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Introduction

Gastric cancer (GC) is the third common cancer 
and the third leading cause of cancer-related death 
in China,1 and the prognosis of GC patients in an 
advanced stage is unfavorable due to its distant 
metastasis. Numerous studies have shown that the 
activation of oncogenes or inactivation of anti-
oncogenes participates in the multiple stages of 
GC. Therefore, identification of the potential mark-
ers is indispensable for the early detection of GC.

Activation of signal transducers and activators of 
transcription (STATs) is associated with the tumor 
growth and progression. Increasing data show that 
STAT2 expression is increased in cholangiocarci-
noma.2 High expression of STAT2 is associated with 
the high-risk of lung adenocarcinoma (LAC),3 and 
the aggressive phenotype in breast cancer.4 STAT2 

also regulates the tumor growth5 and IFN-alpha-
induced cell apoptosis.6

MiRNAs/target mRNA axis participates in the 
progression of multiple malignancies including 
GC.7 Some studies have shown that miR-221/222 
suppresses glioblastoma tumorigenicity by inhibi-
tion of INF-alpha signaling.8 In the present study, 
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we found that STAT2 expression was dramatically 
elevated in GC tissues and acted as an independent 
prognostic factor of poor survival in patients with 
GC. The upregulation of STAT2 was attributable to 
the dysregulation of miR-605-5p, which indicated a 
negative correlation with STAT2 expression, and 
was an independent prognostic factor of poor sur-
vival in patients with GC.

Materials and methods

Clinical samples

The tissue microarray (TMA) including 89 pair-
matched GC tissue samples was purchased from 
Shanghai Outdo Biotech Co. LTD (HStm-
Ade180Sur-01, Shanghai, China). The clinico-
pathological and prognostic data in another cohort 
for 415 cases of GC samples and 32 adjacent nor-
mal tissues as well as the relative expression levels 
of STAT2 and 10 miRNAs (has-323b-3p, has-
3127-5p, has-24-3p, has-502-3p, has-501-3p, has-
370-3p, has-3150b-3p, has-3928-3p, has-605-5p 
has-3074-5p) were downloaded from The Cancer 
Genome Atlas (TCGA) 2015 RNA-seq database 
(https://genome-cancer.ucsc.edu). The protocols 
used in our study were approved by the Ethics 
Committee of Jingzhou Central Hospital.

Immunohistochemistry analysis

The protein expression of STAT2 was examined 
using immunohistochemistry (IHC) analysis in 89 
pair-matched GC tissues from the TMA. These tis-
sues were stained using anti-STAT2 (ab53132; 
Abcam, Cambridge, MA, USA). The detailed pro-
cess of IHC as well as the quantification of STAT2 
protein expression was conducted as previously 
described.7

Identification of the miRNAs that target STAT2 
3′UTR

Ten miRNAs that target 3′UTR of STAT2 gene 
were identified using the TargetScanhuman7.1 
(http://www.targetscan.org/vert_71/) according to 
the weighted context score.

Statistical analysis

The statistical analyses were conducted using SPSS 
20.0 (IBM, SPSS, Chicago, IL, USA) and GraphPad 
Prism. Student’s t test and chi-square test were used 
to analyze the statistical significance for the com-
parisons of two groups. Pearson’s correlation coef-
ficient analysis was used to analyze the correlation 
of STAT2 with the miRNAs expression in GC 

Figure 1.  High expression of STAT2 was associated with a poor survival in GC patients. (a) TCGA cohort analysis of the 
expression levels of STAT2 in paired and unpaired GC tissues. (b) ROC curve analysis of the cutoff value of STAT2 in GC samples 
(n = 301). (c) The cutoff value of STAT2 divided the patients into high and low expression groups. (d) The Kaplan–Meier analysis of 
the association of high or low STAT2 expression with the poor survival and tumor recurrence in GC patients.

https://genome-cancer.ucsc.edu
http://www.targetscan.org/vert_71/
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tissues. Survival and recurrence curves were plotted 
using the Kaplan–Meier method and the statistical 
significance was evaluated using a log-rank test. 
Statistical significance was set at P < 0.05.

Results

Upregulation of STAT2 expression was 
associated with a poor survival in GC patients

The protein expression levels of STAT were exam-
ined in 89 pair-matched GC samples by IHC analy-
sis, which indicated that the positive expression of 
STAT2 was increased in GC tissues as compared 
with the adjacent normal tissues (P < 0.001, 
Supplementary Figure S1). TCGA cohort further 
validated that STAT2 expression levels were tre-
mendously increased in paired and unpaired GC 
tissues (P = 0.0039, P < 0.0001; Figure 1(a)). 
According to the survival time, survival status, and 
STAT2 expression levels, a cutoff value of STAT2 
was obtained using the Cutoff Finder tool (http://
molpath.charite.de/cutoff/load.jsp) in these 301 
GC samples (Figure 1(b)) and divided the patients 
into high and low expression groups (Figure 1(c)).

Moreover, we analyzed the association of STAT2 
expression with the clinicopathological characteris-
tics and prognosis in GC patients and found that high 
expression of STAT2 was associated with pathologi-
cal stage (P = 0.002) and lymph node metastasis 
(P = 0.040), but had no association with other factors 
(each P > 0.05) in GC patients (Supplementary Table 
S1). TCGA cohort further evidenced that STAT2 

expression was only associated with the age 
(P = 0.034) rather than other factors in GC patients 
(Supplementary Table S2). The Kaplan–Meier anal-
ysis demonstrated that the patients with high STAT2 
expression had a poorer survival, but displayed no 
difference in tumor recurrence, as compared with 
those with low STAT2 expression (Figure 1(d)). 
Univariate and multivariate analysis revealed that 
high STAT2 expression as well as the pathological 
stage was an independent prognostic factor of poor 
survival in GC patients (Table 1).

STAT2 was identified to have a negative 
correlation with miR-605-5p expression in  
GC tissues

To uncover the cause of STAT2 upregulation in GC 
samples, we estimated the genetic and epigenetic 
alterations of STAT2 gene in GC (n = 287), indicat-
ing that STAT2 had no significant alterations at the 
genetic (Supplementary Figure S2A) and methyla-
tion levels (Supplementary Figure S2B), and DNA 
mutation, copy number, and methylation level could 
not account for the STAT2 upregulation in GC.

We hypothesized that STAT2 upregulation in GC 
might be modified by miRNAs at post-transcrip-
tional levels. To confirm our hypothesis, we identi-
fied 10 miRNAs that may bind to STAT2 3′UTR 
using TargetScanHuman7.1 and evaluated the 
expression levels of these miRNAs in GC samples, 
of which only miR-605-5p had a reduced expression 
in paired and unpaired GC tissue samples, as 

Table 1.  Cox regression analysis of STAT2 expression as a survival predictor in GC patients.

Variables Univariate Cox regression analysis Multivariate Cox regression analysis

RR (95% CI) P value RR (95% CI) P value

Age (years)
⩾60 versus <60 1.763 (1.118–2.781) 0.015 1.808 (1.140–2.868) 0.012
Gender
Male versus female 1.214 (0.803–1.834) 0.358 NA NA
Pathological stage
III/IV versus I/II 1.874 (1.240–2.834) 0.003 1.826 (1.195–2.792) 0.005
T stage
T3 + T4 versus T1 + T2 1.603 (0.980–2.622) 0.060 NA NA
N staging
Positive versus negative 1.542 (0.992–2.397) 0.054 NA NA
M stage
Positive versus negative 1.621 (0.904–2.905) 0.105 NA NA
STAT2 expression
High versus low 5.031 (2.426–10.435) <0.0001 3.491 (1.649–7.391) 0.001

GC: gastric cancer; CI: confidence interval; NA: not analyzed.

http://molpath.charite.de/cutoff/load.jsp
http://molpath.charite.de/cutoff/load.jsp
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compared with the adjacent normal tissues (Figure 
2(a)). The downregulation of miR-605-5p was vali-
dated in another TCGA cohort in unpaired GC tis-
sues (Figure 2(b)). Pearson correlation analysis 
showed that STAT2 had a negative correlation with 
miR-605-5p expression in GC tissues (Figure 2(c)).

Low expression of miR-605-5p was associated 
with a poor survival in GC patients

Having verified the decreased expression of miR-
605-5p in GC tissues (Figure 2(a) and (b)), we fur-
ther analyzed the association between miR-605-5p 
expression and clinicopathological characteristics 
and prognosis in GC patients. A cutoff value of 
miR-605-5p was obtained in GC tissues (n = 160) 
using the Cutoff Finder tool (Figure 3(a)) and 
divided the patients into high and low miR-605-5p 
expression groups (Figure 3(b)). The AUC value, 
sensitivity, and specificity of miR-605-5p expres-
sion in GC patients were 0.51, 95.0%, and 10.0%, 
respectively (Figure 3(a)).

Furthermore, miR-605-5p expression had no 
association with the clinicopathological factors in 
GC patients (each P > 0.05, Supplementary Table 
S3). The Kaplan–Meier analysis demonstrated that 

the patients with low miR-605-5p expression har-
bored a poorer survival, but had no difference in 
tumor recurrence (Figure 3(c)), as compared with 
those with high miR-605-5p expression. Univariate 
and multivariate analyses revealed that miR-605-5p 
high expression as well as the distant metastasis was 
an independent prognostic factor of overall survival 
in GC patients (Supplementary Table S4).

Discussion

STAT2 is aberrantly expressed in cancers, acting as 
an oncogenic factor.2 However, the expression lev-
els of STAT2 in GC remain unclear. In the present 
study, STAT2 expression was confirmed elevated in 
GC by TMA and TCGA cohorts. TMA data demon-
strated that high expression of STAT2 was associ-
ated with pathological stage and distant metastasis, 
but another cohort from TCGA data validated that 
STAT2 had no association with the clinicopatholog-
ical factors except for the age in GC. The upregula-
tion of STAT2 has been reported associated with a 
poor prognosis in cancers.3,4 We found that high 
expression of STAT2 was associated with a poor 
survival and acted as an independent prognostic  
factor of poor survival in GC patients.

Figure 2.  STAT2 was identified to display a negative correlation with miR-605-5p expression in GC tissues. (a) TCGA analysis of 
the expression levels of 10 miRNAs in paired and unpaired GC tissues. (b) TCGA validation of the expression levels of miR-605-5p 
in unpaired GC tissues. (c) Pearson correlation analysis of the correlation of STAT2 with miR-605-5p expression in GC tissues.

https://journals.sagepub.com/doi/suppl/10.1177/2058739218819690
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Furthermore, the upregulation of STAT2 was 
attributable to the post-transcriptional modulation 
rather than its genetic and epigenetic alterations in 
GC. MiR-605-5p was identified downregulated in 
GC tissues, displayed a negative correlation with 
STAT2 expression, and acted as an independent 
prognostic factor of poor survival in GC patients. 
Some studies indicated that the serum levels of miR-
605 are associated with the risk of prostate cancer,9 
and miR-605 acts as a tumor suppressor by targeting 
engrailed homeobox 2 in prostate cancer,10 and 
Gankyrin in cholangiocarcinoma.11 These results 
suggested that STAT2 expression might be regu-
lated by miR-605-5p in GC.

In conclusion, our findings demonstrate that high 
expression of STAT2 or low expression of miR-
605-5p is associated with poor survival and acted as 
an independent prognostic factor of poor survival in 
GC patients. miR-605-5p/STAT2 axis may represent 
potential markers for poor survival in GC patients.
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