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Purpose: A number of studies have investigated the role of DJ-1 in the development and 

progression of malignant tumors. This meta-analysis aims to systematically estimate the rela-

tionship between the expression level of DJ-1 and the malignant biological behaviors of tumors 

and to assess the clinical significances of DJ-1 in the prognosis and diagnosis of cancer.

Materials and methods: We searched PubMed, Web of Science, China National Knowledge 

Infrastructure and Wanfang databases from inception to December 1, 2017. Pooled odds ratio 

(OR) and hazard ratio (HR) with their 95% confidence interval and the diagnostic value of 

DJ-1 were calculated.

Results: Fourteen eligible studies with a total of 1,947 subjects were enrolled in our meta-

analysis. The results showed that DJ-1 was overexpressed in cancer patients compared with 

noncancer patients (OR = 30.72), and elevated expression of DJ-1 was demonstrated to be 

closely associated with high tumor-node-metastasis stage (OR = 5.52), poor differentiated 

degree (OR = 2.46), positive lymph node metastasis (OR = 4.12) and worse overall survival 

(HR = 2.23). In addition, the combined sensitivity and specificity for DJ-1 to discern malignant 

tumors were 0.73 and 0.93, respectively. The diagnostic OR was 34.87, and the area under the 

summary receiver operating characteristic curve was 0.88.

Conclusion: This meta-analysis demonstrated that DJ-1 was an important biomarker in tumor 

assessment and prognosis prediction.

Keywords: DJ-1, prognosis, diagnosis, malignant tumor, meta-analysis

Introduction
Cancer displays an increasing incidence and mortality rate and emerges as a major 

public health problem worldwide. According to the Cancer Statistics, 1,688,780 new 

cancer cases and 600,920 cancer deaths are predicted to happen in the USA in 2017.1 

Although remarkable advances have been made in several diagnostic methods and 

therapeutic techniques, the overall survival among cancer patients remains poor.2 

Since tumor biomarkers show great potential to identify cancer risk, promote early 

detection and provide therapeutic target, its development has been considered as an 

important part to improve patient outcomes in oncology.3 However, despite a great 

number of tumor biomarkers have been discovered and validated in recent years, the 

limitations in early diagnosis and the lack of effectiveness of these biomarkers result 

in that only a handful of biomarkers can be approved for clinical practices.4 Therefore, 

it is an urgent need to explore sensitive biomarkers that have good performances in 

predicating clinicopathological features and discerning malignant tumors.
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DJ-1 (PARK7), a novel mitogen-dependent oncogene, 

locates on the distal part of the short arm of chromosome 1 

(1p36.12–1p36.33), where it has many chromosome aber-

rations in cancers.5 It has been demonstrated that DJ-1 

participates in many aspects of biological processes, 

including carcinogenesis and tumor progression.6 Study 

by Kim et al has found that DJ-1 causes tumor cell prolif-

eration and invasion by inhibiting the effect of the tumor 

suppressor gene phosphatase and tensin homolog (PTEN) 

through PI3K survival pathway.7 In addition, DJ-1 is a mul-

tifunctional antioxidant protein that senses reactive oxygen 

species levels and determines the cell fate by regulating 

autophagy and apoptosis in cancers.8 Downregulation of 

DJ-1 suppresses cell growth and improves the sensitivity 

to chemotherapies.9 Moreover, an increasing number of 

studies have indicated that DJ-1 protein is overexpressed 

in various types of cancer, such as glottis squamous cell 

carcinoma (GSCC),10 nonsmall-cell lung carcinoma,11 breast 

cancer (BC),12–15 gastric carcinoma (GC),16 hepatocellular 

carcinoma (HCC),17 pancreatic ductal adenocarcinoma18 

and prostate cancer.19 Besides, high expression of DJ-1 is 

significantly associated with poor prognosis in malignant 

tumors.10,17,20–23 Given that a single study may lack the 

power to provide reliable conclusions because of the small 

sample size and methodological limitations, we performed 

a systematic and comprehensive meta-analysis to clarify the 

significance of DJ-1 in describing the clinicopathological 

characteristics of malignant tumors and to assess the value 

of DJ-1 in cancer prognosis and diagnosis, thereby to further 

explore whether DJ-1 could be used as a reliable molecular 

marker in clinical uses.

Materials and methods
search strategy
This meta-analysis followed the standard guidelines 

of Preferred Reporting Items for Systematic Reviews 

and Meta-Analysis.24 We systematically searched the 

published literatures from the electronic databases of 

PubMed, Web of Science, Chinese National Knowledge 

Infrastructure and Wanfang database up to December 1,  

2017, and used (“DJ-1” or “PARK7” or “DJ-1-PARK7 

Protein” or “DJ-1 Protein” or “Parkinson Protein 7” or 

“Parkinsonism Associated Deglycase”) AND (“Neoplasia” 

or “Neoplasm” or “Tumors” or “Cancer” or “Carcinoma” or 

“Malignant neoplasms” or “Malignant tumors”) as free text 

and Medical Subject Heading terms to improve the search-

ing sensitivity. Manual search of citations from relevant 

original studies and review articles was also performed. 

The languages of publications were limited to English and 

Chinese. Any disagreements were seriously discussed and 

finally solved by consensus.

selection criteria
The inclusion criteria of this meta-analysis were 1) the data 

about DJ-1 expression level in tumor tissue was abundant; 

2) case–control or cohort studies; 3) the sample size not 

less than 50; 4) pathologically confirmed patients and 5) the 

tumor tissues were taken before any treatments. Studies were 

excluded according to the following criteria: 1) articles not 

supply original data such as reviews, editorials, letters, case 

reports and expert opinions; 2) not supply sufficient or useful 

data about DJ-1 expression level; 3) nonhuman studies and 

4) duplicated or repeated studies.

Data extraction
The following information were collected: cancer type, first 

author, year of publication, country, resources of sample, 

testing technique of DJ-1, sample size in each groups, age and 

gender of patients, end point, the source of hazard ratio (HR) 

(univariate or multivariate analysis), HR and correspond-

ing 95% confidence interval (CI), tumor-node-metastasis 

(TNM) classification, tumor differentiation degree, tumor 

node metastases and the concrete data of DJ-1 expression 

(number of true positives [TP], false positives [FP], true 

negatives [TN] and false negatives [FN]).

Quality assessment
The Newcastle-Ottawa Scale (NOS) was used to evaluate 

the methodological quality of included studies.25 The quality 

of diagnostic accuracy studies was assessed by the Quality 

Assessment of Diagnostic Accuracy Studies (QUADAS-2) 

tool, which comprises four key domains: patient selection, 

index test, reference standard and flow and timing.26

statistical analysis
We calculated the combined odds ratio (OR) and correspond-

ing 95% CI using fixed effects model or random effects model 

according to the heterogeneity of enrolled studies, which 

was evaluated by the chi-square value and I 2 and considered 

significant at p  0.1 and I 2  50%. When the heterogeneity 

is not significant (I 2  50% and p  0.1), we combined the 

results using fixed effects model (Mantel–Haenszel method). 

Otherwise, the random effects model (M–H heterogeneity 

method) was used.27 In addition, the summarized HR with 

95% CI was calculated to assess the prognostic effect of 

DJ-1 expression level on overall survival (OS) in patients 
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with malignant tumors. Forest plots were used to clarify the 

pooled sensitivity, specificity, positive likelihood ratio (PLR), 

negative likelihood ratio (NLR), diagnostic score, diagnostic 

OR (DOR) and their 95% CI.28 Sensitivity analysis was per-

formed to assess whether the exclusion of any individual study 

affects the overall results, and the potential publication bias 

was checked by Deeks’ funnel plot. Statistical analyses were 

performed using STATA (Version 12.0; STATA Corporation, 

College Station, TX, USA) and considered statistically sig-

nificant at the 0.05 level for a two-sided test.

Results
search results
We searched the electronic bibliographic databases and found 

a total of 383 potentially relevant studies, and 274 studies 

remained available after duplicate articles were removed. 

Through a careful screening of the title and abstract among 

the remaining records, 228 irrelevant studies were excluded 

and 46 studies were reserved for further assessment. And then 

we excluded 32 articles due to the studies did not report suf-

ficient data of DJ-1 expression level (n = 19) and the sample 

size was less than 50 (n = 13) (Table S1). Finally, 14 studies 

with a total of 1,947 subjects that included 1,410 cancer 

patients were included in our meta-analysis. The selection 

progress is shown as a flowchart in Figure 1.

characteristics of included studies
Table 1 shows the detailed characteristics of the 14 studies,10–17, 

20–23,29,30 which are published from 2010 to 2016, containing a 

total of 1,410 cancer patients with the sample sizes distributing 

from 60 to 185 patients. The types of the malignant tumors 

included GSCC,10 HCC,17 NSCLC,11 cervix squamous cell 

carcinoma (CSCC),29 intrahepatic cholangiocarcinomas 

(IHCCs),22 Glioma,23 GC,16 triple negative breast cancer 

(TNBC),12–14 medulloblastoma (MB),21 nasopharyngeal 

carcinoma (NPC),30 pancreatic neuroendocrine neoplasms 

(PNENs)20 and invasive breast cancer (IBC).15 All studies 

used immunohistochemistry (IHC) method to investigate the 

expression level of DJ-1 in cancer patient and control. And 

six studies determined the prognostic value of DJ-1 for OS, 

two studies for disease-free survival (DFS) and one study 

for progression-free survival (PFS). The specific informa-

tion about DJ-1 expression level in the different groups of 

clinicopathological features is shown in Table 2.

DJ-1 expression level between tumor 
tissues and normal tissues
Seven studies focused on the expression level of DJ-1 between 

tumor tissues and normal tissues,10–15,29 which included 

718 cancer patients and 406 normal controls (Table 2). A fixed 

effect model was used and the combined OR was 30.72 (95% 

CI: 20.40–46.26, p  0.001) (Figure 2A). The pooled results 

showed statistically significant difference demonstrating that 

the expression level of DJ-1 was apparently increased in the 

tumor tissues compared with the normal tissues.

correlation between DJ-1 expression 
level and clinicopathological parameters
As shown in Figure 2B and Tables 2 and 3, 11 studies 

described the association between the expression level of 

Figure 1 Flow diagram of the studies identified in the meta-analysis.
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DJ-1 and TNM stage of cancers10–16,20,23,29,30 and the pooled 

OR was 5.52 (95% CI: 3.36–9.05, p  0.001) indicating that 

increased expression of DJ-1 was obviously correlated with 

advanced clinical stage of cancers. Similarly, overexpres-

sion of DJ-1 was also related to poor differentiation degree 

(OR = 2.46, 95% CI: 1.08–5.60, p = 0.032) (Figure 2C) 

and positive lymph node metastasis (OR = 4.12, 95% CI: 

2.39–7.09, p  0.001) (Figure 2D).

correlation between DJ-1 expression 
level and Os
Six studies clarified the relationship between the expression 

level of DJ-1 and the OS of cancer patients evaluated by 

multivariate analysis in the original studies (Table 1).10,17,20–23 

Cancer patients were divided into two groups: DJ-1 high 

expression group and low expression group. As shown in 

Figure 3, the combined HR was 2.23 (95% CI: 1.31–3.14, 

p  0.001) via a fixed effect model analysis. The pooled 

results showed that the OS of cancer patients with high DJ-1 

expression level is shorter than that with low DJ-1 expression, 

indicating that DJ-1 can be used as a potential biomarker in 

predicting prognosis of cancer patients.

accuracy of DJ-1 in the diagnosis of 
cancers
Seven studies reported the detailed data about DJ-1 expres-

sion level in 718 cancer patients and 406 controls.10–15,29 

TP, FP, TN and FN were calculated to assess the diagnostic 

accuracy of DJ-1 (Table 2). As shown in Figure 4, the pooled 

estimated sensitivity and specificity of DJ-1 for cancer diag-

nosis were 0.73 (95% CI: 0.67–0.78) (Figure 4A) and 0.93 

(95% CI: 0.87–0.96) (Figure 4B), respectively. The PLR 

was 10.11 (95% CI: 5.59–18.28) (Figure 4C), the NLR was 

0.29 (95% CI: 0.23–0.36) (Figure 4D), the diagnostic score 

was 3.55 (95% CI: 2.82–4.29) (Figure 4E) and the DOR was 

34.87 (95% CI: 16.72–72.71) (Figure 4F). The correspond-

ing area under the summary receiver operating characteristic 

curve (AUC) was 0.88 (Figure 4G). These results suggested 

a potential diagnostic value of DJ-1 in malignant tumors.

Meta-regression and subgroup analysis
Significant heterogeneity was observed in the combined 

results about diagnostic accuracy studies (Figure 4). Accord-

ing to sample size, language and study design, we conducted 

a meta-regression and subgroup analysis to explore the 

sources of high heterogeneity. As shown in Figure 5A, the 

results suggested that the sample size ( p  0.001) and study 

design ( p = 0.01) may be the sources of heterogeneity for T
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Table 2 DJ-1 expression in control and cancer patients

Source 
of tumor

First 
author

Expression of DJ-1 (positive/all) (N) Diagnostic test

Control Cancer Tumor stage Tumor 
differentiation

Lymphatic 
metastasis

I–II III–IV Well to 
moderate

Poor Yes No TP FP TN FN

gscc Zhu10 10/44 45/60 28/42 17/18 – – 1/2 44/58 45 10 34 15
hcc liu17 – 87/149 – – 39/95 48/54 – – – – – –
nsclc Qin11 7/92 67/92 40/62 27/30 36/50 31/42 37/40 30/52 67 7 85 25
cscc sun29 0/20 67/78 42/68 8/10 38/62 12/16 48/65 2/13 67 0 20 11
ihccs Zong22 – 39/72 – – 16/35 23/37 17/32 22/40 – – – –
glioma Wang23 – 33/88 5/47 28/41 – – – – – – – –
gc li16 – 76/114 19/40 57/74 46/67 30/47 55/74 21/40 – – – –
TnBc li12 3/50 63/85 26/45 37/40 – – 38/41 25/44 63 3 47 22

Fang13 6/120 137/185 45/87 92/98 31/50 17/18 90/98 47/87 137 6 114 48
Zhou14 2/30 48/68 15/32 33/36 – – 33/36 15/32 48 2 28 20

MB lin21 – 32/66 – – – – – – – – – –
nPc Pei30 – 94/125 29/42 65/83 – – 75/92 19/33 – – – –
Pnens Yang20 – 42/78 18/42 18/24 32/64 6/8 19/27 23/51 – – – –
iBc sun15 4/50 92/150 47/93 45/57 – – 52/71 40/79 92 4 46 58

Abbreviations: CSCC, cervix squamous cell carcinoma; FN, false negative; FP, false positive; GC, gastric carcinoma; GSCC, glottic squamous cell carcinoma; HCC, hepato-
cellular carcinoma; HR, hazard ratio; IBC, invasive breast cancer; IHCCs, intrahepatic cholangiocarcinomas; MB, medulloblastoma; N, cases; NPC, nasopharyngeal carcinoma; 
NSCLC, nonsmall-cell lung cancer; PNENs, pancreatic neuroendocrine neoplasms; TN, true negative; TNBC, triple negative breast cancer; TP, true positive.

Figure 2 Forest plots of studies evaluating DJ-1 expression and clinicopathological features. (A) expression, (B) TnM stages, (C) differentiation and (D) lymph node metastasis.
Note: Weights are from random effects analysis.
Abbreviation: TnM, tumor-node-metastasis.

pooled sensitivity, and language ( p  0.001) and study 

design (p  0.001) for specificity. In the subgroup with the 

sample size 150, the pooled sensitivity, specificity, PLR, 

NLR, DOR and AUC were 0.69 (95% CI: 0.65–0.74), 0.94 

(95% CI: 0.90–0.96), 10.57 (95% CI: 6.65–16.81), 0.33 

(95% CI: 0.24–0.44), 33.7 (95% CI: 18.62–61) and 0.95, 

respectively. And those for subgroup with fewer subjects 

were 0.77 (95% CI: 0.71–0.81), 0.90 (95% CI: 0.83–0.94), 
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8.46 (95% CI: 2.75–25.99), 0.26 (95% CI: 0.19–0.36), 30.19 

(95% CI: 9.8–93.02) and 0.81, respectively (Table 4). Similar 

results were found in the subgroup analyses according to 

language and study design (Table 4).

Quality assessment
We adopted the NOS to assess the quality of the included 

studies, the results showed that all studies had at least six 

stars and were considered to be of high quality (Table 1). 

Seven studies investigated the detailed data about DJ-1 in the 

diagnosis of malignant tumors, so we used the QUADAS-2 

tool to assess the methodological quality of diagnostic accu-

racy studies and most of studies were assessed to be of low 

risk and high quality (Figure 6A and B).

sensitivity analysis and publication bias
We performed a sensitivity analysis for the clinicopathologi-

cal parameters due to the relatively obvious heterogeneity. 

As shown in Figure 7, the overall results did not change after 

omitting any one of the involved studies, which suggested 

that our results were stable and reliable. Deeks’ funnel plot 

(Figure 5B) was conducted to detect the potential publica-

tion bias of the diagnostic accuracy studies, and the results 

showed no publication bias.

Discussion
DJ-1 is a multifunctional oxidative stress response protein 

that protects cells from reactive oxygen species and mito-

chondrial damage. The oxidative modification of cysteine 

residue (Cys106) is an important posttranslational modifica-

tion of DJ-1 and allows DJ-1 to act as a sensor of cellular 

redox homeostasis and determines the cell fate by regulat-

ing autophagy or apoptosis in cancers.8,31 Accumulating 

evidences have shown that DJ-1 involves in carcinogenesis 

of various types of cancer through inhibiting autophagy and 

apoptosis, which are crucial mechanisms in regulating cell 

Table 3 correlation between increased DJ-1 expression and clinicopathological parameters

Clinicopathological 
parameters

References Case 
number (N)

OR (95% CI) Heterogeneity

I2 (%) p-value Model

TnM stage (iii–iV vs i–ii) 10–16, 20, 23, 29, 30 511/600 5.52 (3.36–9.05) 53.9 0.017 random 
effects

histological grade (poor vs well  
to moderate)

11, 13, 16, 17, 20, 22, 29 222/423 2.46 (1.08–5.60) 73.9 0.001 random 
effects

lymph node metastasis (yes vs no) 10–16, 20, 22, 29, 30 578/529 4.12 (2.39–7.09) 64.6 0.002 random 
effects

Abbreviations: CI, confidence interval; N, cases; OR, odds ratio; TNM, tumor-node-metastasis.

Figure 3 Forest plot of study evaluating DJ-1 expression and Os.
Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival.
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death and homeostasis. Wild-type DJ-1 protein prevents 

the translocation of death protein Daxx from nucleus to 

cytoplasm and inhibits the combination and activation of its 

effector ASK1, thus reducing the cell death.8,32 DJ-1 also sup-

presses the transcriptional activity of p53 and subsequently 

reduces the expression of Bax and inhibits caspase activity, 

finally avoiding the occurrence of apoptosis induced by ultra-

violet.33 Knockdown of DJ-1 gene induces autophagy through 

activating c-Jun N-terminal protein kinase (JNK) signal path-

way and up-regulating the transcription of Beclin 1, which is 

a mammalian Atg protein and can lead to the generation of 

autophagosomes and suppress tumorigenesis.34,35 Moreover, 

it has been reported that DJ-1 promotes the proliferation and 

invasion of laryngeal cancer cells by depressing the expres-

sion of PTEN.36,37 Using RNA interference technology to 

silence the expression of DJ-1 could inhibit tumor initiation, 

invasion and metastasis, suggesting that DJ-1 is a promising 

therapeutic target in malignant tumors.9,19,38 Therefore, DJ-1 

is considered as an attractive and important molecular marker 

in carcinogenesis, proliferation, invasion, metastasis and 

therapy. We conducted the current meta-analysis to clarify the 

clinical significances of DJ-1 and to explore whether it could 

be used as an effective biomarker in clinical practices.

In this meta-analysis, 14 eligible studies with a total of 

1,410 cancer patients were eventually included. The pooled 

results indicated that cancer tissues displayed a higher 

Figure 4 (Continued)
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Figure 5 subgroup analysis and publication bias of diagnostic accuracy studies.
Note: (A) Meta-regression and subgroup analysis and (B) Deeks’ funnel plot about the publication bias.
Abbreviation: CI, confidence interval.

expression level of DJ-1 than normal tissues or adjacent 

nontumor tissues, and the elevated expression of DJ-1 was 

obviously correlated with advanced TNM stage cancers, 

worse histopathological grade cancers and lymphatic 

invasion-positive cancers, suggesting that DJ-1 was appar-

ently involved in the carcinogenesis and increased DJ-1 

was linked to malignant biological behaviors and tumor 

progression. Furthermore, the pooled HR was 2.23 for OS, 

Figure 4 Diagnostic accuracy of DJ-1 in cancer tissues. (A) sensitivity, (B) specificity, (C) Plr, (D) nlr, (E) diagnostic score, (F) DOr and (G) aUc.
Abbreviations: AUC, the corresponding area under the SROC curve; CI, confidence interval; DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive 
likelihood ratio; SROC, summary receiver operating characteristic curve.
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indicating that higher DJ-1 expression level predicted poorer 

prognosis and it might be a promising biomarker to evaluate 

the survival rate. Meanwhile, it was also suggested that DJ-1 

may be a new potential therapeutic target in malignant tumor 

and can be used to assess the effect of treatment in cancer 

patients. However, due to the limited number of studies 

about DFS/PFS, the correlations between increased DJ-1 

and DFS/PFS were not performed, thus further research is 

warranted to better clarify the prognostic value of DJ-1 in 

terms of DFS/PFS.

Additionally, DJ-1 had relatively high sensitivity and 

specificity in the identification of cancers. The PLR was 

10.11, indicating that the chance of DJ-1 being tested positive 

in cancer patients was 10.11 times compare with the person 

without cancer. Similarly, the NLR was 0.29, suggesting that 

low expression of DJ-1 may be useful to exclude noncancer 

individuals. DOR is the OR of PLR to NLR, with higher 

values indicating better discriminatory test performance,39 

the value of DOR was 34.87 in our meta-analysis, demon-

strating that DJ-1 could be used as an effective biomarker to 

detect malignant tumors. The AUC was used to evaluate the 

sensitivity and specificity at the same time and it was 0.88 in 

our study, showing a moderate diagnostic accuracy of DJ-1. 

Furthermore, we performed Deeks’ funnel plot to assess the 

potential publication bias and did not find any evidence of 

publication bias. In summarization, DJ-1 could be used as 

a potential molecular biomarker for cancer diagnosis with 

high sensitivity and specificity.

There was a significant heterogeneity in our meta-analysis. 

However, the results of sensitivity analysis for clinicopatho-

logical parameters further confirmed the reliability of our 

results. In addition, we conducted a meta-regression analysis 

and subgroup analysis to determine the diagnostic accuracy, 

the results indicated that sample size, language and study 

design may lead to the heterogeneity in sensitivity and 

specificity.

To our knowledge, this was the first meta-analysis to 

assess the expression of DJ-1 and its clinical values in various 

malignant tumors. However, there were several limitations 

in the present study. First, the studies defined the positive 

status of DJ-1 expression using different cutoff values and it 

may lead to heterogeneity in the pooled results. Second, all 

the included studies were from China and it required further 

research in other regions such as Europe, America, Africa 

and other Asian countries to elucidate the clinical signifi-

cances of DJ-1. Third, although a comprehensive search of 

related studies was performed, the number of included study, 

in particular for each cancer types and for DFS/PFS, was 
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Figure 6 Quality assessments of diagnostic accuracy studies.
Note: (A) risk of bias and applicability concerns summary and (B) risk of bias and applicability concerns graph.

Figure 7 (Continued)
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relatively small and limited. It might weaken the value of our 

conclusions in some extent and thus large-scale multicenter 

studies about the expression of DJ-1 are still needed. Fourth, 

the languages of publications were confined to Chinese and 

English and it potentially induced a language bias.

Conclusion
Our meta-analysis revealed that increased expression of DJ-1 

was positively correlated with advanced clinicopathological 

features and poor OS of cancer patients, suggesting that it 

is an important biomarker in tumor clinical assessments 

and prognosis prediction. The relatively high sensitivity 

and specificity of DJ-1 in the detection of tumors indicated 

that it would be a potential molecular biomarker for cancer 

diagnosis.
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