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Abstract: Glioma is one of the most common tumors in the central nervous system. High expression of CCL2 was
detected in various cancers. The effect of CCL2 siRNA on the cell proliferation, invasion, migration and adhesion
of glioma cell line U251 and U373 cells was investigated in this study. The glioma cell lines were selected from
four glioma patients enrolled in the study. Cell proliferation was measured using MTT assay, while cell invasion and
migration were detected by Transwell assay. Western blot and real-time PCR were used to measure the expression
levels of biologic pathway related proteins FN1, Vimentin, E-cadherin, B-catenin, Twist and Snail. As a result, CCL2
highly expressed in the glioma cell lines U251 and U373 cells and effectively inhibited by CCL2 siRNA. Cells trans-
fected with CCL2 siRNA exhibited inhibited cell proliferation, invasion, migration and adhesion. The down-regulated
expression levels of cell migration related proteins FN1 and Vimentin indicated the inhibition effect of CCL2 siRNA
on the cell invasion and migration, as well as the declined CTNNB1 signaling pathway protein B-catenin. In conclu-
sion, CCL2 siRNA exhibited effective inhibition ability against the cell proliferation, invasion, migration and adhesion
of glioma cell lines U251 and U373 cells, which might provide theoretical basis for in vitro research and clinical

treatment as a new anti-cancer candidate.
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Introduction

Glioma is one of the most common tumors with
the percentage of 44.6% approximately among
the central nervous system cancer [1]. The inci-
dence of glioma was reported at 0.003-0.01%,
among which 70-80% is diagnosed as malig-
nant glioma, accounting for 1-3% in total malig-
nanttumors [2]. Every year 180,000 to 600,000
middle-young people were died for malignant
glioma, making it the second cause of death in
the patients with cancer under 34 years old
and the third from 35 to 54 [2]. Besides,
patients received surgery with radiotherapy
and chemotherapy have a recurrence rate at
about 98% with the median overall survival less
than one year at average [2]. Glioma can hardly
be removed completely through surgery due to
the infiltrative growth and incomplete differen-
tiation of glioma in deep brain tissue, while
chemical drugs and traditional Chinese medi-
cine with anti-cancer effect also present poor
curative effect because of the blood-brain bar-
rier [3]. Therefore, great significance in glioma

related studies faced by current neurosurgery is
involved in the investigation of basic character-
istics, biological behavior and relevant treat-
ment of glioma.

CCL2, also known as MCP-1 which was firstly
named as tumor derived chemokine is one of
B-chemokines family [4]. Human CCL2 located
in the chromosome 17q11 was first cloned in
1989 from the supernatant of glioma culture
[5]. The abnormal expression of CCL2 was
observed in various cancers including breast
cancer, gastric cancer, prostate cancer, ovarian
cancer, cervical cancer, esophageal cancer,
and nasopharynx cancer [6]. CCL2 was report-
ed to gather monocyte and macrophage to par-
ticipate in the inflammatory response. Besides,
its chemotaxis and activation on basophils to
release histamine involved in immune regula-
tion were also reported [6]. Functional CCL2
specifically combined with surface receptor
CCR2 can activate phospholipase C and kinase
C, leading to the release of calcium ions, result-
ing in the action of target cells [7]. It was dem-
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Figure 1. The selection of CCL2 with high expression level from human glioma tissues. A, B. The expression level of
CCL2 in four glioma samples was measured using Western blot. ***P < 0.001, compared with the normal tissue.
C, D. Western blot was also used to detect the expression level of CCL2 in five human glioma cell lines. E, F. CCL2
siRNA exhibited significant inhibition ability against the expression levels of CCL2 in human glioma cell lines U251
and U373. ***P < 0.001, compared with the control group (n=3). G. The effect of CCL2 siRNA on the gene expres-
sion of CCL2 was also detected by real-time PCR. ***P < 0.001, compared with the control group (n=3).

onstrated that CCL2/CCR2 axis plays a critical mentin, E-cadherin, B-catenin, Twist and Snail
role in the occurrence and development of were measured through Western blot and real-
tumor, however, the biological function of CCL2 time PCR in order to further investigate biologic
in glioma was barely reported. Obstacle is exist- function of CCL2 involved in the cell migration
ed in the improvement of the recurrence rate, and adhesion.

death rate and survival time of patients with

glioma in clinical. Therefore, molecular biology Materials and methods

and cell biology methods were used to explore

the function of CCL2/CCR2 axis and the mech- Screen of CCL2 expression cell lines

anism involved in the invasion, migration, adhe-

sion and apoptosis of glioma cells in this study. Four tissue samples from glioma patients with
Glioma cell line U251 and U373 cells transfect- complete clinical and pathological follow-up
ed with CCL2 siRNA were detected for the cell data were detected for the expression level of
proliferation using MTT assay. Transwell assay CCL2. Each sample contains glioma tissue and
was used to determine the invasion and migra- non-neoplastic tissue obtained from the same
tion of glioma cells, as well as the cell adhesion. patient. Western blot was used to measure the
In addition, the expression levels of FN1, Vi- expression levels of CCL2 in the four tissue
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Figure 2. MTT assay exhibits the effect of CCL2 siR-
NA on the cell proliferation of glioma cell line U251
and U373 cells. A. The optical density of U251 cells
decreased with a time-dependent manner, indicating
the inhibited cell proliferation by CCL2 siRNA. ***P
< 0.001, compared with the control group (n=3). B.
The cell proliferation of U373 cells was also inhibited
by CCL2 time-dependently. ***P < 0.001, compared
with the control group (n=3).

sample. In addition, in order to obtain further
insight into the mechanism involved in the
effect of CCL2 on glioma, five glioma cell lines
including T98G, U251, SHG44, U373 and U87
obtained from human glioma tissues were
measured for the expression of CCL2 by We-
stern blot. The study protocol was approved by
the local independently. Ethical approval for
the study was provided by the independent
ethics committee, Shanghai Tongren Hospital.
Informed and written consent was obtained
from all patients or their advisers according to
the ethics committee guidelines.

Transfection

Cultured U251 and U373 cells were inoculated
in antibiotic-free medium and incubated for 24
h. Cells were transfected with 50 nmol/L of
CCL2 siRNA or empty plasmid as negative con-
trol using lipofectamine™ 2000 (Invitrogen, Sh-
anghai, China) according to the instructions
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provided by the manufacturer. The sequence of
CCL2 siRNA was shown as blow: 5-CTCGCG-
AGCTATAGAAGAA-3.

After 48 hours, transfected cells were collect-
ed and processed for proliferation, invasion,
migration, adhesion, Western blot and real-
time PCR assay.

Cell proliferation assay using MTT

Golima cell lines U251 and U373 purchased
from Shanghai cell bank of Chinese academy of
sciences were cultured in DMEM (Hyclone Co.,
Ltd) with 10% FBS (JRDUN Biotechnology Co.,
LTd) and antibiotics (Gibco Co., Ltd) at 37°C.
Cultured cells were digested and diluted with
1~5x10* cells/mL. Then cells were inoculated
in 96-well plates (1~5x10° cells/well) and incu-
bated at 37°C for 12 h. Negative control group
and interference group were tranfected with
0.1 pL empty plasmid and CCL2 siRNA, respec-
tively. 0.5% MMT solution was added into each
well at O, 24, 48 and 72 h after the transfection
and then incubated for 4 h. Then the cell viabil-
ity was determined by the OD, — measured
using a microplate reader.

Cell invasion and migration assay using tran-
swell

Transfected cells were cultured in serum-free
medium for 24 h before inoculation. Then cells
were digested by trypsin and diluted to 1x10°
cells/mL using DMEM containing 1% FBS. In
cell invasion assay, the upper chamber was
coated with 80 pyL matrigel before the transfer
of cells. 0.5 mL cell suspension was added into
each Transwell chamber and 24-well plates
were filled with 0.75 mL DMEM containing 10%
FBS in each well. After the incubation for 48 h,
cells were fixed by 1 mL 4% methyl alcohol in
each well for 10 min, and then stained by 1 mL
0.5% crystal violet for 30 min. The 24-well
plates were washed using 1x PBS for three
times and counted for the invaded cells in three
randomly selected vision using a microscope
(OLYMPUS, Shenzhen, China) under 200 mag-
nified visual field.

Adhesion assay

Cultured U251 and U373 cells were inoculated
in 6-well plates (3x10° cells/well) and incubat-
ed for 24 h. Transfected cells were digested by
0.25% trypsin (Gibco, Shanghai, China) and

Int J Clin Exp Pathol 2017;10(1):771-780
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then suspended in DMEM (Hyclone) medium
containing 10% FBS (Gibco). Cells were diluted
and inoculated in FN coated 12-well plates
(1x10° cells/well). After 1-hour incubation, the
supernatant was discarded and cells were
washed by PBS (Gibco) for 2 times. Cells were
fixed by 4% paraformaldehyde (JRDUN biotech,
Shanghai, China) for 15 min, and then stained
by Giemsa (JRDUN) for 30 min. After washing
for several times, cell count was calculated
using a microscope (OLYMPUS).

Western blot assay

Glioma cell line cells and CCL2 siRNA transfect-
ed U251 and U373 cells were washed with PBS
and fully lysed in RIPA buffer at 4°C for 10 min
and centrifuged at 12000 RCF for another 10
min. 35 pg of supernatant was loaded onto
sodium dodecyl sulfate-polyacrylamide electro-
phoresis gels (SDS-PAGE) after the protein con-
tent was quantified using BCA protein assay
reagent (Sangon Biotech). Nitrocellulose filter
membrane (Millipore) was used to transfer the
protein after soaked in the transfer buffer for
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Figure 3. The effect of CCL2 siRNA on the cell in-
vasion of glioma cell lines U251 and U373 was
identified using Transwell assay. A. Images of the
invasive ability of CCL2 siRNA on U251 cells were
observed under 200 magnified visual field. B. Im-
ages of invaded U373 cells. C. Cell count of invad-
ed U251 and U373 cells. ***P < 0.001, compared
with the control group (n=3).

10 min. Anti-CCL2, FN1, Vimentin, E-cadherin,
B-catenin, Twist, Snail and GAPDH antibodies
(Santa Cruz Bio-technology) were diluted and
added into blocking buffer (Millipore), followed
by the incubation at 4°C for 12 h. Then the
membrane was incubated with the secondary
antibodies tagged with HRP (Beyotime Co., Ltd)
at 37°C for 1 h and developed using ECL-
detecting reagents (Millipore).

Real-time PCR assay

The gene expression levels of migration related
proteins and CTNNBL1 signaling proteins were
measured using real-time PCR. TRIzol Reagent
(Gibco-BRL, Gaithersburg, MD) was used to
extract and quantify total mRNA from U251 and
U373 cells. Then reverse transcription was per-
formed to synthesis cDNA through Thermoscript
RT-PCR System at a total volume of 25 pL (12 pl
RNA-primer Mix, 5 yl 5%RT reaction buffer, 1 pl
25 mM dNTPs, 1 ul 25 U/ul RNase inhibitor, 1 pl
200 U/pl M-MLV Rtase, 1 ul Oligo(dt),, and 4 pl
DNase-free ddH,0). A total PCR system of 25
puL (12.5 pl SYBR Green Mix, 0.5 ul forward

Int J Clin Exp Pathol 2017;10(1):771-780
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primer, 0.5 pl reverse primer, 9.5 ul ddH,0 and
2 ul cDNA template) was amplified through 40
cycles of denaturing at 95°C for 15 s, annealing
at 60°C for 30 s and elongation at 60°C for 45
s. Amplification kinetic curves were obtained
and the data was analyzed using ABI Prism
7300 SDS Software.

Statistical analysis

Data were expressed as mean * standard devi-
ation and analyzed using t-test and analysis of
variance. GraphPad Prism 5.0 software was
used to perform and analyze the data.

Results

Screen of glioma cell line with high expression
level of CCL2

Compared with the expression of CCL2 in nor-
mal tissue, that of glioma tissue from the same
sample exhibited significantly high level (Figure
1A and 1B), suggesting the potential relation-
ships between the expression of CCL2 and glio-
ma. In order to screen out the glioma cell line
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Figure 4. The effect of CCL2 siRNA on the cell
migration of glioma cell lines U251 and U37. A.
Images of the migratory ability of CCL2 siRNA
on U251 cells were obtained under high power
field. B. Images of migrated U373 cells. C. Cell
count of migrated U251 and U373 cells. ***P
< 0.001, compared with the control group (n=3).

with high expression level of CCL2, five human
glioma cell lines including T98G, U251, SHG44,
U373 and U87 were detected using Western
blot. As shown in Figure 1C, U251 and U373
cells presented obviously high expression lev-
els of CCL2 among the five glioma cell lines.
Besides, U251 and U373 cells transfected with
CCL2 siRNA showed significant decrease in the
expression level of CCL2 through both Western
blot and real-time PCR (Figure 1E-G, P < 0.001),
indicating the inhibitive ability of CCL2 siRNA
against the glioma cell lines. Therefore, human
glioma cell lines U251 and U373 were selected
in the following research of the possible me-
chanism involved in the siRNA interference
against glioma.

CCL2 siRNA inhibited cell proliferation

The cell viability of glioma cell lines U251 and
U373 interfered with CCL2 siRNA was detected
using MTT assay. As shown in Figure 2, the cell
proliferation of both U251 and U373 was
declined dramatically with a time-dependent
manner compared with the control group (P <
0.001), indicating the inhibitive ability of CCL2

Int J Clin Exp Pathol 2017;10(1):771-780
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siRNA against the cell viability of glioma cells
lines U251 and U373.

CCL2 siRNA inhibited cell invasion and migra-
tion

The invasion and migration ability of U251 and
U373 cells was evaluated using the Transwell
assay. As the result shown in Figure 3, the inva-
sion rate of both U251 and U373 cells treated
with CCL2 siRNA was suppressed dramatically
compared with the control group, as well as the
migration rate which was shown in Figure 4 (P <
0.001). In addition, the expression levels of cell
migration proteins FN1 and Vimentin were
measured using Western blot and the result
was shown in Figure 6. Compared with the con-
trol group, the expression of FN1 and Vimentin
exhibited significant decrease in CCL2 siRNA
transfected U251 and U373 cells (P < 0.001).
Similar to the results obtained in the Western
blot assay, there was decrease in the gene
expression levels of cell migration related pro-
teins observed through real-time PRC (Figure 7,
P < 0.001), indicating the down-regulation of
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Figure 5. The effect of CCL2 siRNA on the
cell adhesion of glioma cell lines U251
and U37. A. Images of the adhesive ability
of CCL2 siRNA on U251 cells. B. Images of
adhered U373 cells observed under high
power field. C. Cell count of adhered U251
and U373 cells after the transfection with
CCL2 siRNA. ***P < 0.001, compared with
the control group (n=3).

CCL2 siRNA on the expression of cell migration
related proteins.

CCL2 siRNA inhibited the cell adhesion

Cellular adhesion capability of U251 and U373
cells after the transfection with CCL2 siRNA
was determined using adhesion assay. As the
result shown in Figure 5C, the cell count of
adhered U251 and U373 cells declined signifi-
cantly when compared with the control group (P
< 0.001), suggesting the decreased adhesion
ability after the treatment with CCL2 siRNA.
In addition, Western blot and real-time PCR
were used to explore the mechanism further.
Adhesion related proteins were measured the
expression levels using Western blot. As shown
in Figure 6, declined expression of B-catenin,
Twist and Snail corresponded to the results
obtained in the adhesion assay (P < 0.001),
indicating the inhibited adhesion ability due to
the interference of CCL2. Oppositely, the ex-
pression level of E-cadherin which contributes
to the inhibition of metastasis showed signifi-
cantly increase (P < 0.001), further verifying

Int J Clin Exp Pathol 2017;10(1):771-780
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Figure 6. The expression levels of cell invasion related proteins regulated
by CCL2 siRNA were measured using Western blot. A. The expression of
FN1, Vimentin, E-cadherin, B-catenin, Twist and Snail was exhibited by
SDS-PAGE. B. Western blot was used to measure the expression levels
of cell invasion related proteins in U251 cells. ***P < 0.001, compared
with the control group (n=3). C. The protein expression levels were also
measured by Western blot in U373 cells. ***P < 0.001, compared with

the control group (n=3).

the inhibition effect of CCL2 siRNA against the
adhesion capability of glioma cell lines U251 an
U373.

Discussion

Chemokine with chemotaxis containing 70 to
100 amino acids belongs to small molecular
weight secreted protein superfamily. Its G-pro-
tein coupled receptors are mainly located in the
cell membrane of endothelial, immune and
tumor cells [8]. Studies have revealed the effect
of chemokine and its receptors on the cell
growth, differentiation, apoptosis and tissue
damage in body cells, as well as on the cell pro-

77T

es the functions of promoting the
phagocytosis of macrophage and
the connection between cells and
fiber matrix [15]. Besides, FN1
has great value in the diagnosis
of severe disease as a kind of
important opsonin. In addition, as
the cell migration related protein,
Vimentin contributes to the flexi-
bility of cells [15]. It provides elas-
ticity which does not existed in microtubules
and actin. Therefore, Vimentin is responsible
for the maintaining the integrity of the cytoskel-
eton [16]. Furthermore, cells without Vimentin
received serious damage after the treatment
of acupuncture [17]. Although normal functi-
on was maintained in Vimentin gene knockout
mice, the microtubules-network was damaged
due to the loss of Vimentin, revealing the int-
eraction between microtubules and Vimentin
[18]. Moreover, restruction of Vimentin was
observed when microtubules were depolymer-
ized, further indicating the relationship between
the two systems. Vimentin were also responsi-
ble for controlling the transfer of cholesterol
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Figure 7. The gene expression levels of cell invasion related proteins regu-
lated by CCL2 siRNA were measured using real-time PCR. A. The gene ex-
pression levels of FN1, Vimentin, E-cadherin, 3-catenin, Twist and Snail in
U3737 cells were measured by real-time PCR. ***P < 0.001, compared
with the control group (n=3). B. Real-time PCR was also used to measure
the gene expression levels in U251 cells. ***P < 0.001, compared with

the control group (n=3).

derived by low density lipoprotein (LDL) from
lysosome to esterification site. Less lipoprotein
will be accumulated in cells when the transport
is blocked, which relies on the cholesterol ester
generated from LDL [17]. As the results shown
in Figure 4, both of Western blot and real-time
PCR presented the declined expression levels
of FN1 and Vimentin, in view of the inhibited
cell invasion and migration, indicating the do-
wn-regulation effect of CCL2 siRNA on the
tumor metastasis.

Cell adhesion signaling via CTNNB1 was also
known as 3-catenin which mainly located in cell
membrane. It responds for the mediation of the
adhesion between cells and the expression of
related genes. 3-catenin was found as an adhe-
sion factor at first, and then it was demonstrat-
ed as a kind of multifunctional proteins involved
in the regulation of cell proliferation, differenti-
ation and apoptosis in various types of cells
including endothelial cells, fibroblasts and os-
teoblasts [19]. Interaction between B-catenin
and calcium element forms adhesive tape in
thejunctions between cells, while free B-catenin
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Snail tion, cell invasion and metasta-
sis, while positively related to
the prognosis [21]. The low ex-
pression or unstable expression
of E-cadherin could promote the
cell metastasis of tumor cells.
However, it is not the only factor
which regulates the differentia-
tion, invasion and metastasis in
a malignant tumor [22]. Twist,
as well as Snail, is a highly conserved transcrip-
tion factor which belongs to alkaline spiral-ring-
spiral protein family [23]. It plays an important
role in the occurrence and development of
embryos as a key regulation factor in the pro-
cess of epithelium-interstitial change [24].
Twist was demonstrated as a potential cancer
gene protein which promotes the occurrence,
invasion, metastasis and tolerance, and inhib-
its the apoptosis of tumor cells [24]. The down-
regulation of Twist and Snail indicated the inhi-
bition effect of CCL2 siRNA on the cell adhesion
in glioma cell lines U251 and U373 cells, which
corresponded to the decreased expression
level of B-catenin.

Conclusion

In conclusion, we demonstrated the regulation
effect of CCL2 on the cell proliferation, inva-
sion, migration and adhesion of glioma cell
lines U251 and U373 through blocking the
expression of CCL2 with CCL2 siRNA. Our work
might provide theoretical basis for in vitro re-
search and clinical treatment against glioma.

Int J Clin Exp Pathol 2017;10(1):771-780



CCL2 siRNA in glioma

Acknowledgements

Medical Science and Technology Project of
Zhejiang Province (2014ZDA025). Science and
Technology Project of Zhejiang Province (20-
15FB048).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Peng Ding, De-

partment of Neurosurgery,

The First Affiliated

Hospital of Kunming Medical College, 295 Xi-
chang Road, Kunming 650032, Yunnan, China. Tel:
+86-572-2555756; Fax: +86-572-2555762; E-mail:
dingp1210@163.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

779

Ohgaki H. Epidemiology of brain tumors. Meth-
ods Mol Biol 2009; 472: 323-342.

Zhang J, Sarkar S, Cua R, Zhou Y, Hader W,
Yong VW. A dialog between glioma and microg-
lia that promotes tumor invasiveness through
the CCL2/CCR2/interleukin-6 axis. Carcino-
genesis 2012; 33: 312-319.

Zhou Y, Zhang J, Liu Q, Bell R, Muruve DA, For-
syth P, Arcellana-Panlilio M, Robbins S, Yong
VW. The chemokine GRO-alpha (CXCL1) con-
fers increased tumorigenicity to glioma cells.
Carcinogenesis 2005; 26: 2058-2068.
Deshmane SL, Kremlev S, Amini S, Sawaya BE.
Monocyte chemoattractant protein-1 (MCP-1):
an overview. J Interferon Cytokine Res 2009;
29: 313-326.

Yoshimura T, Yuhki N, Moore SK, Appella E, Le-
rman MI, Leonard EJ. Human monocyte che-
moattractant protein-1 (MCP-1). Full-length
cDNA cloning, expression in mitogen-stimulat-
ed blood mononuclear leukocytes, and se-
quence similarity to mouse competence gene
JE. FEBS Lett 1989; 244: 487-493.
Dagouassat M, Suffee N, Hlawaty H, Haddad
O, Charni F, Laguillier C, Vassy R, Martin L,
Schischmanoff PO, Gattegno L, Oudar O, Sut-
ton A, Charnaux N. Monocyte chemoattractant
protein-1 (MCP-1)/CCL2 secreted by hepatic
myofibroblasts promotes migration and inva-
sion of human hepatoma cells. Int J Cancer
2010; 126: 1095-1098.

Cho YA and Kim J. Association of polymor-
phisms in the MCP-1 and CCR2 genes with the
risk of cancer: a meta-analysis. Cytokine 2013;
64:213-220.

Horuk R. Chemokines. ScientificWorldJournal
2007; 19: 224-232.

Reuter S, Gupta SC, Chaturvedi MM, Aggarwal
BB. Oxidative stress, inflammation, and can-

(10]

(11]

(15]

(16]

[17]

[20]

(21]

cer: how are they linked? Free Radic Biol Med
2010; 49: 1603-1616.

Balkwill F. Cancer and the chemokine network.
Nat Rev Cancer 2004; 4: 540-550.

Kruizinga RC, Bestebroer J, Berghuis P, de
Haas CJ, Links TP, de Vries EG, Walenkamp
AM. Role of chemokines and their receptors in
cancer. Curr Pharm Des 2009; 15: 3396-
3416.

Nyberg P, Salo T, Kalluri R. Tumor microenvi-
ronment and angiogenesis. Front Biosci 2008;
1: 6537-6553.

Pollard JW. Tumour-educated macrophages
promote tumour progression and metastasis.
Nat Rev Cancer 2004; 4: 71-78.

Lou X, Han X, Jin C, Tian W, Yu W, Ding D, Cheng
L, Huang B, Jiang H, Lin B. SOX2 targets fibro-
nectin 1 to promote cell migration and invasion
in ovarian cancer: new molecular leads for
therapeutic intervention. OMICS 2013; 17:
510-518.

Zhang X, Xu J, Wang J, Gortner L, Zhang S, Wei
X, Song J, Zhang Y, Li Q, Feng Z. Reduction of
microRNA-206 contributes to the development
of bronchopulmonary dysplasia through up-
regulation of fibronectin 1. PLoS One 2013; 8:
e74750.

Havel LS, Kline ER, Salgueiro AM and Marcus
Al. Vimentin regulates lung cancer cell adhe-
sion through a VAV2-Racl pathway to contr-
ol focal adhesion kinase activity. Oncogene
2015; 34: 1979-1990.

Thiagarajan PS, Akbasli AC, Kinter MT, Willard
B, Cathcart MK. Vimentin is a target of PKCbe-
ta phosphorylation in MCP-1-activated primary
human monocytes. Inflamm Res 2013; 62:
991-1001.

Lehtinen L, Ketola K, Makela R, Mpindi JP, Vii-
tala M, Kallioniemi O, lljin K. High-throughput
RNAi screening for novel modulators of vimen-
tin expression identifies MTHFD2 as a regula-
tor of breast cancer cell migration and inva-
sion. Oncotarget 2013; 4: 48-63.

Silva-Vargas V, Lo Celso C, Giangreco A, Ofstad
T, Prowse DM, Braun KM, Watt FM. Beta-
catenin and Hedgehog signal strength can
specify number and location of hair follicles in
adult epidermis without recruitment of bulge
stem cells. Dev Cell 2005; 9: 121-131.
Engstrgm MJ, Opdahl S, Vatten LJ, Haugen OA,
Bofin AM. Invasive lobular breast cancer: the
prognostic impact of histopathological grade,
E-cadherin and molecular subtypes. Histopa-
thology 2015; 66: 409-419.

Niu J, Azfer A, Zhelyabovska O, Fatma S, Ko-
lattukudy PE. Monocyte chemotactic prote-
in (MCP)-1 promotes angiogenesis via a no-
vel transcription factor, MCP-1-induced pro-
tein (MCPIP). J Biol Chem 2008; 283: 14542-
14551.

Int J Clin Exp Pathol 2017;10(1):771-780


mailto:dingp1210@163.com

[22]

780

CCL2 siRNA in glioma

Lee SH, Kang HY, Kim KS, Nam BY, Paeng J,
Kim S, Li JJ, Park JT, Kim DK, Han SH, Yoo TH,
Kang SW. The monocyte chemoattractant
protein-1 (MCP-1)/CCR2 system is involved
in peritoneal dialysis-related epithelial-mes-
enchymal transition of peritoneal mesothelial
cells. Lab Invest 2012; 92: 1698-1711.

[23] Wushou A, Hou J, Zhao YJ and Shao ZM. Twist-1

(24]

up-regulation in carcinoma correlates to poor
survival. Int J Mol Sci 2014; 15: 21621-21630.
Zhang H, Gong J, Kong D and Liu HY. Anti-prolif-
eration effects of Twist gene silencing in gas-
tric cancer SGC7901 cells. World J Gastroen-
terol 2015; 21: 2926-2936.

Int J Clin Exp Pathol 2017;10(1):771-780



