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Predicting STAT1 as a prognostic marker
in patients with solid cancer

Jinguo Zhang, Fanchen Wang, Fangran Liu and Guoxiong Xu

Abstract

Background: Aberrant activities of signal transducer and activator of transcription 1 (STAT1)
have been implicated in cancer development. However, the prognostic value of STAT1 remains
unclear. This report identified the role of STAT1 in prognosis in patients with solid cancer
through open literature and The Cancer Genome Atlas (TCGA] database.

Methods: Published articles were obtained from PubMed, Web of Science, and Embase
databases according to a search strategy up to October 2019. Pooled hazard ratios (HRs) with
95% confidence intervals (Cls) were extracted to assess the prognostic factors of patients.
TCGA datasets were used to explore the prognostic value of STAT1 in various cancers.
Results: A total of 15 studies incorporating 2839 patients with solid cancers were included.
Pooled data showed that overexpressed STAT1 favored long overall survival (0S) (HR =0.604,
95% Cl =0.431-0.846, p=0.003) and disease-specific survival (DSS) (HR=0.650, 95% CI=0.512-
0.825, p=0.000). In subgroup analyses, highly expressed STAT1 was correlated with long 0S
of patients with high-grade serous ovarian cancer and oral squamous cell carcinoma. Data
extracted from TCGA datasets unveiled that STAT1 expression was significantly higher in 12
cancers (e.g. bladder and breast) than their adjacent normal tissues. Again, highly expressed
STAT1 favored long OS of patients with ovarian cancer as well as rectum adenocarcinoma,
sarcoma, and skin cutaneous melanoma. However, in renal carcinoma, brain lower grade
glioma, lung adenocarcinoma, and pancreatic cancer, highly expressed STAT1 was correlated
with poor OS of patients. Particularly in renal carcinoma, increased STAT1 expression

was associated with high grade, later stage, large tumor size, and lymph node and distant

metastasis.

Conclusion: STAT1 has been identified to have prognostic value in patients with solid cancer.
Highly expressed STAT1 may predict prognosis in cancer patients based on their tumor types.
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Introduction

Cancer is a common disease at the gene level and
remains a major problem of health-care world-
wide.! As the population continually grows and
people live longer, the number of new cancer
cases is increasing annually. In 2020, the
American cancer burden is estimated to be
1,806,590 new cancer cases and 606,520 cancer
deaths.? Accumulated evidence shows that the
Janus kinase (JAK)/signal transducer and activa-
tor of transcription (STAT) signaling pathway is
involved in the cellular processes of cancer

development and mediated by the regulatory
actions of various cytokines, interferon, and
growth factors.? The JAKSs are initially activated
by ligand binding, followed by the induction of
the trans-phosphorylation of STAT proteins. The
activated STATSs subsequently enter the nucleus,
where they act as transcription factors that bind
to target genes.®5 In normal physiological condi-
tions, the JAK/STAT signal pathway plays a key
role in proliferation, apoptosis, immunity, and
cell differentiation.%” It has been shown that acti-
vation of the JAK/STAT signaling pathway occurs
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frequently in a wide variety of tumors and is asso-
ciated with advanced tumor growth, angiogene-
sis, and stem cell maintenance.”® Therefore,
JAK/STAT signaling transducers can be specu-
lated or expected as promising targets for drug
development and cancer therapy.

The STAT proteins belong to a family of cyto-
plasmic transcription factors and have seven
members, including STAT1, STAT2, STATS3,
STAT4, STAT5A, STAT5B, and STAT®6.10:11
Of all the members, much attention has been paid
to STAT3 and STAT1.1213 STATT is the first
member of the STAT family shown to function as
a central mediator of typel and typeIl interferon
(IFN) activation and is involved in the immune-
defense reaction, which helps protect individuals
against infections from pathogens and other
viruses in innate immunity.!* Previous studies
revealed that STAT1 is overexpressed in malig-
nant tumors and plays an oncogenic role in
patients with cancer, such as breast and ovarian
cancers.!5:16 Patients with STAT1 or phospho-
STAT1 at a high expression level have a worse
outcome compared with patients with STAT1 at
a low expression level.l” However, on the other
hand, STATI1 deficiency studies show that
STAT1 may act as a tumor suppressor in many
ways. For example, the loss of STAT1 expression
is found in colorectal and breast cancers.!®19
Furthermore, evidence from iz vivo studies of a
tumor suppressor role of STAT1 was also shown
in STAT1 knockout mice, which demonstrates
that STAT1 deficiency may be associated with
tumor growth and may increase susceptibility to
ovarian teratoma development.!8:20 A more recent
study displayed that the tumor growth and metas-
tasis of head and neck squamous cell carcinoma
were faster in Statl”/~ mice than in Statl*/*
mice,?! suggesting that STAT1 may be an essen-
tial antitumor factor. Nevertheless, the mecha-
nism behind the oncogenic or tumor-suppressing
role of STAT1 remains unclear.

Although numerous meta-analysis studies have
demonstrated that elevated STAT3 expression
could predict poor survival in human solid
tumors,?225 the prognostic value of STATI in
patients with solid cancer has not yet been sys-
temically analyzed. Based on the available evi-
dence, we found that the role of STATI1 in
patients with cancer remains controversial.
Hence, this study conducted a comprehensive
meta-analysis to explore the prognostic value of
STAT1 in human solid cancers, and investigated

the relationship between STAT1 expression and
the overall survival (OS), disease-free survival
(DFS), and disease-specific survival (DSS).

Materials and methods

Literature search strategy

This meta-analysis was performed in agreement
with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guide-
lines.2¢ Published articles in PubMed, Web of
Science, and Embase databases were thoroughly
reviewed up to October 2019. The main search
terms were as follows: “signal transducer and
activator of transcription 1 OR STAT1 OR tran-
scription factor STAT91” AND “neoplasia OR
neoplasm OR tumour OR tumor OR cancer OR
malignancy” AND “prognosis OR prognoses OR
prognostic factor” (Supplemental Material 1).
Transcription factor STATO91 is an alias of
STAT1. Extended references from selected arti-
cles were also checked for identifying other rele-
vant studies. At least two authors independently
conducted the literature search, and any disagree-
ments between the two authors were resolved
through discussion. The full electronic search
strategies for PubMed and Web of Science can be
found in Supplemental Material 1.

Inclusion and exclusion criteria

The inclusion criteria for satisfactorily selected
articles were as follows: (1) the diagnosis for can-
cer was based mainly on pathological examina-
tion; (2) protein expression of STATI1 or
phospho-STAT1 in tumor tissues was detected
by immunohistochemistry or western blot; (3) a
correlation between STAT1 expression and sur-
vival outcome was described; (4) the hazard ratio
(HR) with 95% confidence interval (CI) or avail-
able data to extract the HR with 95% CI had
been reported directly or provided; and (5) the
study with the largest number of patients was
selected if articles used overlapping samples. The
exclusion criteria were as follows: (1) failure to
meet any inclusion criteria; (2) review, meeting
abstract, meta-analysis, case reports, patent, let-
ters to the Editor; and (3) non-English articles.

Data collection

Data were collected from all selected papers, and
the following characteristics were extracted: first
author’s name, publication year, region of patients,
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number of patients, average age of patients, cancer
type, method of STAT1 detection, cut-off value of
STAT1 expression, follow-up time, Newcastle-
Ottawa-Scale INOS) score, and survival outcome.
If a paper reported both multivariate HR and uni-
variate HR, the former was extracted. Because
DFS and progress-free survival (PFS) are very
similar, the two outcomes were combined. If the
HR was not provided in a paper, survival data were
estimated by Engauge Digitizer V4.1 software and
the method from Tierney er al. was applied to cal-
culate HR and 95% CI.27

Quality assessment

The NOS system was used to assess the quality of
the included studies.?® This system included the
following three dimensions and eight items: selec-
tion of study groups, comparability of groups,
and ascertainment of outcomes. Scores =7 indi-
cated a high-quality study, whereas scores <7
indicated a low-quality study. The results were
measured using Review Manager 5.2 software.

Statistical analysis

Pooled HRs and 95% CIs were calculated using
Stata version 12.0 (Stata Corporation, College
Station, TX, USA). The random-effect model was
used to determine the pooled HRs and 95% ClIs for
three endpoint outcomes: OS, DFS, and DSS.
Heterogeneity among studies was tested by per-
forming the Cochrane’s Q test and Higgins
I-squared statistics (I2).2° When heterogeneity was
significant (p<<0.10 or I2>50%), a random-effect
model was applied to estimate the HR. Otherwise,
a fixed-effect model was used.?® In order to explore
the source of heterogeneity, we also performed a
subgroup analysis using two different models.
Publication bias was assessed quantitatively using
Begg’s test and Egger’s test.3! When publication
bias existed, the Duval and Tweedie’s trim and fill
method was used to calibrate the effect.?? In addi-
tion, we performed a sensitivity analysis in which
one study at a time was removed to evaluate the
stability of pooled results. In this study, a two-sided
p-value of <0.05 was considered to be statistically
significant.

Extraction and analysis of TCGA datasets

The transcriptome profiling and clinical data of 24
types of cancer patients were obtained from The
Cancer Genome Atlas (TCGA) database (https://
www.cancer.gov/tcga). The expression of STATI,

pathological grade and stage, and survival data
were extracted for further analysis. The Wilcoxon
rank-sum test was used to analyze the expression
of STATI1 in non-paired samples and the
Wilcoxon’s signed-rank test was used for the paired
samples. Kaplan-Meier survival analyses were con-
ducted according to the survival data of patients in
the TCGA database. The Kaplan—Meier OS curve
with a cut-off value of the median expression of
STAT1 was plotted. The Kruskal-Wallis test and
Wilcoxon signed-rank test were applied to evaluate
relationships between STAT1 expression and clin-
icopathologic features. All statistical analyses and
plots were generated using software R (version
3.5.1) (http://www.r-project.org/).

Results

Search results and study characteristics

The data related to STAT1 expression and the
prognosis of patients with solid cancer were
retrieved from 1122 articles after PubMed, Web of
Science, and Embase databases search (Figure 1).
A total of 2839 patients from 15 published articles
were included in the current study after carefully
screening and evaluating the titles, abstracts, and
full text.!7-33-46 The sample size in all included
studies was measured and found to be between 33
and 511 with a median of 130. Among all the
cohorts, 5 were Asian, whereas 10 were non-Asian.
The types of cancer included high-grade serous
ovarian cancer (n=3), colorectal cancer (n=2),
lung cancer (n=2), oral squamous cell carcinoma
(n=2), cervical cancer (= 1), breast cancer (n=1),
pancreatic cancer (n=1), esophageal squamous
cell carcinoma (n=1), sarcoma (n=1), and carci-
noid tumors (z=1). Among the 15 studies, the HR
of OS was measured in 11 articles and the HRs of
DFS and DSS were evaluated in 5 and 3 articles,
respectively. The main characteristics of the
enrolled studies are presented in Table 1. The
quality of the overall methodology of 15 studies
was evaluated by NOS. Most of the studies were of
high methodological quality and only a few studies
lacked details after assessment of results in each
individual study (Figure 2A and B).

Correlation between STAT1 expression and
prognosis

The OS was reported in 11 studies with 1416
cancer patients. Our analysis revealed that highly
expressed STATI1 was a positive predictor for
OS among cancer patients (HR=0.604, 95%

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 12

Records identified through datasets searching
(n=1122)

Records after duplicated removed

Records pulled following title/abstracts
screened (n=1024)

(0=98)

Records excluded, with reasons:
1.Non-cancer disease (n=47)
2.No relevant to prognosis of cancer (n=253)

A 4

\4

3.Abstract, letter,reviews, patent and system
review (n=208)
4.0Other topics (n=377)

Full-text articles assessed for eligibility
(n=139)

Full-text articles excluded, with reasons:
1.No HRs and 95%CI or P values for outcome

A 4

Studies included in quantitative synthesis
(n=15)

Figure 1. Flow chart of the study design and process.
Cl, confidence interval; HR, hazard ratio.

CI=0.431-0.846, p=0.003) (Figure 3). This
pooled analysis was conducted by the random-
effect model because of significant heterogeneity
I2=75.6%, p=0.000). The effect of highly
expressed STAT1 on DFS was evaluated in five
studies with 831 patients. We used a random-
effect model to calculate the pooled HRs and
95% ClIs because of the significant heterogeneity
I?=76.2%, p=0.002). The pooled result
revealed that cancer patients with highly expressed
STAT1 had longer DFS (HR=0.766, 95%
CI=0.570-1.029), but there was no statistical
significance (p=0.077) (Figure 4A). Next, we
found that DSS was measured in three studies
with 912 cancer patients. A fixed-effect model
was applied to calculate the pooled HRs and 95%
Clsbecause of the slight heterogeneity (I?=40.6%,
p=0.186). The pooled results indicated a positive
correlation between highly expressed STAT1 and
longer DSS (HR=0.650, 95% CI=0.512-0.825,
$»=0.000) (Figure 4B).

» were provided (n=122)
2. With overlapping patients (n=2)

Subgroup analyses of 0S with STATT positivity

To further explore sources of heterogeneity, we
performed a subgroup analysis of OS data using
two different models. The results of four sub-
group analyses are shown in Table 2. The first
subgroup analyses by region revealed that the
pooled HRs were 0.630 (95% CI=0.337-1.178,
p»=0.148) for Asian patients (five studies) and
0.666 (95% CI=0.431-0.846, p=0.000) for
Non-Asian patients (six studies). The second
subgroup analyses by sample size showed that the
pooled HRs were 0.455 (95% CI=0.279-0.743,
p»=0.002) for sample size <100 (five studies) and
0.865 (95% CI=0.751-0.997, p=0.045) for
sample size =100 (six studies). The third sub-
group analyses by stratification analytic type
resulted that pooled HRs were 0.590 (95%
CI=0.429-0.810, p=0.001) for univariate analy-
sis (six studies) and 0.608 (95% CI=0.317—
1.165, p=0.134) for multivariate analysis (five
studies). The fourth subgroup analyses by cancer
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Table 1. Main characteristics of the eligible studies.

Study Region Case  Cancer type Age Cut-off value  Follow-up Method NOS SO
time (range) score
Au et al.3® Canada 511 High-grade serous 65 ROC 34m (1-150)  IHC 8 PFS
ovarian cancer
Chen et al.34 Taiwan 165 Cervical cancer 69 20% of the 9.4y (2.6-20) IHC 9 0S
nuclei staining
Gordziel Germany 414 Colorectal carcinoma NR scores 2-3 1-120m IHC 6 0S
etal.®
Gujam etal3¢  Scotland 384 Breast cancer >50 NR 148 m IHC 9 DSS
Josahkian Canada 65 High-grade serous 55.5 score 1.5-3 1-9y IHC 8 DFS
etal¥ ovarian cancer and 0S
Kaida et al.’? Japan 140 Lung cancer 73 score 3 0-5y IHC 6 DFS
and 0S
Koti et al.%8 Canada 183 High-grade serous 61 ROC 1-150m IHC 9 0S and
ovarian cancer PFS
Laimer etal’®? Austria 38 Squamous cell 63.3 35% of the 1-144m IHC 9 0S
cancer of the oral nuclei staining
cavity
Lin et al.40 Taiwan 97 Pulmonary squamous 69 positive 1-250m IHC 9 DFS
cell carcinomas staining in 5% and 0S
Pappaetal4’  Greece 49 Oral squamous cell 59.2 35-70% 1-7y IHC 9 0S
carcinoma staining
Simpson UK 405 Colorectal cancer 72 10% of tumor  42m (1-116)  IHC 7 DSS
etal.®? cells staining
Sun et al.?3 China 100 Pancreatic cancer 58.66  astaining 20m IHC 8 0S
index of 6 (1-84m)
Zhang etal.*  China 130 Esophageal 57 staining 21.5m IHC 8 oS
squamous cell scores 7 (5-92m])
carcinoma
Zhou et al.%5 Sweden 40 Carcinoid tumors NR staining 1-200m IHC 6 0S
scores 2
Zimmerman USA 123 Sarcoma 61.3 presence of 1-120m IHC 7 DSS

et al.46

expression

DFS, disease-free survival; DSS, disease-specific survival; IHC, immunohistochemistry; m, month; NOS, Newcastle-Ottawa-scale; NR, no report;
0S, overall survival; PFS, progression-free survival; ROC, receiver operating characteristic; SO, survival outcome; y, year.

types displayed that highly expressed STAT1 was
associated with favorable OS of patients with
high-grade serous ovarian cancer (HR=0.683,
95% CI=0.497-0.938, »p=0.019) (2 studies),
oral squamous cell carcinoma (HR=0.486, 95%

cancer

(HR=1.223,

p»=0.055) (two studies).

95%

CI=0.996-1.501,

Publication bias and sensitivity analysis

CI=0.241-0.980, p=0.044) (two studies), and
another five cancers (pooled HR=0.542, 95%
CI=0.361-0.813, p=0.003), but not in lung

Publication bias was evaluated by a funnel plot for
OS. The Egger’s test for OS revealed the existence
of publication bias (p=0.011). Therefore, we
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Figure 2. Quantitative assessment. (A Risk of bias summary for each included study according to the NOS system. (B) Risk of bias
graph by reviewing authors’ judgments about each risk of bias item presented as percentages across all included studies according

to the NOS scores.
NOS, Newcastle-Ottawa-scale.

Study

Chen (2012) _ &

Gordziel (2013)

Josahkian (2018) —o-

Koti (2015)

Laimer (2007)

d
1
1
i
1
i
Kaida (2018) E =
1
+
1
1
\
1
Lin (2016) -
1
Pappa (2014) —_—
1
Sun (2014) _—
1
1

Zhang (2017) —

Zhou (2001) &

Overall (-squared = 75.6%, p = 0.000) <>

NOTE: Weights are from random effects analysis

HR (95% Cl)

0.56 (0.25, 1.24)
0.72 (0.51, 1.03)
0.33(0.11, 0.99)
1.26 (1.02, 1.55)
0.73 (0.52, 1.01)
0.30 (0.10, 0.92)
0.57 (0.20, 1.64)
0.67 (0.27, 1.65)
0.29 (0.17, 0.48)
0.73 (0.46, 1.15)
0.39 (0.08, 1.79)

0.60 (0.43, 0.85)

%

Weight

8.16
12.97
5.83
14.26
13.17
5.74
6.12
7.24
11.12
11.81
3.60

100.00

T
.08 1

Figure 3. Forest plot of the association between STAT1 expression and OS.

-

Cl, confidence interval; HR, hazard ratio; 0S, overall survival; STAT1, signal transducer and activator of transcription 1.
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Figure 4. Forest plot of the association between DFS/PFS and DSS. (A) Association between STAT1 expression
and DFS/PFS in patients with solid cancer. (B) Association between STAT1 expression and DSS in patients with

solid cancer.

Cl, confidence interval; DFS, disease-free survival; DSS, disease-specific survival; HR, hazard ratio; PFS, progression-free
survival; STAT1, signal transducer and activator of transcription 1.

conducted the trim and fill method to adjust the
effect of potential publication bias of OS. The
funnel plot showed that there was no significant
asymmetry without adding or deleting any indi-
vidual study (Figure 5A). In addition, the shape
of the funnel plot did not show evident asymme-
try for DFS/PFS (Figure 5B). These data indicate
that there was no obvious publication bias con-
firmed by a Begg’s test (p=0.624) and Egger’s
test (p=0.069). Next, sensitivity analyses were
performed through the sequential removal of a
single study to validate the robustness of

study-influence on OS and DFS/PFS. The
removal of any individual study did not change
the pooled outcome on OS and DFS/PFS (Figure
6A and B), demonstrating that the results of this
meta-analysis were stable and no individual study
dominated in overall analyses.

Association between STAT1 expression and 0S

of patients with cancers

The OS data of patients with expression of
STATT1 in different cancers were extracted from

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 12

Table 2. Subgroup analysis of OS.

Analysis N Random-effect model Fixed-effect model Heterogeneity
HR (95% Cl) p-value HR (95% Cl) p-value 12 (%) Ph
Subgroup 1: Asian 5 0.630 (0.337-1.178)  0.148 0.936 (0.788-1.112) 0.453 87.1 0.000
Non-Asian 6 0.666(0.431-0.846)  0.000 0.666 (0.534-0.831) 0.000 0 0.478
Subgroup 2: sample 5 0.455(0.279-0.743)  0.002 0.455 (0.279-0.743) 0.002 0 0.774
case <100
Sample case =100 6 0.681(0.454-1.022)  0.064 0.865(0.751-0.997) 0.045 84.9 0.000
Subgroup 3: Univariate 6 0.590 (0.429-0.810)  0.001 0.629 (0.519-0.762) 0.000 53.2 0.058
analysis
Multivariate analysis 3 0.608 (0.317-1.165)  0.134 1.075 (0.888,1.302) 0.457 74.0 0.004
Subgroup 4: HGSC 2 0.586 (0.291-1.178)  0.133 0.683 (0.497-0.938) 0.019 46.2 0.356
0scC 2 0.479 (0.220-1.042)  0.063 0.486 (0.241-0.980) 0.044 17.3 0.271
LC 2 1.009 (0.502-2.028)  0.980 1.223 (0.996-1.501) 0.055 52.4 0.147
Others 5 0.542 (0.361,0.813) 0.003 0.582 (0.461-0.734) 0.000 58.0 0.023

Cl, confidence interval; HGSC, high-grade serous ovarian cancer; HR, hazard ratio; LC, lung cancer; N, number of studies; OSCC, oral squamous
cell carcinoma; Ph, p-value of Q test for heterogeneity.

(a)

theta, filled

Filled funnel plot with pseudo 95% confidence limits (b)

Inhr
=]
|

Begg's funnel plot with pseudo 95% confidence imits

2 4 5 B ¢

s.e. of: theta, filled

s.e. of Inhr

Figure 5. Funnel plot of publication biases. (A) Trim and fill method for 0S. (B) Begg's funnel plot analysis for DFS and PFS. Each

circle represents a study.
DFS, disease-free survival; Inhr, logarithm of hazard ratios; OS, overall survival; PFS, progression-free survival; s.e., standard error.

the TCGA research network. As shown in
Figure 7, STAT1 mRNA was detected in 18
types of cancers. Compared with normal tissue
samples, STAT1 was overexpressed in 14 malig-
nant tumors, including bladder, breast, cervical,
colon, and kidney cancers; esophageal, head and
neck squamous cell, hepatocellular, lung squa-
mous cell, thyroid, and uterine corpus endome-
trial carcinomas; lung, rectum, and stomach
adenocarcinomas. No obvious difference in

STAT1 expression between cancer and normal
tissues was found in pancreatic cancer, pheochro-
mocytoma, prostatic cancer, and sarcoma. By
comparing paired tissue samples from the TCGA
database, the analytic results showed that STAT1
expression was significantly higher in 12 types of
cancer tissues than in their adjacent normal tis-
sues, including bladder cancer, breast cancer,
colon adenocarcinoma, esophageal carcinoma,
head and neck squamous cell carcinoma,
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Figure 6. Sensitivity analysis of the study. (A) Sensitivity analysis of 0S. (B) Sensitivity analysis of DFS and PFS.
DFS, disease-free survival; OS, overall survival; PFS, progression-free survival.

hepatocellular carcinoma, lung adenocarcinoma,
lung squamous cell carcinoma, rectum adenocar-
cinoma, stomach adenocarcinoma, thyroid carci-
noma, and uterine corpus endometrial carcinoma,
except kidney and prostate cancers (Supplemental
Figure S1). In the survival analysis of eight datasets
generated by the TCGA research network, we
found that highly expressed STAT 1 was correlated
with poor OS in patients with renal carcinoma,
brain lower grade glioma, lung adenocarcinoma,
and pancreatic cancer. However, in ovarian can-
cer, rectum adenocarcinoma, sarcoma, and skin
cutaneous melanoma, highly expressed STATI
favored long OS of patients (Figure 8).

Associations between STATT expression and
clinicopathologic features

The available clinical data of 24 types of cancer
patients were extracted from the cancer cohort
studies in the TCGA database along with clinico-
pathologic features, including stage, grade, and
TNM (tumor, node, metastasis) classification.
In particular, we found that increased STAT1
expression was associated with higher grade, later
stage, large tumor size, and lymph node and dis-
tant metastasis in renal carcinoma (Supplemental
Figure S2). Further analyses of the association
between STAT1 expression and tumor grades
showed that highly expressed STAT1 was associ-
ated with a high grade of tumor in bladder
urothelial carcinoma, cervical squamous cell
carcinoma, lower grade glioma, liver cancer,
pancreatic adenocarcinoma, gastric cancer, and
uterine corpus endometrial carcinoma (Supple-
mental Figure S3). However, STAT1 expres-
sion was decreased in the later stage of colon

adenocarcinoma, head and neck squamous cell
carcinoma, skin cutaneous melanoma, and thy-
roid carcinoma (Supplemental Figure S4). In
some cancer patients, the expression of STATI1
was not associated with OS analyzed from the
TCGA database (Supplemental Figure S5).

Discussion

The current report shows, for the first time, the
systematic analysis of correlations between the
expression of STATI1 and the prognosis of
patients with solid cancer. This meta-analysis of
published clinical studies, with a detailed search
strategy and selection criteria, assessed the signifi-
cance of STAT1 as a prognostic factor. The out-
comes after analyses indicate that expression of
STAT1 is associated with survival of patients
based on their cancer type.

Recent studies have shown that STAT is involved
in aggressive biological behaviors of cancers,!047
remodeling of the tumor microenvironment,*8
stemness,*® and chemotherapeutic resistance.> In
view of the important function of STAT1 in can-
cer, several clinical studies have suggested that
STAT1 might be a potential marker of prognosis
for tumor patients,31:52 but each individual study
may not be sufficient to draw a conclusion. Thus,
the outcome of the prognostic role of STATI in
the survival of patients with solid cancer still
remains controversial.

STAT1 has two faces in human cancer. It can be a
tumor suppressor or an oncoprotein. The tumor-
suppressive role of STAT1 is driven by findings that
the reconstitution of STAT1 in STAT1-deficient

1
1.12
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murine fibrosarcoma cells significantly suppressed
tumorigenicity and metastasis in nude mice.>3
The high expression of STAT1 is reported to have
a good prognosis compared with the low or nega-
tive expression of STAT1 in some cancer
patients.3” However, on the other hand, two stud-
ies have identified high STAT1 mRNA levels
associated with poor prognosis, tumor progres-
sion, and worse survival in breast cancer.>455

Through the data analyses of the TCGA research
network, we further confirmed the prognostic
value of STATI1 in patients with solid cancer.
TCGA datasets reveal that, at the mRNA level,
STAT1 is upregulated in most cancers, including
bladder, breast, cervical, colorectal, esophageal,
liver, stomach, thyroid, lung, uterus cancers, and
head and neck squamous cell carcinoma. The
survival analysis of TCGA data revealed that
highly expressed STAT1 was associated with
longer OS in ovarian cancer, rectum adenocarci-
noma, sarcoma, and skin cutaneous melanoma.
Further, our subgroup analysis of OS showed that
an increased STATI1 favored longer OS in
patients with high-grade ovarian cancer and oral
squamous cell carcinoma. Again, on the other
hand, highly expressed STATI1 may predict
poor OS in patients with renal carcinoma, lung
adenocarcinoma, pancreatic adenocarcinoma,
and lower grade glioma. These results are in
agreement with previous reports of the tumor-
promoting role of STAT1 in malignant pleural
mesothelioma and late-stage melanoma.>%57
Taking a comprehensive view of whether STAT1
has favorable or adverse effects, the prognostic
factor of STAT1 most likely depends on cancer
type. The different outcomes observed in this
report may be due to the aberrant activation of
STAT1, which has been found in different can-
cers such as ovarian cancer, breast cancer, glioma,
pleural mesothelioma, squamous cell cancer of
the oral cavity.1%:3%:56:58,59 Thus, TCGA data anal-
ysis is consistent with the conclusion of our
meta-analysis.

Several mechanisms at multiple levels may explain
the controversial results observed in this report.
The tumor suppressor role of STATT is probably
associated with its function in the immune sys-
tem. Immune cells secrete interferons that lead
to STAT1 activation, resulting in immunosur-
veillance action.® IFN-induced STATI1 can
activate chemokines such as CXCL9, CXCL10,
and CXCLI11 that recruit CD8" T cells to have
antitumor immunity.3> Moreover, STATI1 as a

transcription factor induces the transcription of
cell cycle-related and apoptosis-related genes,
and genes of the death receptor and their ligands.
For instance, STAT1 can arrest the cell cycle in
response to IFNy through direct interaction with
cyclin D1 and CDK4 proteins.®! IFNy/STAT1-
induced expression of caspases 1 and 8 is reported
in cancer cell lines, where STAT1 regulates Bcl-2
family members including Bcl-2, Bcl-xl, Bax, and
Bak.926¢ STAT1 promotes the expression of the
death receptor Fas and their ligand FasL in hepa-
tocellular carcinoma and colon adenocarci-
noma.%%-%¢ In addition, STAT1 is also reported to
regulate angiogenesis in glioma, and overexpres-
sion of STAT1 leads to the downregulation of
HIF-1loo and VEGF-A under conditions of
hypoxia.>® Furthermore, our previous work has
demonstrated that STAT1 can bind to the trans-
forming growth factor beta (TGF-B) receptor,
and that overexpression of STAT1 weakens the
TGF-f signaling pathway in ovarian cancer cells, !’
implying that highly expressed STAT1 in ovarian
cancer may suppress TGF-p-induced metastasis,
which would favor the OS of patients with ovarian
cancer. Nevertheless, the short or long survival of
cancer patients may depend on the cancer type,
disease stage, the progression of cancer develop-
ment, and integrated signaling pathways.

STATI1 exists in two isoforms.!> Full-length
STATI1a isoform has traditionally been consid-
ered as the physiologically active form of STAT1
after phosphorylation at Tyr701 and Ser727 resi-
dues, and the truncated STAT1p isoform is con-
sidered as a physiological inhibitor of STATI.
The expression and activation ratio of STAT1a
and STAT1p in different cancer types may impact
cancer progression and promote a ‘switch’ from
tumor cell proliferation to a death phenotype. It
has been shown that overexpressed STATIf
represses STATla activation by inhibiting
Tyr701 phosphorylation, DNA-binding, and
transcriptional activity in human B cells.®” The
mechanism whereby STAT1f inhibits STAT 1o
is incompletely understood but may be explained
by competitive binding to the same DNA binding
sites and/or receptors. Interestingly, another
study shows that STATI1fB protects STATla
from degradation and enhances STAT1 function
in esophageal squamous cell carcinoma.** This
phenomenon is similar to the interplay between
STAT1 and STAT3 in colorectal cancer.
STAT?3-mediated transcription can be antago-
nized by STAT1.12 The expression ratio of two
STATSs can be evaluated for tumor progression
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regardless of their role as independent transcrip-
tion factors. Nevertheless, when searching for a
and P isoforms rather than total STATI1, no
report was obtained from the public literature
about the correlation between the expression of
STATI1o or STAT1 isoforms and the survival of
patients with solid cancer.

Several limitations to this study should be pointed
out. First, significant heterogeneity was found for
the OS endpoint. Therefore, subgroup analysis
was used to explore the source of heterogeneity,
which demonstrated high variabilities, such as
region, sample size, and cancer type. Second, the
cut-off value of STATI1 expression from the
immunohistochemistry was varied among stud-
ies. Therefore, there should be a uniform crite-
rion to define STAT1 expression as positive or
negative in future. Third, some papers did not
present HRs directly. Methods for estimating
HRs with corresponding 95% ClIs by the Engauge
Digitizer software might not be accurate enough.
Fourth, the Egger test revealed that the correla-
tion between STAT1 expression and OS might
exhibit publication bias. The prognostic role of
STATT1 in OS may potentially be exaggerated.

Conclusion

This study has shown that STAT1 is identified to
have prognostic value as STAT1 is a potential
marker of prognosis in patients with solid cancer.
Highly expressed STAT1 may predict prognosis
in cancer patients based on their tumor types.

Author contributions

JZ, FW, and FL conducted the literature search
and screening. JZ and FW performed the data
analyses. JZ prepared figures and wrote the draft
of the manuscript. GX designed the study and
wrote and edited the paper. All authors read and
approved the final version of the manuscript.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: The study was
supported by grants from the National Natural
Science Foundation of China (grant no.
81872121), the Natural Science Foundation of

Shanghai (grant no. 17ZR1404100), and the
Shanghai Municipal Commission of Health and
Family Planning (grant no. 201640287) to GX.

ORCID iD
Guoxiong Xu
9074-8754

https://orcid.org/0000-0002-

Supplemental material
Supplemental material for this article is available
online.

References
1. Wild CP. The global cancer burden: necessity is
the mother of prevention. Nat Rev Cancer 2019;
19: 123-124.

2. Siegel RL, Miller KD and Jemal A. Cancer
statistics, 2020. CA Cancer J Clin 20205 70: 7-30.

3. Boudny V and Kovarik J. JAK/STAT signaling
pathways and cancer - Minireview. Neoplasma
2002; 49: 349-355.

4. Pencik J, Pham HT, Schmoellerl J, er al. JAK-
STAT signaling in cancer: from cytokines to non-
coding genome. Cyrokine 2016; 87: 26-36.

5. Arumuggam N, Bhowmick NA and Rupasinghe
HP. A review: phytochemicals targeting JAK/
STAT signaling and IDO expression in cancer.
Phytother Res 20155 29: 805-817.

6. Ren W, Wu S, WuY, et al. MicroRNA-196a/-
196D regulate the progression of hepatocellular
carcinoma through modulating the JAK/STAT
pathway via targeting SOCS2. Cell Death Dis
2019; 10: 333.

7. Herrera SC and Bach EA. JAK/STAT signaling
in stem cells and regeneration: from Drosophila
to vertebrates. Development 2019; 146.

8. Furgan M, Akinleye A, Mukhi N, ez al. STAT
inhibitors for cancer therapy. ¥ Hematol Oncol
2013; 6: 90.

9. Groner B and von Manstein V. Jak Stat signaling
and cancer: opportunities, benefits and side
effects of targeted inhibition. Mol Cell Endocrinol
2017; 451: 1-14.

10. Furth PA. STAT signaling in different breast
cancer sub-types. Mol Cell Endocrinol 2014; 382:
612-615.

11. Verhoeven Y, Tilborghs S, Jacobs J, ez al. The
potential and controversy of targeting STAT
family members in cancer. Semin Cancer Biol
2019; 60: 41-56.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Friedrich K, Dolznig H, Han X, er al. Steering
of carcinoma progression by the YIN/'YANG
interaction of STAT1/STAT?3. Biosci Trends
2017; 11: 1-8.

Olbrich P and Freeman AF. STAT1 and
STAT3 mutations: important lessons for clinical
immunologists. Expert Rev Clin Immunol 2018;
14: 1029-1041.

Zhang XW, Li X, Tan FB, et al. STAT1 Inhibits
MiR-181a expression to suppress colorectal
cancer cell proliferation through PTEN/Akt.

F Cell Biochem 20175 118: 3435-3443.

Tian X, Guan W, Zhang L, et al. Physical
interaction of STAT1 isoforms with TGF-beta
receptors leads to functional crosstalk between
two signaling pathways in epithelial ovarian
cancer. ¥ Exp Clin Cancer Res 2018; 37: 103.

HouY, Li X, Li Q, er al. STAT1 facilitates
oestrogen receptor alpha transcription and
stimulates breast cancer cell proliferation. ¥ Cell
Mol Med 2018; 22: 6077-6086.

Kaida H, Azuma K, Kawahara A, ez al. The
assessment of correlation and prognosis among
18F-FDG uptake parameters, Glutl, pStatl
and pStat3 in surgically resected non-small

cell lung cancer patients. Oncotarget 2018; 9:
31971-31984.

Varikuti S, Oghumu S, Elbaz M, et al. STAT1
gene deficient mice develop accelerated breast
cancer growth and metastasis which is reduced
by IL-17 blockade. Oncoimmunology 2017; 6:
e1361088.

Crncec I, Modak M, Gordziel C, ez al. STAT1
is a sex-specific tumor suppressor in colitis-
associated colorectal cancer. Mol Oncol 2018; 12:
514-528.

Hannesdottir L, Daschil N, Philipp S, ez al.
MMTV-neu mice deficient in STATT1 are
susceptible to develop ovarian teratomas. Inz ¥
Dev Biol 2012; 56: 279-283.

Ryan N, Anderson K, Volpedo G, ez al. STAT1
inhibits T-cell exhaustion and myeloid derived
suppressor cell accumulation to promote
antitumor immune responses in head and neck

squamous cell carcinoma. Inr J Cancer 2020; 146:

1717-1729.

Xu YH and Lu S. A meta-analysis of STAT3
and phospho-STAT?3 expression and survival of
patients with non-small-cell lung cancer. Eur ¥
Surg Oncol 2014; 40: 311-317.

Liu Y, Huang J, Li W, er al. Meta-analysis of
STAT?3 and phospho-STAT?3 expression and
survival of patients with breast cancer. Oncotarget
2018; 9: 13060-13067.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

He S, Liao G, Liu Y, ez al. Overexpression of
STAT3/pSTAT?3 was associated with poor
prognosis in gastric cancer: a meta-analysis. Inz ¥
Chlin Exp Med 2015; 8: 20014-20023.

Chen J, Liu X, Jiao H, er al. Prognostic and
clinical significance of STAT3 and MMP9 in
patients with gastric cancer: a meta-analysis of
a Chinese cohort. Int ¥ Clin Exp Med 2015; 8:
546-557.

Liberati A, Altman DG, Tetzlaff ], er al. The
PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate
health care interventions: explanation and
elaboration. PLoS Med 2009; 6: €¢1000100.

Tierney JF, Stewart LA, Ghersi D, ez al. Practical
methods for incorporating summary time-to-
event data into meta-analysis. Trials 2007; 8: 16.

Stang A. Ciritical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Eur ¥
Epidemiol 2010; 25: 603—605.

Higgins JP, Thompson SG, Deeks JJ, er al.
Measuring inconsistency in meta-analyses. BMY
2003; 327: 557-560.

DerSimonian R and Kacker R. Random-effects
model for meta-analysis of clinical trials: an
update. Contemp Chn Trials 2007; 28: 105-114.

Song F and Gilbody S. Bias in meta-analysis
detected by a simple, graphical test. Increase

in studies of publication bias coincided with
increasing use of meta-analysis. BM¥ 1998; 316:
471.

Duval S and Tweedie R. Trim and fill: a simple
funnel-plot-based method of testing and adjusting
for publication bias in meta-analysis. Biomerrics
2000; 56: 455-463.

Au KK, Le Page C, Ren R, ez al. STAT1-
associated intratumoural T(H)1 immunity
predicts chemotherapy resistance in high-grade
serous ovarian cancer. ¥ Pathol Clin Res 20165 2:
259-270.

Chen HH, Chou CY, Wu YH, ez al. Constitutive
STATS5 activation correlates with better survival
in cervical cancer patients treated with radiation
therapy. Int ¥ Radiat Oncol Biol Phys 2012; 82:
658-666.

Gordziel C, Bratsch J, Moriggl R, ez al. Both
STAT1 and STAT?3 are favourable prognostic
determinants in colorectal carcinoma. Br ¥ Cancer
2013; 109: 138-146.

Gujam FJA, McMillan DC and Edwards J. The
relationship between total and phosphorylated
STAT1 and STAT3 tumour cell expression,

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

J Zhang, F Wang et al.

components of tumour microenvironment and
survival in patients with invasive ductal breast
cancer. Oncotarget 20165 7: 77607-77621.

37. Josahkian JA, Saggioro FP, Vidotto T, er al.
Increased STAT1 expression in high grade
serous ovarian cancer is associated with a better
outcome. Int ¥ Gynecol Cancer 2018; 28:
459-465.

38. Koti M, Siu A, Clement I, ez al. A distinct pre-
existing inflammatory tumour microenvironment
is associated with chemotherapy resistance in
high-grade serous epithelial ovarian cancer. Br ¥
Cancer 20155 112: 1215-1222.

39. Laimer K, Spizzo G, Obrist P, ez al. STAT1
activation in squamous cell cancer of the oral
cavity: a potential predictive marker of response
to adjuvant chemotherapy. Cancer 2007; 110:
326-333.

40. Lin MW, Yang CY, Kuo SW, ez al. The
prognostic significance of pSTAT1 and CD163
expressions in surgically resected stage 1
pulmonary squamous cell carcinomas. Ann Surg
Oncol 2016; 23: 3071-3081.

41. Pappa E, Nikitakis N, Vlachodimitropoulos
D, et al. Phosphorylated signal transducer and
activator of transcription-1 immunohistochemical
expression is associated with improved survival
in patients with oral squamous cell carcinoma.
F Oral Maxillofac Surg 2014; 72: 211-221.

42. Simpson JA, Al-Attar A, Watson NF, ez al.
Intratumoral T cell infiltration, MHC class I
and STAT1 as biomarkers of good prognosis in
colorectal cancer. Gur 20103 59: 926-933.

43. SunY, Yang S, Sun N, ez al. Differential
expression of STAT1 and p21 proteins predicts
pancreatic cancer progression and prognosis.
Pancreas 2014; 43: 619-623.

44. Zhang Y, Chen Y, Yun H, er al. STAT 1beta
enhances STAT1 function by protecting
STAT1alpha from degradation in esophageal
squamous cell carcinoma. Cell Death Dis 2017;
8:e3077.

45. Zhou Y, Wang S, Gobl A, ez al. Interferon alpha
induction of Statl and Stat2 and their prognostic
significance in carcinoid tumors. Oncology 2001;
60: 330-338.

46. Zimmerman MA, Rahman NT, Yang D, ez al.
Unphosphorylated STAT1 promotes sarcoma
development through repressing expression of
Fas and bad and conferring apoptotic resistance.
Cancer Res 20125 72: 4724-4732.

47. Jiang L, Liu JY, Shi Y, er a/. MTMR?2 promotes
invasion and metastasis of gastric cancer via

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

inactivating IFNgamma/STAT1 signaling. ¥ Exp
Chlin Cancer Res 2019; 38: 206.

Wang Y, Song X, Zheng Y, er al. Cancer/testis
Antigen MAGEA3 Interacts with STAT1 and
remodels the tumor microenvironment. Int ¥ Med
Sci 20185 15: 1702-1712.

Yang L, Dong Y, Li Y, ez al. IL.-10 derived from
M2 macrophage promotes cancer stemness via
JAK1/STAT1/NF-kappaB/Notchl pathway in
non-small cell lung cancer. Int ¥ Cancer 2019;
145: 1099-1110.

Liu C, Shi ], Li Q, er al. STAT1-mediated
inhibition of FOXMI1 enhances gemcitabine
sensitivity in pancreatic cancer. Clin Sci 2019;
133: 645-663.

Wang S, Yu L, Shi W, er al. Prognostic roles of
signal transducers and activators of transcription
family in human breast cancer. Biosci Rep 2018;
38.

Hatziieremia S, Mohammed Z, McCall P,

et al. Loss of signal transducer and activator of
transcription 1 is associated with prostate cancer
recurrence. Mol Carcinog 20165 55: 1667-1677.

Huang SY, Bucana CD, Van Arsdall M,

et al. Statl negatively regulates angiogenesis,
tumorigenicity and metastasis of tumor cells.
Oncogene 2002; 21: 2504-2512.

Tymoszuk P, Charoentong P, Hackl H, ez al.
High STAT1 mRNA levels but not its tyrosine
phosphorylation are associated with macrophage
infiltration and bad prognosis in breast cancer.
BMC Cancer 2014; 14: 257.

Magkou C, Giannopoulou I, Theohari I, ez al.
Prognostic significance of phosphorylated
STAT-1 expression in premenopausal and
postmenopausal patients with invasive breast
cancer. Histopathology 20125 60: 1125-1132.

Arzt L, Kothmaier H, Halbwedl I, ez al. Signal
transducer and activator of transcription 1
(STAT1) acts like an oncogene in malignant
pleural mesothelioma. Virchows Arch 2014; 465:
79-88.

Schultz J, Koczan D, Schmitz U, et al. Tumor-
promoting role of signal transducer and activator
of transcription (Stat)1 in late-stage melanoma
growth. Clin Exp Metastasis 20105 27: 133-140.

Legrier ME, Bieche I, Gaston ], er al. Activation
of IFN/STATT signalling predicts response to
chemotherapy in oestrogen receptor-negative
breast cancer. Br ¥ Cancer 20165 114: 177-187.

Zhang Y, Jin G, Zhang ], et al. Overexpression of
STAT1 suppresses angiogenesis under hypoxia

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 12

Visit SAGE journals online
journals.sagepub.com/
home/tam

©®SAGE journals

60.

61.

62.

63.

by regulating VEGFA in human glioma cells.
Biomed Pharmacother 2018; 104: 566-575.

Battle TE, Wierda WG, Rassenti LLZ, ez al. In
vivo activation of signal transducer and activator
of transcription 1 after CD154 gene therapy for
chronic lymphocytic leukemia is associated with
clinical and immunologic response. Clin Cancer
Res 20035 9: 2166-2172.

Dimco G, Knight RA, Latchman DS, er al.
STATT1 interacts directly with cyclin D1/Cdk4
and mediates cell cycle arrest. Cell Cycle 20105 9:
4638-4649.

Chin YE, Kitagawa M, Kuida K, ez al. Activation
of the STAT signaling pathway can cause
expression of caspase 1 and apoptosis. Mol Cell
Biol 1997; 17: 5328-5337.

Ossina NK, Cannas A, Powers VC, et al.
Interferon-gamma modulates a p53-independent
apoptotic pathway and apoptosis-related gene
expression. J Biol Chem 1997; 272: 16351-16357.

64.

65.

66.

67.

Baratin M, Ziol M, Romieu R, ez al. Regression
of primary hepatocarcinoma in cancer-prone
transgenic mice by local interferon-gamma
delivery is associated with macrophages
recruitment and nitric oxide production. Cancer
Gene Ther 20015 8: 193-202.

Shin EC, Ahn JM, Kim CH, er al. IFN-
gamma induces cell death in human hepatoma
cells through a trail/death receptor-mediated
apoptotic pathway. Int ¥ Cancer 2001; 93:
262-268.

Xu XL, Fu XY, Plate ], er al. IFN-gamma
induces cell growth inhibition by Fas-mediated
apoptosis: requirement of STAT1 protein for
up-regulation of Fas and FasL expression. Cancer
Res 1998; 58: 2832-2837.

Baran-Marszak F, Feuillard ], Najjar I,

et al. Differential roles of STAT 1alpha and
STAT1beta in fludarabine-induced cell cycle
arrest and apoptosis in human B cells. Blood
2004; 104: 2475-2483.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam



