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Prognostic value of STC1 expression in ovarian cancer
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Abstract: Objective: The goal of this study was to explore the prognostic role of STC1 in patients with ovarian can-
cer (OC). Methods: A retrospective study was performed. In total, there were 136 OC patients undergoing surgical 
treatment in Renmin Hospital of Wuhan University during January 2013 to September 2016. The tissue expression 
of STC1 was measured by immunohistochemistry staining. Serum level of STC1 and CA125 were tested by ELISA 
kits. Results: STC1 expression was elevated in OC patients compared with non-OC patients and it correlated with OC 
patients’ clinical characteristics and overall survival. Additionally, higher serum STC1 level was positively correlated 
with CA125 and both serum STC1 and CA125 were independent prognostic markers in OC. Furthermore, the com-
bination of STC1 and CA125 showed better predictive power than the two indicators operated alone. Conclusion: 
Therefore, STC1 acted as an oncogene in OC development and progression. Detection of either STC1 expression in 
tissue or serum could be a useful prognosis marker.

Keywords: STC1, ovarian cancer, biomarkers, ROC, prognosis

Introduction

Ovarian cancer (OC) is one of the most malig-
nant gynecological cancers and its annual inci-
dence is 11.4 per 100,000 [1]. The prognosis 
of ovarian cancer is extremely poor. About 60% 
of patients with OC are diagnosed with metas-
tases and it has been estimated that 14080 
OC patients died in 2017 in the USA [2]. Even 
though most OC patients underwent surgery 
and standard chemotherapy, about half of the 
patients still had recurrence within 16 months 
after surgery. In UK, about 9 in 10 women with 
ovarian cancer would survive for 5 years or 
more when they were diagnosed at its earliest 
stage, while less than 5 in 100 of women would 
survive for 5 years or more when diagnosed at 
the latest stage [3]. Heterogeneity between 
tumors makes it less reliable in predicting the 
clinical prognosis of OC patients solely relying 
on histopathological results or extent of tumor 
resection [4]. Accumulated evidence has shown 
that several serum biomarkers are associated 
with clinical severity of OC patients, which 
might have important role in early assessment 
of the clinical outcome of OC patients. Acco- 
rdingly, exploring non-invasive and more reli-
able markers remains one of the main issues in 
current areas of research.

CA125, a serum biomarker, is one of the most 
important prognostic parameters of OC. While 
accumulating evidence shows that serum 
CA125 alone still has many deficiencies in pre-
dicting clinical outcome of OC patients [5, 6]. 
The combination of CA125 and other serum 
biomarkers improved the prognostic value, 
especially for patients with advanced OC [7-9]. 
Stanniocalcin 1 (STC1) is a glycoprotein first 
described in 1996 from human brain and 
reported to mediate many physiological and 
pathological functions, including hypoxia, tum- 
origenesis, angiogenesis, cell proliferation, ap- 
optosis, and microenvironment regulation [10-
12]. STC1 can be secreted into the patient’s 
peripheral blood or body fluid by tumor cells or 
stromal cells. Several studies have found that 
circulation STC1 could be used as a promising 
serum candidate biomarker for tracking tumor 
progression [13]. Ma X et al. found that STC1 
expression could be induced under hypoxic 
conditions and the expression of STC1 was sig-
nificantly correlated with TNM stage of patients 
with clear cell renal cell carcinoma [14]. Fu- 
rthermore, studies revealed that STC1 was 
overexpressed in ovarian cancer tissue than in 
normal ovarian tissue and STC1 might play a 
crucial role in ovarian tumorigenesis [15]. 
However, little is currently known about the role 
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of STC1 in predicting the prognosis of OC pa- 
tients. 

This is a retrospective study to investigate the 
prognostic role of STC1 in OC. As a result, either 
tissue or serum level of STC1 was found to be 
elevated in OC patients when compared with 
non-OC patients. Additionally, both serum CA- 
125 and STC1 were independent risk factors 
for poor outcome of OC patients. When CA125 
was combined with STC1 to predict the poor 
outcome of OC, the combination of these two 
markers was found to improve the predictable 
value. These results indicate that STC1 acts as 
an oncogene in OC development and progres-
sion. Serum STC1 can be used as a comple-
mentary marker for CA125 in predicting clinical 
prognosis of OC.

Methods

Study population

This study included 136 OC patients who un- 
derwent surgical treatment in Renmin Hospital 
of Wuhan University during January 2013 to 
September 2016. Another 32 patients with 
benign pelvic tumor are also included. Data col-
lection included age, Menopausal status, tumor 
stage, tumor size, metastasis state, pathologi-
cal type. Tumor stage was determined accord-
ing to the International Federation of Gyna- 
ecology and Obstetrics (FIGO) staging system. 
All patients or their relatives were informed and 
consents were written for all patients. The 
study was approved by the Ethical Committee 
at Renmin Hospital of Wuhan University.

Immunohistochemistry staining 

The OC tissues were used for IHC analysis. 
Samples were dewaxed, hydrated, and incubat-
ed with 3% hydrogen peroxide after being 
baked at 60°C for 2 hours. A microwave was 
used for antigen retrieval in 0.01 M sodium 
citrate buffer (pH 6.0) for 30 minutes and then 
10% normal goat serum was taken to prevent 
non-specific staining for 30 minutes. The sec-
tions were then incubated with STC1 rabbit 
monoclonal antibody overnight at 4°C. The next 
day, sections were incubated with biotinylated 
goat anti-rabbit secondary antibodies for 30 
minutes at room temperature. The stained sec-
tions were independently evaluated by two 
experienced pathologists. The score was based 

on the positive rate of cell staining (number of 
positive cells stained per 100 cells) and stain-
ing intensity. The positive rate of staining less 
than 5% scored 0, 5%-25% scored 1, 26%-50% 
scored 2, 51%-75% scored 3 and >75% scored 
4. Additionally, 0 points for non-staining, 1 for 
light yellow, 2 points for brown, and 3 for brown. 
Final quantification was obtained by multiplying 
two scores. Scores were defined as 0 score for 
negative, 1-4 score for weak, 5-8 score for posi-
tive and 9-12 score for strong. Finally, those 
with an IHC score <4 were grouped as low 
expression and those with IHC score was 4 or 
more were grouped as high expression.

Serum markers measurement

Blood samples of patients were collected only 
on admission before receiving any medical 
treatments. All samples were centrifuged at 
2000 rpm for 10 minutes at 4°C and the super-
natant fluid was stored at -80°C for further 
measurement. ELISA kits (ELISA Kit for CA125 
(SEA154 Mu), STC1 (SEC874Hu), Wuhan USCN 
business Co., Ltd) were used. All operations 
were performed according to the manufac-
tures’ instruction.

Bioinformatics analysis 

Online bioinformatics website is utilized. GEPIA 
(http://gepia.cancer-pku.cn/index.html) is a TC- 
GA-based tumor database. This database was 
used to analyze the expression of STC1 in OC 
patients and non-OC patients and the relation-
ship between STC1 expression and overall sur-
vival of OC patients.

Statistical analysis

The descriptive analysis (mean, standard devia-
tion, median) was used for continuous variables 
and percentage for categorical variables. t test 
was used for comparisons between two groups 
and One-Way ANOVA analysis for three or more 
groups comparisons. Box-plot was used to 
present levels of Nesfastin-1 between different 
groups, which were conducted by using Gra- 
phpad Prism 5. Univariate and multivariate re- 
gression analyses were used to analysis the 
independent risk factors of poor outcome and 
Receiver operating characteristic (ROC) curves 
was used to access the variables’ prediction 
ability. Regression analyses and ROC curves 
were conducted using SPSS 21.
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Results

Bioinformatics analysis

First, bioinformatics were used to find out the 
expression of STC1 in ovarian cancer. The re- 
sults showed that STC1 was significantly elevat-
ed in ovarian cancer tissues compared with 
normal ovarian tissues. Furthermore, patients 
with high expression of STC1 had shorter over-
all survival time than patients with low expres-
sion of STC1. But no significant difference was 

observed in disease free survival between two 
groups. See Figure 1. 

STC1 expression elevated in OC tissues and 
correlated with clinical characteristics

Next, immune-histochemical staining was used 
to detect expression of STC1 in the tumor tis-
sues of 136 patients with OC. The results sh- 
owed that 74 tissues (54.41%) were identified 
as high expression and another 62 tissues 
(45.59%) were staining lower expression (Fig- 
ure 2). The comparison of clinic-pathologic 

Figure 1. Bioinformatics Analysis of STC1 expression in OC STC1 was overexpressed in OC tissues than normal ovary 
tissues (A). OC patients with higher expression of STC1 had poorer overall survival than patients with lower STC1 
expression (B). While there was no difference in disease free survival between two groups (C).

Figure 2. STC1 was detected in OC tissues by using immune-histochemical staining. The stained sections were 
independently evaluated by two experienced pathologists. Final quantification was obtained by multiplying positive 
rate of staining and staining intensity. Negative and weak staining were grouped as low expression, while positive 
and strong staining were grouped as high expression.
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High expression of STC1 
predicts poor overall sur-
vival OS of OC patients 

Kaplan-Meier survival cu- 
rve was used to evaluate 
the prognostic role of tis-
sue STC1 in OC patients. 
The median survival time of 
patients in the high expres-
sion STC1 group and was 
19.00 months, while the 
median survival time of pa- 
tients in the low expression 
STC1 group was 26.5 mo- 
nths (OR=0.72, 95% CI 
[0.003 to 1.43], P<0.0001). 
These results indicate that 
OC patients with higher le- 
vel of STC1 might have poor 
clinical prognosis.

Serum STC1 correlated 
with clinical indicators

Blood samples were rou-
tinely collected from OC 
patients. In total, 112 pa- 
tients were included, and 
retrospectively analyzed bl- 
ood samples from these 
112 OC patients and 32 
non-OC patients were used. 
The supernatants were ke- 
pt and stored in a -80 de- 
gree refrigerator for further 
use. ELISA kits were used 
to detect the level of STC1 
and CA125. Level of serum 
STC1 was positively corre-
lated with CA125 (r=0.425, 
P<0.01). Additionally, the 
results showed that serum 
level of STC1 was elevated 
in patients with OC com-
pared with non-OC patients 
(9.59±2.93 vs 6.07±1.32, 
P<0.001, Figure 3A). Furth- 
ermore, the patients with 
higher FIGO stage (III+IV)  
or positive lymph node me- 

characters between the high expression group 
and low group is presented in Table 1. 

tastasis had higher level of serum STC1 when 
compared with patients with lower FIGO stage 

Table 1. STC1 expression and clinicopathologic parameters

Groups Total
Expression of STC1

Low High P value
Age >50 y 72 38 44 0.77
Histological type
    Serous cystadenocarcinoma 73 32 41
    Endometrioid adenocarcinoma 24 11 13
    Mucinous cystadenocarcinoma 21 10 11
    Others 18 9 9
Grading 0.017
    G1+G2 43 26 17
    G3 93 36 57
FIGO stage 0.039
    Early stages (I+II) 54 25 29
    Late stages (III+IV) 82 21 51
Lymph node metastasis 0.878
    Yes 58 26 32
    No 78 36 42
CA125 0.002
    ≤500 96 52 44
    >500 40 10 30

Figure 3. Serum STC1 correlated with clinical indicators. ELISA kits were used 
to detect the level of serum STC1 and CA125. The results show that OC patients 
had higher level of STC1 than non-OC patients and serum STC1 level was el-
evated in patients with higher FIGO stage, positive lymph node metastasis com-
pared with patients with lower FIGO stage and negative lymph node metastasis.
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patients. In univariate analysis, the 
following prognostic markers associ-
ated with poor overall survival were 
identified: higher CA125 (HR, 1.72, 
95% CI: 1.23-3.74, P=0.0013), higher 
serum STC1 expression (HR, 1.72, 
95% CI: 1.23-3.74, P=0.002), serious 
cystadenocarcinoma (HR, 2.81, 95% 
CI: 1.30-5.94; P=0.032), higher FIGO 
stage (HR, 4.70, 95% CI: 2.71-8.96; 
P=0.007), positive lymph nodes (HR, 
2.16, 95% CI: 1.38-9.87; P=0.016) as 
shown in Table 2. Next multivariate 
analysis was used to find independe- 
nt risk factors associated with poor 
overall survival of OC patients (Table 
3). In multivariate analysis, FIGO sta- 
ge III+IV (HR, 4.24, 95% CI: 2.41-
10.07; P=0.0014), higher serum CA- 
125 level (HR, 1.67, 95% CI: 1.16-
2.87; P=0.04), and higher serum ST- 
C1 level (HR, 1.90, 95% CI: 1.21- 
3.27; P=0.02) were significantly as- 
sociated with poor overall survival.

ROC of serum STC1 in predicting 

or negative lymph node metastasis (10.24± 
2.84 vs 7.84±3.02, P<0.0001, 10.00±3.23 vs 
8.71±2.91, P=0.033, respectively, Figure 3B 
and 3D). But there was no difference of serum 
STC1 level between patients with higher histo-
logical grading and lower grading (9.35±3.01 
vs 9.28±3.39, P>0.05, Figure 3C).

Risk factors associated with poor overall sur-
vival 

Next, univariate and multivariate analysis were 
used to find out the prognostic factors of OC 

overall survival of OC patients

ROC was used to access the predictive power 
of serum STC1 and CA125. When STC1 and 
CA125 predicted the overall survival of OC 
patients independently, the area under the 
curve (AUC) were 0.793, 0.813, respectively 
(Figure 4). But when the two indicators were 
combined to predict the overall survival of OC 
patients, the AUC could be as high as 0.872. 
These results indicated that serum STC1 might 
be a good complement for CA125 in predicting 
overall survival of OC patient.

Discussion

In this study, STC1 was found to be elevated in 
OC tissue compared to non-OC tissues both in 
bioinformatics analysis and our tissue speci-
mens verification. Further analysis revealed 
that patients with higher tissue STC1 expres-
sion had shorter overall survival. Additionally, 
univariate and multivariate analysis found that 
serum STC1 was an independent risk factor for 
poor overall survival. The combination of STC1 
and CA125 to predict poor overall survival of 
OC patients was superior to CA125, which indi-
cated serum STC1 could be used as a useful 
prognostic biomarker.

Table 2. Univariate analyses of factors associated with 
overall survival

Variables Overall survival; 
HR 95% CI P value

Age (>50 y vs ≤50) 1.34 (0.41-2.16) 0.264
Menopause (Pre vs post) 0.79 (0.46-1.05) 0.361
Serous cystadenocarcinoma 2.81 (1.30-5.94) 0.032*
Tumor size (>5 cm vs ≤5 cm) 1.13 (1.01-1.87) 0.218
Histological Grading (3 vs 1-2) 2.07 (1.27-4.31) 0.180
FIGO stage (III+IV vs I+II) 4.70 (2.71-8.96) 0.007*
Lymph node metastasis (yes vs no) 2.16 (1.38-9.87) 0.016*
Serum CA125 (high vs low) 2.02 (1.16-3.47) 0.0013*
Serum STC1 (high vs low) 1.72 (1.23-3.74) 0.002*
*, statistical significance.

Table 3. Multivariate analyses of factors associated with 
overall survival

Variables Overall survival;  
HR 95% CI P value

FIGO stage (III+IV vs I+II) 4.24 (2.41-10.07) 0.0014
Serum CA125 (high vs low) 1.67 (1.16-2.87) 0.04
Serum STC1 (high vs low) 1.90 (1.21-3.27) 0.02

Figure 4. ROC of serum STC1 in predicting overall 
survival of OC patients.
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STC-1 gene could directly regulate the prolifera-
tion and differentiation of bone cells, and it 
also participated in the regulation of several 
subcellular functions [16]. STC1 was also found 
to be elevated in many solid tumors, such as 
glioma, breast cancer and renal cell carcinoma 
[17-19]. Circulation STC1 could be used as a 
promising serum candidate biomarker for track-
ing tumor progression. Early diagnosis of OC 
and prognosis prediction have been difficult for 
clinicians [20]. CA125 had been widely used as 
a prognostic biomarker of OC. But CA125 still 
had a lot of deficiencies [21, 22]. Recent litera-
ture had reported that combined with CA125 
and other serum markers, such as HE4, CA199 
and CEA [6, 8], could improve the ability of early 
diagnosis and prediction of the overall survival 
of OC patients. In this study, STC1 was highly 
expressed in OC patients and OC patients with 
high expression of STC1 had a poor clinical 
prognosis. Moreover, it was more accurate of 
combining serum STC1 and CA125 together to 
predict poor overall survival of OC patients. 
These results suggest that serum STC1 might 
be used as a supplemental marker for CA125 
in the prediction of overall survival of OC 
patients. Therefore, STC1 can be used as a new 
good biomarker for predicting the overall sur-
vival of OC patients.

There are however some limitations in this 
study. This was a retrospective study and the 
number of patients included was relatively 
small. In addition, OCs of different pathological 
types were included, which may cause bias in 
subsequent survival analysis. Furthermore, the 
treatments received after surgery in different 
patients did not appear complete, and the 
treatments after tumor surgery were particu-
larly important for the prognosis of patients.

Acknowledgements

This study was approved by the Ethics Com- 
mittee of Renmin Hospital of Wuhan Universi- 
ty and informed consents of patients included 
were signed by themselves or relatives.

Disclosure of conflict of interest

None.

Address correspondence to: Wei Yi, Department of 
Neurosurgery, Renmin Hospital of Wuhan University, 
No. 238, Jiefang Road, Wuchang District, Wuhan 

430060, Hubei Province, China. E-mail: wuhandin-
gyi@sina.com

References

[1] Peres LC, Cushing-Haugen KL, Anglesio M, 
Wicklund K, Bentley R, Berchuck A, Kelemen 
LE, Nazeran TM, Gilks CB, Harris HR, Huntsman 
DG, Schildkraut JM, Rossing MA, Kobel M and 
Doherty JA. Histotype classification of ovarian 
carcinoma: a comparison of approaches. Gy- 
necol Oncol 2018; 151: 53-60.

[2] Merritt MA, Rice MS, Barnard ME, Hankinson 
SE, Matulonis UA, Poole EM and Tworoger SS. 
Pre-diagnosis and post-diagnosis use of com-
mon analgesics and ovarian cancer prognosis 
(NHS/NHSII): a cohort study. Lancet Oncol 
2018; 19: 1107-1116.

[3] Kiselev VI, Ashrafyan LA, Muyzhnek EL, Ger- 
fanova EV, Antonova IB, Aleshikova OI and 
Sarkar FH. A new promising way of mainte-
nance therapy in advanced ovarian cancer: a 
comparative clinical study. BMC Cancer 2018; 
18: 904.

[4] Stanske M, Wienert S, Castillo-Tong DC, Kr- 
euzinger C, Vergote I, Lambrechts S, Gabra H, 
Gourley C, Ganapathi RN, Kolaschinski I, 
Budczies J, Sehouli J, Ruscito I, Denkert C, 
Kulbe H, Schmitt W, Johrens K, Braicu I and 
Darb-Esfahani S. Dynamics of the intratumoral 
immune response during progression of high-
grade serous ovarian cancer. Neoplasia 2018; 
20: 280-288.

[5] Angioli R, Plotti F, Capriglione S, Aloisi A, Mo- 
ntera R, Luvero D, Miranda A, Cafa EV, Damiani 
P and Benedetti-Panici P. Can the preoperative 
HE4 level predict optimal cytoreduction in pa-
tients with advanced ovarian carcinoma? Gy- 
necol Oncol 2013; 128: 579-583.

[6] Russell MR, Graham C, D’Amato A, Gentry-
Maharaj A, Ryan A, Kalsi JK, Ainley C, Whetton 
AD, Menon U, Jacobs I and Graham RLJ. A 
combined biomarker panel shows improved 
sensitivity for the early detection of ovarian 
cancer allowing the identification of the most 
aggressive type II tumours. Br J Cancer 2017; 
117: 666-674.

[7] Guo J, Yu J, Song X and Mi H. Serum CA125, 
CA199 and CEA combined detection for epi-
thelial ovarian cancer diagnosis: a meta-analy-
sis. Open Med (Wars) 2017; 12: 131-137.

[8] Ren X, Zhang H, Cong H, Wang X, Ni H, Shen X 
and Ju S. Diagnostic model of serum miR-
193a-5p, HE4 and CA125 improves the diag-
nostic efficacy of epithelium ovarian cancer. 
Pathol Oncol Res 2018; 24: 739-744.

[9] Zhang F and Zhang ZL. The diagnostic value of 
transvaginal sonograph (TVS), color doppler, 
and serum tumor marker CA125, CEA, and 

mailto:wuhandingyi@sina.com
mailto:wuhandingyi@sina.com


Role of STC1 in ovarian cancer

5439 Int J Clin Exp Med 2019;12(5):5433-5439

AFP in ovarian cancer. Cell Biochem Biophys 
2015; 72: 353-357.

[10] Chang AC, Doherty J, Huschtscha LI, Redvers 
R, Restall C, Reddel RR and Anderson RL. 
STC1 expression is associated with tumor gr- 
owth and metastasis in breast cancer. Clin Exp 
Metastasis 2015; 32: 15-27.

[11] Han J, Jeon M, Shin I and Kim S. Elevated STC1 
augments the invasiveness of triplenegative 
breast cancer cells through activation of the 
JNK/cJun signaling pathway. Oncol Rep 2016; 
36: 1764-1771.

[12] Guo F, Li Y, Wang J, Li Y, Li Y and Li G. Sta- 
nniocalcin 1 (STC1) inhibits cell proliferation 
and invasion of cervical cancer cells. PLoS One 
2013; 8: e53989.

[13] Ozeki S, Baba I, Takaya N and Shoun H. A novel 
C1-using denitrifier alcaligenes sp. STC1 and 
its genes for copper-containing nitrite reduc-
tase and azurin. Biosci Biotechnol Biochem 
2001; 65: 1206-1210.

[14] Ma X, Gu L, Li H, Gao Y, Li X, Shen D, Gong H, Li 
S, Niu S, Zhang Y, Fan Y, Huang Q, Lyu X and 
Zhang X. Hypoxia-induced overexpression of 
stanniocalcin-1 is associated with the metas-
tasis of early stage clear cell renal cell carci-
noma. J Transl Med 2015; 13: 56.

[15] Liu G, Yang G, Chang B, Mercado-Uribe I, 
Huang M, Zheng J, Bast RC, Lin SH and Liu J. 
Stanniocalcin 1 and ovarian tumorigenesis. J 
Natl Cancer Inst 2010; 102: 812-827.

[16] Kikuchi M, Nakano Y, Nambo Y, Haneda S, 
Matsui M, Miyake Y, Macleod JN, Nagaoka K 
and Imakawa K. Production of calcium mainte-
nance factor Stanniocalcin-1 (STC1) by the 
equine endometrium during the early pregnant 
period. J Reprod Dev 2011; 57: 203-211.

[17] Su J, Guo B, Zhang T, Wang K, Li X and Liang G. 
Stanniocalcin-1, a new biomarker of glioma 
progression, is associated with prognosis of 
patients. Tumour Biol 2015; 36: 6333-6339.

[18] Brantley KD, Kjaersgaard A, Cronin-Fenton D, 
Yacoub R, Nielsen AS, Lauridsen KL, Hamilton-
Dutoit S and Lash TL. Stanniocalcin expression 
as a predictor of late breast cancer recurrence. 
Cancer Epidemiol Biomarkers Prev 2018; 27: 
653-659.

[19] Parssinen J, Alarmo EL, Khan S, Karhu R, 
Vihinen M and Kallioniemi A. Identification of 
differentially expressed genes after PPM1D si-
lencing in breast cancer. Cancer Lett 2008; 
259: 61-70.

[20] Lyu N, Wang Y, Wang J, Zhang Z and Kong W. 
Study on early diagnosis of epithelial ovarian 
cancer by analysis of plasma septin-9 and 
clusterin level. J Cancer Res Ther 2018; 14: 
S444-S449.

[21] Bast RC Jr. Status of tumor markers in ovarian 
cancer screening. J Clin Oncol 2003; 21 Suppl: 
200s-205s.

[22] Pils D, Tong D, Hager G, Obermayr E, Aust S, 
Heinze G, Kohl M, Schuster E, Wolf A, Sehouli 
J, Braicu I, Vergote I, Van Gorp T, Mahner S, 
Concin N, Speiser P and Zeillinger R. A com-
bined blood based gene expression and plas-
ma protein abundance signature for diagnosis 
of epithelial ovarian cancer--a study of the 
OVCAD consortium. BMC Cancer 2013; 13: 
178.


