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HMGA2 promotes the migration and invasion of
gallbladder cancer cells and HMGA2 knockdown
inhibits angiogenesis via targeting VEGFA
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Abstract. The high mobility group AT‑hook 2 (HMGA2)
protein has been found to be upregulated in the majority of
tumor types and is associated with a poor prognosis. Previous
studies have suggested the oncogenic role of HMGA2 in
gallbladder cancer (GBC). The present study aimed to inves‑
tigate the effects of HMGA2 on the invasion, migration and
angiogenesis of GBC cells. To achieve this aim, HMGA2
was overexpressed or silenced in the GBC cell line, EH‑GB1,
and then the proliferation, migration, invasion and epithe‑
lial‑mesenchymal transition (EMT) abilities of EH‑GB1 cells
were investigated using Cell Counting Kit‑8, wound healing,
Transwell and western blotting assays. In addition, the expres‑
sion levels of VEGFA were determined in EH‑GB1 cells using
western blotting and reverse transcription‑quantitative PCR
following HMGA2 overexpression or silencing. Furthermore,
HMGA2‑silenced EH‑GB1 cells were transfected with
VEGFA overexpression plasmids to evaluate the tube forma‑
tion ability of HUVECs using tube formation assay. The
results demonstrated that HMGA2 silencing inhibited GBC
cell proliferation, migration, invasion and EMT, as evidenced
by the downregulated expression of Ki67, proliferating cell
nuclear antigen, MMP2, MMP9, N‑cadherin, snail family
transcriptional repressor 2 and zinc finger E‑box‑binding
homeobox 1, and attenuated cell migration and invasion.
However, the opposite results were obtained following
HMGA2 overexpression. Moreover, HMGA2 knockdown
and overexpression downregulated and upregulated VEGFA
expression, respectively. In addition, the tube formation ability
of HUVECs and the expression levels of CD31, VEGFR1 and
VEGFR2 were downregulated following HMGA2 silencing.
However, these effects were partially rescued by simultaneous
VEGFA overexpression. In conclusion, the findings of the
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present study revealed that HMGA2 may promote GBC cell
migration, invasion, EMT and angiogenesis. Therefore, inhib‑
iting HMGA2 expression could be considered as a possible
therapeutic approach for GBC.
Introduction
Gallbladder cancer (GBC) is the most common malignant
tumor of the bile duct system, accounting for 80‑95% of all
malignant biliary tract tumor cases worldwide (1). Due to the
insidious onset of GBC and the lack of specific symptoms at
the early stages, the majority of GBC cases are diagnosed in
the middle and late stages of the disease (2). GBC is often
misdiagnosed as biliary colic clinically (3). The current main
treatment option for GBC is radical cholecystectomy, but the
resectability of the tumor must be evaluated prior to surgery
to determine eligibility. If the GBC can be resected, the liver
function should be evaluated and adjuvant treatment should
be administered after surgery. If the cancer is unresectable,
chemotherapy or radiotherapy can be prescribed for the treat‑
ment of the disease (3). The diagnosis of cholangiocarcinoma,
which is also a type of biliary tract cancer, is obtained through
imaging techniques and invasive examinations, followed by
pathological confirmation. These diagnostic approaches are
roughly the same as those used for GBC, and so are the treat‑
ments regimens (4). For patients with advanced GBC, it is
difficult to achieve the desired therapeutic effect using surgery,
radiotherapy and chemotherapy (5,6). Although, several
molecular prognostic markers for GBC have been discovered,
including KRAS, HER2, tumor protein 53 (p53) and p16, the
reduced specificity and instability of these markers limit their
application (7,8). Therefore, the current treatment strategy
for GBC is still based on surgery combined with adjuvant
radiotherapy and chemotherapy (9). Until recently, the basic
molecular mechanisms underlying the occurrence, develop‑
ment and metastasis of GBC have not been fully clarified.
Therefore, further studies on these mechanisms are urgently
required.
The high mobility group AT‑hook 2 (HMGA2) protein is a
non‑histone, architectural transcription factor that modulates
the transcription of numerous genes (10), including snail
family transcriptional repressor 2 (Slug) (11), SRY‑related
HMG‑box (12) and twist family bHLH transcription factor (13).
It has been reported that HMGA2 regulates several biological
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processes, including cell cycle progression, DNA damage repair,
apoptosis, epithelial‑mesenchymal transition (EMT) and cell
senescence (14). Furthermore, the upregulation of HMGA2
is a common feature of malignancy, and its increased expres‑
sion has been associated with a poor prognosis and reduced
chemotherapeutic efficacy in several types of cancer, such as
colorectal, gastric and ovarian cancer (10,15). Accumulating
evidence has indicated that determining HMGA2 expression
could be used as a routine procedure in clinical tumor anal‑
ysis (10,16,17). A previous study demonstrated that HMGA2
was upregulated in gallbladder adenocarcinoma tissues
compared with adjacent normal tissues, and its expression
was closely associated with a poor clinical prognosis and the
metastasis of gallbladder adenocarcinoma (18). Another study
demonstrated that microRNA‑26a acted as a tumor suppressor
by inhibiting GBC cell proliferation via directly targeting
and negatively regulating HMGA2 expression (19). The
aforementioned findings suggested that HMGA2 may play a
role in promoting the carcinogenesis and progression of GBC.
However, to the best of our knowledge, the effect of HMGA2
on promoting GBC cell invasion, migration and angiogenesis
has not been previously investigated.
Metastasis is the leading cause of cancer‑related
mortality (20). It is estimated that ~90% of all malignant solid
tumors are caused by the spread and distant metastasis of tumor
cells (21,22). The growth of solid tumors is accompanied by
the induction of angiogenesis (23). The present study aimed to
investigate the effect of HMGA2 knockdown and overexpres‑
sion on GBC cell invasion, migration and angiogenesis. The
findings of the current article may provide a potential novel
treatment approach for GBC.
Materials and methods
Cell culture and treatment. The human GBC cell line,
EH‑GB1 (16) was obtained from The Cell Bank of Type
Culture Collection of The Chinese Academy of Sciences.
Cells were cultured in DMEM supplemented with 15% FBS
(both from Gibco; Thermo Fisher Scientific, Inc.), and main‑
tained at 37˚C in a humidified atmosphere containing 5% CO2.
HUVECs were purchased from Clonetics™ (Lonza Group
Ltd.) and cultured in DMEM supplemented with 10% FBS and
1% penicillin/streptomycin at 37˚C in a 5% CO2 incubator. The
culture medium of both cultures was replaced every 1‑2 days.
Once cells reached 85‑90% confluence, they were passaged at
a ratio of 1:3. Untreated cells were used as the control group.
For the tube formation assays and detection of CD31,
VEGFR2 and VEGFR1 expression, HUVECs between
passages two and five were incubated with DMEM from
EH‑GB1 cells transfected with different small interfering
RNAs (siRNAs)/overexpression (ov) plasmids at 37˚C for 24 h.
Cell transfection. The ov‑HMGA2 and ov‑VEGFA pcDNA3.1
plasmids containing full‑length sequences of the genes and
the empty plasmid [used as a negative control (ov‑NC)]
were obtained from GenScript. siRNA targeting HMGA2
(siRNA‑HMGA2; sense, 5'‑CAGCCUGAAUAACUUGAA
CTT‑3' and antisense, 5'‑GUUCAAGUUAUUCAGGCUGTT‑3')
and siRNA‑NC (sense, 5'‑UUCUCCGAACGUGUCACGUTT‑3'
and antisense, 5'‑ACGUGACACGUUCGGAGAATT‑3') were

purchased from Guangzhou RiboBio Co., Ltd. Cells were seeded
into 6‑well plates at a density of 2x105 cells/well and transfected
with 80 pmol ov‑HMGA2, ov‑VEGFA, ov‑NC, siRNA‑HMGA2
or siRNA‑NC using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's protocol.
At 48 h post‑transfection, the expression levels of HMGA2 and
VEGFA were determined by reverse transcription‑quantitative
PCR (RT‑qPCR) and western blotting.
Cell Counting Kit 8 (CCK‑8) assay. A CCK‑8 assay was
performed to assess cell proliferation. Briefly, EH‑GB1 cells
or transfected cells (1x104 cells/well) were cultured in 96‑well
plates for 24, 48 and 72 h at 37˚C. At each time point, 10 µl
CCK‑8 reagent (Beyotime Institute of Biotechnology) was
added into each well and cells were incubated at 37˚C for a
further 2 h in the dark. The optical density of each well was
measured at a wavelength of 450 nm using a microplate reader
(Thermo Fisher Scientific, Inc.).
Wound healing assay. For the wound healing assay, 1x105
EH‑GB1 cells/well were seeded into 12‑well plates. Following
incubation at 37˚C for 48 h, cells reached 90% confluence, and
a scratch was drawn across the center of each well using a
200 µl plastic pipette tip to generate an artificial wound. The
cells were then washed three times with fresh serum‑free
DMEM and cultured in this medium. Following incubation
at 37˚C for 24 h, cell migration into the wound area was visu‑
alized using a light microscope (magnification, x100; Olympus
Corporation) and ImageJ v.1.8 software (National Institutes of
Health) was used for quantification.
Transwell assay. Cell invasion was assessed using 24‑well
Transwell chambers (Corning, Inc.), which were precoated with
Matrigel (Thermo Fisher Scientific, Inc.) at 37˚C for 10 h. Briefly,
2x104 EH‑GB1 cells in 200 µl serum‑free DMEM were plated
into the upper chamber, while the lower chamber was filled with
500 µl normal DMEM containing 15% FBS. After incubation
at 37˚C for 20 h, cells were fixed with 4% paraformaldehyde for
20 min and stained with crystal violet for 20 min both at room
temperature. The invasive cells were counted in three randomly
selected fields of view under a light microscope (magnification,
x100; Nikon Corporation) and ImageJ v.1.8 software (National
Institutes of Health) was used for quantification.
Western blotting. Total protein was extracted from cells using
RIPA lysis buffer (Beyotime Institute of Biotechnology) supple‑
mented with protease inhibitors (Roche Diagnostics GmbH).
Total protein was quantified using a BCA assay and the protein
samples (30 µg per lane) were separated via 10% SDS‑PAGE.
The separated proteins were subsequently transferred onto
PVDF membranes and blocked with 5% non‑fat milk for 2 h at
room temperature. The membranes were then incubated with the
following primary antibodies at 4˚C overnight: Anti‑HMGA2
(1:1,000; cat. no. ab97276; Abcam), anti‑Ki67 (1:1,000;
cat. no. ab16667; Abcam), anti‑proliferating cell nuclear antigen
(PCNA; 1:1,000; cat. no. ab18197; Abcam), anti‑MMP2 (1:1,000;
cat. no. ab92536; Abcam), anti‑MMP9 (1:1,000; cat. no. ab76003;
Abcam), anti‑N‑cadherin (1:1,000; cat. no. ab76011; Abcam),
anti‑Slug (1:1,000; cat. no. ab27568; Abcam), anti‑zinc finger
E‑box‑binding homeobox 1 (ZEB1; 1:1,000; cat. no. ab203829;
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Abcam), anti‑VEGFA (1:200; cat. no. ab1316; Abcam),
anti‑CD31 (1:1,000; cat. no. ab9498; Abcam), anti‑VEGFR1
(1:1,000; cat. no. ab32152; Abcam), anti‑VEGFR2 (1:1,000;
cat. no. ab134191; Abcam) or anti‑GAPDH (1:1,0000;
cat. no. ab181602; Abcam). Following the primary antibody incu‑
bation, the membranes were incubated with a HRP‑conjugated
goat anti‑rabbit secondary antibody (1:5,000; cat. no. ab97080;
Abcam) or rabbit anti‑mouse secondary antibody (1:5,000;
cat. no. ab6728; Abcam) for 2 h at room temperature. Protein
bands were visualized using an ECL reagent (Thermo Fisher
Scientific, Inc.) on a ChemiDoc XRS Imaging system (Bio‑Rad
Laboratories, Inc.). ImageJ v.1.8 software (National Institutes of
Health) was used for semi‑quantification.

Table I. Primer sequences used for reverse transcriptionquantitative PCR.

RT‑qPCR. Total RNA was extracted from cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA
was reverse transcribed into cDNA using PrimeScript Reverse
Transcriptase (Takara Bio, Inc.) according to the manufac‑
turer's protocol. qPCR was subsequently performed using
SYBR Green kit (Beijing Solarbio Science & Technology Co.,
Ltd.) on a StepOnePlus™ Real‑Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The thermocy‑
cling conditions were as follows: 95˚C for 15 min, 35 cycles of
94˚C for 1 min, 53.6˚C for 30 sec, and 72˚C for 30 sec, followed
by a final extension at 72˚C for 5 min. The primer sequences
used for the qPCR are listed in Table I. GAPDH was used as
a reference gene and the relative gene expression levels were
calculated using the 2‑ΔΔCq method (24).

VEGFR2

Tube formation assay. In vitro vascular tube formation assay
was performed as previously described (25). Briefly, 96‑well
plates were precoated with Matrigel and incubated at 37˚C
for 1 h. HUVECs were seeded onto Matrigel‑coated 96‑well
plates at a density of 2x106 cells/well and cultured in the pres‑
ence of DMEM from EH‑GB1 cells transfected with different
siRNAs/ov plasmids at 37˚C for 24 h. The tube formation
ability of HUVECs was observed under a phase contrast light
microscope (magnification, x40; MS5; Leica Microsystems,
Ltd.). The number of formed tubes was quantified using
ImageJ v.1.8 software (National Institutes of Health).
Bioinformatics analysis. The Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING; www.string‑db.org) is
an online database used for searching known protein interac‑
tion relationships. HMGA2 and VEGFA were entered together
in multiple protein interfaces and Homo sapiens was chosen
as the species, then the results were automatically displayed.
Statistical analysis. Data are presented as the mean ± SD. All
statistical analyses were performed using GraphPad Prism 8.0
software (GraphPad Software, Inc.). Statistical comparisons
among multiple groups were performed using a one‑way
ANOVA followed by a Tukey's post hoc test. P<0.05 was
considered to indicate a statistically significant difference. All
experiments were repeated at least three times.
Results
HMGA2 knockdown and silencing inhibits and promotes,
respectively, GBC cell proliferation, migration, invasion

Gene
HMGA2
VEGFA
CD31
VEGFR1

GAPDH

Primer sequence (5'→3')
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:

GCCAAGAGGCAGACCTAGGAAA
CATGGCAATACAGAATAAGTGGTCA
GCCATCCAATCGAGACCCTG
ATTAGACAGCAGCGGGCAC
TGAGTGGTGGGCTCAGATTG
TGAGTCTAGGTCGGGGAGTG
CTGGGCAGCAGACAAATCCT
GCAGTGCTCACCTCTGATTGT
CGGTCAACAAAGTCGGGAGA
CAGTGCACCACAAAGACACG
CAACAGCCTCAAGATCATCAGC
TTCTAGACGGCAGGTCAGGTC

F, forward; R, reverse; HMGA2, high mobility group AT‑hook 2.

and EMT. Firstly, HMGA2 was silenced or overexpressed
in the GBC cell line, EH‑GB1. As shown in Fig. 1A‑D, cell
transfection with siRNA‑HMGA2 or ov‑HMGA2 success‑
fully downregulated and upregulated, respectively, the mRNA
and protein expression levels of HMGA2 compared with the
siRNA‑NC and ov‑NC groups, respectively. Subsequently, a
CCK‑8 assay was performed to evaluate cell proliferation.
The results showed that HMGA2 knockdown significantly
inhibited cell proliferation at 72 h post‑transfection compared
with the siRNA‑NC group, while HMGA2 overexpres‑
sion significantly promoted cell proliferation at 48 and 72 h
post‑transfection compared with the ov‑NC group (Fig. 1E).
Consistent with these findings, the protein expression levels of
Ki67 and PCNA were significantly downregulated following
HMGA2 silencing compared with the siRNA‑NC group,
while the opposite effect was observed following HMGA2
overexpression compared with the ov‑NC group (Fig. 1F).
Wound healing and Transwell assays were used to evaluate
the cell migratory and invasive abilities, respectively. As
shown in Fig. 2A and B, cell migration and invasion were
significantly inhibited upon HMGA2 silencing compared with
the siRNA‑NC group, while both migration and invasion were
significantly increased following HMGA2 overexpression
compared with the ov‑NC group. Consistent with these results,
the expression levels of cell migration‑ and invasion‑related
proteins, namely MMP2 and MMP9, were significantly
downregulated by HMGA2 silencing compared with the
siRNA‑NC group. The opposite effect was observed following
HMGA2 overexpression compared with the ov‑NC group
(Fig. 3A and B). The expression levels of the EMT‑related
proteins, N‑cadherin, Slug and ZEB1, were also significantly
upregulated and downregulated following transfection of
EH‑GB1 cells with ov‑HMGA2 or siRNA‑HMGA2, respec‑
tively, compared with the respective NCs (Fig. 3C). The
aforementioned findings suggested that HMGA2 may play a
promotive role in the proliferation, migration, invasion and
EMT of GBC cells.
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Figure 1. Effects of HMGA2 overexpression and knockdown on gallbladder cancer cell proliferation. (A) mRNA and (B) protein expression levels of HMGA2
in EH‑GB1 cells following HMGA2 knockdown. (C) mRNA and (D) protein expression levels of HMGA2 in EH‑GB1 cells following HMGA2 overexpression.
***
P<0.001. (E) Proliferation of EH‑GB1 cells transfected with the indicated plasmids or siRNAs was assessed at 24, 48 and 72 h post‑transfection using a Cell
Counting Kit‑8 assay. *P<0.05 vs. si‑NC; #P<0.05, ##P<0.01 vs. ov‑NC. (F) Protein expression levels of Ki67 and PCNA in EH‑GB1 cells were determined using
western blotting. **P<0.01, ***P<0.001. HMGA2, high mobility group AT‑hook 2; siRNA, small interfering RNA; ov‑, overexpression; PCNA, proliferating cell
nuclear antigen; OD, optical density; NC, negative control.

HMGA 2 knockdown downregulates, while HMGA 2
overexpression upregulates, VEGFA expression in GBC
cells. Bioinformatics analysis using the STRING database
predicted that HMGA2 could interact with VEGFA (Fig. 4A).
Subsequently, the expression levels of VEGFA were deter‑
mined in EH‑GB1 cells following HMGA2 knockdown or
overexpression. The results showed that both the mRNA and
protein expression levels of VEGFA were downregulated by
HMGA2 knockdown compared with the siRNA‑NC group,
while the opposite effect was observed upon HMGA2 over‑
expression compared with the ov‑NC group (Fig. 4B and C).
GBC cells were transfected with ov‑VEGFA plasmid, and
the results demonstrated that the expression level VEGFA
was upregulated in the ov‑VEGFA group compared with the
ov‑NC group (Fig. 4D). These data indicated that HMGA2
may positively regulate the expression of VEGFA.
VEGFA overexpression abrogates the inhibitory effect
of HMGA2 silencing on HUVEC tube formation and
expression of CD31, VEGFR1 and VEGFR2. It is well
known that VEGFA can induce tumor angiogenesis (26).
Therefore, GBC cells transfected with siRNA‑HMGA2

were transfected with an ov‑VEGFA plasmid and the culture
medium was then used to stimulate HUVECs. Subsequently,
the tube formation ability of HUVECs and the expression
levels of CD31, VEGFR1 and VEGFR2 were evaluated. As
shown in Fig. 5A, HMGA2 silencing significantly attenu‑
ated the tube formation ability of HUVECs compared with
the siRNA‑NC group. However, the co‑transfection with
ov‑VEGFA partially rescued the tube formation ability of
HUVECs transfected with siRNA‑HMAG2. In addition, both
the mRNA and protein expression levels of CD31, VEGFR1
and VEGFR2 were markedly downregulated in HUVECs
following HMGA2 silencing compared with the siRNA‑NC
group. However, the aforementioned effect was partially
rescued by VEGFA overexpression (Fig. 5B and C). These
results suggested that HMGA2 knockdown may inhibit the
angiogenesis of HUVECs, possibly via downregulating
VEGFA expression.
Discussion
The HMGA2 protein belongs to the HMGA subfamily of
HMG proteins and encodes a 108 amino acid protein. HMGA2
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Figure 2. Effects of HMGA2 overexpression and knockdown on gallbladder cancer cell migration and invasion. Representative images and semi‑quantitative
analysis for (A) wound healing and (B) Transwell assays of EH‑GB1 cells in different treatment groups. Scale bar, 100 µm. ***P<0.001. HMGA2, high mobility
group AT‑hook 2; siRNA, small interfering RNA; NC, negative control; ov‑, overexpression.

Figure 3. Effects of HMGA2 overexpression and knockdown on the epithelial‑mesenchymal transition of gallbladder cancer cells. Protein expression levels of
(A) MMP2, (B) MMP9, and (C) N‑cadherin, Slug and ZEB1 in EH‑GB1 cells transfected with the indicated plasmids or siRNAs were detected using western
blotting. **P<0.01, ***P<0.001. HMGA2, high mobility group AT‑hook 2; ZEB1, zinc finger E‑box‑binding homeobox 1; Slug, snail family transcriptional
repressor 2; siRNA, small interfering RNA; NC, negative control; ov‑, overexpression.

is a small, non‑histone, chromatin‑associated protein with no
intrinsic transcriptional activity (27). However, it can modu‑
late gene transcription via altering chromatin architecture,
thereby enhancing or suppressing the transcriptional activity
of several human genes, eventually affecting a variety of
biological processes (28). It has been reported that HMGA2

is upregulated in numerous types of human cancer, indi‑
cating that it may serve a crucial role in cancer development
and carcinogenesis (10). Emerging evidence has suggested
that HMGA2 played an important role in the majority of
human cancer types, including lung (16), pancreatic (29),
colorectal (15) and breast (30) cancer, via regulating the cell
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Figure 4. Association between HMGA2 and VEGFA. (A) Interaction between VEGFA and HMGA2 was predicted using the Search Tool for the Retrieval of
Interacting Genes/Proteins database. (B) mRNA and (C) protein expression levels of VEGFA in EH‑GB1 cells following HMGA2 silencing or overexpres‑
sion. (D) mRNA expression levels of VEGFA in EH‑GB1 cells following VEGFA overexpression. ***P<0.001. HMGA2, high mobility group AT‑hook 2;
siRNA, small interfering RNA; NC, negative control; ov‑, overexpression.

cycle, apoptosis, DNA damage repair and cell senescence, as
well as promoting EMT and maintaining telomere length (10).
The results of the present study showed that HMGA2 could
promote GBC cell proliferation, migration, invasion and EMT.
HMGA2 is normally expressed in mesenchymal cells and
EH‑GB1 is a metastatic gallbladder cancer cell line, in which
E‑cadherin is expressed at low levels (31). When epithelial
cells undergo EMT, they adopt a mesenchymal cell phenotype
to promote metastasis (32). The results of the present study
revealed that HMGA2 knockdown effectively inhibited the
aforementioned cellular processes in GBC cells. Furthermore,
HMGA2 silencing also suppressed angiogenesis in HUVECs
via targeting VEGFA.
Ki67 and PCNA are the most commonly used cell prolif‑
eration markers (33). Moreover, the increased expression of
both markers is associated with the active proliferation of
tumor cells (34). In the present study, HMGA2 knockdown and
overexpression downregulated and upregulated, respectively,
the expression levels of both Ki67 and PCNA, suggesting that
HMGA2 may promote GBC cell proliferation. The invasion
and metastasis of malignant tumors has been discovered to
contribute to chemotherapy failure and death in patients with
cancer (35). The results of the wound healing and Transwell
assays in the current study revealed that HMGA2 silencing
attenuated the migratory and invasive abilities of GBC cells,
whereas HMGA2 overexpression exhibited the opposite
results.
MMP2 and MMP9 belong to the MMP family and are
responsible for degrading the extracellular matrix, thus accel‑
erating tumor cell migration, invasion and angiogenesis (36).
Herein, the protein expression levels of MMP2 and MMP9

were found to be downregulated following HMGA2 knock‑
down and upregulated following HMGA2 overexpression.
Furthermore, the same results were observed when the expres‑
sion levels of N‑cadherin, Slug and ZEB1 were determined.
The upregulated expression levels of N‑cadherin, Slug and
ZEB1 are typical features of EMT, and represents one of the
key steps required for the invasion and metastasis of malig‑
nant tumors of epithelial origin (37). Collectively, these data
suggested that HMGA2 may promote GBC cell migration and
invasion.
The growth of solid tumors is accompanied by the induction
of angiogenesis and VEGFA is considered as a key regulator
of this processes (38). Angiogenesis is a biological process that
leads to the formation of new blood vessels from pre‑existing
blood vessels (39). Tumor cells produce or cause the micro‑
environment to generate pro‑angiogenic signals, which can
recruit and expand endothelial cells (40). In addition, a retro‑
spective review reported that VEGFA was expressed in ~80%
of GBCs, and 56.3% of the 84 patients had high expression
levels of VEGFA, which has been found to be an independent
prognostic factor for survival in GBC (41). Notably, the current
study demonstrated that HMGA2 could bind with VEGFA to
positively regulate its expression. Therefore, it was hypoth‑
esized that HMGA2 may modulate angiogenesis via targeting
VEGFA. The present study co‑transfected GBC cells with
siRNA‑HMGA2 and ov‑VEGFA and the CM was collected
to stimulate HUVECs. Consistent with the aforementioned
hypothesis, HMGA2 silencing significantly attenuated the
tube formation ability of HUVECs. Consistently, the mRNA
and protein expression levels of CD31, VEGFR1 and VEGFR2
were also downregulated following HMGA2 knockdown. The
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Figure 5. Effects of HMGA2 silencing and VEGFA overexpression on angiogenesis. (A) Representative images and semi‑quantitative analysis of the tube forma‑
tion ability of HUVECs cultured in the presence of culture medium obtained from EH‑GB1 cells in different treatment groups. Scale bar, 250 µm. (B) mRNA
and (C) protein expression levels of CD31, VEGFR1 and VEGFR2 in HUVECs stimulated with culture medium obtained from EH‑GB1 cells in different
treatment groups. **P<0.01, ***P<0.001. HMGA2, high mobility group AT‑hook 2; siRNA, small interfering RNA; NC, negative control; ov‑, overexpression.

expression of CD31, also known as platelet endothelial cell
adhesion molecule 1, is often used to evaluate tumor angio‑
genesis (42). VEGFA is activated after its binding to VEGFR1
and VEGFR2, two receptors involved in angiogenesis‑related
signaling pathways (43). Herein, the results suggested that
HMGA2 may be involved in the angiogenesis of GBC cells.
Furthermore, the overexpression of VEGFA partially abrogated
the inhibitory effect of HMGA2 silencing on angiogenesis,

thus verifying that HMGA2 may regulate angiogenesis via
modulating VEGFA expression. However, the analysis of
MMP activation in the present study was limited to western
blotting, and gelatin zymography and RT‑qPCR are required
for a more comprehensive analysis of MMP activation in the
future. In addition, the present study only used in vitro cell
models to generate the results; therefore, future studies should
focus on verifying the results of the current study using in vivo
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models to determine the potential mechanisms involved in the
effects of HMGA2.
In conclusion, the results of the present study suggested
that the overexpression of HMGA2 in GBC cells may promote
cancer progression by inducing cell migration, invasion and
angiogenesis. Therefore, HMGA2 may serve as a predictive
factor in GBC and targeting HMGA2 could be considered as a
potential therapeutic approach for GBC.
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