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Thrombospondin-2 holds prognostic
value and is associated with metastasis
and the mismatch repair process in gastric
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Abstract
Background: This study aims to investigate thrombospondin 2 (TSP2) expression levels in gastric cancer (GC) and
determine the relationship between TSP2 and clinical characteristics and prognosis.
Methods: The online database Gene Expression Profile Interactive Analysis (GEPIA) was used to analyse TSP2 mRNA
expression levels in GC. The Kaplan–Meier plotter prognostic analysis tool was used to evaluate the influence of TSP2
expression on clinical prognosis in GC patients. TSP2 expression levels were analysed in paraffin-embedded GC sam‑
ples and adjacent normal tissues by immunohistochemistry. The relationship between the clinicopathological charac‑
teristics and prognosis of GC patients was assessed. Transwell experiments were used to evaluate the effect of TSP2 on
HGC27 and AGS cell invasion and migration. The EdU experiment was used to detect the effect of transfection of TSP2
on cell proliferation, and the flow cytometry experiment was used to detect the effect of TSP2 on cell apoptosis and
the cell growth cycle. Western blotting (Wb) technology was used to detect MMP, E-cadherin, N-cadherin, Vimentin,
Snail, AKT, PI3K, and VEGF protein expression in HGC27 cells.
Results: Compared with normal tissues, TSP2 mRNA expression in GC was significantly upregulated and was closely
related to the clinical stage of GC. High TSP2 expression significantly affected the OS, FP and PPS of patients with GC.
Among these patients, TSP2 expression levels did not affect the prognosis of patients with GC in the N0 subgroup but
significantly affected the prognosis of patients with GC in the N (1 + 2 + 3) subgroup. TSP2 protein expression levels
were significantly higher in GC tissue compared with normal tissues (P < 0.01). The overall survival (OS) and relapsefree survival (RFS) of patients with high TSP2 expression were lower than those of patients with low TSP2 expression.
Cells transfected with the TSP2-silencing sequence exhibited increased apoptosis and inhibition of proliferation,
migration and invasion. AKT and PI3K expression in cells was significantly downregulated (P < 0.01). AKT, PI3K and
VEGF expression in cells transfected with the TSP2 silencing sequence was significantly reduced. Proliferation, migra‑
tion, invasion ability, and TSP2 expression levels significantly correlated with mismatch repair genes, such as PMS2,
MSH6, MSH2, and MLH1 (P < 0.05).
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Conclusion: TSP2 expression is significantly increased in GC. TSP2 expression is closely related to metastasis and the
mismatch repair process in GC patients and affects GC patient prognosis. The mechanism may involve regulating gas‑
tric cancer cell proliferation and migration by modulating the VEGF/PI3K/AKT signalling pathway. TSP2 is a potential
marker and therapeutic target for the prognosis of GC patients.
Keywords: Gastric cancer, Thrombospondin 2, Clinical characteristics, Prognosis, Lymphatic metastasis

Background
Gastric cancer (GC) is one of the most common cancers in the world. With greater than 1 million estimated
new cases annually, GC is the fifth most diagnosed
malignancy worldwide [1]. Although the development
of surgical techniques and combined chemotherapy
has made significant progress in the treatment of GC in
recent years, the prognosis of patients with advanced GC
remains abysmal [2]. At present, GC-specific treatment
targets and precise prognostic markers are lacking. GC
remains the third leading cause of cancer-related mortality worldwide with a high mortality rate mostly due to its
detection in advanced stages of the disease [3]. Therefore,
exploring new prognostic biomarkers and developing
therapeutic targets are of great significance for the diagnosis and treatment of GC.
Tumour progression involves a series of complex
events, starting with tumour cell mutations and ending
with invasion and metastasis to distant locations. In this
process, the normal tissue structure is destroyed, and
the surrounding tissues begin to produce a proliferative
response similar to wound healing. This response can
be triggered by the highly permeable blood vessels that
characterize the tumour vasculature [4]. Tumours are
thought to secrete many angiogenic factors. Angiogenesis is regulated by the balance of a variety of proangiogenic factors and inhibitors. These blood vessels release
plasma protein, which initiates the production of fibrin
[5]. The tumour microenvironment also includes activated immune cells, fibroblasts, extracellular matrix, and
newly formed capillaries, which constitute the proliferation response of connective tissue [6]. Although the basis
of tumorigenesis and development has been clarified in
many aspects, the molecular genetic basis of tumorigenesis and development is still not completely clear. It is
widely accepted that cancer is caused by different mutations in specific genes. There is no doubt that the genetic
basis of cancer is an important cause of cancer because it
results in numerous molecular changes inherent in basic
cellular processes [7].
Studies have shown that thrombospondin-2 (TSP2)
may be closely related to tumour occurrence and development [8]. TSP2 is one of the five members of the human
TSP protein family, namely, TSP1 (THBS1) and TSP2
(THBS2), TSP3, TSP4, and TSP5 [9]. Thrombospondin

(TSP) is a stromal cell protein. Its spatial structure is
relatively stable, and TSP participates in the communication between cells and the intercellular matrix. Its main
functions involve early embryonic development, damage
repair, and tumorigenesis [10, 11]. The molecular weight
of TSP2 is approximately 145 kD; it is a trimeric structure
sensitive to Ca2+ and maintained by disulphide bonds.
TSP2 has four protein binding domains similar to TSP1,
including the N-terminal heparin-binding domain and
lysin-like domain, epidermal growth factor-like domain,
and the Ca2+ binding domain [12]. These domains regulate various biological functions, including proliferation,
angiogenesis, cell adhesion, and extracellular matrix
remodelling, based on interactions with various cell
surface receptors. For example, TSP2 interacts with the
cytokines CD47, CD36, and integrin αvβ3 to promote cell
migration [13]. Studies have shown that the TSP2 gene
is closely related to the occurrence and development of
coronary atherosclerosis, liver disease, and chronic kidney disease [14]. Further studies have found that TSP2
mRNA expression is abnormally increased in prostate
cancer [15] and oral cancer [16] tissues and affects the
prognosis of patients, indicating that TSP2 may be closely
related to the occurrence and development of tumours,
as mentioned above. However, few reports about TSP2 in
GC are limited. The relationship between GC is still worthy of further discussion. Therefore, we sought to reveal
the clinical significance of TSP2 and its role in GC.
The DNA mismatch repair (MMR) system is necessary to maintain genome stability. Broadly speaking,
all the main functions of the MMR system, including
correcting biosynthetic errors, monitoring DNA damage, and preventing recombination between different
sequences, serve this important purpose. Failure to
complete these functions may lead to cancer [17, 18].
Microsatellite instability is associated with 10 to 15% of
cases of colorectal cancer, endometrial cancer, ovarian
cancer, and gastric cancer. Because the postreplication
mismatch repair (MMR) system is defective and cannot
be corrected, mutations in microsatellites related to key
target genes are thought to have a pathogenic role in
the evolution of MMR-deficient tumours [19, 20]. However, the relationship between TSP2 and MMR system
in patients with gastric cancer has not been reported
yet.
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To verify the above hypothesis, this study used bioinformatics technology combined with clinical data to
preliminarily analyse TSP2 expression in GC tissues and
explore the possible relationship between TSP2 expression and the clinicopathological characteristics and clinical prognosis of GC patients. In addition, HGC-27 and
AGS GC cell lines were used to inhibit the potential target TSP2 and observe the in vitro effects of TSP2 on GC
cells. This study provides clues and ideas for further study
of the mechanism of the TSP2 gene in GC.

Methods
Tumour database

The online database Gene Expression Profile Interactive
Analysis (GEPIA, http://gepia.cancer-pku.cn/index.html)
was used to analyse and compare TSP2 expression levels
in GC and normal gastric tissues [21]. The Kaplan–Meier
Plotter prognostic analysis tool (http://kmplot.com/analy
sis/) was used to evaluate the effect of TSP2 expression
on the prognosis of GC patients [22]. The Kaplan–Meier
Plotter database was also used to analyse the correlation
between the TSP2 expression level and clinical characteristics of GC patients.
Clinical data and follow‑up

Using a random number table, 80 GC patients who
underwent surgery in the General Surgery Department of
the First Affiliated Hospital of Jinan University from January 2016 to December 2017 without prior chemotherapy or radiotherapy were selected. Eighty samples of GC
tumour tissue and paired adjacent tissues (3 cm from the
edge of the cancerous tissue) were collected. Eighty GC
tissues and paired adjacent tissues were fixed with formalin and embedded in paraffin. The pathology department
of our hospital confirmed these diagnoses. The staging
was unified according to the eighth edition TNM staging standard of the International Union Against Cancer
(UICC), and postoperative adjuvant treatment was performed according to the National Comprehensive Cancer
Network (NCCN) GC practice guidelines. The endpoint
of this study was the follow-up period of four years or the
patient’s death. Overall survival (OS) was defined as the
period from the day of surgery until death from any cause
or the end of the follow-up. The Institutional Review
Board approved this study of the First Affiliated Hospital of Jinan University, and all of the patients provided
informed consent.
Immunohistochemical test

Take paraffin sections of GC tissue, make 4 μm-thick
paraffin sections, and bake the slices at 65 °C for 30 min.
After dewaxing, block the endogenous peroxidase with
3% H2O2, inactivate for 10 min, and rinse twice with
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PBS. Slices are placed 0.01 mol/L (pH 6.0) citrate buffer
90 °C–95 °C heating for 15 min to perform antigen
retrieval. Wash twice with PBS. Nonspecific antigens
were blocked with 5% BSA. Samples were incubated in
rabbit anti-human TSP2 monoclonal antibody (BW1441,
Santa Cruz) diluted 1:400 with 5% BSA. The tissue was
completely covered in this solution. Samples were incubated overnight in a refrigerator at 4 °C and rinsed twice
with PBS (5 min). The secondary antibody (goat anti-rabbit) was added to the glass slide to completely cover the
tissue. Samples were incubated at 37 °C for 40 min and
rinsed with PBS twice (5 min). DAB was used to develop
colour, and the cells were observed under a microscope.
The reaction time was 2–4 min, and the reaction was
stopped by washing with tap water. The sample was
counterstained with haematoxylin at room temperature,
washed with tap water, dehydrated with gradient ethanol solution, cleared with xylene, mounted with neutral
gum, and observed under a microscope. The immunohistochemical staining area was scored as follows according
to the percentage of positive cells: 0 (0%), 1 (1–25%), 2
(26–50%), 3 (51–75%) and 4 (76–100%). The TSP2 staining intensity score was 0 (no staining), 1 (weak staining),
2 (medium staining), and 3 (strong staining). The final
staining score is the product of two parameters divided
into 2 groups: groups with a total score of 0–3 are low
expression groups, and groups with a score of ≥4 are
high expression groups.
Cell culture and transfection

Human HGC-27 and AGS GC cell lines were purchased
from ATCC, and grown in 1640 medium supplemented
with 10% foetal bovine serum and 1% penicillin-streptomycin mixture (purchased from Guangzhou Genio Biotech Co., Ltd.). All cells were cultured in a 37 °C, 5% CO2
constant temperature incubator, and the medium was
changed every 2 days. Cells were observed under a microscope. After the cells reached 80–90% confluence, 0.25%
trypsin was used (purchased from Guangzhou Genio
Biotech Co., Ltd.) to digest and continue subculture at a
ratio of 1:2. Cell transfection: Human HGC27 and AGS
GC cells were cultured in 1640 medium containing 10%
foetal bovine serum to a confluency of approximately
70%. Then, the target siRNA was used according to the
manufacturer’s instructions (purchased from Guangzhou
Genio Biotechnology Co., Ltd.). TSP2 siRNA was transfected into GC cells using Lipo3000 liposomes. The specific interference sequence and control sequence were
as follows: Si-1 (5′-CCGGCCCTCCTAAGACAAGGA
ACATCT-3′); Si-2 (5′-CGAGATGTTCCTTGTCTTAGG
AGGGTTTTTG-3′); and control group (Ctrl) (5′-CCC
TCCTAAGACAAGGAACAT-3′). The obtained stably
transfected cells were named Si-1 and Si-2, respectively.
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Western blotting

After 48 h of cell transfection, the total protein was
extracted from protein lysate. The sample and loading
buffer were mixed according to the corresponding ratio,
and then the sample was denatured in a boiling water
bath. Each lane was loaded with an equal amount of
protein (30 μg). After electrophoresis, the proteins were
transferred to PVDF membranes. After blocking with 5%
skimmed milk powder, blots were incubated in the corresponding primary antibody (1:1000, ab112543, Abcam)
followed by the secondary antibody the next day. Then,
ECL developer solution was added in a dark environment, and the blot was exposed using a gel imager. The
final result is expressed as a target strip. The ratio of the
optical density of the target band to that of the internal control GAPDH (1:2000, AF1186, Biyuntian) was
reported as the protein expression level.
Cell migration and invasion experiments

After transfection for 48 h, HGC-27 and AGS cell lines
were digested with 0.25% trypsin. Then, the digestion
was terminated, and the culture medium was discarded
by centrifugation. The cells were resuspended in serumfree 1640 medium, and the cell density was adjusted to
1 × 106/ml. After repeated pipetting and mixing of the
cell suspension, 0.2 ml of the cell suspension was added
to the upper chamber of the Transwell chamber. Then,
0.6 ml of 1640 medium containing 10% serum was added
to the lower chamber of the 24-well plate. Then, the plate
was gently shaken and placed in an incubator for 24 h.
The Transwell chamber was removed, and the culture
medium in the well was discarded. The cells in the upper
chamber were gently removed with a cotton swab. Cells
were rinsed 3 times with PBS and fixed with 4% paraformaldehyde for 25 min. Then, the chamber is properly
dried, and the cells are stain with 0.1% crystal violet for
20 min. Cells are washed thrice in PBS, and the chamber
is air dried. The chamber is placed under a microscope.
Five fields of view are randomly selected to observe the
cells, take pictures, and count them. In the invasion
experiment, Matrigel was added to the Transwell chamber, and the treatment method was the same as described
above. Then, 0.2 ml of cell suspension was added to the
upper chamber, and the remaining methods were the
same as described above.
EdU assay

A total of 5000 HGC-27 cells were plated in each well
of 6-well plates and treated with ethanol (50 μM, 48 h),
transfected with Ctrl (100 nM, 48 h), or transfected with
si-1 or si-2 (100 nM, 48 h). An EdU staining proliferation
kit was purchased from Abcam (ab222421). EdU solution
was added to the plates. Plates were incubated for 3 h and
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then treated with 4% formaldehyde. After the process,
the cells were stained with DAPI and viewed under an
inverted microscope (Olympus, Japan). Each experiment
was repeated three times.
Flow cytometry

After transfection for 48 h, the cells were collected for
single-cell suspension and centrifuged at 1500 r min − 1
for 5 min after rinsing three times with cold PBS. The
supernatant was discarded, and the cells were resuspended in PBS at a density of 1 × 106/mL. The cells were
fixed by adding − 20 °C precooled 75% ethanol at 4 °C for
1 h followed by centrifugation. After rinsing twice with
PBS, the supernatant was discarded, and the cells were
incubated with 100 μL RNase in darkness followed by
a 30-min water bath. Subsequently, 400 μL propidium
iodide (PI) (Sigma, 5 mg/100 mL) was added, and the
mixture was incubated in darkness at 4 °C for 30 min for
detection. The cells (1 × 104) were evaluated using flow
cytometry (6HT, Wuhan Cellwar Biotechnology Co.,
Ltd., Wuhan, China) with a 350 mesh sieve. Fluorescent
signal intensity at an excitation wavelength of 488 nm was
recorded to evaluate the cell cycle.
After transfection for 48 h, cells were digested with
trypsin
without
ethylenediaminetetraacetic
acid
(EDTA), collected in a flow tube, and centrifuged at 2000
rnmin− 1 for 8 min at room temperature. After being
washed, the cells were resuspended in precooled PBS
(4 °C) and centrifuged at 2000 r min − 1 for 5 min, and the
supernatant was discarded. The cells were collected and
stained according to the Annexin-V-FITC cell apoptosis
detection kit (Sigma) with Annexin-V-FITC/PI staining
solution containing Annexin-V-FITC, PI, and HEPES
at a ratio of 1:2:50. Briefly, 100 μL staining solution was
used to resuspend 1 × 106 cells. Once the solution was
completely mixed and incubated at room temperature
for 15 min, 1 mL HEPES buffer solution was added to the
cells and mixed. Flow cytometry was used to evaluate cell
apoptosis with an excitation wavelength of 488 nm. The
procedure was repeated thrice.
Real‑time quantitative polymerase chain reaction (PCR)

After that, the cells were collected, and RNA was
extracted using the TRIzol method. After the purity and
integrity of the RNA had been determined, cDNA was
prepared through reverse transcription. The PCR conditions were the following: predenaturation at 95 °C for
1 min; denaturation at 95 °Cfor 15 s, annealing at 58 °C for
20 s, extension at 72 °C for 20 s, for 40 cycles; then, extension at 72 °C for 5 min to terminate the reaction. After the
completion of real-time quantitative PCR (RT-qPCR), the
reliability of the melting curve and amplification curve
results obtained by PCR was quantitatively analyzed,
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and the cycle threshold (Ct) was set. There were three
duplicate holes in each group, and the test was repeated
3 times. The sequence details:TSP2(Forward: 5′-GGG
GAC ACT TTG GAC CTC AAC-3′;Reverse: 5′-GCA
GCC CAC ATA CAG GCT A-3′);GAPDH (Forward:
5′-ACA ACT TTG GTA TCG TGG AAGG-3′;Reverse:
5′-GCC ATC ACG CCA CAG TTT C-3′).
Statistical analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism 7 (GraphPad Software, Inc., San Diego, CA,
USA) were used for data analysis and graphing. The differences between groups were assessed using a t-test
or one-way analysis of variance. The expression level of
related genes and the characteristic clinicopathological
parameters were compared using Fisher’s exact test or χ2
test. Kaplan–Meier survival curves were used to analyse
the relationship between TSP2 expression level and OS.
P < 0.05 indicates a statistically significant difference.

Results
Analysis of TSP2 expression levels in different tumours

GEPIA database analysis of TSP2 expression level in
tumours showed that TSP2 gene expression was significantly increased in a variety of tumours (Supplementary
Fig. 1A, C), and TSP2 expression was significantly higher
in GC (stomach adenocarcinoma; STAD) samples compared with normal tissues (P < 0.01) (Supplementary
Fig. 1B, C). Further comparison of the TSP2 expression
levels of different GC clinical stages revealed showed that
TSP2 expression was statistically significant in different stages (F = 3.16, P = 0.0248, Supplementary Fig. 1D).
TSP2 expression in GC tissue from II-IV stage disease
was significantly increased.
The relationship between TSP2 expression level and GC
prognosis

Kaplan–Meier Plotter database analysis results show that
high TSP2 expression significantly affects the overall survival (OS) of GC patients (HR = 1.55, 95% CI: 1.29–1.85;
P < 0.01) (Supplementary Fig. 2A). Post progression survival (PPS) (HR = 1.51, 95% CI: 1.19–1.9; P < 0.01) (Supplementary Fig. 2B) and first progression survival (FP)
(HR = 1.53, 95% CI: 1.25–1.88; P < 0.01) are also significantly affected by high TSP2 expression (Supplementary Fig. 2C). In addition, Kaplan–Meier analysis was
performed on the OS and RFS of 80 GC patients, and
statistically significant differences were noted between
the TSP2 low expression group and the high expression
group (Fig. 1C,D).
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The effect of TSP2 expression on the prognosis of GC
patients in different subgroups

Kaplan–Meier Plotter was used to analyse the effect of
TSP2 expression on different subgroups of GC patients,
and the results showed that the TSP2 expression level
affected the OS of patients differently based on sexes,
treatment methods, HER2 expression, M staging, Lauren classification, and differentiation type subgroups
(P < 0.05). TSP2 expression did not affect the prognosis of GC patients in the N0 subgroup (HR = 1.67, 95%
CI: 0.73–3.83, P = 0.22) but significantly affected the
prognosis of GC patients in the N(1 + 2 + 3) subgroup
(HR = 2.36, 95% CI: 1.81–3.09, P < 0.01). Furthermore,
TSP2 did not affect the prognosis of patients with stage
I and II GC (P > 0.05) but significantly affected the prognosis of patients with stage III and IV GC (P < 0.01), as
shown in Table 1.
The relationship between TSP2 expression
and clinicopathological characteristics of GC patients

To explore whether TSP2 expression is related to clinicopathological characteristics, immunohistochemistry
was used to detect TSP2 expression levels in GC and
paracancerous tissues. The representative diagram is
shown in Fig. 1A. High TSP2 expression was noted in
76.3% (58/80) of GC tissues. High TSP2 expression was
noted in 23.7% (19/80) of normal gastric tissue samples,
and the expression level of TSP2 in GC tissue was significantly higher than that in normal tissue adjacent to
cancer (Table 2, Fig. 1B). In addition, TSP2 expression
levels in GC were significantly positively correlated with
TNM staging (P < 0.01), lymph node metastasis N staging (P = 0.038), and distant organ metastasis pM staging
(P = 0.025) and positively correlated with the pMMR/
MSI-L/MSS ratio (Table 3). In addition, univariate and
multivariate analyses showed that TSP2 upregulation is
an independent prognostic indicator of OS in patients
with gastric cancer (Table 4). These findings indicate that
TSP2 has important clinical value in patients with gastric
cancer.
Effect of TSP2 on GC cell invasion and metastasis in vitro

Western blot results showed that the TSP2 protein levels
of HGC27 and AGS cells decreased significantly (Fig. 2A,
B). The results of Transwell migration experiments
showed that after knocking down the TSP2 expression
levels of HGC27 and AGS cells, the invasion and migration ability of cells decreased significantly (Fig. 2C-F).
The above results indicate that targeted knockdown of
TSP2 can inhibit HGC27 and AGS cell migration and
invasion.
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Fig. 1 The relationship between TSP2 expression and clinicopathological characteristics in 80 cases of GC tissues: A TSP2 immunohistochemical
staining of 80 cases of GC tissues showed low expression and high expression. B TSP2 expression level in 80 cases of GC tissues (**P<0.01); C The
effect of TSP2 expression on OS in 80 cases of GC (P=0.013) D The effect of TSP2 expression on RFS in 80 cases of GC (P=0.001)

Proliferation and apoptosis in cells transfected
with different silencing sequences

First, EdU experiment results demonstrate that TSP2
promotes HGC27 cell proliferation. The cell growth
curve results showed that the growth and proliferation of the si-1 and si-2 cell lines after knockdown was
significantly slower than that of the control group
(Fig. 3A). Second, flow cytometry results showed that
compared with the control group, the two knockdown
cell lines Si-1 and Si-2 had more cells in G0/G1 phase
and fewer cells in S phase (P < 0.05, Fig. 3B). These
results indicate that TSP2 silencing inhibits the cell
cycle of gastric cancer cells, and the cells are stagnant
in the G0/G1 phase, indicating that the proliferation
ability is inhibited. Compared with the control group,
the apoptosis rate of the si-1 and si-2 groups was significantly increased (P < 0.05, Fig. 3C). These results
indicate that silencing of TSP2 expression significantly

promotes gastric cancer cell apoptosis. Wb technology was used to detect the expression of apoptosis proteins cleaved caspase-3, cleaved caspase-9, Bcl-2 and
Bax. The results showed that after knocking down the
expression of TSP2, the expression of Bcl-2 protein
was significantly down-regulated and the expression
of cleaved caspase-3, cleaved caspase-9 and Bax was
significantly up-regulated (Fig. 4E). RT-qPCR technology was used to detect the mRNA expression of apoptosis proteins caspase-3, caspase-9, Bcl-2 and Bax. The
results showed that after knocking down the expression
of TSP2, the mRNA expression of Bcl-2 protein was
significantly down-regulated and the mRNA expression
of caspase-3, caspase-9 was significantly up-regulated
(Fig. 4F).
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Table 1 The effect of TSP2 in the Kaplan-Meier Plotter database
on the prognosis of patients with different subgroups of GC
Clinical
characteristics
Gender
Treatment

Items

Cases HR (95% CI)

P value

Clinical
Female

236

2.05 (1.44–2.92)

4.9e−05

Male

545

1.52 (1.22–1.89)

0.00015

Surgery alone

380

1.71 (1.28–2.29)

0.00023

5 FU based

153

0.65 (0.46–0.92)

0.014

Other adjuvant 76

2.82(1.17–6.79)

0.015

HER2 status

Negative

1.58(1.25–1.99)

9.4e−05

Positive

344

1.58 (1.22–2.05)

0.00049

Stage

StageI

67

0.45 (0.17–1.24)

0.11

StageII

140

0.62(1.34–1.14)

0.12

StageIII

305

1.89(1.41–2.53)

1.4e−05

Stage T

Stage N

532

StageIV

148

1.87(1.27–2.77)

0.0014

T2

241

1.84(1.18–2.86)

0.0061

T3

204

1.87(1.32–2.63)

3.0e−04

T4

38

1.91(0.82–4.47)

0.13

N0

74

1.67(0.73–3.83)

0.22

N (1 + 2 + 3)

Stage M

422

2.36(1.81–3.09)

8.2e−11

N1

225

2.31(1.53–3.48)

3.8e−05

N2

121

2.92(1.84–4.63)

1.9e-6

N3

76

2.27(1.31–3.91)

0.0026

M0

444

2.14(1.62–2.83)

3.9e-8

M1

56

1.84(1.01–3.33)

0.042

Lauren classifica‑
tion

Instestinal

320

2.49 (1.8–3.46)

1.6e-8

Diffuse

241

1.89 (1.34–2.66)

0.00023

Differentiation

Mixed

33

4.55 (1.56–13.32) 0.0025

Poorly

165

1.79 (1.16–2.75)

0.0074

Moderately

67

2.71 (1.35–5.44)

0.0036

Well

32

4.36 (1.8–10.54)

4.0e-04

Table 2 TSP2 expression in 80 cases of gastric cancer tissues
(n%)
Tissue

Cases

Table 3 Relationship
between TSP2
expression
and
clinicopathological characteristics in 80 cases of gastric cancer
(n%)

TSP2 expression
Low

χ2

P-value

38.079

<0.01

High

Normal

80

61(76.3)

19(23.7)

Tumor

80

22(27.5)

58(72.5)

TSP2 knockdown downregulates the expression of HGC27
cell migration‑related proteins

Wb technology was used to detect the expression
of the following migration-related proteins: MMP2,
MMP9, E-cadherin, N-cadherin, vimentin, and snail.
After knocking down TSP2 expression, the expression
of E-cadherin, N-cadherin, vimentin, and snail did not
change significantly, whereas MMP2 and MMP9 protein expression was significantly downregulated and the

Cases

characteristics

TSP2 expression
Low

High

Age (years)
<65

34

12(35.3)

22(64.7)

≥65

46

10(21.7)

36(78.3)

Male

41

14(34.1)

27(65.9)

Female

39

8 (20.5)

31(79.5)

Gender

TNM stage
I/II

33

16(48.5)

17(51.5)

47

6 (12.8)

41(87.2)

T1/T2

23

9 (39.1)

14(60.9)

T3/T4

57

13(22.8)

44(77.2)

N0

33

5 (15.2)

28(84.8)

N(1 + 2 + 3)

47

17(36.2)

30(63.8)

M0

68

15(22.1)

53(77.9)

M1

12

7 (58.3)

5 (41.7)

43

13(30.2)

30(69.8)

37

9 (24.3)

28(75.7)

pMMR/ MSI-L/MSS

66

12(18.2)

54(81.8)

dMMR/MSI-H

14

10(71.4)

4 (28.6)

T stage

N stage

M stage

Differentiation
Well/moderate
MSI/MMR

P-value

1.802

0.180

1.863

0.172

12.406

III/IV

Poor/undifferentiated

χ2

<0.01

2.190

0.139

4.296

0.038

5.035

0.025

0.348

0.555

16.425

<0.01

Abbreviations: pMMR proficient mismatch repair, MSI-L microsatellite instability
low, MSS microsatellite stable, dMMR deficient mismatch repair, MSI-H
microsatellite instability high

expression of E-Cadherin was significantly up-regulated
(Fig. 4A). RT-qPCR technology was used to detect the
mRNA expression of migration-related proteins MMP2,
MMP9, E-cadherin, N-cadherin, vimentin, and snail. The
results showed that after knocking down the expression
of TSP2, the mRNA expression of MMP2, MMP9 protein was significantly down-regulated and the mRNA
expression of E-cadherin was significantly up-regulated
(Fig. 4B).
TSP2 promotes GC cell mobility through the VEGF/PI3K/
AKT signalling transduction pathway

The AKT signalling pathway plays a very important role
in cell proliferation and migration. After knocking down
TSP2 expression, the expression of the related proteins
AKT, PI3K and VEGF in the AKT signalling pathway was
detected by WB. The results showed that knocking down
TSP2 significantly downregulated the expression of AKT,
PI3K and VEGF (Fig. 4C). The above experimental results
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Table 4 Univariate and multivariate analyses of overall survival in gastric cancer
Variable

Univariate analysis
HR

95% CI

Multivariate analysis
P value

HR

95% CI

P value

Age

1.011

0.985–1.037

0.423

–

–

–

Gender

0.860

0.438–1.690

0.662

–

–

–

TNM stage

4.132

1.704–10.016

0.002

3.491

1.377–8.848

0.008

T stage

1.838

0.400–1.755

0.639

–

–

–

N stage

1.824

0.418–1.621

0.574

–

–

–

M stage

1.502

0.153–1.643

0.255

–

–

–

Differentiation

1.941

0.478–1.852

0.860

–

–

–

MSI/MMR

0.538

0.189–1.528

0.244

–

–

–

TSP2

3.436

1.208–9.771

0.021

3.243

1.269–8.288

0.014

HR hazard ratio, CI confidence interval
p < 0.05 represents the p-values with significant differences

indicate that TSP2 may regulate the biological behaviour
of HGC27 by regulating the AKT signalling pathway.
RT-qPCR technology was used to detect the mRNA
expression of signalling pathway proteins AKT, PI3K
and VEGF. The results showed that after knocking down
the expression of TSP2, the mRNA expression of AKT,
PI3K and VEGF protein was significantly down-regulated
(Fig. 4D).
Correlation between TSP2 gene expression and mismatch
repair gene expression in GC

GEPIA database analysis results showed that the expression level of TSP2 in gastric adenocarcinoma (stomach adenocarcinoma; STAD) was significantly positively
correlated with the expression of a series of mismatch
repair genes, PMS2, MSH6, MSH2, and MLH1 (P < 0.05,
Supplementary Fig. 3).

Discussion
GC is one of the common types of gastrointestinal
tumours. Its occurrence is related to various factors,
including genetic factors and nongenetic factors, and
genetic factors play an essential role in the pathogenesis of GC [2]. The specific mechanisms involved in the
pathogenesis of GC are worthy of further investigation.
Although the comprehensive treatment of GC has made
meaningful progress, more accurate prognostic markers are lacking. This study used bioinformatics technology combined with clinical experiments to determine
that TSP2 expression is significantly increased in GC.
Simultaneously, the high expression of TSP2 significantly
affects the prognosis of GC patients and significantly
affects the prognosis of GC patients with lymph node
metastasis. This study also determined that TSP2 expression levels are related to a variety of genes that affect the

biological behaviour of GC, which provides a theoretical
direction and data support for the further study of TSP2
in GC.
The occurrence of tumours is the result of multiple
factors. Tumourigenesis is a multi-stage process that
allows tumour cells have unlimited self-proliferation
ability and the ability to escape apoptosis [23]. Tumourigenesis also requires continuous nutritional support,
including blood vessel growth and infiltration [24, 25].
New blood vessels are vital for tumour cell growth,
infiltration, and metastasis [5]. When the normal balance between inhibiting tumour angiogenesis and
promoting tumour angiogenesis is broken, numerous
tumour blood vessels are rapidly formed, and tumour
cells gain the ability for unlimited proliferation, infiltration, and metastasis. However, the blood vessels of
the tumour are new and abnormal [26]. TSP2 is a member of the TSP family. It is a new, naturally occurring
inhibitor of angiogenesis [27]. TSP significantly inhibits the expression of vascular endothelial growth factor
(VEGF) [28]. It is currently the most studied member of
the TSP family, has the most complex functions and is
closely related to various cell behaviours. Related studies have shown that TSP2 is synthesized, secreted, and
transported to the corresponding extracellular matrix
by fibroblasts, smooth muscle cells, endothelial cells,
keratinocytes, and other types of cells [29]. Given that
each subunit of TSP2 is composed of many discrete
domains, these different domains can mediate TSP2
binding to various ligands, such as heparin, collagen,
fibronectin, plasminogen, and plasminogen activation [30]. Related studies have confirmed that at least
two different receptors interact with these ligands. The
role of receptors and ligands is precisely mediated by
the above domains. TSP2 participates in a variety of
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Fig. 2 Western blot detection of TSP2 protein expression level: (A) HGC27 GC cell line, (B) AGS GC cell line, Ctrl: control group; Si-1, Si-2: cell
line after transfection. Transwell cell test detects the migration and invasion ability of GC cells: Migration: migration test; Invasion: invasion test;
comparison between Ctrl control group and Si-2 experimental group (**P < 0.05; ***P < 0.01)

cell behaviours, including cell adhesion, migration, and
proliferation [31]. Therefore, TSP2 is considered to play
an essential role in cell growth and embryonic development and angiogenesis.
In this study, GEPIA and Kaplan–Meier Plotter database systems were used to analyse TSP2 expression levels in GC to understand the relationship between their
expression and clinical prognosis. The results showed
that TSP2 expression in GC tissues was significantly
higher than that in normal tissues. TSP2 expression
mainly affects the clinical prognosis of GC patients with
lymphatic stages N1–3. This finding indicates that high
TSP2 expression is closely related to lymph node metastasis and tumour invasion in GC. In addition, high TSP2
expression affects the clinical prognosis of GC patients
in various GC subgroups, indicating that TSP2 represent a potential biomarker for predicting tumour prognosis in GC. To further clarify the expression of TSP2 in

GC tissues, this study performed immunohistochemical analysis on 80 pairs of fresh GC tissues and adjacent
tissues. The results showed that the TSP2 expression
level was significantly related to TNM staging (P < 0.01),
pM staging of distant metastasis (P = 0.025), and other
clinicopathological characteristics but not to sex or
age (P > 0.05). Kaplan–Meier survival analysis results
showed that patients with high TSP2 expression had
a shorter survival time than patients with low expression, were more likely to relapse, and had a worse prognosis. In addition, univariate and multivariate analyses
showed that TSP2 upregulation is an independent prognostic indicator of OS in patients with gastric cancer.
Elevated TSP2 expression is an independent risk factor
for poor prognosis in patients. These findings indicate
that TSP2 has important clinical value in patients with
gastric cancer. Given that the cohort of 80 pairs of GC
tissues includes only twelve cases of M1 disease, such a
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Fig. 3 A. EdU assay was used to detect the cell proliferation phenotype with the treatment of ethanol or metapristone. B. Apoptosis of cells
transfected with different silencing sequences measured by flow cytometry. C. Cell cycle distribution of cells transfected with different silencing
sequences evaluated by flow cytometry

low-metastasis disease group may lead to limited statistical results. Considering that our research was conducted
in a small group of patients, it is necessary to conduct
larger-scale prospective clinical studies to completely
understand and develop the prognostic and therapeutic
value of TSP2.
To explore the role of TSP2 in the metastatic activity of
GC cells, this study selected the GC cell lines HGC27 and
AGS for transfection. The results showed that the expression of Si-1 and Si-2 histones was significantly lower than
that of the control group, verifying the success of the
transfection model setup. Transwell cell migration and
invasion experiments revealed that TSP2 gene expression was reduced after interfering with the TSP2 gene in
GC cells, and the cell invasion and metastasis ability was
reduced. The migration ability of tumour cells is mainly
regulated by the matrix metalloproteinase (MMP) protein family. Members of the MMP family degrade the
extracellular matrix and participate in signal transduction. This family is mainly involved in cell migration and

invasion, and expression of MMP proteins is significantly
upregulated in a variety of tumour cells. This study also
found that after altering TSP2 expression, MMP9 protein expression was significantly downregulated. Furthermore, the lack of expression of cadherin will lead to
a decrease in the adhesion ability of tumor cells, and then
metastasis and spread to surrounding tissues.
TSP2 silencing results in the inhibition of the proliferation of gastric cancer cells and cell migration. In addition,
cells transfected with the silencing sequence undergo
apoptosis. The AKT signalling pathway is involved in a
variety of physiological activities in cells. The AKT signalling pathway regulates cell proliferation by regulating
the expression of cyclin and cyclin-dependent kinases.
The AKT signalling pathway also inhibits cell apoptosis by inhibiting the expression of P53. In addition, the
PI3K/AKT signalling pathway also regulate the migration
ability of cells by regulating the expression of MMP proteins. In addition, the development of a new blood vessel supply or angiogenesis plays a vital homeostasis role
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Fig. 4 A. Knockdown of TSP2 could down-regulate MMPs and up-regulate E-cadherin. B. The mRNA expression of migration-related proteins
MMP2, MMP9, E-cadherin, N-cadherin, vimentin, and snail. C. Knockdown of TSP2 inhibited the expression of AKT, PI3K and VEGF. D. The mRNA
expression of AKT, PI3K and VEGF. E. The expression of apoptosis proteins cleaved caspase-3, cleaved caspase-9, Bcl-2 and Bax. F. The mRNA
expression of apoptosis proteins caspase-3, caspase-9, Bcl-2 and Bax

given that blood vessels transport nutrients to tissues and
organs and remove catabolic products. However, uncontrolled blood vessel growth can promote many disease
processes, including tumourigenesis. The discovery of
vascular endothelial-derived growth factor (VEGF) has
completely changed our understanding of angiogenesis

during development and physiological homeostasis, and
VEGF mainly targets endothelial cells [32]. Further studies have found that the downregulation of TSP2 leads to
downregulation of AKT signalling pathway-related proteins AKT/PI3K/VEGF, thereby regulating tumour angiogenesis, tumour cell proliferation and migration and
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many other physiological activities. However, the specific
mechanisms still need to be further explored. In conclusion, this experiment shows that TSP2 gene expression
promotes GC cell proliferation, migration and invasion.
On the other hand, chromosomal instability and microsatellite instability are two key mechanisms involved in
the occurrence of gastrointestinal tumours [33, 34]. The
mismatch repair system (MMR) is responsible for maintaining genome stability. When MMR function is abnormal, the weakened or even missing function of the MMR
system will cause microsatellite instability [35]. Microsatellites change, and the total mutation rate of specific cells
increases [36]. Therefore, MMR plays a vital role tumourigenesis and the biological behaviour of tumours [37].
The current use of immune checkpoint inhibitor therapy for tumours is referred to as the “MSI era” because
microsatellite instability (MSI) or mismatch repair gene
status (MMR) is currently the best predictor of efficacy [38, 39]. Based on the MSI status, GC patients can
be divided into two groups according to the efficacy of
immunotherapy: “dominant population” MSI-H/dMMR
GC cancer (MSI-H) and “ineffective population” MSS/
pMMR GC cancer (MSS) [40]. Mismatch repair gene
family members include MLH1, MSH2, MSH6, and PMS2
[41], all of which play an essential role in GC occurrence
and progression [42]. Through gene correlation analysis,
this study also found that the TSP2 gene has a significant
correlation with the expression of four crucial genes in
the mismatch repair family, further confirming that the
TSP2 gene has potential guiding significance for clinical
molecular typing and treatment options in GC.

Conclusion
In summary, this study analysed the correlation between
TSP2 and GC through bioinformatics technology combined with clinical samples and in vitro experiments.
TSP2 was highly expressed in GC and had a cancer-promoting effect. Downregulating its expression by exogenous means results in the inhibition of GC proliferation,
migration, and invasion. High TSP2 expression affects
the prognosis of GC patients, and TSP2 expression is
closely related to the poor prognosis of patients with GC
lymph node metastasis. TSP2 is a potential marker for
GC lymph node metastasis and patient prognosis.
Abbreviations
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Additional file 1: Supplementary Figure 1. Analysis expression level
of TSP-2 in different tumors and GC. Analyze the results with the GEPIA
database: (A) Dot plots of gene expression profiles in all tumor samples
and matched normal tissues; (B) Comparison of expression levels of TSP2
gene in GC and normal stomach tissues (P < 0.01); (C) The gene expres‑
sion profile bar graphs of all tumor samples and paired normal tissues.
The height of the bar represents the median expression of certain tumor
types or normal tissues, where Stomach adenocarcinoma (STAD,T = 22.67;
N = 1.45); (D) The expression of TSP2 gene in GC clinical stage (P < 0.01).
Supplementary Figure 2. Kaplan-Meier Plotter database analysis of the
relationship between TSP2 mRNA expression level and prognosis in GC
patients: (A) TSP2 expression affects OS of GC patients, (B) Progressive
survival after recurrence (PPS) and (C) First progression survival (FP). Sup‑
plementary Figure 3. The correlation between TSP2 gene and mismatch
repair gene expression in the GEPIA database. (A-D) respectively indicate
a significant positive correlation with the mismatch repair genes PMS2,
MSH6, MSH2, MLH1, and TSP2 (THBS2) genes. Supplementary Figure 4.
A. Original figure about Western-blot results showed that the TSP2 protein
levels of HGC27 and AGS cells. The samples derive from the same experi‑
ment and that gels/blots were processed in parallel. B, C and D, Original
figure about Western-blot results showed that the TSP2 protein levels of
HGC27 cells. The samples derive from the same experiment and that gels/
blots were processed in parallel.
Acknowledgements
Not applicable.
Authors’ contributions
Research idea: YLP and JHP. Data extraction and integrated analysis: XDC, YRZ,
ZZ, SCHF, ZBL and HB. Quality assessment and result interpretation: TH, HD,
XLC, YGG and SHQ. Modification and polishing: YLP and JHP. Manuscript writ‑
ing: All authors. Final approval of manuscript: All authors.
Funding
This research was supported by the Chair Professor Foundation of the First
Affiliated Hospital of Jinan University (Recipient: Yunlong Pan, the Correp‑
sponding author of this study; grant number:702023), the Basic and Applied
Basic Research Fund of Guangdong Province (Recipient: Hanlin Shuai,
grant number: 2018A030313145; Recipient: Yunlong Pan, grant number:
2019A1515011763; Recipient: Jinghua Pan, grant number: 2019A1515110543),
the Guangdong education department (Recipient: Xiaoli Chu, grant number:
2018GWQNCX050) and the Fundamental Research Business Expenses of Cen‑
tral Universities(Recipient: Jinghua Pan, grant number: 11620306). The funding
did not affect the design of the study, collection, analysis or interpretation of
data or preparation of the manuscript.
Availability of data and materials
All analyzed data are included in this published article and its supplementary
information file. The data underlying this study are freely available from GEPIA
data portal (http://gepia.cancer-pku.cn/index.html) and the Kaplan-Meier Plot‑
ter prognostic analysis tool (http://kmplot.com/analysis/). The authors did not
have special access privileges. The original data are available upon reasonable
request to the corresponding author.

Declarations
Ethics approval and consent to participate
This study was conducted under the approval of the Ethics Committee of the
First Affiliated Hospital of Jinan University in strict accordance with the Declaration of Helsinki. All patients and/or legal guardians were informed prior to
experiments and signed written informed consents.
Consent for publication
Not applicable.

Chu et al. BMC Cancer

(2022) 22:250

Page 13 of 13

Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of General Surgery, The First Affiliated Hospital of Jinan Uni‑
versity, 613 Huangpu West Avenue, Guangzhou, Guangdong 510632, China.
2
Department of Clinical Pathology, The First Affiliated Hospital of Jinan Uni‑
versity, 613 Huangpu West Avenue, Guangzhou, Guangdong 510632, China.
3
Guangdong Provincial Key laboratory of Chinese Medicine for Prevention
and Treatment of Refractory Chronic Diseases, The Second Affiliated Hospital
of Guangzhou University of Chinese Medicine, Guangzhou 510120, China.
Received: 12 February 2021 Accepted: 12 January 2022

20.
21.
22.
23.
24.

References
1. Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric can‑
cer. Lancet (London, England). 2020;396(10251):635–48.
2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin.
2019;69(1):7–34.
3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor‑
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394–424.
4. Dvorak HF. Tumors: wounds that do not heal. Similarities between
tumor stroma generation and wound healing. N Engl J Med.
1986;315(26):1650–9.
5. Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J Med.
1971;285(21):1182–6.
6. DeBerardinis RJ. Tumor microenvironment, metabolism, and immuno‑
therapy. N Engl J Med. 2020;382(9):869–71.
7. Somarelli JA, Gardner H, Cannataro VL, Gunady EF, Boddy AM, Johnson
NA, et al. Molecular biology and evolution of Cancer: from discovery to
action. Mol Biol Evol. 2020;37(2):320–6.
8. Kazerounian S, Yee KO, Lawler J. Thrombospondins in cancer. Cell Mol Life
Sci. 2008;65(5):700–12.
9. Chistiakov DA, Melnichenko AA, Myasoedova VA, Grechko AV, Orekhov
AN. Thrombospondins: A Role in Cardiovascular Disease. Int J Mol Sci.
2017;18(7):1540. https://doi.org/10.3390/ijms18071540.
10. Kassem MM, Helkin A, Maier KG, Gahtan V. Thrombospondins differ‑
entially regulate proteins involved in arterial remodeling. Physiol Res.
2019;68(6):893–900.
11. Kirk JA, Cingolani OH. Thrombospondins in the transition from myocar‑
dial infarction to heart failure. J Mol Cell Cardiol. 2016;90:102–10.
12. Rusnati M, Borsotti P, Moroni E, Foglieni C, Chiodelli P, Carminati L, et al.
The calcium-binding type III repeats domain of thrombospondin-2 binds
to fibroblast growth factor 2 (FGF2). Angiogenesis. 2019;22(1):133–44.
13. Liu JF, Lee CW, Tsai MH, Tang CH, Chen PC, Lin LW, et al. Thrombospondin
2 promotes tumor metastasis by inducing matrix metalloproteinase-13
production in lung cancer cells. Biochem Pharmacol. 2018;155:537–46.
14. Mustonen E, Ruskoaho H, Rysä J. Thrombospondins, potential drug
targets for cardiovascular diseases. Basic Clin Pharmacol Toxicol.
2013;112(1):4–12.
15. Chen PC, Tang CH, Lin LW, Tsai CH, Chu CY, Lin TH, et al. Thrombospon‑
din-2 promotes prostate cancer bone metastasis by the up-regulation of
matrix metalloproteinase-2 through down-regulating miR-376c expres‑
sion. J Hematol Oncol. 2017;10(1):33.
16. Hsu CW, Yu JS, Peng PH, Liu SC, Chang YS, Chang KP, et al. Secretome
profiling of primary cells reveals that THBS2 is a salivary biomarker of oral
cavity squamous cell carcinoma. J Proteome Res. 2014;13(11):4796–807.
17. Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-Acosta A,
Delord JP, et al. Efficacy of Pembrolizumab in patients with noncolorectal
high microsatellite instability/mismatch repair-deficient Cancer: results
from the phase II KEYNOTE-158 study. J Clin Oncol. 2020;38(1):1–10.
18. Peltomäki P. Role of DNA mismatch repair defects in the pathogenesis of
human cancer. J Clin Oncol. 2003;21(6):1174–9.
19. Eso Y, Shimizu T, Takeda H, Takai A, Marusawa H. Microsatellite instabil‑
ity and immune checkpoint inhibitors: toward precision medicine

25.
26.
27.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

against gastrointestinal and hepatobiliary cancers. J Gastroenterol.
2020;55(1):15–26.
Shah SN, Hile SE, Eckert KA. Defective mismatch repair, microsatellite
mutation bias, and variability in clinical cancer phenotypes. Cancer Res.
2010;70(2):431–5.
Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for cancer
and normal gene expression profiling and interactive analyses. Nucleic
Acids Res. 2017;45(W1):W98–w102.
Nagy Á, Lánczky A, Menyhárt O, Győrffy B. Validation of miRNA prognostic
power in hepatocellular carcinoma using expression data of independent
datasets. Sci Rep. 2018;8(1):9227.
Wang L, Li K, Lin X, Yao Z, Wang S, Xiong X, et al. Metformin induces
human esophageal carcinoma cell pyroptosis by targeting the miR-497/
PELP1 axis. Cancer Lett. 2019;450:22–31.
Wang Y, Wang L, Chen C, Chu X. New insights into the regulatory role of
microRNA in tumor angiogenesis and clinical implications. Mol Cancer.
2018;17(1):22.
Pan F, Li W, Yang W, Yang XY, Liu S, Li X, et al. Anterior gradient 2 as a
supervisory marker for tumor vessel normalization induced by antiangiogenic treatment. Oncol Lett. 2018;16(3):3083–91.
Zhao X, Pan J, Li W, Yang W, Qin L, Pan Y. Gold nanoparticles enhance
cisplatin delivery and potentiate chemotherapy by decompressing
colorectal cancer vessels. Int J Nanomedicine. 2018;13:6207–21.
Roudnicky F, Yoon SY, Poghosyan S, Schwager S, Poyet C, Vella G, et al.
Alternative transcription of a shorter, non-anti-angiogenic throm‑
bospondin-2 variant in cancer-associated blood vessels. Oncogene.
2018;37(19):2573–85.
Bausch D, Fritz S, Bolm L, Wellner UF, Fernandez-Del-Castillo C, Warshaw
AL, et al. Hedgehog signaling promotes angiogenesis directly and indi‑
rectly in pancreatic cancer. Angiogenesis. 2020;23(3):479–92.
Sun XY, Han XM, Zhao XL, Cheng XM, Zhang Y. MiR-93-5p promotes cervi‑
cal cancer progression by targeting THBS2/MMPS signal pathway. Eur Rev
Med Pharmacol Sci. 2019;23(12):5113–21.
MacLauchlan SC, Calabro NE, Huang Y, Krishna M, Bancroft T, Sharma
T, et al. HIF-1α represses the expression of the angiogenesis inhibitor
thrombospondin-2. Matrix Biol. 2018;65:45–58.
Morris AH, Stamer DK, Kunkemoeller B, Chang J, Xing H, Kyriakides TR. Decel‑
lularized materials derived from TSP2-KO mice promote enhanced neovascu‑
larization and integration in diabetic wounds. Biomaterials. 2018;169:61–71.
Apte RS, Chen DS, Ferrara N. VEGF in signaling and disease: beyond
discovery and development. Cell. 2019;176(6):1248–64.
Pećina-Šlaus N, Kafka A, Salamon I, Bukovac A. Mismatch repair pathway,
genome stability and Cancer. Front Mol Biosci. 2020;7:122.
Bach DH, Zhang W, Sood AK. Chromosomal instability in tumor initiation
and development. Cancer Res. 2019;79(16):3995–4002.
McGrail DJ, Garnett J, Yin J, Dai H, Shih DJH, Lam TNA, et al. Proteome
instability is a therapeutic vulnerability in mismatch repair-deficient
Cancer. Cancer Cell. 2020;37(3):371–386.e312.
Jun JK, Choi KS, Lee HY, Suh M, Park B, Song SH, et al. Effectiveness of the
Korean National Cancer Screening Program in reducing gastric Cancer
mortality. Gastroenterology. 2017;152(6):1319–1328.e1317.
Baretti M, Le DT. DNA mismatch repair in cancer. Pharmacol Ther.
2018;189:45–62.
Kim H, Hwang Y, Sung H, Jang J, Ahn C, Kim SG, et al. Effectiveness of gas‑
tric Cancer screening on gastric Cancer incidence and mortality in a com‑
munity-based prospective cohort. Cancer Res Treat. 2018;50(2):582–9.
Lemery S, Keegan P, Pazdur R. First FDA approval agnostic of Can‑
cer site - when a biomarker defines the indication. N Engl J Med.
2017;377(15):1409–12.
Lee V, Murphy A, Le DT, Diaz LA Jr. Mismatch repair deficiency
and response to immune checkpoint blockade. Oncologist.
2016;21(10):1200–11.
Fishel R. Mismatch repair. J Biol Chem. 2015;290(44):26395–403.
Mas-Ponte D, Supek F. DNA mismatch repair promotes APOBEC3mediated diffuse hypermutation in human cancers. Nat Genet.
2020;52(9):958–68.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

