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Abstract 

Background and aims: DJ-1 and PTEN have been shown to involve in multiple cell processes and 
play an important role in cancer development and progression. However, their relationship with 
gastric carcinoma (GC) has not been identified yet. The purpose of this study is to clarify the 
relationship of DJ-1 and phosphatase and tensin homolog (PTEN) with clinicopathological pa-
rameters and prognosis in GC. 
Methods: 114 specimens were collected from GC patients and expression of DJ-1 and PTEN in 
tissue microarray was evaluated by immunohistochemical staining. Correlation between im-
munostainings and clinicopathological parameters, follow-up data of patients, was analyzed sta-
tistically. 
Results: High expression of DJ-1 was found in 66.7% (76/114) and associated with tumor depth 
(P=0.003), lymph node metastasis (P=0.011), distant metastasis (P=0.001) and advanced clinical 
stage (P=0.001). Loss or downregulation of PTEN was found in 58.7% (67/114) and associated with 
advanced clinical stage (P=0.018) and high expression of DJ-1 in tumor cells (P=0.006). In univariate 
survival analysis, high-expression of DJ-1 or loss of PTEN was significantly associated with poor 
prognosis of GC patients. However, only tumor depth (P=0.011) and coexistence of DJ-1 and 
PTEN abnormal expression (P=0.009) emerged as strong independent prognostic factors for 
overall survival of GC patients. 
Conclusions: the present study indicates that DJ-1 and PTEN may play their roles in progression of 
GC in a cooperating pattern. Co-existence of abnormal DJ-1 and PTEN expression is likely to 
serve as an independent predictive factor for prognosis of GC patients. 
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Introduction 
Gastric carcinoma (GC) is one of the most 

common causes of cancer-related deaths in the world, 
and over one-third of all GCs worldwide occur in 
China [1-2]. Although the combination of surgical 
resection and adjuvant chemo- or radiotherapy has 
been applied widely in China, the 5 -year survival rate 
of patients with GC is currently less than 20% because 

of the frequency of distant metastases and local re-
currence. When metastasis has occurred, the patients 
are often unsuitable for curative surgery. Metastasis is 
the main cause of treatment failure and induces a poor 
prognosis in patients with GC [3-4]. In the past two 
decades, various researches on GC have been 
preformed and tried to find the mechanism of 
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invasion and metastasis of this tumor, but the precise 
molecular mechanism remains to be clarified. In fact, 
whether or not certain molecules involved in the 
invasion and metastasis of GC, and consequently 
influenced the prognosis of GC is largely unknown. 

Phosphatase and tensin homolog deleted on 
chromosome 10 (PTEN) is a tumor suppressor, also 
known as a key negative regulator of the 
phosphatidylinositol 3-kinase (PI3K)-protein kinase B 
(PKB/Akt) signaling pathway [5]. It has been 
demonstrated that PTEN affects processes such as cell 
cycle progression, apoptosis, migration, metabolism, 
transcription and translation by negatively regulating 
the AKT pathway and decreasing phosphorylation of 
AKT substrates [6]. PTEN can also inhibits cell 
invasion and metastasis [7-8], as well as restricting cell 
differentiation [9]. The loss or downregulation of 
PTEN appears to be a common event in many types of 
tumors. Loss of PTEN have been associated with 
invasive urothelial carcinoma of urinary bladder [10]. 
The PTEN gene was previously reported to be 
transcriptionally silenced by promoter methylation in 
a number of GC cases [11], and loss or reduced 
expression of PTEN correlated with advanced-stage 
GCs [12]. However, the role of the loss or reduced 
expression of PTEN in GC’s prognosis remains 
unclear.  

DJ-1, also known as the Parkinson’s 
disease-associated protein 7 (PARK7), is a 189 amino 
acid protein with multiple functions. Accumulating 
evidence has shown that DJ-1 is overexpressed in 
many types of malignant tumors [13-14] and also 
correlated with tumor progression in various cancers 
[15-16]. DJ-1 promotes cell survival by modulating 
PTEN [17], and high DJ-1 levels have been reported 
during initiation and progression in certain types of 
cancer [18-19]. Elevated serum concentrations of DJ-1 
in GC patients in high-incidence regions of gastric 
cancer has suggested that differing mechanisms of 
disease pathogenesis may be at play in high- and 
low-incidence regions of this tumor [20]. However, 
the role of DJ-1 in cancer metastasis, especially its 
correlation to the prognosis of GC remains unclear. 

In the present study, we evaluate the expression 
of DJ-1 and PTEN in GCs and investigate their asso-
ciation with clinicopathological parameters to deter-
mine the role of these proteins in the prognostic sig-
nificance of GC.  

Material and Methods 
Specimens of GC and Clinicopathological 
Findings 

Archival formalin-fixed, paraffin-embedded 
specimens from 114 primary GC patients during 

2004-2007 in the first Affiliated Hospital of Sun 
Yat-sen University (Guangzhou, China) were col-
lected. The patients were 72 males and 42 females 
with a median age of 55 years (range 25-80). Accord-
ing to WHO histological classification, all patients 
were diagnosed as gastric adenocarcinoma with var-
ied tumor differentiation [21]. The patients were clas-
sified the disease stage according to the criteria of the 
American Joint Committee on Cancer (AJCC) and the 
International Union for Cancer Control (UICC) 2010 
cancer staging manual [22], and 40 in early clinical 
stage (Stage I and II), 74 in advanced clinical stage 
(stage III and IV). All the patients were treated with 
radical surgical resection (D2). All patients except 
Stage I patients were also treated with standard ad-
juvant chemotherapy of modified FOLFOX6 regimen 
(oxaliplatin, 85 mg/m2 in 250 ml of dextrose 5%, 
concurrent with LV, 400 mg/m2, given as a 2-hr in-
travenous infusion on day 1, followed by a bolus 
5-FU, 400 mg/m2, on day 1 and a continuous 5-FU, 
1,200 mg/m2/day, on day 1 and 2, 46-hr continuous 
infusion of a total 5-FU of 2,400 mg/m2) 

Paraffin Tissue Microarray Construction 
In this study, the paraffin tissue microarray con-

struction was conducted by pervious description [23]. 
Briefly, section was cut from each paraffin block and 
stained with hematoxylin and eosin (H&E). Each 
donor block was overlaid with the corresponding 
H&E slide and observed by experienced pathologists. 
The area in donor block for tissue microarray sam-
pling was verified according to the H&E slide and 
marked. A manual tissue arrayer (Beecher Instru-
ments Inc., Sun Prairie, WI, USA) was used for array 
construction. Two representative 1.0 mm cores were 
removed from each donor block and transferred to 
pre-molded recipient paraffin block with designed 
orientation. An additional six cores derived from ton-
sil, lymph node and breast carcinoma were used as 
control material. The serial sections with 4-μ m 
thickness were cut from arrayed block and mounted 
on APES-coated glass slides and stored at 4℃for fur-
ther detection.  

Immunohistochemistry and Scoring  
The tissue array sections were subjected to 

immunostaining using a ChemMate Envision/HRP 
Kit (Dako Cytomation, Glostrup, Denmark). Slides 
were deparaffinized in xylene and rehydrated in de-
creasing concentrations of ethanol and rinsed in 
phosphate buffered saline. The slides were incubated 
with hydrogen peroxide for 10 min following 
microwave with 10 mM citrate buffer (pH 6.0; 
Sigma-Aldrich, Munich, Germany) at 5-min intervals 
for a total of 10 min. After blocking with normal se-
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rum for 10 min, the slides were incubated with a 1:100 
dilution of the rabbit anti-human polyclonal DJ-1 an-
tibody (FL-189, Santa Cruz biotechnology, Dallas, TX, 
USA), or a 1:100 dilution of rabbit anti-human poly-
clonal PTEN antibody (Cell Signaling technology, 
Beverly, MA, USA) for 60 min, respectively. Slides 
were detected by ChemMate Envision/HRP Kit for 30 
min at room temperature and followed by developing 
with diaminobenzidine (DAB) for visualization. Neg-
ative controls were carried out by substituting 
non-immune serum for the primary antibodies. The 
immunostaining results were evaluated and scored 
semiquantitatively by two pathologists without 
knowledge of the clinical data of patients. Evaluation 
of the immunostaining results was performed by stain 
intensity and stain area (double scoring system) as 
previously described [16]: score 0, no staining; score 1, 
weak staining; score 2, moderate staining; score 3, 
strong staining. Staining area less than 35% (score 1); 
35%-75% (score 2); more than 75% (score 3) of tumor 
cells. The high-expression of DJ-1 and PTEN was de-
fined when immunostaining score was equal or more 
than 4, whereas low-expression of proteins was less 
than score 4. Dual abnormal expression of DJ-1 and 
PTEN was defined when the tumor showed high ex-
pression of DJ-1 and low or loss expression of PTEN 
simultaneously. 

Statistical Analysis 
All statistical analysis was carried out by SPSS 

13.0 software for Windows. Chi-square test was used 
to assess DJ-1 and PTEN expression with clinico-
pathological characteristics. The survival curve of 
patients was determined by Kaplan-Meier method 
and Cox regression, and statistical evaluation was 
performed using the log rank test. A P-value <0.05 
was considered statistically significant. 

Results  
Clinical findings of the patients with GC 

The clinicopathological characteristics of the 114 
GC patients are recorded in Table 1. All of patients 
were treated in our hospital with complete follow-up 
data. There were 72 males and 42 females with a me-
dian age of 55 years (range from 25 to 80 years old). 
Histological grade was used to assess differentiation 
stage according to the WHO criteria for tumor classi-
fication of gastrointestinal tumor. 67 patients had car-
cinomas with well or moderate differentiation, and 
the other 47 patients had poorly differentiated carci-
noma. AJCC/UICC tumor stage was used to stage the 
primary GCs. The patients with stage I or II were 
categorized as early clinical stage, while stage III or IV 

were advanced clinical stage. Depth of invasion was 
assessed using AJCC/UICC criteria, and 13, 13, 75 
and 13 patients were classified as stage T1, T2, T3 and 
T4, respectively. T3 or T4 was identified as deeper 
tumors. Lymph node metastasis and distant metasta-
sis were assessed using AJCC/UICC criteria. The 
mean duration of follow-up was 32.4 months (range 
from 2 to 64 months). 

DJ-1 and PTEN expression in correlation to 
clinicopathological parameters in GC 

DJ-1 expression in GC was mostly cytoplasmic 
with some nuclear and membranous staining (Fig.1A 
and Fig.1B). High DJ-1 was expressed in 66.7% 
(76/114) of GCs. The immunostaining pattern of 
PTEN was also characterized by cytoplasmic and nu-
clear staining of the carcinoma (Fig.1C). High PTEN 
expression was detected in 41.2% (47/114) of carci-
nomas, while downregulation or loss of PTEN ex-
pression was found in most of GCs (58.7%, 67/114) 
(Fig.1D). Table 1 shows the correlation between 
markers analyzed and clinically important histo-
pathological features of the tumors. The higher ex-
pression of DJ-1 was significantly correlated with the 
deeper tumor (P=0.003), lymph node metastasis 
(p=0.011), distant metastasis (P=0.001) and advanced 
clinical stage (P=0.001). However, loss expression of 
PTEN was only found to correlated with distant me-
tastasis (P=0.001) and advanced clinical stage 
(P=0.018). Furthermore, High DJ-1 expression in tu-
mor cells correlated negatively with downregulation 
or loss expression of PTEN in tumor (P=0.001).  

Correlation of proteins expression and clini-
copathological features with survival of GC 
patients 

In this study, 62 (35.7%) patients with GC died of 
tumor in 5-year survival follow-up. In univariate 
analysis, the survival rates of patients were associated 
with tumor depth, lymph node metastasis, distant 
metastasis, advanced clinical stage, high-expression of 
DJ-1 and loss or downregulation of PTEN (Table 2 
and Fig.2). However, in multivariate analysis, only 
tumor depth (hazard ratio, 15.198; 95% confidence 
interval, 1.889-122.233, P =0.010) and abnormal ex-
pression of DJ-1 and PTEN of GC tumor cells (hazard 
ratio, 8.074; 95% confidence interval, 1.655-36.369, 
P=0.009) were independent risk factors for poor over-
all survival. Interestingly, histologically poorly dif-
ferentiated carcinoma was also observed to be an in-
dependent risk factor for GC patients. However, DJ-1 
or PTEN expression status alone was not associated 
with overall survival of patients with GC (Table 3). 
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Table 1.   Correlation between proteins expression and clinicopathological parameters of GC patients (Chi-square test).  

Variable DJ-1 expression PTEN expression Abnormal expression of DJ-1 and PTEN 
Low (n=38) High (n=76) Low (n=67) High (n=47) No (n=63) Yes (n=51) 

Age (year)       
  <55 (n=53) 17 36 32 21 26 27 
  ≥55 (n=61) 21 40 35 26 37 24 
 P=0.806 P=0.782 P=0.206 
Gender       
  Male (n=72) 24 48 41 31 43 29 
  Female (n=42) 14 28 26 16 20 22 
 P=1.000 P=0.647 P=0.211 
Tumor differentiation       
  Well and moderate (n=67) 21 46 37 30 36 31 
  Poor (n=47) 17 30 30 17 27 20 
 P=0.541 P=0.409 P=0.750 
Tumor depth       
  T1-2 (n=26) 14 12 12 14 20 6 
  T3-4 (n=88) 24 64 55 33 43 45 
 P=0.003 P=0.103 P=0.001 
Lymph node metastasis       
  N0 (n=40) 19 21 20 20 28 12 
  N1-3 (n=74) 19 55 47 27 35 39 
 P=0.011 P=0.190 P=0.012 
Distant metastasis       
  M0 (n=92) 36 56 47 45 61 31 
  M1 (n=22) 2 20 20 2 2 20 
 P=0.001 P=0.001 P=0.001 
Clinical stage       
   Early stage  (n=40) 21 19 17 23 32 8 
   Advanced stage  (n=74) 17 57 50 24 31 43 
 P=0.001 P=0.018 P=0.001 
PTEN expression       
  Low expression (n=67) 16 51     
  High expression (n=47) 22 25     
 P=0.006   

Table 2.  Kaplan-Meier analysis for overall survival rate of patients with GC.  

Characteristics Mean survival time (months) 95% confidence interval (months) P values* 
Age (years)   0.843 
     <55 35.7 ± 3.24 29.4-42.1 
     ≥55 39.7 ± 3.08 33.7-45.8 
Gender   0.110 
   Male 41.3 ± 2.98 35.5-47.1 
   Femal 33.9 ± 3.64 26.7-41.0 
Tumor differentiation   0.224 
   Well and moderate 38.8 ± 2.91 33.1-44.5 
   Poor 36.5 ± 3.55 29.5-43.5 
Tumor depth   0.001 
   T1-2 61.7 ± 3.12 55.6-67.8 
   T3-4 32.3 ± 2.43 27.5-37.1 
Lymph node metastasis   0.004 
   N0 50.6 ± 3.61 43.6-57.7 
   N1-3 32.2 ± 2.65 26.9-37.4 
Distant metastasis    

0.001 
 

   M0 43.4 ± 2.54 38.4-48.4 
   M1 18.2 ± 3.33 11.6-24.7 
Clinical stage   0.001 
   Early stage (I/II) 55.8 ± 2.88 50.2-61.5 
   Advance stage (III/IV) 29.8 ± 2.63 24.6-35.0 
DJ-1 expression   0.011 
    Low expression 46.9 ± 4.57 37.9-55.9 
    High expression 34.9 ± 2.51 30.1-39.9 
PTEN expression   0.007 
    Low expression 33.3 ± 3.02 27.3-39.2 
    High expression 46.1 ± 3.07 40.0-52.1 
Abnormal expression of DJ-1 and PTEN   0.001 
   No 48.6 ± 2.92 42.9-54.4 
   Yes 26.7 ± 2.91 21.0-32.4 
      *, Log rank test. 
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Table 3.   Cox regression model for multivariate analyses of prognostic factor in GC. 

Variable Hazard ratio 95% confidence interval  P value 
Age (<55 vs. ≥ 55) 1.132 0659-1.944 0.652 
Gender (male vs. female) 1.057 0.615-1.815 0.840 
Tumor differentiation (well & moderate vs. poor) 1.774 1.038-3.032 0.035 
Tumor depth (T1-2 vs.T3-4) 15.198 1.889-122.233 0.011 
Lymph node metastasis (N0 vs. N1-3) 1.235 0.411-3.710 0.705 
Distant metastasis (M0 vs. M1) 1.524 0.792-2.935 0.206 
Clinical stage (Stage I-II vs. III-IV) 1.347 0.344-5.274 0.668 
DJ-1 expression (low vs. high) 0.353 0.121-1.028 0.056 
PTEN expression (low vs. high) 2.864 0.773-10.610 0.115 
Abnormal expression of DJ-1 and PTEN (no vs.yes) 9.073 1.655-39.369 0.009 

 
 
 

 
Fig 1. Immunohistochemical staining of GC tissue microarray. (a) High expression of DJ-1 in the cytoplasm of tumor cells was shown under lower power 
field. (b) In some GCs, nuclear and cytoplasmic positive staining of DJ-1 in the tumor cells could be also observed. (c) High expression of PTEN could be 
found in tumor cells of some GCs, while, the adjacent non-neoplastic glands (circled with dotted line) showed strongly and diffusely positive staining of 
PTEN in cytoplasm and nuclear. (d) However, in most of GCs, PTEN expression was entirely loss or remarkably reduced. (a and d, immunohistochemical 
staining with original magnification ×100; b and c, immunohistochemical staining with original magnification ×400). 
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Fig 2. Kaplan-Meier survival analyses of GC patients. Kaplan-Meier curve showing the patients with lymph node metastasis (N1-N3) (a) and advanced 
clinical stage (stage III and IV) (b) have a significantly lower survival rate. A significant difference of survival rate was found between the GC patients with 
DJ-1 (c) high-expression and its low-expression counterpart in tumor. (d) The patients with loss or reduced expression of PTEN have a significant lower 
survival rate than those with high expression of PTEN in tumor. 

 

Discussion 
DJ-1 is a conserved protein with multiple func-

tions. DJ-1 has been reported to be overexpressed in 
several types of human cancer, including lung cancer 
[24], breast cancer [25], pancreatic cancer [26], esoph-
ageal carcinoma [27], and bladder tumors [10]. It has 
also demonstrated that DJ-1 improves tumor cell sur-
vival by modulating the Akt/PI3K axis [17], inhibiting 
apoptosis through repression of the p53-Bax-caspase 
pathway [28] and stabilizing the antioxidant tran-
scriptional master regulator Nrf2 [29]. Downregula-
tion of DJ-1 by transfection with small interfering 
RNA (siRNA) targets DJ-1 inhibited cell proliferation 
and enhances apoptosis of laryngeal squamous cell 
carcinoma (SCC) Hep-2 cells [16]. In the present 
study, a high expression of DJ-1 was detected in 

deeper tumor (T3-T4) of GCs, indicating that a high 
expression of DJ-1 is associated with tumor invasive-
ness. This result coincides with DJ-1 high expression 
in pT3-pT4 glottic SCCs [16] and T4 esophageal SCCs 
[27].  

The ability to migrate and invade the basement 
membrane into surrounding tissues, blood and lym-
phatic vessels is one of the essential hallmarks of 
cancer and is a prerequisite for local tumor progres-
sion and metastatic spread [30]. Recent studies have 
indicated that DJ-1 may be related to cancer metasta-
sis. DJ-1 expression was found to be upregulated in 
uveal melanoma cells that had a high degree of meta-
static potential [31]. DJ-1 has also been found to be 
increased during the progression of cervical cancer 
from normal tissues and during the progression of 
patient-matched high-grade squamous intraepithelial 
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lesions to invasive carcinoma tissues [14]. In the pre-
sent study, we found that high expression of DJ-1was 
significantly correlated with lymph node metastasis, 
distant metastasis and shorter survival time of GC 
patients. Those results indicate that high expression of 
DJ-1 in GC tumor cells may play important roles in 
tumor progression and influence the prognosis of 
patients. Cancer invasion and metastasis require con-
trolled degradation of the extracellular matrix (ECM). 
Recent studies have shown that DJ-1 promotes tumor 
cells invasion and migration by activating uPA sys-
tem and MMP2 through the SRC/ERK pathway [32]. 
Although we did not detect the expression of 
ECM-related proteins in GC tumor cells, it is reason-
able to believe that high expression of DJ-1, resulting 
in activation of enzymes for ECM degradation or 
dysfunction of cytoskeleton, plays important roles in 
metastasis and progression of GC. The DJ-1 expres-
sion status in tumor cells was valuable for prognostic 
evaluation of GC patients. Of course, further study is 
needed to address the underlining mechanism and 
how DJ-1 is able to regulate the cytoskeleton or ECM 
degradation in GCs. 

The tumor suppressor PTEN is encoded by a 
gene that shows the greatest selection for loss in the 
human genome [33]. Studies have shown that the 
PTEN gene is frequently mutated or lost in many 
types of human primary carcinomas, and PTEN ex-
pression is often dysregulated in carcinoma, even in 
the absence of genetic loss or mutation [34]. Loss of 
PTEN has been demonstrated to associate with 
non-papillary, invasive and high-grade urothelial 
carcinoma, while strong expressions of PTEN are ob-
served in the nucleus and cytoplasm in normal 
urothelium [10]. In GCs, PTEN expression was fre-
quently lost in the cytoplasm. The loss of cytoplasmic 
PTEN expression was significantly correlated with 
histological grade, and the loss of nuclear or total 
PTEN expression was significantly correlated with 
tumor stage [12]. In the present study, the results 
showed that the loss of cytoplasmic PTEN is associ-
ated with distant metastasis and advanced clinical 
stage of GC patients. Therefore, a low PTEN expres-
sion may be a marker for progression of tumors and 
closely correlates with tumor invasiveness and me-
tastasis. These findings indicate a novel molecular 
basis for the critical role of PTEN loss in the devel-
opment and progression of GC. However, on multi-
variate analyses of prognostic factors in GC, loss of 
PTEN was failed to be detected as an independent 
factor to influence the prognosis of GC patients. Sim-
ilarly, pervious study on PTEN expression in gastric 
cancer also showed PTEN expression was not associ-
ated with overall or 3-year survival of patients with 
GC [12]. These results indicate that loss of PTEN in 

tumor cells may contribute in part to cells invasive-
ness or distant metastasis and accelerate the progres-
sion of GC, but it might not be an independent prog-
nostic factor to predict accurately the prognosis of GC. 

In the present study, we found high expression 
of tumor cells was closely in correlation to the loss of 
PTEN expression in GC. Since PTEN has been identi-
fied to be modulated by DJ-1 [17], we considered that 
DJ-1/PTEN modulating loop in GC plays some im-
portant roles in facilitating dissemination of tumor 
cell from primary tumor to secondary tumor by its 
specific pathway. PTEN is a key negative regulator of 
the PI3K-protein kinase B (PKB/Akt) signaling 
pathway [5]. PI3K, activated by growth factors, cata-
lyzes the phosphorylation of phosphatidylinositol 
(4,5)-biphosphate (PIP2) to phosphatidylinositol 
(3,4,5)-triphosphate (PIP3). PIP3 recruits 
3-phosphoinositide-dependent kinase (PDK), which 
phosphorylates and activates Akt [35]. Akt is a signal 
transduction protein that plays a key role in multiple 
signaling pathways, including cell proliferation, 
apoptosis and transcription [36]. DJ-1 has been 
demonstrated to be a potent modulator of the 
PI3K/Akt pathway in both cancer cells and neurons 
[37-38]. Therefore, it is reasonable to believe the 
presence of DJ-1/PTEN modulating loop in GC tumor 
cells for their survival and other behavior. In our 
study, we found that only abnormal expression of 
DJ-1 and PTEN in tumor cells simultaneously was in 
correlation to a poor outcome and to be a potent 
prognostic factor to predict the prognosis of patients 
with GC. The high expression of DJ-1 or loss of PTEN 
alone was not an independent prognostic factor. 
These results indicate that DJ-1 and PTEN may play 
their roles in progression of GC in a cooperating pat-
tern. It has been suggested that PTEN is required for 
this function of DJ-1 [17]. Downregulation of DJ-1 
using siRNA resulted in the inhibition of endogenous 
Akt phosphorylation only in Pten+/- immortalized 
MEFs, but not in Pten-/- MEFs [17]. Thus, 
co-existence of high DJ-1 and reduced PTEN in GCs is 
likely to serve as a prognostic marker and potential 
therapeutic target. The further studies are required to 
take into account post-surgical treatments for such 
molecular targets to improve the survival rate of pa-
tients with GC. 

In our study, we found deeper tumor of GC (T3 
and T4) was closely associated with shorter survival 
time of patients both in univariate and multivariate 
analysis of prognostic factors in GC. This result coin-
cided with previous studies by Kim et al. [39] indi-
cating tumor depth of tumor invasion was significant 
prognostic factors of GC. The close relationship be-
tween DJ-1 and tumor depth in the study implies high 
expression of DJ-1 in tumor cells may be involved in 
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the tumor invasiveness. In addition, our data showed 
interestingly that tumor histological differentiation 
was also an independent predictor for GC patients. 
Tumor differentiation appears to be independent of 
other clinicopathological features. To our knowledge, 
so far a correlation for DJ-1, PTEN expression and cell 
differentiation in GCs was not observed. We wonder 
if tumor differentiation is responsible for epitheli-
al-mesenchymal transition (EMT) process, promotes 
tumor progression, and consequently influences the 
prognosis of GC patients, because most of tumor cells 
with poor differentiation appear to have loose and 
detached histological structure. Additional studies are 
required to better understand its contribution to GC 
tumorigenesis and prognosis. 

In conclusion, although the precise factors re-
sponsible for metastasis and poor prognosis in GC 
have not been identified, our study indicates high 
expression of DJ-1 and the loss or downregulation of 
PTEN expression is involved in the progression of GC 
in a cooperating pattern and is a valuable predictor 
for prognosis evaluation of GC patients. DJ-1 and 
PTEN are promising new molecular targets for de-
signing novel preventive and therapeutic strategies to 
control this malignant tumor 
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