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Abstract. Malignant gliomas are the most common type of 
primary malignancy of the central nervous system with a 
poor prognosis. Stanniocalcin 1 (STC1) is closely associated 
with tumor genesis and development. However, its role in the 
development and progression of glioma is poorly understood. 
In silico analysis, The Cancer Genome Atlas (TCGA), Chinese 
Glioma Genome Atlas (CGGA), Rembrandt and GSE16011 
datasets were used to assess the expression levels of STC1 in 
non‑tumor brain tissues and gliomas. Moreover, reverse tran-
scription‑quantitative PCR and immunohistochemistry were 
used to detect STC1 expression in tumor tissues collected 
in the Department of Neurosurgery of Shenzhen People's 
Hospital (Shenzhen, China). The association between STC1 
expression and different molecular pathological features was 
analyzed in four public datasets, as well as via Kaplan‑Meier 
analysis. Furthermore, normalized mRNA expression in 
TCGA was used to perform Gene Ontology analysis. It was 
revealed that STC1 expression was significantly elevated in 
glioma tissues compared with the non‑tumor brain tissues, 
both in silico analysis and via cohort validation. According 
to TCGA, CGGA, Rembrandt and GSE16011 datasets, it 
was identified that STC1 expression was increased in high 
grade glioma compared with low grade glioma. In addition, 
the results indicated STC1 expression was enriched in the 
isocitrate dehydrogenase (IDH) wild‑type and mesenchymal 
subtype in TCGA, GSE16011 and Rembrandt datasets. 
Moreover, it was demonstrated that patients with higher STC1 
expression exhibited shorter overall survival times compared 
with those with lower STC1 expression using Kaplan‑Meier 
analysis, according to both the public datasets and validation 
cohort. Furthermore, the results of the Gene Ontology anal-
ysis demonstrated that STC1 was primarily involved in the 
reorganization of extracellular matrix and was significantly 

correlated with invasive‑related proteins. Therefore, the 
present results indicate that STC1 was upregulated in glioma 
tissues and may represent a prognostic biomarker in patients 
with glioma.

Introduction

Glioma is the most common and most malignant tumor type 
in the brain and accounts for ~80% of primary malignant 
brain tumors (1). Currently, the treatment of glioma primarily 
comprises surgical resection combined with postoperative 
radiotherapy and chemotherapy (2). However, the median 
overall survival time is 14 months and the 5‑year survival 
rate of patients with glioma is <10%, which is not satisfac-
tory (3). Previous studies have reported that glioma is caused 
by genetic alterations and genetic accumulations  (4,5). 
Moreover, the malignant process of glioma is regulated by 
a complex gene network comprising of genes, such as p53 
and pTEN (6). Therefore, it is essential to identify molecules 
that may serve a key role in the regulation of the malignant 
process of glioma.

Stanniocalcin 1 (STC1) is a glycoprotein originally identi-
fied in 1996, and is reported to influence the homeostasis of 
calcium and phosphate (7). Furthermore, STC1 is expressed 
in several tissue types, including the brain, thymus, spleen, 
colon and ovaries, and regulates numerous physiological and 
pathological functions, such as hypoxia, tumorigenesis, angio-
genesis and cell proliferation (6,8,9). In addition, STC1 can be 
secreted into the peripheral blood or body fluid by cells (10). 
Several studies have reported that circulating STC1 can be 
used as a promising serum candidate biomarker for tracking 
the progression of several diseases (11‑13). It has also been 
revealed that the expression of STC1 is significantly correlated 
with TNM stage in patients with clear cell renal carcinoma (9). 
Moreover, STC1 is upregulated in ovarian cancer tissue, and 
may influence ovarian tumorigenesis (12). STC1 expression 
has been previously detected in a small patient cohort that 
contained 60 glioma tissues, and it was reported that STC1 
is upregulated as glioma grade increases and is correlated 
with the prognosis of patients with glioma (14). Furthermore, 
overexpression of STC1 in U87 and LN‑229 cells can enhance 
stem‑like traits via regulating Neurogenic locus notch homolog 
protein 1 (NOTCH) signaling (15). However, the oncogenic 
role of STC1 in glioma requires further investigation.

The present study aimed to investigate the expression 
pattern of STC1 in glioma and its association with glioma 
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grade, molecular subtypes and clinical prognosis. In addition, 
Gene Ontology (GO) analysis was performed to understand 
the potential oncogenic role of STC1 in glioma.

Materials and methods

Patient samples. This study was carried out on 80 glioma tissues 
that were collected from the Department of Neurosurgery 
of Shenzhen People's Hospital from April 2013 to July 2016 
(Shenzen, China). The patient cohort consisted of 51 females 
and 29 males with an average age of 47.54 years old and an 
age range of 14‑72 years old. Patients were followed‑up every 
3 months for the first 2 years post‑surgery, every 6 months 
for the following 3 years and finally every 12 months for the 
next 5 years. The primary end point was overall survival time 
(OS). An additional 10 non‑tumor tissues were collected from 
patients with traumatic brain injury or hypertensive intrace-
rebral hemorrhage. The non‑tumor group was comprised of 
4 females and 6 males with an average age of 45.2 years old 
and an age range of 33‑68 years old. Sections of the tissues 
were used for paraffin‑embedding once the tumor samples 
were collected and others were stored at ‑80˚C for further 
analysis. None of the involved patients received radiotherapy 
or chemotherapy prior to surgery. The present study was 
approved by the Ethics Committee of Shenzhen People's 
Hospital. All patients included in this study provided signed 
informed consent.

Bioinformatics analysis. Normalized RNAseq data and 
corresponding clinical material from The Cancer Genome 
Atlas (TCGA), Rembrandt datasets and GSE16011 were 
all downloaded from Gliovis (http://gliovis.bioinfo.cnio.
es/) (16). TCGA is a public database (http://cancergenome.
nih.gov/) that includes 29 cancer types, along with related 
gene expression and clinical information. Rembrandt dataset 
(https://caintegrator.nci.nih.gov/rembrandt) is based on 524 
Affymetrix U133 2.0 plus microarrays and contained 228 
GBM samples and 143 lower grade glioma (WHO II‑III) 
samples. GSE16011 is a public dataset that contains 276 
glioma samples of all histology and 8 control samples (17). 
GO analysis was also performed in the platform of Gliovis. 
Through screening comparison, H‑cluster analysis was 
used to analyze the expression of differential expressed 
genes (DEGS) and functional enrichment was studied by 
GO analysis. In addition, mRNAseq 693 dataset consisting 
of 693 glioma tissues with different grades (WHO I‑IV) 
was downloaded from the Chinese Glioma Genome Atlas 
(CGGA)  (18). Low grade glioma (LGG) was defined as 
WHO grade I‑II and high grade glioma (HGG) was defined 
as WHO grade III‑IV according to the 2016 WHO classifi-
cation of central nervous system tumors (19). According to 
the WHO 2016 criteria, adult diffuse glioma centers around 
isocitrate dehydrogenase (IDH) (19). Molecular subtypes in 
public datasets were defined as described before (20).

Immunohistochemical (IHC) staining. Paraffin‑embedded 
glioma tissues and control brain tissues were used for IHC 
analysis. Glioma tissues were dewaxed, hydrated and incu-
bated with 3% hydrogen peroxide for 10 min. The 4 mm thick 
sections were then washed three times with PBS for 5 min 

each time. Slides were boiled in 0.01 M sodium citrate buffer 
(pH=6.0) for 10 min using a microwave and then allowed to 
cool for an additional 20 min. Subsequently, 1% BSA (Beijing 
Solarbio Science & Technology Co., Ltd.) was used to block 
non‑specific staining at room temperature for 30 min. Sections 
were then incubated with STC1 rabbit monoclonal antibody 
(1:1,000; cat. no. 20621‑AP; ProteinTech Group, Inc.) overnight 
at 4˚C. The next day, sections were incubated with horseradish 
peroxidase (HRP) conjugated‑secondary antibody (1:10,000; 
cat. no. ANT020; Antgene, Wuhan Antejie Biotechnology Co., 
Ltd.) for 1 h at room temperature. Neutral resin was used to seal 
the slices which were left to dry naturally. After staining, two 
experienced pathologists were responsible for the evaluation 
of section staining under an automatic microscope (Olympus 
BX51; Olympus Corporation), which was performed indepen-
dently. Images were taken under the microscope at x200x and 
x400 magnifications. If the two observers disagreed, a third 
reader reviewed the images and the final score was given by 
consensus. IHC score was calculated according to the positive 
rate of cell staining (number of positively‑stained cells per 
100 cells) and staining intensity. The staining positive rate was 
defined as follows: <5%, 0 points; 5‑25%, 1 point; 26‑50%, 
2 points; 51‑75% score, 3 points; and >75% score, 4 points. In 
addition, staining intensity was scored manually as follows: 
0 point, non‑stained; 1 point, light yellow; 2 points, brown; 
and 3 points, dark brown. Final quantization was obtained by 
multiplying the two scores. The overall score was defined as: 
0, negative; 1‑4, weak; 5‑8, positive; and 9‑12, strong. An IHC 
score ≤5 was defined as low STC1 expression and >5 points 
was defined as high STC1 expression.

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract total RNA from glioma 
tissues. PrimeScript RT reagent kit with gDNA Eraser (Takara 
Bio, Inc.) was used to prepare cDNA and SYBR Green II 
mixture (Takara Bio, Inc.) was used for RT‑qPCR. The 
thermocycling conditions were as follows: 95˚C for 15 sec 
followed by 40 cycles of 60˚C for 30 sec. GAPDH was used 
as the reference gene. All the operations were performed 
according to the manufacturer's protocols. The specific primer 
pairs used in this study were as follows: STC1 forward, 5'‑ATC​
ACA​TTC​CAG​CAG​GCT​TC‑3' and reverse, 5'‑CCT​GAA​GCC​
ATC​ACT​GAG​GT‑3'; and GAPDH forward, 5'‑AAC​TAG​ACG​
ATC​ACA​GCG​ATG​A‑3' and reverse, 5'‑ACT​ATC​GCA​GAC​
GGA​CTA​C‑3'. The quantification of relative expression used 
2‑ΔΔCq method described previously (21).

Statistical analysis. Continuous variables are presented as 
the mean ± SD. Comparisons between the two groups were 
performed using independent sample unpaired t‑tests and 
one‑way ANOVA with post hoc Tukey test was used for 
comparing ≥3 groups . Kaplan‑Meier with Log‑Rank test was 
used to analyze the association between STC1 expression and 
survival time in patients with glioma; 50% of STC1 expres-
sion was used as a cutoff point in Kaplan‑Meier analysis. 
Correlation analysis between STC1 expression and inva-
sion‑related markers was performed using Pearson correlation. 
Comparisons of categorical variables between the groups 
were performed using the Fishers exact χ2 test. Univariate 
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and multivariate regression analyses were used to analyze 
the prognostic‑related independent risk factors. P<0.05 was 
considered to indicate a statistically significant different. All 
statistical analysis and graphics production were performed 
with SPSS v21 (IBM Corp.) and GraphPad Prism 5.0 software 
(GraphPad Software, Inc.).

Results

Expression of STC1 in glioma tissues. Normalized RNAseq 
gene expression from TCGA and GSE16011 datasets was used 
to analyze STC1 expression in glioma tissues. The results indi-
cated that patients with glioma had higher expression levels of 
STC1 compared with non‑tumor tissues (Fig. 1A and B). In 
order to validate this finding, RT‑qPCR was performed on 80 
glioma tissues and ten non‑tumor brain tissues. The baseline 
characteristics of patients involved in the study are exhibited 
in Table I. It was demonstrated that STC1 mRNA expression 
was significantly elevated in glioma tissues compared with 
non‑tumor tissues (Fig. 1C). In addition, IHC staining was 
performed, and it was identified that STC1 expression was 
higher in patients with glioma compared with those without 
brain tumor (Fig. 1D).

Association between expression of STC1 and glioma grade. 
It was demonstrated that the malignancy of glioma increased 
when the grade of tumor was increased The median overall 
survival of patients with glioblastoma [World Health 
Organization (WHO) IV] is 14 months and the 5‑year survival 
rate is <5% (22). In order to examine the correlation between 
STC1 expression and tumor grade, data from the four datasets, 

TCGA, CGGA, GSE16011 and Rembrandt, were used. The 
results suggested that STC1 expression was elevated in patients 
with HGG compared with patients with LGG throughout 
the four datasets (Fig. 2A‑D). Furthermore, in the valida-
tion cohort, compared with patients with LGG, there was an 
increased number of patients with high expression of STC1 in 
the HGG group according to the results of RT‑qPCR (Fig. 2E) 
and IHC staining score (Fig. 2F and G).

Association between STC1 expression and glioma molecular 
subtypes. IDH status is an important molecular indicator for 
the prognosis of patients with glioma (23). Furthermore, it 
has been reported that the prognosis of patients with glioma 
with an IDH1 mutation is significantly improved compared 
with patients with IDH1 wild‑type glioma. The results of the 
present study indicated that patients with IDH1 wild‑type had 
a higher expression of STC1 compared with patients with the 
IDH1 mutation, according to TCGA, CGGA and GSE16011 
datasets (Fig. 3A‑C). This was not performed for the data 
obtained from the Rembrandt dataset due to the absence of 
IDH1/2 status information.

Moreover, differential expression among the four molec-
ular subtypes was examined, and were classified based on 
transcriptome data (24,25). In Rembrandt, STC1 expression 
was higher in the mesenchymal subtype compared with the 
neural subtype, but the difference was not significant (Fig. 3F). 
Furthermore, according to the TCGA and GSE16011 datasets, 
STC1 expression was highly expressed in mesenchymal glioma 
compared with other molecular subtypes (Fig. 3D and E), 
which has stronger invasive ability and increases resistance to 
chemotherapy compared with other subtypes (26).

Figure 1. Expression of STC1 in non‑tumor brain tissues and glioma tissues. STC1 expression in glioma tissues and non‑tumor tissues from (A) TCGA and 
(B) GSE16011 datasets. (C) Reverse transcription‑quantitative PCR was performed to detect STC1 mRNA expression in glioma tissues. (D) Representative 
images of STC1 expression in paraffin‑embedded tissues. **P<0.01, ***P<0.001 vs. non‑tumor tissue. STC1, Stanniocalcin 1; TCGA, The Cancer Genome Atlas; 
CGGA, Chinese Glioma Genome Atlas.
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Association between STC1 and prognosis in patients with 
glioma. The four datasets (TCGA, CGGA, Rembrandt and 
GSE16011) were used to investigate the prognostic role of 
STC1 in patients with glioma. Kaplan‑Meier survival analyses 
results indicated that patients with high STC1 expression had 
a less favorable clinical prognosis compared with patients with 
low STC1 expression in all four datasets (Fig. 4A‑D), which 
was also identified in the validation cohort. Furthermore, it was 
revealed that patients with glioma who expressed low levels 
of STC1 had a longer survival time compared with patients 
with high STC1 expression (Fig. 4E). To further determine 
the prognostic value of STC1 expression, multivariate Cox 
regression analysis was performed based on TCGA dataset. 
It was demonstrated that STC1 expression was significantly 
associated with the prognosis of patients with glioma via 
multivariate analysis [Hazard ratio=0.52; P<0.001; Table II].

Role of STC1 in extracellular structure organization. According 
to mRNA sequencing in TCGA database, the expression of 
STC1 was divided into high and low groups to perform Gene 
Ontology analysis; the cut‑off was 50% of STC1 expression. The 
results demonstrated that STC1 primarily enriched ‘extracellular 
matrix organization’ and ‘extracellular structure organization’, 
which indicates that STC1 may be closely associated with the 
migratory and invasive abilities of glioma (Fig. 5A). Only the 
results of biological function were presented to illustrate its 
potential oncogenic role in the present study.

To investigate the Gene Ontology results, association anal-
ysis between STC1 expression and various invasive‑related 
protein expression was performed. It was found that STC1 
expression was significantly associated with that of matrix 
metalloproteinase 2 (MMP2), MMP9, vimentin and Snail1 in 
TCGA database (P<0.0001; Fig. 5B‑E).

Discussion

STC1 is a glycoprotein associated with calcium and 
phosphorus metabolism, but has rarely been studied in 

neurological diseases (27). Moreover, it was demonstrated 
that STC1 expression was significantly associated with 
malignancy, tumor grade, IDH status and subtype, in patients 
with glioma. Kaplan‑Meier survival analyses also identified 
that patients with high STC1 expression levels had a less 
favorable clinical prognosis compared with patients with 
low STC1 expression, in both in silico analysis and cohort 
validation. Furthermore, biological process results of Gene 
Ontology analysis revealed that STC1 was primarily involved 
in ‘extracellular structure organization’. It was also identified 
that STC1 expression in glioma was significantly correlated 
with MMP2, MMP9, vimentin and Snail1. Therefore, it was 
hypothesized that STC1 may represent a biomarker and 
therapeutic target in glioma.

A previous study reported that STC1 expression is 
elevated in lung adenocarcinoma and is positively corre-
lated with tumor stage, using bioinformatics analysis and 
IHC staining validation (28). Moreover, STC1 is increased 
in patients with late recurrence breast cancer compared 
with patients with early recurrence, and its secretory form is 
associated with tumor size and disease‑free survival (13,29). 
Although STC1 has been widely studied in several cancer 
types, to the best of our knowledge, there are few studies 
on its effects in neurological diseases, especially glioma. 
In the present study, it was found that STC1 was upregu-
lated in glioma tissues and its expression was enhanced as 
tumor grade increased, which indicates that STC1 may be 
an oncogene in glioma; which is in line with the previous 
reports (14,15). Furthermore, elevated expression of STC1 
is closely associated with the poor prognosis of patients 
with malignant tumors, such as gastric cancer (30), hepa-
tocellular carcinoma  (31) and esophageal squamous cell 
carcinoma (32).

It has been reported that STC1 may be a neuroprotec-
tant in neurological diseases, and knockdown of STC1 
expression in Amyloid β‑treated human brain microvas-
cular endothelial cells (HBMECs) increases the invasion 
of monocytes and apoptosis of HBMECs  (33). However, 
further research is required to investigate the role of STC1 in 
cerebrovascular diseases. Using an ischemic mouse model, 
Durukan et al (34) revealed that STC1 was elevated under 
hypoxic condition and it was proven that STC1 was dispens-
able for functional recovery after ischemic stroke. Moreover, 
hypoxic conditions can induce the expression of STC1, and 
high expression of STC1 can enhance neuronal resistance 
to hypoxia  (35). It has been demonstrated that hypoxic 
microenvironments are common in glioma tissues (35). In 
glioblastoma, tumor tissue hypoxia is an important indicator 
of malignancy of the tumor; the larger the hypoxic area, 
the higher the malignancy  (35). Furthermore, a hypoxic 
environment can accelerate the proliferation, migration 
and invasiveness of tumor cells, and promote the malignant 
progression of glioma (36). Therefore, it was hypothesized 
that STC1 may regulated the malignant progression of 
glioma. To the best of our knowledge, the present study was 
the first to demonstrate that STC1 expression is elevated in 
glioma tissues compared with non‑tumor brain tissues. In 
addition, the present results suggested that STC1 expression 
was significantly correlated with malignancy, as shown by 
tumor grade, IDH status and subtypes, of glioma, in both 

Table I. Baseline information of patients included in the study 
(n=80).

Baseline information	 Value

Mean age ± SD, years	 47.54±12.30
Sex, n	
  Female	 51
  Male	 29
Tumor location, n	
  Supratentorial	 72
  Subtentorial	 8
WHO grade, n	
  I‑II	 34
  III‑IV	 46
Mean follow‑up time, months	 14.58

WHO, World Health Organization.
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Figure 2. STC1 expression in different grades of glioma. Normalized mRNA expression of STC1 in HGG and LGG based on (A) TCGA, (B) CGGA, 
(C) GSE16011 and (D) Rembrandt. (E) Reverse transcription‑quantitative PCR was performed to detect STC1 mRNA expression in glioma tissues. 
(F) Representative images of immunohistochemical staining of STC1 protein expression (G) in validation cohort. Fishers χ2 exact test was used to compare the 
difference between the two groups. Scale bar, 50 µm. *P<0.05, ***P<0.001 vs. LGG. STC1, Stanniocalcin 1; TCGA, The Cancer Genome Atlas; CGGA, Chinese 
Glioma Genome Atlas; LGG, low grade glioma; HGG, high grade glioma.

Figure 3. STC1 expression is associated with glioma molecular subtypes. Differential analysis of STC1 expression in patients with glioma with different IDH 
status according to (A) TCGA, (B) CGGA and (C) GSE16011 datasets. Expression of STC1 in different glioma molecular subtypes according to (D) TCGA, 
(E) GSE16011 and (F) Rembrandt datasets. *P<0.05, **P<0.01, ***P<0.001. ns, no significance; STC1, Stanniocalcin 1; TCGA, The Cancer Genome Atlas; 
CGGA, Chinese Glioma Genome Atlas; IDH, isocitrate dehydrogenase; GBMLGG, Glioblastoma and low grade glioma.
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in silico analysis and in the validation cohort. Collectively, 
the present results indicated the potential oncogenic role 
of STC1 in the progression of glioma. Furthermore, higher 

expression of STC1 in glioma tissues was associated with 
poorer prognosis of overall survival, which demonstrated 
that STC1 may be a biomarker in patients with glioma.

Table II. Univariate analysis and multivariate Cox analysis of clinical prognostic parameters in The Cancer Genome Atlas.

	 Univariate cox regression	 Multivariate cox regression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Age, years 	 0.31 (0.23‑0.41)	 <0.001	 1.10 (0.76‑1.59)	 0.63
  ≥60 vs. <60				  
Sex	 1.14 (0.87‑1.49)	 0.36	 ‑	 ‑
  Female vs. male				  
WHO Grade	 0.18 (0.12‑0.27)	 <0.001	 0.44 (0.29‑0.68)	 <0.001
  High vs. low				  
Isocitrate dehydrogenase 1 status	 0.10 (0.07‑0.13)	 <0.001	 0.18 (0.12‑0.27)	 <0.001
  Wild‑type vs. mutant				  
MGMT promoter	 0.37 (0.28‑0.50)	 <0.001	 0.99 (0.72‑1.36)	 0.95
  Unmethylated vs. methylated				  
Molecular subtype  	 0.22 (0.17‑0.30)	 <0.001	 0.57 (0.41‑0.80)	 0.001
  ME vs. others				  
Stanniocalcin 1 expression	 0.20 (0.15‑0.26)	 <0.001	 0.52 (0.38‑0.71)	 <0.001
  High vs. low				  

MGMT, O6‑methylguanine‑DNA methyltransferase; WHO, World Health Organization; ME, mesenchymal, comparison with other molecular 
subtypes ; HR, hazard ratio; CI, confidence interval.

Figure 4. STC1 expression is associated with prognosis in patients with glioma. Association between STC1 expression and prognosis of glioma in (A) TCGA, 
(B) CGGA, (C) GSE16011 and (D) Rembrandt datasets was analyzed. (E) Validation cohort was used to assess the prognostic role of STC1 in patients with 
glioma. HR, hazard ratio; STC1, Stanniocalcin 1; TCGA, The Cancer Genome Atlas; CGGA, Chinese Glioma Genome Atlas.
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STC1 has been reported to serve as an oncogene. For 
example, Li  et  al  (15) reported that STC1 expression is 
upregulated in glioma stem cells, and it directly binds 
NOTCH1, which subsequently mediates the stem‑like traits 
of glioma cells. Moreover, hypoxia induces the expression 
of STC1 in the tumor microenvironment, thus indicating 
that STC1 may be a crucial factor mediating cancer metas-
tasis and chemoresistance (37). In addition, Wang et al (30) 
revealed that STC1 expression promotes gastric cancer 
cell proliferation, migration and invasion under hypoxia. 
Furthermore, STC1 also exhibits the ability to enhance 
tumor growth and reprogrammed metabolism in hepatocel-
lular carcinoma  (13). A previous study has also reported 
hypoxia as an invasion‑promoting factor in glioma cells (38). 
In the present study, biological process of Gene Ontology 
analysis results demonstrated that STC1 was mainly involved 
in the ‘extracellular matrix organization’, which suggested 
that STC1 may be closely associated with the migration and 
invasion abilities of glioma cells. It has been shown that 
infiltration of glioma cells into surrounding non‑tumor brain 
tissue is an important process in promoting malignancy of 
the tumor (38). Therefore, targeted interventions to inhibit 
the invasion of glioma cells may represent an important 
strategy for the treatment of glioma.

The present study had several limitations. The present 
results suggest that STC1 expression is elevated in glioma 
tissues compared with non‑tumor brain tissues. While 
expression of STC1 in non‑tumor brain tissues may be 
partly attributable to the effects of traumatic brain injury 
(TBI) or hypertensive intracerebral haemorrhage, which 

was not controlled for in present study. In addition, the 
sample size in the validation cohort was small and a larger 
sample size is required for future validation. Finally, only 
GO analysis was performed, future in  vitro and in  vivo 
studies are required to validate the functional role of STC1 
in glioma.

In conclusion, STC1 expression was upregulated in glioma 
tissues and was significantly associated with tumor grade and 
molecular characteristics, in both in silico analysis and cohort 
validation. Furthermore, it was demonstrated that patients 
with higher STC1 expression had shorter overall survival 
times compared with those with lower STC1 expression. Gene 
Ontology results also suggested that STC1 may be a key regu-
lator of invasiveness in gliomas. Therefore, the present results 
indicated that STC1 may represent a novel biomarker and a 
potential target for the treatment of glioma.
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