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Abstract: Aim: To investigate the effect of the hyperplasia suppressor gene (HSG) on human glioma cell invasion and
its possible mechanism. Methods: Human glioma U251 cells were infected with recombinant viral vectors carrying
the HSG gene sequence (HSG overexpression group) and HSG interference sequence (HSG suppression group). The
negative control group with no-load virus transcription and a blank control group with only PBS treatment were set
up. CCK-8 assay, cell scratch healing test, transwell migration, and invasion test were used to detect the effect of
HSG expression on proliferation, migration and invasion of U251 glioma cells. Cell immunofluorescence and cell
adhesion test were used to analyze the effect of HSG expression on cytoskeleton formation and adhesion ability of
U251 cells. Gene chip technology was employed to preliminarily explore the effect of HSG expression change on the
inherent gene expression in U251 cells. The expression of Rho family key molecule mRNA and protein was detected
by light quantitative PCR and western blot. Results: After 24 h of transcription with the recombinant virus vector, the
cells showed a green color under an inverted fluorescence microscope. HSG expression increased in the HSG over-
expression group (P < 0.01), and decreased in the HSG inhibition group (P < 0.01). Compared with the two control
groups, the proliferation, scratch healing rate, migrating cell number, invasive cell number and adhesion cell num-
ber in the HSG overexpression group were markedly lower. After HSG overexpression, the morphology of U251 cells
changed; filamentous pseudopods shortened and partially flaked. However, after HSG inhibition, the pseudopods
grew toward both ends and were arranged axially. The overexpression of HSG inhibited the expression of rho family
proteins (RhoA, Rock1, Rock2, Racl, and Cdc42). Conclusion: The overexpression of HSG inhibits the progression
of glioma U251 cells by regulating the expression of rho family proteins.
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Introduction

Glioma is the most common malignant tumor
in the nervous system. Its main feature is the
high rate of invasion of peripheral brain tissue.
In many patients, many tumor cells have invad-
ed into the normal brain tissue before diagno-
sis, so that the tumor cannot be removed com-
pletely. Although supplemental radiotherapy
and chemotherapy are given after surgery, the
median survival time of patients is only 16-18
months [1-4]. Therefore, the invasion of glioma

cells is the root cause of glioma recurrence [5].
Effective control of the invasion of glioma cells
is a key goal in the treatment of glioma.

The hyperplasia suppressor gene (HSQG) is relat-
ed to cell proliferation, as discovered by Chen
et al. [6]. In recent years, HSG has been exten-
sively studied in breast cancer, lung cancert,
liver cancer, bladder cancer and colon cancer.
Previous studies have suggested that exoge-
nous HSG transfection can inhibit the growth
of tumor cells and promote apoptosis [7-9], and
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the anti-tumor effect of HSG is higher than
that of p53 [6]. Moreover, Zhang et al. [10]
reported that HSG could inhibit the invasion
and migration of gastric cancer cells. In our
previous research, we have found that HSG is
related to the growth of rat C6 glioma cells,
and exogenous HSG transcription can suppress
the growth of C6 glioma cells [11, 12]. However,
whether HSG can inhibit the invasion of hu-
man glioma cells has not been reported. The
purpose of this study is to investigate the effect
of HSG expression on the invasion of human
glioma U251 cells and explore its possible
mechanism by infecting human glioma U251
cells with a recombinant virus vector.

Materials and methods
Main reagent

Human glioma U251 cell lines were preserved
at Cell Resource Center of Shanghai Academy
of Biological Sciences, Chinese Academy of
Sciences. Cell counting kit-8 was purchased
from Japanese Dojindo, Recombinant viruses
containing HSG gene sequence and green fluo-
rescent protein gene sequence, negative con-
trol viruses and viral purified solutions con-
taining HSG-RNAI interference sequence were
purchased from Shanghai Jikai Gene Chemistry
Technology Co., Ltd. Fetal bovine serum, DMEM
culture medium, and PBS were purchased from
HyClone Company, USA. Transwell chamber
and Matrigel were purchased from Corning
Company, USA. Penicillin-streptomycin mixture
was purchased from Corning Company, USA.
Hybrid solution and trypsin were purchased
from Beijing Solebo Technology Co., Ltd. Ghost
pencil cyclic peptide was purchased from AAT
Bioquest Co., Ltd., USA. Real-time fluorescent
quantitative PCR reagent was purchased from
DBl Co., Germany. TRIzol and RNA reverse
transcription reagent kit were purchased from
Thermo Co., Ltd.,, USA. PCR primers were
designed and synthesized by Bio-Biotechno-
logy (Shanghai) Co., Ltd. Total protein extrac-
tion kit and BCA protein quantitative detec-
tion kit were purchased from Nanjing Kaiji
Biotechnology Development Co., Ltd. Rabbit
anti-human GAPDH polyclonal antibody was
purchased from Wuhan Doude Bioengineering
Co., Ltd. Rabbit anti-human HSG, Ras homolog
gene family A (member A, RhoA), Ras-related
C3 botulinum toxin substrate 1 (Racl), Rho-
related coil-forming protein kinase 1 (Rho asso-
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ciated coiled-coil forming protein kinase 1,
Rock1) and Rock2 monoclonal antibodies, as
well as rabbit anti-human cell division cycle
42 (Cdc42) polyclonal antibodies, were pur-
chased from Abcam Company, USA. Goat anti-
rabbit fluorescent antibody labeled with IRDye
800CW was purchased from LI-COR Company,
USA. Crystal violet solution was purchased
from Beijing Boaltoda Technology Co., Ltd. 4%
polyarmor aldehyde fixatives were provided
by Ningxia Key Laboratory of Craniocerebral
Diseases, Ningxia Medical University.

Cell culture

Human glioma U251 were cultured in DMEM
complete culture medium containing 10% fetal
bovine serum and 10 pl/ml penicillin-strepto-
mycin mixture in an incubator with a volume
fraction of 5% CO, tamping at 37°C. The cells
in the logarithmic phase were digested with
trypsin for 3 min, then digestion was stopped
by adding DMEM complete culture medium.
Then cells were disaggregated into single cell
suspension by 3 ml pasteurized pipette for
reserve.

Cell transcription and grouping

The experiment was divided into four groups:
PBS group (PBS), negative control group (NC),
HSG overexpression group [(HSG+)], and HSG
inhibition group [(HSG-)]. The density of U251
cell suspension was adjusted to 1x10%/ml,
and 300 pl/well were inoculated into a 6-well
plate. After routine culture, the cells adhered
to the wall and grew to 80% confluence. The
serum-free DMEM culture medium was added
to synchronize for 4 h, and then 10 pl virus
purified solution was taken to infect U251
cells [multiplicity of transcription (MOI)=100].
Meanwhile, the same volume of PBS was used
to intervene in U251 cells as the blank group.
The medium was discarded and replaced with
a DMEM complete culture medium containing
10% fetal bovine serum for further culture
after 4 h of transcription.

Cell proliferation assay

CCK-8 kit was used to detect cell proliferation.
The U251 cells infected for 24 hours in each
group were digested into a single cell suspen-
sion, and 5x10* cells/well were seeded in
96-well plate. Each group was set with 5 wells,
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which were placed in 37°C and 5% CO, incu-
bator for 30 hours. CCK-8 reagent was added
into each well according to the instructions.
The optical density (OD) value of each well at
450 nm was measured by enzyme labeling
instrument.

Wound healing assay

The infected cells were inoculated into 6-well
plates and cultured for 24 h. Scratches were
made on the cell surface with a sterilized 200
ul pipette tip. Then we added medium after
washing the cell surface with the PBS (marked
as 0 h). The cells were observed and photo-
graphed by Nikon Eclipse Ti-S inverted fluo-
rescence microscope (10x20 times), and the
scratch width was measured by NIS-Elements
D 3.2 software. Three visual fields were ran-
domly selected for each well, and three differ-
ent sites were randomly measured for each
eye, and the average was taken as scratch
width. After 30 h of culture, the scratch width of
cells in each group was measured by the same
method. According to the difference of the
width of the second scratch, the mobility was
calculated to reflect the migration ability of
each group of cells. Mobility (%)=(0 h scribe
width - 30 h scribe width)/O h scribe width
x100%.

Migration and invasion assay

Matrigel was diluted with a DMEM medium at a
volume ratio of 1:5 and evenly coated on the
transwell chamber membrane (24 holes, pore
size 8 microns). The transwell chamber was
placed in a 37°C thermostat for 30-60 min
to solidify the gel. Then a suitable amount of
DMEM medium containing 20% FBS was added
into the transwell chamber. At the same time,
U251 cells of each group were collected after
24 h of virus transcription, and the cell density
was adjusted to 1x10° cells/ml. 100 pl per well
was inoculated into the upper chamber. Each
group had three multiple wells. DMEM medium
containing 5% FBS was added into the upper
chamber, and incubated for 24 h in a constant
temperature incubator with 37°C and 5% CO,
volume fraction. Using a cotton swab we gently
wiped the cells of the upper chamber which
did not pass through the membrane, and the
transwell chamber was taken out and cleaned
with PBS for three times. Cells were fixed in
methanol solution for 10 min and washed with
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PBS for 3 times, then stained with 0.1% cry-
stal violet solution for 20 min and washed with
PBS for 3 times. The number of cells passing
through the membrane was observed under
an inverted microscope (10%x20 times). Three
visual fields were randomly counted in each
well, and the average number was taken to
reflect the invasive ability of cells in each group.

Cell migration ability was detected by the same
method. Instead of Matrigel coating, three
groups of cell suspensions were directly inocu-
lated into the upper chamber after virus tran-
scription. The subsequent steps and counting
methods were the same as cell invasion
experiments.

Cell Adhesion assay

Matrigel was diluted with DMEM medium at a
ratio of 1:5 and evenly coated on 96-well plate
with 20 ul per hole. After drying overnight, cells
were washed twice with PBS to remove unso-
lidified excess glue. U251 cells of each group
were collected after virus transcription for 48 h
and inoculated into a 96-well plate with a den-
sity of 4000 cells per well. Each group had
three multiple well, which were cultured in a
constant temperature incubator with a volume
fraction of 5% CO, at 37°C. At 30, 60, 90, and
120 min, the culture medium was removed and
cleaned with PBS twice. The cells were fixed in
95% methanol solution for 10 min and washed
twice with PBS. Cells were stained with 0.1%
crystal violet for 20 min and washed with PBS
for three times; the cells were observed and
photographed under an inverted microscope
(10x%20 times). Five visual fields were randomly
taken to count the number of adherent cells
per well, and the average number of adherent
cells was taken to reflect the cell adhesion
ability.

Immunofluorescence assay

U251 cells of each group were collected after
24 h of virus transcription, digested into single
cell suspension with trypsin, and the cell
density was adjusted to 1x10°% cells/ml. The
cells were inoculated into a 24 - well plate with
500 ml per well for 24 h, and then cultured for
24 h to make cell slides. Cells were washed
twice with PBS, and fixed with 4% polyformalde-
hyde solution for 10 min. Then the cells were
washed with PBS for three times and stained
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with ghost pencil ring peptide (according to the
instructions of reagents). After washing with
PBS, the cells was sealed by using neutral
gum and the cytoskeleton was observed under
a confocal laser microscope (2000 times).

Gene chip assay

U251 cells of HSG overexpression group and
HSG inhibition group were collected 24 h
after virus transcription. Total RNA was ex-
tracted by Trizol method. Qualified samples
were examined by NanoDrop 2000 and Agilent
Bioanalyzer 2100. The chip experiment was
carried out with the help of Shanghai lJikai
Gene Chemistry Technology Co., Ltd.

RT-PCR assay

Each group of U251 cells infected with virus
for 48 h was collected. RNA was extracted
by TRIzol method, and the concentration was
determined by Thermo NanoDrop 2000 spec-
trophotometer. RNA was re-transcribed accord-
ing to the instructions of the reverse transcrip-
tion kit to synthesize the cDNA. cDNA was
used as a template, and three-step PCR ampli-
fication was carried out on BIO-RAD fluores-
cence quantitative PCR instrument according
to the instructions of real-time fluorescence
guantitative PCR reagent. The upstream primer
sequence of the RhoA gene was 5-TGGA-
TGGAAAGCAGGTAGAGT-3’, downstream primer
sequence was 5-GTTGGGACAGAAATGCTTG-
AC-3'. The upstream primer sequence of Rock1
gene was 5-CTTTTGGACCTCTCGGATTCTA-3,
downstream primer sequence was 5-GGAT-
TGCTCCTTATCTTGTTCG-3'. The upstream prim-
er sequence of Rock2 gene was 5-TGA CAT
TGG ACA GTA AAG ACA GTG-3’, downstream
primer sequence was 5-AGT GTT GTT TCG TAC
AGG CAA T-3. The upstream primer sequence
of Racl genewas 5'-TACAGCACCAATCTCCTTA-3,,
downstream primer sequence was 5-CCCA-
ACACTCCCATCAT-3'. The upstream primer se-
quence of Cdc42 gene was 5-AGTCTAGA-
GCCACCGTCCAC-3’, downstream primer se-
quence was 5-TCTGACGCACACCTATTGCAA-3.
The upstream primer sequence of HSG was
5-GTGCCAAGACTGTGAACCAG-3’, downstream
primer sequence was 5-TGTCCATCAAAACG-
AGGTCA-3'. A total of 20 pl of PCR reaction
system was established, including 2 pl of
DNA, 1 ul of upstream and downstream prim-
ers, 10 pl of real-time fluorescent quantitative
PCR reagent and 6 pl of sterile ultra-pure water.
The conditions of PCR reaction were as follows:
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pre-denaturation at 95°C for 2 min; 40 cycles
at95°Cfor10s,60 33 s, 72 30 s. The reaction
conditions for plotting the melting curve were
95°C for 1 min and 55°C for 1 min. The relative
expression level of the target gene was calcu-
lated by the 22T method.

Western blotting assay

U251 cells in each group were infected by the
virus for 48 h. The cells were lysed with an
appropriate amount of lysate solution. The total
protein was extracted and the concentration of
protein was determined. Then the protein was
denatured by adding sample buffer at 100°C
for 5 min. SDS-PAGE (90 V, 90 min) was used
to isolate the protein from 50 mg protein (25
pl) and then electrophoresis membrane (300
mA, 70 min) and the PVDF membrane was
sealed with skimmed milk for 1 h. Rabbit anti-
human GAPDH and CD42 polyclonal antibodies
and rabbit anti-human HSG, RhoA, Rockl,
Rock2 and Racl monoclonal antibodies were
added respectively (the volume dilution ratio
was 1:1000), and TBS buffer was used to wash
the membrane overnight. Afterward, the goat
anti-rabbit fluorescent antibody labeled with
IRDye 800CW (the volume dilution ratio is
1:4000) was used to hybridize at room temper-
ature for 1 h. After the film was washed again, it
was exposed by the Odyssey Infrared Imaging
instrument. The gray value of the protein bands
was scanned by Image) Setup software, and
the relative expression level of each protein
was expressed by the ratio of the gray value of
the target protein to the internal reference
GAPDH protein bands.

Statistical method

SPSS 17.0 and GraphPad Prism 5 statistical
software were used to analyze the experimen-
tal data. All the experiments were repeated
three times independently, and the results
were expressed as x+s. Means were compared
among groups by one-way ANOVA, and the
LSD-t test was used for intra-group compari-
sons. The difference was significant if P < 0.05.
Fisher's Exact Test was used for gene chip
pathway enrichment analysis.

Results
HSG inhibiting glioma cell proliferation

The OD value of PBS group, negative control
group, HSG overexpression group, and HSG
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Figure 1. The proliferation (A), wound healing rates (B, C), migration (F, G) and invasion (D, E) of U251 cells in each
group (**P < 0.01, n=3). PBS group (PBS), negative control group (NC), HSG overexpression group [(HSG+)], and
HSG inhibition group [(HSG-)]. Compared with the two control groups, the healing rate as well as the numbers of
proliferative, migratory and invasive cells in HSG overexpression group were significantly decreased, but the healing
rate, the numbers of proliferative, migratory and invasive cells in HSG inhibition group were significantly increased.

infection group were (1.08+0.02), (1.10+0.04),
(0.7940.04), (1.36+0.06) after 30 hours of
culture (Figure 1A). There was no significant dif-
ference between PBS group and negative con-
trol group (P > 0.05, Figure 1A). Compared with
the PBS group and negative control group, the
OD value of HSG overexpression group de-
creased (P < 0.05, Figure 1A), and the OD value
of HSG infection group increased (P < 0.05,
Figure 1A). This suggests that the change of
HSG affects the proliferation of U251 glioma
cells. Overexpression of HSG inhibited the pro-
liferation of U251 glioma cells.

HSG inhibits glioma cell migration rate in cell
wound healing assay

The green fluorescence expression in U251
glioma cells was high after infecting with the
virus for 24 h with the changing of the expres-
sion of the mRNA and proteins of HSG accord-
ingly at the same time, indicating the success
of the virus transfection (Figure 1B). The results
of cell scratch healing experiment showed that
the cell migration rates of PBS group, negative
control group, HSG overexpression group and
HSG inhibition group were (71.7+£2.0)%, (68.1+
4.0)%, (53.84£5.7)% and (89.7+2.0)% after 30 h
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of scratch healing (Figure 1C). There were sig-
nificant differences between the groups (F=
132.30, P < 0.01, Figure 1C). Compared with
the PBS group and negative control group, the
cell migration rates of HSG overexpression
group were significantly lower (P < 0.01, Figure
1C). The cell migration rate in HSG inhibition
group was significantly higher than that in PBS
group (P < 0.01, Figure 1C), but there was no
significant difference between PBS group and
negative control group (P > 0.05, Figure 1C).
These results suggested that HSG overexpres-
sion inhibits glioma cell migration.

HSG suppresses glioma cell invasion in tran-
swell assay

The transwell migration assay (Figure 1F)
showed that the average number of cells in PBS
group, negative control group, HSG overexpres-
sion group, and HSG inhibition group migrated
to each goal under ventricular filter membrane
were (183.5+13.84), (179.67+15.44), (86.5+
5.89) and (374.8+13.61). Significant differenc-
es were observed between the groups (F=
541.49, P < 0.01, Figure 1G). Compared with
the PBS group and negative control group, the
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Figure 2. The adhesion ability (A, B) and cytoskeleton (C) of U251 cells in different groups (*P < 0.05, **P < 0.01,
n=3). Compared with the two control groups, the number of adhesion cells in HSG overexpression group was signifi-
cantly decreased, And the morphology of U251 cells changed, showing filopodia shortening or some lamellipodia,
but the number of adhesion cells in HSG overexpression group was significantly increased, and the morphology of

U251 cells did not change.

number of migrating cells decreased sharply in
the HSG overexpression group (P < 0.01, Figure
1G), but increased remarkably in the HSG inhi-
bition group (P < 0.01, Figure 1G). No signifi-
cant difference was found between the PBS
group and negative group (P > 0.05, Figure 1G).

From the results of transwell invasion assay
(Figure 1D), the average number of cells in PBS
group, negative control group, HSG overexpres-
sion group, and HSG inhibition group invaded
into each visual area under ventricular filter
membrane were (78.00+9.84), (77.33+12.37),
(38.0045.73) and (117.67+12.80), respective-
ly. There were significant differences between
the groups (F=56.86, P < 0.01, Figure 1E).
Compared with the PBS group and negative
group. The number of invasive cells significantly
decreased in the HSG overexpression group (P
< 0.01, Figure 1E), but increased in the HSG
inhibition group (P < 0.01, Figure 1E). However,
there was no significant difference between the
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PBS group and negative control group (P >
0.05, Figure 1E).

The results of this study indicated that the
proliferation, migration, and invasiveness of
U251 glioma cells were significantly inhibited
after HSG overexpression, but relatively enhan-
ced after the HSG inhibition.

HSG attenuates cell adhesion ability of glioma
cells

The number of adherent cells increased gradu-
ally with time, and the cells gradually extended
pseudopodia from a spherical shape. The lon-
ger the adhesion time was, the more obvious
the pseudopodia appeared (Figure 2A). At dif-
ferent time points (30, 60, 90 and 120 min),
there were significant differences among the
four groups (F value was 7.58, 12.18, 12.79
and 8.00, P < 0.01, Figure 2B), and the number
of adherent cells in the HSG overexpression
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group was significantly reduced compared with
the other three groups. The degree of reduction
was gradually reduced with time (P < 0.05 at 30
min, P < 0.01 at 60, 90, and 120 min, Figure
2B). The number of adherent cells in the HSG
inhibition group was higher than that in the
other three groups, and the degree of increase
gradually decreased with time prolongation (P
< 0.05 at 30 and 60 min, P < 0.01 at 90 min
and P < 0.05 at 120 min, Figure 2B). There was
no significant difference between the PBS
group and negative control group (P > 0.05,
Figure 2B). The results revealed that the adhe-
sion ability of U251 glioma cells was significant-
ly inhibited after HSG overexpression. The
adhesion ability of U251 glioma cells was rela-
tively enhanced after HSG inhibition. However,
with the prolongation of the adhesion time, the
effect of HSG on the adhesion of U251 glioma
cells was gradually reduced.

HSG interferes with the formation of the
glioma cell skeleton

Immunofluorescence was performed to an-
alyze the formation of the cytoskeleton in U251
glioma cells. The cells in the PBS group and
negative control group were mostly spindle-
shaped or star-shaped, with more axons ex-
tending. Some of them had linear or filamen-
tous pseudopodia, and the pseudopodia stret-
ched to two ends in an axial direction. In the
HSG overexpression group, the axons of U251
glioma cells were retracted, patchy, and some
cells were irregular and disorderly arranged. In
the HSG inhibition group, U251 glioma cells
were similar to those in the PBS group and neg-
ative group, and cells were mostly spindle-
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shaped or star-shaped, with pseudopods grow-
ing toward both ends and arranged axially
(Figure 2C). The above results showed that the
change of HSG expression had some effects on
the cytoskeleton of U251 cells. Overexpression
of HSG suppressed the formation of the cyto-
skeleton of U251 cells.

Variations in gene expression profile after HSG
alteration

Bioinformatic analysis was conducted based
on the gene chip data. The difference in gene
expression between the HSG overexpression
group and the HSG suppression group was
assessed. At P < 0.05, the number of differen-
tially expressed genes was 2214. FC > 1.5 was
used to further narrow the screening range,
and the number of differentially expressed
genes was 656, in which the number of up-reg-
ulated genes was 217 and the down-regulated
genes was 439. Referring to the KEGG and
BioCarta databases, pathway enrichment anal-
ysis was adopted to identify the metabolic
and signal transduction pathways that were
obviously affected, most of which were tumor
related genes involving in the cell cycle, meio-
sis, cell invasion and adhesion adhesion (Figure
3A, 3B).

HSG overexpression impacts the mRNA levels
of Rho family key molecules

RT-PCR results showed that the expression of
Rho family key molecules RhoA, Rockl, Rock2,
Racland Cdc42in U251 glioma cells decreased
when HSG was overexpressed (Figure 4A).
There were significant differences between the

Int J Clin Exp Pathol 2020;13(6):1349-1360
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Figure 4. RT-PCR (A, B) analysis of HSG and Rho family key molecules in U251 cells; western blot (C-F) analysis of
HSG and Rho family key molecules in U251 cells (*P < 0.05, **P < 0.01, n=3). RhoA: Ras homolog gene family,
member A; Racl: Ras-related C3 botulinum toxin substrate 1; Cdc42: Cell division cycle 42; Rock1/2: Rho associ-
ated coiled-coil forming protein kinase 1/2. The results showed that when the expression of HSG was up-regulated
in U251 cells, the expressions of RhoA, Rac1, Cdc42, Rockl and Rock2 were significantly decreased. When the
expression of HSG was down-regulated in U251 cells, the expressions of Racl, Cdc42 and Rockl were significantly

increased, but RhoA and Rock2 did not change.

HSG overexpression group and the blank con-
trol group/negative control group (F values
were 37.23, 63.84, 41.22, 33.77, 74.94, P <
0.01, Figure 4A). Compared to the blank con-
trol group and negative control group, the
expression of RhoA and Rock2 had no signifi-
cant change in HSG inhibition group (P > 0.05,
Figure 4B), while the expression of Rockl,
Racl, and Cdc42 increased [F value was 27.14,
45.37,36.08, P < 0.05 (Rockl), P < 0.01 (Rac1l,
Cdc42), Figure 4B]. In addition, the expression
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of each molecule in the blank control group was
lower than that in negative control group. No
difference was observed between the expres-
sion groups (P > 0.05, Figure 4B).

HSG overexpression results in altered expres-
sion of Rho family key molecules in protein
levels

According to the western blotting results (Figure
4C, 4E), the expression of Rho family key mole-
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cules RhoA, Rockl, Rock2, Racl, and Cdc42 in
U251 glioma cells decreased when HSG was
overexpressed (Figure 4D). There were signifi-
cant differences between the HSG overexpres-
sion group, and the blank control group and the
negative control group (F values were 91.05,
391.80, 284.00, 27.48, 129.13, P < 0.01,
Figure 4D). Compared with the blank control
group and the negative control group, the
expression of RhoA and Rock2 in the HSG inhi-
bition group had no marked change (P > 0.05,
Figure 4F), while the expression of Rockl,
Racl, and Cdc42 was increased (F value was
15.60, 24.77, 35.65, P < 0.05 (Rock1), P < 0.01
(Racl and Cdc42), Figure 4F). The blank con-
trol group and negative control group were not
significantly different (P > 0.05, Figure 4E, 4F).

Discussion

Recent evidence suggests that the abnormal
expression of HSG is related to many kinds of
tumor growth, and its overexpression has a sig-
nificant antitumor effect. In this study, human
glioma U251 cells were cultured in vitro based
on the previous experiments. HSG expression
was artificially interfered with by the virus vec-
tor in cells. Scratch healing test, transwell
migration, and invasion test showed that the
overexpression of HSG significantly inhibited
the migration and invasion of glioma cells. The
migration and invasion of U251 cells was rela-
tively enhanced after the HSG expression was
inhibited, which was similar to the study results
in gastric cancer by Zhang et al. [9]. The find-
ings in the adhesion test indicated that the
overexpression of HSG could significantly
reduce the adhesion of glioma cells to the
extracellular matrix, further suggesting that
HSG had a relationship to the invasion of glio-
ma. Moreover, the results of the immunofluo-
rescence assay showed that the overexpres-
sion of HSG caused some glioma cells to
change in morphology, showing that the numer-
ous filopodia were shortened or lamellipodium
was arranged disorderly. Some cells changed
from fusiform to sphericity. But the cells were
mostly in spindle shape with the pseudopods
were arranged axially at both ends when the
expression of HSG decreased. Besides, the
preliminary results of gene chip experiments
showed the changing of HSG expression pro-
files involving in the signal pathways of tumor
migration, invasion, adhesion and cell cycle.
Real-time fluorescence quantitative PCR and
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western blotting were used to detect the
expression of Rho family related molecules
RhoA, Rock1, Rock2, Racl and Cdc42 in U251
cells. On average, the expression of these mol-
ecules decreased when HSG expression was
increased, but increased partially when HSG
expression was inhibited. Rho family molecules
are known to promote the movement and inva-
sion of cancer cells by regulating cytoskeletal
reorganization [13, 14]. Therefore, itis assumed
that HSG can inhibit the invasiveness of human
glioma U251 cells, and the underlying mecha-
nism may be related to suppressing the expres-
sion of Rho family molecules, thereby affecting
the recombination of glioma cytoskeleton.

Rho family belongs to a subfamily of Ras
superfamily. It exists widely in mammals and is
the most well-known Ras-related monomer
GTPase. The key molecules of the Rho/Rock
signal transduction pathway include Rho family
molecules, Rock and myosin phosphatase [13].
Members of the Rho GTPase family, including
RhoA, Rac, and Cdc42, are key regulators of
cell migration by modulating mesenchymal
and amoeboid motility [14, 15]. Rac is required
for the formation of actin-rich membrane ruf-
fles, called lamellipodia, at the leading edge of
the migrating cells, whereas RhoA regulates
the formation of contractile actin-myosin fila-
ments, which form stress fibers, and maintains
focal adhesion at the lagging edge of the cells
[16-18].

Several reports suggest RhoA/Rock are ideal
therapeutic targets to fight metastasis and
invasion of glioma [19, 20]. In GBM, the differ-
ential expression of RhoGTPase family mem-
bers dictates invasive strategies [21]. Rho
GTPases are molecular switches that mediate
their effects through interactions with down-
stream effectors [22]. RhoA, Racl and Cdc42
are three widely studied members of the Rho
family. Each member plays an independent
and important role in cell adhesion, cytoskele-
ton formation, cell movement, and invasion and
metastasis of malignant tumors [23-25]. It has
been proven that the Rho family is closely relat-
ed to the invasion and malignancy of glioma.
The expression level of RhoA increases in high-
grade glioma, and the decrease of the RhoA
expression or activity directly weakens the inva-
sive ability of glioma cells [13, 26]. The expres-
sion level of Racl increased with the grade of
glioma. Racl protein mainly exists on the sur-
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face of the prominent plasma membrane in gli-
oma cells and plays an vital role in the activity
of glioma cells [27]. Additionally, Rac1 activa-
tion can promote malignant transformation and
progression of tumors and enhance the inva-
siveness of tumors. In glioma cells, inhibition of
Rac1 activity can hamper cell invasion. Down-
regulation of Racl expression can restrain the
characteristics of glioma stem cells, such as
suppress of neurosphere formation and expres-
sion of self-repair related proteins [28]. Cdc42
is @ molecule closely related to actin cytoskel-
eton recombination, cell migration, and adhe-
sion, especially the regulation of cell polarity
[29]. In other cancer cell systems, it has been
shown that the active form of Cdc42 is able to
increase cancer migration and carcinogenesis
[30, 31]. The suppression of Cdc42 activity
can lead to a decrease in glioma invasion and
migration [32]. At the same time, some studies
have shown that Cdc42 is the upstream mole-
cule of Racl, that is, Cdc42 can activate Rac1;
therefore, by inhibiting the expression and
activation of Cdc42, it can hinder the move-
ment and invasion of glioma cells [27].

Rock proteins, belonging to the serine/threo-
nine protein kinases, include Rock1 and Rock?2
subtypes. Rock proteins are the typical down-
stream effector molecules of RhoA in glioma,
and also the most well-known target effector
molecules of the RhoA family. The inhibition of
Rock expression can interfere with the forma-
tion of the actin skeleton structure mediated
by Rho in most cases, which participates in
cell movement and tumor progression [33-35].

Findings suggest that Rho family proteins
are essential for the invasion of glioma cells,
which further supports the above conclusions.
In sum, HSG can inhibit the invasion of glioma
cells by regulating the expression of Rho family
proteins. The results of this study provide a
new experimental basis for further elucidating
the anti-glioma effect of HSG, and lay a founda-
tion for the follow-up study of new strategies
and drug development for HSG treatment of
glioma.
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