
Abstract. Background/Aim: Stanniocalcin2 (STC2) is
associated with proliferation, invasion, and metastasis in
various cancers. We examined the clinical significance of STC2
mRNA expression in patients with colorectal cancer (CRC).
Patients and Methods: Relative expression levels of STC2
mRNA in CRC tissues and corresponding normal mucosa
obtained from 202 patients were measured using quantitative
real-time reverse transcriptase-polymerase chain reaction.
Results: Expression of STC2 mRNA was higher in the cancer
tissue than in the adjacent normal mucosa. STC2 mRNA
expression in cancer tissues was associated with tumour size,
liver metastasis, venous invasion, and lymph node metastasis.
High expression of STC2 mRNA was significantly associated
with poorer postoperative survival (p=0.0003). Multivariate
analysis showed that high expression of STC2 mRNA was an
independent predictor of postoperative survival. Conclusion:
High expression of STC2 mRNA in CRC tissue may be a useful
prognostic marker in patients with CRC. 

The number of new cases of colorectal cancer (CRC)
worldwide in 2020 was 1,931,590, accounting for 10.0% of
all cancers, the third highest, and the number of deaths from
CRC in 2020 was 915,880, accounting for 9.2% of all
cancers, the second-highest (1).

Most CRC cases are not hereditary but sporadic. This is
due to genetic instability and multiple somatic mutations.

About 80% of CRC cases are diagnosed at stage I and are
curable. Surgery is the primary treatment for localised
advanced (stage II/III) CRC. In patients with stage III CRC,
the standard treatment is curative resection and postoperative
chemotherapy (2). Multimodality therapy in combination
with surgery, cytotoxic chemotherapy, and molecular targeted
agents prolong the survival of advanced CRC. However,
only a small number of patients with highly advanced CRC
can be cured using these treatments. Thus, it is very
important to identify new targets and personalise therapy
based on biomarkers (3-5).

The STC family consists of two members, STC1 and
STC2, which are secreted glycoproteins that regulate
homeostasis of phosphate and calcium (6). We previously
reported the clinical significance of expression of STC1
mRNA in patients with CRC (7).

STC2 is expressed in various normal tissues, including the
pancreas, spleen, kidney, and skeletal muscle, and is involved
in cellular calcium/phosphate regulation and cell metabolism
(8, 9). In addition, STC2 is involved in human carcinogenesis
(10, 11). STC2 is also reportedly associated with tumour
invasion and metastasis in various cancers (12-15).

In the present study, we measured expression of STC2
mRNA in CRC tissues and corresponding normal mucosa
and examined the association between expression of mRNA
and clinicopathological characteristics and postoperative
survival to clarify the clinical significance of expression of
STC2 mRNA in cancer tissues in patients with CRC.

Patients and Methods
Patients and samples. This study was approved by the Ethics
Committees of Yokohama City Medical Centre (approval number: 18-
7A-4) and Kanagawa Cancer Centre (approval number: epidemio-
logical study-29). We used cancer tissues and corresponding normal
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mucosa from surgery samples of 202 patients with CRC who
underwent surgery at the Kanagawa Cancer Centre and Yokohama
City University Medical Centre between 2003 and 2006. Each tissue
sample was immediately embedded in Optimum Cutting Temperature
compound (Sakura Finetechnical Co., Ltd., Tokyo, Japan) after
resection and was immediately frozen in liquid nitrogen and stored
in an ultra-low temperature freezer at –80˚C. Each specimen was
stained with hematoxylin and eosin for histopathological evaluation.
Samples containing more than 80% of cancer cells were used as GC
tissue for the preparation of total RNA extracts.

RNA extraction and complementary DNA (cDNA) synthesis. Total
RNA was extracted from the CRC tissue and adjacent normal
mucosa using TRIzol Reagent (GIbco, Life Technologies,
Gaitherburg, MD, USA). cDNA was synthesised from 400 ng of
total RNA using an iScript cDNA Synthesis Kit (Bio-Rad
Laboratories, Hercules, CA, USA). After synthesis of cDNA, the
cDNA was diluted to 20% with pure water and stored in an ultra-
low temperature freezer at –80˚C.

Real-time quantitative reverse transcriptase-polymerase chain
reaction (qRT-PCR). qRT-PCR was carried out using iQSYBR-
Green Supermix (Bio-Rad Laboratories). PCR reactions were
performed in a total volume of 30 μl, containing cDNA derived
from 150 μg of RNA, 54 nM of each primer, 15 μl of iQSYBR-
Green Supermix containing 100 U/ml of iTag DNA polymerase and
800 μM of dNTPs. Expression of β-actin mRNA was used as an
internal control. PCR protocol was performed as follows: first 3 min
at 95˚C; 40 cycles of cDNA denaturation for 15 s at 95˚C, annealing
for 15 s at 56˚C for STC2 mRNA and 60˚C for β-actin mRNA, and
a primer extension for 30 s at 72˚C; last, 10 min at 72˚C. PCR
primer sequences of STC2 and β-actin are shown in Table I.

Statistical analysis. Expression levels of STC2 mRNA in cancer
tissues and corresponding normal mucosa were compared using the
Wilcoxon test. Expression levels of STC2 mRNA were categorised
as low or high (low expression group: n=101, high expression
group: n=101) according to the median expression level of STC2
mRNA in tumour tissues. Associations between relative expression
of STC2 mRNA and explanatory variables, including age, sex,
tumour size, depth of invasion, tumour location, lymph node
metastasis, liver metastasis, TMN stage, venous invasion, lymphatic
invasion, and histological type, were analysed using the χ2 test. The
association between expression of STC2 mRNA and postoperative
survival was esteemed using the Kaplan–Meier method, and
differences in survival rates were analysed using the log-rank test.
Univariate and multivariate analyses using A Cox proportional-
hazards regression model were performed to determine the
predictive postoperative survivals. All statistical analyses were

performed using IBM SPSS Statistics 20 (SPSS, Inc., Chicago, IL,
USA). Two-tailed p-values were calculated, and a difference was
considered significant when p-value was less than 0.05.

Results

STC2 mRNA expression in CRC tissue and corresponding
normal mucosa. Expression of STC2 mRNA in CRC tissues
was significantly higher than that in corresponding normal
mucosa (p=0.0012 via Wilcoxon test; Figure 1).

Relationship between STC2 mRNA expression level and
clinicopathological features. Expression levels of STC2 mRNA
were categorised as low expression group (n=101) and high
expression group (n=101) according to the median expression
level of STC2 mRNA in cancer tissues. High expression of
STC2 was significantly associated with tumour size >65 mm
in diameter, presence of lymph node metastases, presence of
venous invasion, and presence of liver metastases (Table II).

Relationship between STC2 mRNA expression level in CRC
tissues and outcomes in patients with CRC. Postoperative
survival in patients with high expression levels of STC2
mRNA in CRC tissues was significantly poorer than that in
those with low expression levels of STC2 mRNA expression
levels (p=0.0003; Figure 2).

Univariate and multivariate analyses of clinicopathological
characteristics and expression of STC2 mRNA. Univariate
analysis using Cox proportional-hazards model revealed that
tumour size, histological type, depth of invasion, lymph node
metastasis, lymphatic invasion, liver metastasis, and expression
of STC2 mRNA levels were significantly associated with the
outcomes of patients with CRC. Multivariate Cox proportional-
hazards regression analysis showed that STC2 mRNA
expression, as well as depth of tumour, lymph node metastasis,
and liver metastasis, were independently related to postoperative
survival (p=0.016, 0.018, 0.011, >0.001, respectively; Table III).

Discussion

In this study, to evaluate the clinical significance of STC2
mRNA expression in patients with CRC, we measured
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Table I. PCR primers and conditions.

Gene                                 Primer                                                                                  Annealing temperature (˚C)                         Product length(bp)

STC2                                5’-TCTCACCACTTCCATCGG-3’                                                      56.0                                                       97
                                         5’-CGTCTCCAAACACACTCC-3’                                                                                                                        
β-actin                              5’-AGTTGCGTTACACCCTTTCTTGAC-3’                                      60.0                                                     171
                                         5’-GCTCGCTCCAACCGACTGC-3’                                                                                                                     



expression of mRNA in cancer tissues and corresponding
normal mucosa specimens from patients and analysed the
association of the expression of STC2 mRNA with
clinicopathological characteristics and postoperative survivals.

First, we compared expression of STC2 mRNA in CRC
tissues and corresponding normal mucosa from 202 cases. A
previous study reported that expression of STC2 mRNA
expression in cancer tissue in 63 patients with oesophageal

cancer was higher than that in the corresponding normal
mucosa (p<0.001) (12). Wang et al. compared expression of
STC2 mRNA in cancer tissue and corresponding normal
mucosal from The Cancer Genome Atlas (TCGA) and Gene
Expression Omnibus (GEO). They reported that expression
levels of STC2 mRNA in cancer tissues were higher compared
with those in corresponding normal tissues in patients with
CRC in the TCGA database (n=383), and the same results
were obtained from all eight gene expression profiles
downloaded from the GEO database gene expression analyses
identifying a relationship between STC 2 and the malignant
behaviour of CRC (16). In the present study, expression of
STC2 mRNA in CRC tissues was significantly higher than that
in the corresponding normal mucosa (p<0.001).
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Figure 1. Expression of STC2 mRNA in CRC tissues and adjacent
normal mucosa. Expression of STC2 mRNA in CRC tissues was
significantly higher than those in adjacent normal mucosa (p=0.0012
via Wilcoxon test).

Table II. Association between the expression of STC2 mRNA and
clinicopathological characteristics.

Variables/Categories                                 STC2 expression          p-Value

                                                                  low                high               
                                                              (n=101)          (n=101)            

Age                                                       65.9±10.9      65.5±10.8      0.820 
Gender                                                          
  Male                                                        55                  55             0.556
  Female                                                     46                  46               
Tumour size                                                   
  <5 cm                                                      63                  50             0.044
  ≥5 cm                                                      38                  51               
Histological type                                           
  Well-differentiated ad-ca                        34                  24             0.274
  Moderately differentiated ad-ca             51                  64               
  Poorly differentiated ad-ca                       8                    5               
  Mucinous carcinoma                                8                    8               
Depth of invasion                                          
  T1                                                              9                    8             0.499
  T2                                                            19                  14               
  T3                                                            41                  37               
  T4                                                            32                  42               
Tumour location                                            
  Colon                                                       60                  50             0.102
  Rectum                                                    41                  51               
Lymph node metastasis                                 
  Absent                                                     57                  44             0.046
  Present                                                     44                  57               
Lymphatic invasion                                       
  Absent                                                     72                  60             0.052
  Present                                                     29                  41               
Venous invasion                                             
  Absent                                                     45                  31             0.029
  Present                                                     56                  70               
Liver metastasis                                             
  Absent                                                     92                  69           <0.001
  Present                                                       9                  32               

ad-ca: Adenocarcinoma. Bold values indicate statistical significance. 

Figure 2. Relationships between the expression of STC2 and outcomes
in patients with CRC. Postoperative survival in patients with high
expression of STC2 expression in cancer tissue was significantly poorer
than that in patients with low expression of STC2 mRNA (59.1% vs.
88.8%; p=0.0003 via the log-rank test).



Next, we studied the relationship between expression of
STC2 mRNA and clinicopathological characteristics. A
previous study reported that expression of STC2 mRNA in
CRC tissue was associated with lymph node metastasis,
distant metastasis including liver metastasis, and clinical
stage (17). Wang et al. reported the association between
STC2 mRNA expression and the clinicopathological features
in patients with CRC from the TCGA dataset (n=383). They
reported that expression of STC2 mRNA in cancer tissues
was associated with the position (colon vs. rectum), side (left
vs. right), depth (T1+T2 vs. T3+T4), lymph node metastasis,
and AJCC stage (I+II vs. III+IV) (16). In our study,
expression of STC2 mRNA in CRC tissues was significantly
associated with tumour size, lymph node metastasis, venous
invasion, and liver metastasis.

Next, we examined the relationship between expression of
STC2 mRNA in cancer tissues and postoperative survival. It

was reported that STC2 over-expression is correlated with poor
prognosis in patients with nasopharyngeal carcinomas (18).
Zhang et al. reported that the positive expression of STC2
correlates with poor overall survival (OS) and disease-free
survival in patients with hepatocellular carcinoma (19). It was
reported that patients with pancreatic cancer with high STC2
expression have a lower 5-year OS rate than patients with low
STC2 expression (20). In the present study, the 5-year OS was
significantly poorer in the high expression of STC2 mRNA
group than that in the low expression of STC2 group.

Furthermore, we performed univariate and multivariate
analyses of clinicopathological characteristics and STC2
mRNA expression to identify independent predictive
factors for postoperative survival in patients with CRC. In
a previous TCGA database analysis (n=383), it was
reported that STC2 expression levels in CRC tissues and
distant metastasis were independent predictive factors for
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Table III. Univariate and multivariate analysis of clinicopathological characteristics and STC2 mRNA expression for OS.

Variables/Categories                     n             Hazard ratio                95%CI                  p-Value            Hazard ratio                 95%CI                    p-Value

Age(years)                                                                                                                                                                                                                        
  <65                                             84                   1                                                                                                                                                            
  ≥65                                           118                   1.356                0.804-2.287                  0.253                                                                                      
Gender                                                                                                                                                                                                                              
  Male                                         110                   1                                                                                                                                                            
  Female                                       92                   0.851                0.512-1.414                  0.534                                                                                      
Tumour size                                                                                                                                                                                                                      
  <5 cm                                      113                   1                                                                                                                                                            
  ≥5 cm                                        89                   2.549                1.518-4.281                <0.001                    1.463                 0.850-2.516                   0.17
Histological type                                                                                                                                                                               
  Well, Mod                               173                   1                                                                                                                                                            
  Por, Muc                                    29                   2.064                1.117-3.812                  0.021                    1.855                 0.944-3.648                   0.073
Depth of invasion                                                                                                                                            
  T1, T2                                        50                   1                                                                                                                                                            
  T3, T4                                      152                 11.978               2.926-49.042                 0.001                    6.028                1.406-25.850                  0.018
Location                                                                                                                                                                                             
  Colon                                       110                   1                                                                                                                                                            
  Rectum                                      92                   1.309                0.792-2.163                  0.294                                                                                      
Lymph node metastasis                                                                                                                                   
  Absent                                     101                   1                                                                                                                                                            
  Present                                     101                   4.302                2.365-7.825                <0.001                    2.518                 1.234-5.138                   0.011
Lymphatic invasion                                                                                                                                                                           
  Absent                                     132                   1                                                                                                                                                            
  Present                                       70                   2.848                1.720-4.717                <0.001                    1.213                 0.652-2.255                   0.542
Venous invasion                                                                                                                                                                                
  Absent                                       76                   1                       0.833-2.469                  0.193                                                                                      
  Present                                     126                   1.434                                                                                                                                                     
Liver metastasis                                                                                                                                                                                 
  Absent                                     161                   1                                                                                                                                                            
  Present                                       41                   5.461                3.285-9.078                <0.001                    2.874                 1.657-4.984                 <0.001
STC2 mRNA expression                                                                                                                                 
  Low                                         101                   1                                                                                                                                                            
  High                                         101                   2.388                1.398-4.079                  0.001                    1.72                   0.977-3.027                   0.016

n: Number of patients; well: well-differentiated adenocarcinoma; mod: moderately differentiated adenocarcinoma; por: poorly differentiated
adenocarcinoma; muc: mucinous carcinoma. Bold values indicate statistical significance.



postoperative survival [Hazard ratio (HR)=2.338, 95%
confidence interval (CI)=1.189-4.599, p=0.014] (14). It was
also reported, using multivariate Cox regression analysis,
that OS of 115 CRC patients, distant metastasis, and STC2
expression (HR=1.976, 95%CI=1.092–3.576, p=0.024)
were independent prognostic factors for CRC. Here, similar
to the above, univariate Cox regression analysis showed
that tumour size, histological type, depth of invasion,
lymph node metastasis, lymphatic invasion, liver
metastasis, and STC2 mRNA expression in cancer tissues
were significant predictive factors for OS. Multivariate Cox
regression analyses also showed that lymph node
metastasis, depth of invasion, liver metastasis, and
expression of STC2 mRNA (HR=1.72, 95%CI=1.011-3.027,
p=0.016) were independent predictive factors of
postoperative survival.

Elucidation of the mechanism of relationship between
high STC2 expression and poor outcomes in patients with
CRC remains insufficient. Three mechanisms were
considered from previous reports. The first is the increase in
cell proliferation, migration, and invasion by STC2. In a
study using head and neck squamous cell carcinoma cells,
Yang et al. reported that STC2 may induce the invasion of
cancer cells and exert a strong growth permissive effect on
cancer cells (21). The second is the anti-apoptotic effect of
STC2. Cells expressing STC2 are reportedly resistant to
apoptosis (22) through the inhibition of plasma membrane
store-operated Ca2+ entry (23). The anti-apoptosis effect of
STC2 was shown in cells under hypoxic stress, processes
that have profound consequences for tumour growth.
Moreover, the STC2 was shown to be a downstream target
of HIF-1 and PERK-ATF4 (24-26). The third is the
promotion of the epithelial-mesenchymal transition (EMT)
by STC2. Chen et al. reported that STC2 promotes CRC
tumorigenesis and EMT progression by activating
ERK/MEK and PI3K/AKT signalling pathways (27).

Our study has several limitations. First, we only examined
the expression of STC2 mRNA in cancer tissues and
corresponding normal mucosa obtained from patients with
CRC. Although we think that there is a strong association
between the expression of STC2 mRNA and that of protein,
we should have performed immunohistochemical studies
using the same specimens. Second, we must be conscious of
the existence of heterogeneity in the CRC specimens, which
might pose a challenge. mRNA extraction was performed
using 5-mm square CRC tissue specimens. Although these
specimens were collected from the vicinity of the most
advanced part of the cancer tissue, they might not faithfully
represent the entire tumour.

In conclusion, our study is representative of CRC
pathogenesis and high expression of STC2 mRNA in the
cancer tissue may be a useful prognostic marker in patients
with CRC.
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