutamines. Both 
normal and mutant Ataxin-3 proteins are 
degraded by the ubiquitin-proteasome pathway 
(UPP) [21].

However, the cellular functions of Ataxin-3 are 
currently poorly understood and the expression 
of Ataxin-3 in cancer tissues has not yet been 
examined. Therefore, we designed a study to 
investigate the levels of Ataxin-3 expression in 
human gastric adenocarcinoma tissues and 
gastric cancer cell lines to determine if the 
expression level of Ataxin-3 correlates with clin-
icopathologic features and prognosis of gastric 
cancer patients.

Materials and methods

Patients and tissue samples

A total of 536 patients with primary gastric ade-
nocarcinoma, who underwent curative surgery 
at the Guangxi tumor hospital between January 
2001 and December 2011, were selected in 
this research. The research study was approved 
by the hospital’s Ethics Committee. All patient 
tissue samples were formalin-fixed, paraffin-
embedded, and clinically and histopathologi-
cally diagnosed. No patients had received 

treatment prior to admission. Patient data were 
retrieved from the operative reports. Follow-up 
data were obtained by phone and from the out-
patient clinical database. This study comprised 
of samples from 375 men and 161 women 
aged 22 to 88 years old. The median age was 
50 years. Based on the Lauren classification, 
220 tumors were intestinal, 172 were diffuse, 
and 144 were mixed gastric cancers. According 
to the tumor, nodes, and metastasis 7th UICC/
AJCC TNM Staging for Gastric Cancer, 50 can-
cers were categorized as stage I, 197 were 
stage II, 221 were stage III, and 68 were stage 
IV. There were 10 highly differentiated tumors, 
100 moderately differentiated and 426 poorly 
differentiated. A total of 312 samples of non-
cancerous gastric mucosa were obtained from 
adjacent gastrectomy margins. The deadline 
for follow-up was July 2013. The survival time 
was counted from the date of surgery to the 
end of the follow-up or to the date of death. 
Deaths mainly occurred due to recurrence or 
metastasis.

The other patient cohort included 14 patients 
whose tumors were excised during November 
2012 at the First Affiliate Hospital of Guangxi 
Medical University. These GCs and companion 
noncancerous gastric mucosa tissues were col-
lected for quantitative real-time RT-PCRs.

Immunohistochemistry

Ataxin-3 and p53 were detected by immunohis-
tochemical staining. Anti-Ataxin-3 polyclonal 
rabbit antibody (1:200; Abnova Corporation, 
Taipei) and Anti-p53 mouse monoclonal anti-
body (1:200; Zhongsanjinqiao, Beijing, China) 
were used to stain tissues. Immunohistoche- 
mical staining was performed using the Super 
Vision Two Steps method, on 10% formalin-
fixed, paraffin-embedded, 4-5 μm serial paraf-
fin sections. Immunohistochemical analysis 
was used to evaluate protein expression in 312 
noncancerous gastric tissues and 536 GC tis-
sues. According to the protocol (Abnova Corpo- 
ration) for immunohistochemistry on paraffin-
embedded tissue sections, slides were baked 
at 60°C for 12 h followed by deparaffinization 
with xylene and rehydration. The sections were 
submerged into 10 mM sodium citrate (pH 6.0) 
antigen retrieval buffer and microwaved for 
antigen retrieval, after which they were treated 
with 3% hydrogen peroxide for 10 minutes to 
block endogenous peroxidase activity. Sections 
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were incubated with primary antibody (diluted 
1:200) overnight at 4°C. Tissue sections were 
then treated with broad-spectrum secondary 
antibody (Changdao, Shanghai) for 1 hour at 
room temperature, stained with diaminobenzi-
dine (DAB) at room temperature, and examined 
with a microscope. All tissue sections were 
counterstained with hematoxylin, dehydrated, 
and mounted. For p53 staining ethylenediami-
netetraacetic acid (EDTA, pH 8.0) and high 
pressure were used for antigen retrieval. 
Negative control sections, without primary anti-
body, were subjected to the same procedures. 
No positive staining was observed in the nega-
tive control slides. The staining was predomi-
nantly cytoplasmic for Ataxin-3 and nuclear for 
p53.

Evaluation of immunohistochemical staining

The percentage of positive cells and the stain-
ing intensities of each sample were evaluated 

and scored independently by at least two 
observers. The percentage of positive cells was 
graded on a scale of 0-4: 0-5% stained cells 
scored as 0, 6-25% positive cells scored as 1, 
26-50% positive as 2, 51-75% stained cells as 
3 and 76%-100% positive cells 4. Staining 
intensity was graded from 0-3 according to the 
following criteria: 0 (no staining), 1 (weak stain-
ing, light yellow), 2 (moderate staining, yellow 
brown), and 3 (strong staining, brown). The raw 
data were converted to an immunohistochemi-
cal score (IHS) by multiplying the quantity and 
intensity scores [22]. An IHS score of 9-12 was 
considered strong immunoreactivity (+++), 5-8 
as moderate (++), 1-4 as weak (+), and 0 as 
negative (-) [23].

Cell lines

Human GC cell lines MKN45 and SGC7901, as 
well as normal human gastric epithelial cells 
(GES-1) were purchased from the Institute of 

Figure 1. Expression of Ataxin-3 protein in human gastric cancer and noncancerous tissues. A: Representative tis-
sue section showing moderate immunoreactivity (++) in GC tissue. B: An example of weak immunoreactivity (+) in 
GC tissue. C: An example of a GC tumor with negative immunoreactivity (-). D: Noncancerous gastric mucosa exhibit-
ing strong Ataxin-3 immunoreactivity (+++). (All slides ×200 magnification).
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Biochemistry and Cell Biology, Chinese 
Academy of Sciences (Shanghai, China). Cells 
were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 100 U/ml 
penicillin, 100 μg/ml streptomycin and 10% 
fetal bovine serum. The cells were grown at 
37°C in the presence of 5% CO2 and 95% O2 in 
a humidified incubator.

Western blot analysis

Untreated cells were seeded in 6-well plates at 
a density of 0.2×106 cells/ml with fresh com-
plete culture medium. SGC7901, MKN45 and 
GES-1 cells were lysed with cell lysis buffer (50 
mM Tris [pH 7.2], 1% Triton X-100, 0.5% sodium 
deoxycholate, 0.1% SDS, and 500 mM NaCl, 10 
mM MgCl2) in the presence of protease inhibi-
tors (Roche). Equal quantities of proteins were 
then separated by 12% SDS-PAGE and trans-
ferred onto a PVDF membrane (Millipore) using 
the Bio-Rad microarray system (Bio-Rad). 
Membranes were blocked with 5% non-fat milk 
in TBS-T (120 mM Tris-HCl [pH 7.4], 150 mM 
NaCl, and 0.05% Tween 20) for 1 hour and then 
incubated with antibodies against Ataxin-3 
(1:500, Genetex) or β-Actin (1:1000, Santa 
Cruz) overnight at 4°C. After antibody incuba-
tion, membranes were washed and then incu-
bated with HRP-conjugated secondary antibod-
ies (Santa Cruz) for 1 hour at room temperature. 
Luminometric detection of target proteins was 
obtained with SuperSignal West Dura 
Chemiluminescent Substrate (Pierce, Thermo 
Scientific) and visualized by a CCD camera 
imager (Bio-Rad).

Quantitative real-time RT-PCR assay

Total RNA was extracted from the cells and tis-
sues using the Trizol reagent (Life, USA). 
Approximately 1 μg of RNA was used for the 
reverse transcription reaction with Oligo dT 
(18T) (Omega). The cDNA was amplified with 
the following primers: 5’- CCAGAACATCATCC- 
CTGCCT -3’ (forward) and 5’- CCTGCTTCACCA- 
CCTTCTTG -3’ (reverse) for GAPDH; 5’- GGAG- 

sample was normalized to GAPDH mRNA. The 
experiments were repeated three times.

Statistical analysis

All statistical analyses were performed using 
the SPSS16.0 software. Correlation of Ataxin-3 
protein expression with immunohistochemistry 
and clinicopathologic parameters was evaluat-
ed by χ2 test or Fisher’s exact probability test. 
The follow-up time was calculated from the 
date of surgery to the date of death, or the last 
known follow-up. Independent prognostic fac-
tors were analyzed by the Cox proportional haz-
ards regression model. P < 0.05 was consid-
ered statistically significant.

Results

Expression of Ataxin-3 in gastric cancer and 
noncancerous mucosa

Ataxin-3 protein was detected in all 316 (100%) 
noncancerous mucosa. The majority of the pos-
itive cells (by IHC) were located in fundic gland 
epithelium and the basal parts of the glands 
displayed the most intense immunostaining, 
from ++ to +++ (Figure 1 and Table 1). Positive 
Ataxin-3 expression was detected in 390 of the 
536 (72.76%) human GCs examined by IHC, 
while 146 (27.24 %) GCs were negative (Figure 
1 and Table 1). Ataxin-3 staining was detected 
in the majority of normal gastric mucosal epi-
thelia cells, ganglioneures, and in part of the 
smooth muscle cells. Ataxin-3 was also found 
in the cytoplasm of GC cells but the staining 
was weaker (+ to ++) than in the fundic gland 
epithelial cells. The difference in Ataxin-3 
expression between gastric cancer and non-
cancerous mucosa was statistically significant 
(P < 0.001, Table 1).

Ataxin-3 protein expression and clinicopatho-
logic characteristics

Ataxin-3 expression correlated with tumor size 
(Spearman’s rho = -0.087, P < 0.05), Lauren 

Table 1. Expression of Ataxin-3 protein (IHC) in gastric 
cancer and noncancerous gastric mucosa tissues

Groups n
Ataxin-3

- + ++ +++
Gastric cancer tissue 536 146 283 107 0
Noncancerous gastric mucosa 312 0 22 236 54

TCCATCTTCCACGAGA -3’ (forward) and 5’- 
GATCGATCCTGAGCCTCTGA -3’ (reverse) 
for Ataxin-3; Quantitative real-time PCR 
was carried out in triplicate with SYBR 
Green PCR Master Mix using a 7900HT 
qPCR system thermal cycler (Applied 
Biosystems. Foster City, CA). GAPDH 
mRNA was used as an internal control for 
each sample, and the Ct value for each 
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classification (Spearman’s rho = 
-0.384, P < 0.000), histologic differen-
tiation (Spearman’s rho = -0.230, P < 
0.000) and p53 expression (Spe- 
arman’s rho = +0.108, P < 0.05). And 
it has no Ataxin-3 expression did cor-
relate with age, gender, tumor site, 
Bormann type, invasion depth, lymph 
node metastasis, distant metastasis, 
and TNM stages (Table 2). The factors 
for possible prognostic effects in gas-
tric cancer were analyzed by Cox 
regression analysis (Table 3). The mul-
tivariate analysis suggested that 
tumor site, tumor size, Lauren classifi-
cation, histologic differentiation, TNM 
stages and the expression of p53 (P < 
0.05) were independent prognostic 
factors for patients with GC. However, 
age, gender, Bormann type, smoking 
and drinking were not prognostic indi-
cators for GC.

Expression of Ataxin-3 protein in nor-
mal gastric cells and cancer cell lines

Of the three cell lines examined, 
Ataxin-3 protein expression was high-
est in human normal gastric epithelial 
cells (GES-1) and higher in the human 
GC cell line SGC7901 than in MKN45. 
β-Actin was used as a loading control 
(Figure 2).

Ataxin-3 mRNA expression in gastric 
cancer tissue and gastric cancer cell 
lines

Ataxin-3 mRNA was higher in the non-
cancerous control tissues and cell line 
than in the gastric cancer tissue and 
gastric cancer cell lines (Figure 3).

Discussion

We found that Ataxin-3 is expressed in 
the majority of normal gastric mucosal 
epithelia and also in ganglioneures, in 
the center cells of lymph follicles, and 
in a portion of smooth muscle cells. 
Our observation that Ataxin-3 protein 
expression is widespread in human 
tissues is consistent with results pre-
viously reported [7, 24]. Additionally, 
Ataxin-3 mRNA expression in gastric 

Table 2. The correlation of Ataxin-3 expression (IHC) with 
clinicopathological parameters

parameters
Ataxin-3

- + ++ F/X2 P
Age (y)
    < 60 85 164 67 0.744 0.689
    ≥ 60 61 119 40
Gender
    male 101 199 75 0.061 0.970
    female 45 84 32
Tumor site
    Upper 1/3 34 60 26 4.097 0.661
    Middle 1/3 37 66 31
    Lower 1/3 71 143 48
    Two-thirds or more 4 14 2
Tumor size (cm)
    < 5 76 140 71 9.079 0.011
    ≥ 5 70 143 36
Borrmann type
    Borrmann 0 9 9 3 8.308 0.078
    Borrmann I~II 48 69 36
    Borrmann III~IV 89 205 68
Lauren’s classification
    Intestinal 28 120 72 83.952 0.000
    Mixed 45 100 27
    Diffuse 73 63 8
Histological differentiation
    Well 1 5 4 30.117 0.000
    Moderate 10 57 33
    Poor 135 221 70
Invasion depth
    T1 14 14 5 7.849 0.249
    T2 10 13 10
    T3 34 79 29
    T4 88 177 63
Lymph node metastasis
    N0 62 110 43 1.473 0.961
    N1 25 55 19
    N2 30 57 19
    N3 29 61 26
Distant metastasis
    Yes 124 245 98 2.604 0.272
    No 22 38 9
TNM stage
    I 16 22 12 5.413 0.492
    II 55 105 37
    III 53 119 49
    IV 22 37 9
p53
    - 65 86 33 9.729 0.045
    + 29 69 23
    ++ to +++ 52 128 51
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cancers was lower than in the control noncan-
cerous mucosa. We found similar results in the 
gastric cancer cell lines and a normal gastric 
epithelial cell line. As a deubiquitinating 
enzyme, Ataxin-3 can interact with ubiquitin, 
polyubiquitin chains, ubiquitin-like protein 
Nedd8, and ubiquitinylated proteins [9]. We 
hypothesize that Ataxin-3 expression decreas-
es in cells where protein metabolism becomes 
disordered and damaged proteins are pro-
duced which can lead to changes in the biologi-
cal half-life of some important proteins, for 
example proteins required for cellular transfor-
mation may accumulate inside the cells result-
ing in malignant transformation and tumor ini-
tiation and progression. Our research suggests 
that Ataxin-3 might be associated with the pro-

common in young patients. There is no correla-
tion with chronic atrophic gastritis and intesti-
nal epithelial metaplasia in the diffuse type. 
The mixed histological type is a combination of 
the two types. The Lauren classification may 
represent different molecular mechanisms 
involved in the occurrence and development of 
GC. For example, micro satellite instability and 
methylation of promoter regions are usually 
present in the intestinal subtype, but the meth-
ylation of specific genes, such as E-cadherin 
(CDH1), are more common in the diffuse sub-
type [26]. It is not clear about how Ataxin-3 has 
the selectivity to the ubiquitination substrate? 
Our results showed that Ataxin-3 protein 
expression was lower in the diffuse subtype 
than in the intestinal type. The cell lines were 
derived from moderate to well differentiated 
gastric cancer tissues. Ataxin-3 expression was 
higher than that derived from poor differentia-
tion of cell line. Ataxin-3 has deubiquitinylating 
activity through its JD domain and is able to 
bind and cleave some poly-ubiquitin chains, 
which are a common recognition motifs for pro-
teasomal degradation, therefore Ataxin-3 can 
interact with some subunits of the proteasome 
[9, 27]. Expression analysis of some of the 
putative Ataxin-3 substrates that are involved 
in the occurrence of the diffuse type of gastric 
cancer, may be an important next step for 
understanding how Ataxin-3 may play a role in 
malignant transformation.

Table 3. Multivariate Cox regression survival analysis of clinicopath-
ological parameters and Ataxin-3 expression

Parameters B SE Wald Exp (B) P
Tumor site 9.082 0.028
    Tumor site (1) -0.478 0.279 2.925 0.620
    Tumor site (2) -0.595 0.278 4.571 0.551
    Tumor site (3) -0.747 0.274 7.446 0.474
Tumor size 0.301 0.130 5.401 1.352 0.020
Lauren’s classification 11.307 0.004
    Lauren’s classification (1) -0.444 0.138 10.389 0.641 0.001
    Lauren’s classification (2) -0.076 0.146 0.272 0.927 0.602
*TNM stage 168.231 0.000
    TNM stage (1) -3.199 0.443 52.094 0.041 0.000
    TNM stage (2) -2.281 0.185 152.277 0.102 0.000
    TNM stage (3) -1.238 0.158 61.362 0.290 0.000
P53 11.356 0.003
    P53 (1) -0.451 0.136 11.054 0.637 0.001
    P53 (2) -0.091 0.146 0.395 0.913 0.530
*TNM, tumor-node-metastasis.

Figure 2. Western blot analysis of Ataxin-3 protein 
expression in human GC cell lines (MKN45 and 
SGC7901) and human normal gastric epithelial cells 
(GES-1). Ataxin-3 protein expression was highest in 
the GES-1 cells and higher in SGC7901 than MKN45.

gression of gastric cancer, 
but the underlying molecular 
mechanisms for this pro-
cess need to be further 
examined.

According to the Lauren’s 
classification [25], there are 
three types (intestinal, dif-
fuse and mixed types) of 
gastric carcinoma. The intes-
tinal type is well differentiat-
ed tubular or papillary ade-
nocarcinoma and is more 
common in older patients. 
The intestinal type often fol-
lows a process of multifocal 
atrophic gastritis to intesti-
nal epithelial metaplasia 
and then malignant change 
to a cancer. The diffuse type 
is the most undifferentiated 
carcinoma and it is more 
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The p53 tumor suppressor gene is a gene of 
the uppermost relationship to human tumors 
[28]. p53 gene mutations frequently occur in 
GC [29, 30]. Wild type p53 gene is a tumor sup-
pressor gene. Mutations in p53 changes its 
normal protein structure and was decreased its 
suppressive function, resulting in the transfor-
mation of cells. In our research, Ataxin-3 pro-
tein expression in gastric cancer tissues was 
significantly correlated with the expression of 
mutated p53, suggesting that Ataxin-3 may be 
related to the role of p53 in the oncogenic pro-
cess of GC. Chou AH [16] report that polygluta-
mine expanded Ataxin-3 upregulates mRNA 
expression of Bax and PUMA and causes apop-
totic death of affected neurons by enhancing 
phosphorylation and transcriptional activity of 
p53. They used the wild-type and SCA3 trans-
genic mice and found that wild and mutant 
types of Ataxin-3 have p53 transcriptional 
activity, by facilitating p53 phosphorylation at 
Ser15 residue and p53 DNA-binding activity to 
the Bax promoter sequence and formation of 
the DNA-protein complex. Some attempts to 
identify ubiquitin ligases that are responsible 
for the ubiquitination of mutant p53, suggested 
a role for the chaperone-associated ubiquitin 
ligase CHIP (C terminus of Hsc70-interacting 
protein); the research showed that CHIP can 
target both wild-type and mutant p53 for degra-

dation [31, 32]. As a deubiquitinating enzyme 
(DUB), Ataxin-3 participates in initiating, regu-
lating and terminating the CHIP ubiquitination 
cycle. Ataxin-3 limits the length of ubiquitin 
chains on CHIP substrates and deubiquitinates 
Ub-CHIP, after polyubiquitinated substrates 
have formed [10]. These results provided 
molecular evidence for the interaction between 
p53 and Ataxin-3. Usually p53 mutation is a 
late event in the process of tumor formation. 
We have reason to speculate that the down-
regulation of Ataxin-3 expression may be an 
early event in tumorigenesis; expression of 
Ataxin-3 can enhance the malignant features of 
cells by promoting the expression of mutant 
p53, such as in the carcinogenesis of gastric 
cancer.

Identification of prognostic factors for gastric 
cancer is of great importance for survival and 
treatment strategies. The patients’ survival 
results in our research show that tumor loca-
tion, tumor size, Lauren’s classification, TNM 
stage, and the expression of mutant p53 pro-
tein were independent prognostic factors, 
which is consistent with previously published 
results about the prognosis of GC [33, 34]. In 
this experiment, we did not find that Ataxin-3 
related directly to the survival of the patients, 
so it may be a synergistic but not independent 

Figure 3. Quantitative RT-PCR analysis of Ataxin-3 mRNA expression. Ataxin-3 mRNA expression was lower in gastric 
cancer tissues and gastric cancer cell lines than in the control noncancerous gastric tissues and cell line. A: Expres-
sion of Ataxin-3 mRNA in human tissue samples (GC - n = 14; noncancerous gastric mucosa - n = 14; Standard Error 
of the Mean (SEM), experiment performed in triplicate; Ataxin-3 mRNA expression relative to GAPDH). B: Expression 
of Ataxin-3 mRNA in human GC cell lines (MKN45 and SGC7901) and in normal gastric epithelial cells (GES-1).
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role in prognosis of GC patients. Some research-
ers proposed that Ataxin-3 may repress tran-
scription by directly binding to chromatin, inhib-
iting histone acetylation, and recruiting 
repressor complexes [35]. For example, 
Ataxin-3 may regulate the transcription of 
matrix metalloproteinase-2 (MMP-2). Normally 
Ataxin-3 binds to target DNA sequences in spe-
cific chromatin regions of the MMP-2 gene pro-
moter and represses transcription by recruit-
ment of the histone deacetylase 3 (HDAC3), the 
nuclear receptor corepressor (NCoR), and 
deacetylation of histones bound to the promot-
er display the repressor function [12]. These 
indicate that Ataxin-3 has a complex molecule 
linked to tumor development and progression.

Because our study is presently the only exami-
nation of Ataxin-3 expression in human GC, 
more research into the cellular functions of 
Ataxin-3 should be done in the future.

In conclusion, Ataxin-3 abnormal expression 
may serve as a useful treatment target for GC. 
Thus, we believe that more research on Ataxin-3 
may provide a base for identifying potential bio-
markers for the occurrence, development and 
progression of GC.
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