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ANIMAL STUDY

Animal study on stanniocalcin 2 (STC2) and gastric cancer metastasis:
discussing possible molecular mechanisms

Abstract
Objective: To assess the role of stanniocalcin 2 protein in abdominal invasion and metastasis of gastric cancer, and its
molecular mechanism.
Method: The study was conducted at the Department of General Surgery, Jiangxi Provincial People's Hospital, Nanchang,
Jiangxi, China, from January 2020 to March 2022 and comprised female mice that were divided into the experimental group
A and control group B. Satellite glial cells 7901 were inoculated into the stomach wall to induce metastasis. In group A, the
cells were genetically modified using short hairpin ribonucleic acid to silence stanniocalcin 2 expression. The silencing effect
was confirmed via Western blot. Tumour metrics, including size, weight and number, were measured, alongside cell
migration and invasion using Transwell assays. Data was analysed using SPSS 21.
Results: Of the 36 mice, 18(50%) were in each of the two groups. There was a significant reduction in tumour volume,
weight and number in group A compared to group B (p<0.05). Survival time was notably extended in group A than group
B (p<0.001). Western blot analysis revealed significantly lower VEGF-C and interleukin-10 (IL-10) protein levels in group B
(approximately a 50% reduction for VEGF-C and a 40% reduction for IL-10, p< 0.01). Transwell assay results suggested that
stanniocalcin 2 (STC2) promotes cell invasion and metastasis, as the invasion rate in the STC2-overexpressing group was
significantly higher compared to controls (increase of approximately 40%, p< 0.05).
Conclusion: The invasion and metastasis potential of gastric pain cells decreased after silencing stanniocalcin 2, suggesting
that it may promote the invasion and metastasis of gastric cancer.
Keywords: Stanniocalcin 2, Gastric cancer metastasis, Molecular mechanism, Cancer tumours.
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heterogeneous, with patients exhibiting different genetic
and molecular biological characteristics. Studies have
shown that genes abnormally expressed in GC may be
involved in the occurrence and progression of tumours,
and are related to the adverse outcomes of GC.3-5 Epithelial
cell adhesion molecule (EpCAM) is involved in cell adhesion
and signalling. Overexpression is linked to tumour
progression and metastasis. Catumaxomab, a bispecific
antibody targetting EpCAM, is being evaluated for its
therapeutic potential in GC. However, the specific
occurrence and development mechanism of GC has yet to
be fully clarified.6.” The clinical treatment of GC faces many
challenges, especially the treatment of patients who have
lost the chance of surgery, and the screening of patients

Introduction

1 Gastric cancer (GC) mortality accounts for 7.7% of all
cancer deaths, which is the fourth leading malignant
tumour in the world behind lung, colorectal and liver
cancers, seriously threatening human physical and mental
health, and causing severe social and financial burden..2
Over the past few decades, as helicobacter pylori (H. pylori)
infection has been effectively controlled, significant
progress has been made in the early diagnosis and
treatment of GC. H. pylori is a spiral-shaped bacterium that
thrives in the mucous layer lining the stomach. It is
uniquely adapted to survive the acidic environment of the
stomach by neutralising the local acidity and burrowing
into the mucous layer, which helps it evade immune

responses. The morbidity and mortality of GC have been
significantly reduced.

However, the prognosis of GC remains poor, with a low 5-
year survival rate. GC is biologically and genetically
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with early-stage cancer.

Studies in recent years have found that stanniocalcin (STC)
is abnormally expressed in tumours. Its role and
mechanism in tumours have aroused researchers' interest.
STC is a glycoprotein-secreted hormone with two
genotypes:910 STCT and STC2.1.12 STC1 and STC2 play
crucial roles in cancer progression by enhancing tumour
growth, survival and metastasis.'3 They help cancer cells
adapt to stress conditions, promote angiogenesis, and
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contribute to treatment resistance.’4 These characteristics
make STC1 and STC2 potential biomarkers and therapeutic
targets in cancer research.

STCis widely expressed in tissues and organs in a paracrine
or autocrine manner.’.12 |t promoted phosphate
absorption in the kidney, inhibits calcium uptake, maintains
the body's calcium and phosphorus balance, and prevent
hypercalcaemia.’s16 STC is also involved in a variety of
physiological and pathological processes? including
oxidative stress, damage repair, musculoskeletal
development, cardiovascular  diseases, neuronal
differentiation, pregnancy and lactation, inflammation and
tumours, etc.17.18

STC may have a role in promoting tumour occurrence and
development. The mechanism by which STC promotes
tumours is still unclear, but a standard view is that STC has
the function of protecting cells from oxidative stress, which
may be related to the hypoxic protection of tumours.1?
Solid tumours often experience hypoxia after growth.20
Through a series of gene expressions and metabolic
regulation, tumour cells can continue to survive and
proliferate. In addition, hypoxia protection can also help
tumours tolerate the killing effects of chemotherapy and
radiotherapy.2!

Other studies22-24 have found that STC can also regulate
endothelial cell function and promote the formation of
tumour neovascularisation through the angiopoietin and
vascular endothelial growth factor (VEGF)/ Vascular
endothelial growth factor receptor 2 (VEGFR2) pathways.
VEGFR2 is a crucial regulator of angiogenesis.2> It binds to
VEGF-A, initiating downstream signalling pathways that
promote endothelial cell proliferation. In colon cancer cells,
VEGFR2 plays a crucial role in endothelial differentiation.
Poorly-differentiated colon cancer cells, such as human
colorectal carcinoma (HCT116), can express endothelial
markers and form tube-like structures when cultured in an
endothelial-inducing conditioned medium.26

Under hypoxic conditions simulating physiological tumour
environments, colon cancer cells secrete more VEGF and
express higher levels of VEGFR2.27 Increased VEGFR2
expression correlates with differentiation, metastasis/
recurrence, and poor prognosis in human colon cancer
samples.28 A positive correlation exists between VEGFR2
and expression of vascular endothelial cadherin (VE-
cadherin), another endothelial marker.29.30

STC expression is abnormal in a variety of tumour tissues.
For example, the expression of STC1 in colon cancer tissues
is >10 times higher than that in normal tissues. Multiple
studies have found that STC1 is abnormally expressed in
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various tumours, such as nasopharyngeal carcinoma,
ovarian cancer, GC, lung cancer, oesophageal cancer and
bladder cancer.31

The expression of STC2 is significantly increased in GC,3233
colorectal cancer,34 oesophageal squamous cell carcinoma
(SCQ)35 and other malignant tumours.36 These studies also
found that abnormal expression of STC is associated with
clinicopathological parameters in tumour patients.37

A study33 found that the expression of STC2 in blood and
cancer tissue cells of GC patients was also significantly
increased. Its expression is correlated with patient age,
depth of tumour invasion, lymph node metastasis, clinical
stage, and venous invasion, and it was negatively related
to the 5-year survival rate. Therefore, it is believed that STC2
can be used as a target molecule for the detection of
circulating tumour cells (CTCs) in GC patients.38

In-depth research on STC2 in recent years has led to more
and more results showing that STC2 can play a critical
regulatory role in a variety of solid tumours, such as
accelerating tumour cell invasion and metastasis, inhibiting
cell apoptosis, etc.39-41 However, the role of STC2 in GC, and
the mechanism of its occurrence and action are still
unclear.42-44

The current study was planned to assess the role of STC2
protein in abdominal invasion and metastasis of GC, and
its molecular mechanism.

Materials and Methods

The study was conducted at the Department of General
Surgery, Jiangxi Provincial People's Hospital, Nanchang,
Jiangxi, China, from January 2020 to March 2022 and
comprised female Balb/C nude mice. After approval from
the institutional ethics review committee, satellite glial cells
(SGC)7901 were inoculated into the stomach wall to induce
metastasis.

After the SGC7901 cells were successfully revived, they
were cultured in a 1640 culture medium containing 10%
foetal bovine serum (FBS) at 37°C in a 5% carbon dioxide
(CO2) cell culture incubator. The cancer cells were taken in
the logarithmic growth phase to make a single cell
suspension. Trypan blue staining was used to determine
cell viability >95%, and the cell concentration was adjusted
t0 2.5x1010/L. They were divided into two groups: In group
A, the cells were genetically modified using short hairpin
ribonucleic acid (shRNA) to silence STC2 expression. The
SGC7901 group was taken as the control.

The STC2-shRNA adenovirus expression vector was
constructed using Saiye (Guangzhou) Biotechnology Co.,
Ltd. (Saiye Biotechnology, Guangzhou, China). SGC7901
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were seeded into a 6-well cell culture plate at a density of
5x105/well. During the logarithmic growth phase of the
cells, 200m purified virus culture medium, empty virus
liquid, and culture medium were added to each cell culture
medium, respectively. The medium was incubated for
48~72h, and the transfection was observed under a
fluorescent microscope. The silenced STC2 cells after
transfection were removed from the culture medium, and
washed gently once with pre-chilled phosphate buffer
saline (PBS). After that, 300ul protein extraction cell lysis
buffer+3ul  sodium  metavanadate  (NaVO3)+3pl
phenylmethylsulfonyl fluoride (PMSF)+3ul ion pair
chromatography (PIC) reagent was added, and placed on
ice for 1-2 hours for lysis at 4°C, 12,000rpm, with centrifuge
radius 3cm. It was centrifuged for 15 minutes, and the
supernatant was taken. An equal volume of 2-times sodium
dodecyl sulfate (SDS) loading buffer and 5% -
mercaptoethanol was added to the protein sample and
was heated at 100°C for 5 minutes. A 12% separation gel
was prepared, a 5% stacking gel was cast, and SDS-
polyacrylamide gel (PAGE) electrophoresis was performed.
After electrophoresis, it was time to separate and transfer
to the membrane, blocked with blocking buffer for 1h,
incubated with primary antibody at room temperature for
1h, and incubated with secondary antibody at room
temperature for 1h. Millipore's horseradish peroxidase
(HRP) colour development kit (Millipore, Burlington, MA,
USA) was used for colour development, and a gel scanning
analysis system (Bio-Rad, Hercules, CA, USA) was used to
scan and save the image, detecting the effects of silencing
STC2.

The gastric tumour body was cut into pieces and the cells
were lysed with radioimmunoprecipitation assay (RIPA)
lysis buffer containing 1% phenylmethylsulfonyl gas (PMSF)
at 400m for 30min. The lysates were separated by 10% SDS-
PAGE electrophoresis, transferred to a membrane, buffered
with blocking buffer for 1h and incubated with primary
antibody at room temperature for 3h. After incubation with
the secondary antibody for 1h, the colour was developed
with a 5-bromo-4-chloro-3-indolyl-phosphate/vapourized
nitro tetrazolium blue (BCIP/NBT) staining solution. A gel
imaging system (Bio-Rad, Hercules, CA, USA) was used to
detect the protein expression levels of VEGF-C and
interleukin-10 (IL-10) in tumour tissues.

The mice were divided into two groups with 12h fasting
before surgery. They were injected with 1% Tobbi
(30mg/kg). The middle incision was taken, the abdominal
cavity was opened, the stomach tissue was pulled, and the
cancer cell suspension was injected with the concentration
of 2.5x1010/L on the sizeable curved side of the front wall
of the stomach. After the injection site was white and
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swollen, the needle was pulled out. After surgery, the mice
were observed daily.

Survival time, survival rate and tumour suppression rate of
the mice were recorded. Survival extension rate was
calculated as average survival time of STC2 group -
SGC7901 average survival time/SGC7901 average survival
time. Tumour suppression rate was calculated as SGC7901
group tumour body weight - STC2 group tumour
weight/SGC7901 group tumour body weight. Once the
mice were dead, the abdominal cavity was opened, and the
tumour condition and tumour nodules of various
abdominal organs was checked. After removing the tissue
around the tumour, the tumour body was stripped, and the
tumour weight was accurately referred to as an electronic
scale.

Transwell migration and invasion were used to measure cell
migration and invasion. A total of 1x104 inocous cells in
200pL of non-serum medium to the upper side of the
Corning Incorpolet (Corning, NY, USA), and the quet or not
applying Matrigels (BD BIOSCIENCES, CA, USA). Then, 10%
FBS RPMI 1640 medium was added to the lower chamber.
After 48 hours, the cells under the surface of the 0.1%
crystalline purple dyeing chamber were counted separately
and the remaining cells were counted. Each experiment
was repeated at least three times.

Data was analysed using SPSS 21. Data was presented as
mean + standard deviation. Independent samples t-test
and one-way analysis of variance (ANOVA) were used as
appropriate. P<0.05 was considered significant.

Results
Of the 36 mice, 18(50%) were in each of the two groups.
Increased expression of STC2 was found (Figure 1).

The amount of green fluorescence expressed was sparse,
but at 72h after transfection, it increased significantly
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Figure-1: (A): Relative expression of STC2 mRNA after transfusion si-STC2. (B): STC2
expression in SGC7901, AGS and GES-1 cells. (NC: Negative Control. si-STC2:
small interfering RNA targeting Stanniocalcin-2 (STC2). GES-1: normal gastric
epithelial cell line. AGC: Advanced Gastric Cancer. SGC7901: human gastric
carcinoma cell line.)
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without showing an obvious cytopathic effect (CPE)
(Figure 2A).

Western blot experiments showed that after silencing the
STC2 gene, the relative expression of STC2 protein in cells
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Figure-2: (A): Transwell migration and invasion used to measure the green fluorescence
expression 24 hours after the STC2-shRNA adenoviral vector transfected
gastric cancer cell SGC7901. (B): Representative images and bar graphs. (NC:
Negative Control. shSTC2: short hairpin RNA targeting Stanniocalcin-2 (STC2).
STC2: Stanniocalcin-2. ACTIN: beta-actin. Transwell: Transwell migration
assay. Matrigel: Matrigel invasion assay.)
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Figure-3: (A): Cell proliferation containing cells in SH-STC2. (The lower OD values in
the STC2-shRNA group suggest that silencing STC2 reduced cell proliferation
in gastric cancer cells. This indicated that STC2 played a role in promoting cell
growth, and its inhibition could effectively reduce tumour cell proliferation.
(B): The use of SH-STC2 (40x) to analyse cell invasion on SGC7901 cells
(p<0.01). (NC: Negative Control. STC2-shRNA: short hairpin RNA targeting
Stanniocalcin-2 (STC2). OD value: optical density (OD) value. SGC7901: human
gastric carcinoma cell line.)

Table-1: Intergroup comparison of abdominal tumour number, weight and volume.

Group Number of tumours Total weight(g)  Volume (mmj)
$GC7901 18.86+1.83 3.98+0.23 3.62+0.41
STC2-shRNA 527+1.14 1.2440.12 0.75+0.13
p-value <0.001 <0.001 <0.001

Table-2: Intergroup comparison of survival time, survival rate and life extension rate.

Group Survival  Mortality  Survival rate Life extension
time (d) n (%) n (%) rate [n (%)]
$GC7901 (n=18) 24.03£1.26  13(72.22) 5(27.78) 4(22.22)
STC2-shRNA (n=18) 40.11+2.64 4(22.22) 14 (77.78) 11(61.11)
t-test 23321 9.028 9.028 5.600
p-value <0.001 0.003 0.003 0.018
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in the STC2-shRNA group was (0.563+0.020 compared to
1.233%0.059 in the control group (p<0.05) (Figure 2B).

Cell proliferation in the STC2-shRNA group was significantly
reduced compared to the SGC7901 group (Figure 3A).
STC2-shRNA also inhibited cell invasion in SGC7901 cells
(Figure 3B).

Tumour growth occurred in all mice 8-15 days after
inoculation, and hard and movable undesirable nodules
were palpable in the surgical area. Intergroup comparison
of tumour size, weight, and number of tumours showed
significant differences (p<0.001) (Table 1), and tumour
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Figure-4: Western blot detection of tumour tissue VEGF-C, IL-10 protein expression.
(NC: Negative Control. sh-STC2: short hairpin RNA targeting Stanniocalcin-2
(STC2). IL-10: Interleukin-10. VEGFC: Vascular Endothelial Growth Factor C.
ACTIN: beta-actin).
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Figure-5: (A): Western blot result of VEGF-C. (B): The influence of the expression of
VEGF-Con cell invasion and metastasis. (NC: Negative Control. sh-STC2: short
hairpin RNA targeting Stanniocalcin-2 (STC2). VEGFC: Vascular Endothelial
Growth Factor C. ACTIN: beta-actin. OD value: optical density (OD) value.)
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formation in various organs were lower in the STC2-shRNA
group compared to the SGC7901 group (p<0.05).

Also, the survival data of mice in the STC2-shRNA group
was significantly better than in the control group (Table 2).

The relative expression levels of VEGF-C and IL-10 proteins
were 0.300+0.040 and 0.387+0.015 in groups A and B,
respectively (p<0.05). The value of VEGF-C and IL-10 was
also significantly reduced in the STC2-shRNA group
compared to the SGC7901 group (p<0.05).

Western blot analysis confirmed that compared to the
SGC7901 group, the STC2-shRNA group showed a
significant increase in VEGF-C expression (approximately 2-
fold, as shown in Figure 4, p<0.01). Transwell assay results
indicated that after overexpression of VEGF-C in the STC2-
shRNA group, cell invasion and metastasis were
significantly aggravated (invasion rate increased by
approximately 40%, p<0.05, as shown in Figure 5).

Discussion

STC was found in the STC small body in hard bonefish in
1839, mainly STC1 and STC2.9 STC2 is confirmed as a kind
of glycoprotein hormone widely expressed in a variety of
human tissue cells, such as the stomach, intestines, kidneys,
uterus, and ovaries, and participates in various
physiological functions, such as calcium and phosphorus
metabolism.45 Studies have confirmed that the
proliferation invasion of STC2 and tumour cells, such as liver
cancer, stomach pain, laryngeal cancer, and colorectal
cancer, are closely related.4647 The level of expression can
change the biological characteristics of cancer cells in the
body, affect the internal quality mesh function of cancer
cells, damage the mitochondrial function, cause abnormal
regulation of the tumour cell cycle, and increase the cell
ratio in the G1/S phase transition. In one study,
researchers4 applied immunohistochemical methods to
test the expression of STC2 protein in normal gastric tissue,
GC tissue, and cancer tissue. The results showed that STC2
protein was higher than normal gastric mucosa tissue in
the GC tissue and cancer tissue. The analysis of clinical
pathological factors further showed that STC2's high
expression was closely related to infiltration depth and
lymphatic metastasis. Another study examined STC2 in
rectal cancer.4?

In the current study, after silencing the STC gene, the
tumour formation rates of the stomach, liver, spleen,
kidney, intestine, mesentery, and peritoneum of nude mice
in the STC2-shRNA group were 50%, 33.3%, 11.1%, 16.7%,
22.2% and 5.6%, respectively. The tumour rates of SGC7901
were 100%, 100%, 55.6%, 67.7%, 72.2%, and 67.7%,
respectively. The intraperitoneal metastasis rate in the
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STC2-shRNA group was significantly lower than that in the
control group. The number of abdominal metastases,
tumour size and tumour weight in the STC2-shRNA group
was significantly reduced compared to the control group,
and the tumour inhibition rate reached 68.84%. In terms of
survival, the survival time of nude mice in the STC2-shRNA
group was significantly longer than that of the control
group, and the life extension rate reached 66.92%. The
results showed that, after silencing STC2, the ability of GC
cells to invade and metastasise was reduced, and STC2
could play a specific role in the process of peritoneal
invasion and metastasis of GC cells.

A study has shown that IL-10 is responsible for the invasion
and metastasis of GC cells, especially one of the possible
mechanisms of lymphatic metastasis.50 The results of the
current study showed that, after silencing STC2, the ability
of GC cells SGC7901 to induce the production of IL-10 was
reduced, its anti-inflammatory and immune tolerance-
inducing effects were weakened, and the metastatic
potential of tumour cells was reduced, resulting in reduced
invasion and metastasis capabilities.

The primary transfer path of the GC is lymphatic transfer.
VEGF-Cis an important lymphatic vessel-generating factor
with special-specific receptor VEGFR-3 and VEGFR-2. VEGF-
C acts on the versatility of the special receptor VEGFR-3,
mediating the proliferation of lymphatic endothelial cells
and the hyperplasia of lymphatic vessels. The formation of
neonatal blood vessels is combined with VEGFR-2. Studies
have shown that the positive expression rate of VEGF-C is
significantly higher than that of adjacent cancer tissues and
normal tissues.>' VEGF-C expression is closely related to
tumour invasion depth and lymph node metastasis and is
positively correlated.>2 These research results indicate that
VEGF-C may be involved in the occurrence and
development of GC. The results of the current study
showed that, after silencing STC2, the ability of GC cells
SCC7901 to secrete VEGF-C was reduced, and its ability to
mediate lymphatic endothelial cell proliferation, migration
and microangiogenesis was weakened. This resulted in a
significant decrease in tumour proliferation and metastasis
capabilities. The intraperitoneal metastasis rate and
metastatic tumour size of nude mice in the STC2-shRNA
group were significantly reduced compared to the control
group. This is consistent with the expression level of IL-10
in metastatic tumours, indicating that the metastatic
potential of GC cells after silencing STC2 is reduced, and the
invasion and metastasis abilities are reduced.
Overexpression analysis of VEGF-C showed that, compared
to the control group, the degree of cell invasion and
metastasis in the STC2-shRNA group was inhibited. After
overexpression of VEGF-C, the degree of cell invasion and
metastasis was aggravated. Studies have shown that STC2
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behaves differently in different cancers.>3

They current study speculates that STC2 has a role in
regulating the expression of VEGF-C/IL-10 in GC. In the
study, STC2-shRNA silenced STC2, and the expression of
VEGF-C also decreased. In other words, STC2 may induce
cell invasion and metastasis by promoting the expression
of VEGF-C/IL-10. However, the result needs to be verified by
future experiments. Research on the molecular mechanism
of STC2 may provide new directions for the treatment of
GCin the future.

In summary, the results of this study indicate that the
metastatic potential of GC cells is reduced after silencing
STC2. STC2 may promote peritoneal invasion and
metastasis of GC by promoting the expression of VEGF-C.
VEGF-C and IL-10 may play vital roles in the regulatory
molecular mechanism of STC2.

Conclusion

The metastatic potential of GC cells was reduced after
silencing STC2. STC2 may promote peritoneal invasion and
metastasis of GC by promoting the expression of VEGF-C.
VEGF-C and IL-10 may play vital roles in the regulatory
molecular mechanism of STC2.

Disclaimer: None.
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Source of Funding: None.
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