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Abstract: The effects of connective tissue growth factor (CTGF) gene silencing on the radiosensitivity of glioblastoma
cells (GBM) were investigated. The lentivirus-mediated short hairpin RNA (shRNA) expression vector targeting CTGF
was constructed and transinfected into U87MG human GBM cell line. The CTGF gene expression in US7MG cells
was significantly down-regulated. After irradiation with 6 MV X-rays at a dose rate of 2.5 Gy/min, the clonogenicity,
proliferation and migration of US7MG cells were assayed in vitro. The survival, proliferation and migration of US7MG
cells were all remarkably inhibited by CTGF silencing (p < 0.05 vs control). Our results demonstrate that CTGF is im-
portant for GBM and CTGF gene silencing can be a potential tool to enhance the sensitivity of GBM to radiotherapy.
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Introduction

Glioblastoma (GBM) is the most common intra-
cranial tumor in adults with high malignancy
and poor prognosis [1]. Due to diffuse infiltra-
tive growth of tumor cells, it is difficult to com-
pletely resect tumor and postoperative local
radiotherapy is usually administrated. Unfor-
tunately almost all patients will relapse after
combined surgery, radiotherapy and chemo-
therapy [2]. Therefore, the development of new
therapeutic approaches and strategies is
urgent. One strategy to improve treatment out-
come is to add specific signaling inhibitors to
the chemoradiotherapy. A promising target can-
didate is the inhibition of connective tissue
growth factor (CTGF) signaling.

CTGF, also known as CCN2, is secreted primar-
ily by the endothelial cells, fibroblast, chondro-
cytes, smooth muscle cells and cancer cells. As
a member of the CCN-protein-family, it has a
variety of physiological and pathological func-
tions [3, 4]. Overexpression of CTGF has been
reported in various solid tumors [5] and is asso-
ciated with growth, migration and vasculariza-
tion of GBM [6-8]. Retrospective studies
showed that high level of CTGF expression was
correlated with tumor grade and patient sur-

vival. Thus, CTGF may be a potential therapeu-
tic target for GBM [9].

As radiotherapy is the mainstay treatment for
GBM, we investigated whether down-regulation
of CTGF expression would render human GBM
cells more sensitive to radiation.

Materials and methods
Materials

The pGCL-GFP/pHelper 1.0/pHelper 2.0 (Gene
Technology Co. Ltd., Shanghai, China) was used
to construct lentiviral vector for the expression
of shRNA targeting CTGF and mock control.
Rabbit anti-human monoclonal antibody against
CTGF and secondary goat anti-rabbit antibody
conjugated to horseradish peroxidase were pur-
chased from Santa Cruz Biotechnology Inc
(Santa Cruz, CA, USA). Lipofectamine 2000 was
bought from Invitrogen (Carlsbad, USA). The
human GBM cell line U87MG was purchased
from the American Type Culture Collection
(ATCC; Manassas, VA) and were cultured in
Dulbecco’s modified Eagle’'s medium (DMEM.
Gibco, USA) supplemented with 10% fetal calf
serum (FCS) and 50 mg/ml penicillin/strepto-
mycin at 37°C with 5% CO, and 95% humidity.
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at 690 g for 5 min at room tempera-
ture. The medium was then har-
vested and transferred to high-
speed centrifuged at 50,000 g for 2
h at 4°C. The vector was harvested
and resuspended in DMEM, centri-
fuged at 1400 g for 10 min and
incubated with 5 U/ml Dnase |
(Promega, Madison, USA) and 10
mM MgCl, (Sigma) for 30 min. The
vector was then aliquoted and
stored at -80°C. The lentiviral titre
was determined by serial dilution.
shRNA Before use, all lentiviral vectors
were titre maStched to 1 x 108
transducing units/ml.
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Transfection

The U87MG cells were plated in
24-well plates at a density of 1 x

reached 40%-50% confluence, they

Figure 1. The expression levels of CTGF mRNA and protein. A. The mRNA ~ Were transfected with the lentiviral
expression of CTGF was significantly decreased in the shRNA group  vectors. GFP expression of cells
compared to the mock group (p < 0.05). No significant difference was  was observed under a fluorescence
observed between mock control and negative control. B. CTGF protein microscope 72 h after transfection.

levels were determined by Western blotting. Weak expression of CTGF
protein in shRNA group but strong expression in control and mock con-

trol group was shown.

Construct the lentivirus-mediated shRNA ex-
pression vector

The sequences of the CTGF-targeting and mock
control shRNA were described in previous study
[10], which are as follows: CTGF shRNA, 5’-GTT
ACC GTG GTT GGG CCT GCC CTT TCA AGA GAA
GGG CAG GCC CAA CCA CGG TTT TTT TC-3’;
mock control shRNA, 5’-GTT TTC TCC GAA CGT
GTC ACG TTT CAA GAG AAC GTG ACA CGT TCG
GAG AAT TTT TTC-3'. These sequences were
flanked by 5 Hpa | restriction site and 3’ RNA
Pol Ill termination signal site followed by Xhol
restriction site. The shRNA sequences were
cloned into the shRNA-expressing lentivirus
vector, pGCL-GFP, downstream of the U6
promoter.

Lentiviral production and titration

Lentiviral vectors were generated by transient
transfection of HEK293T cells with the pHelper
1.0, pHelper 2.0 packaging plasmids and the
relevant transfer plasmid pGCL-CTGF. The har-
vested HEK293T cell medium was centrifuged
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Cells were used in the following
experiments if the percentage of
GFP-positive cells was above 90%.

RT-PCR assay

The expression of CTGF mRNA was detected by
RT-PCR. The CTGF primers were 5-GAC CGC
AAC AAC GCA ATC-3’ (sense) and 5-TAT TCC
GTC TCC TTG GTT CAG-3’ (antisense). The
B-actin primers were 5’-CGG CAT TGT CAC CAA
CTG-3’ (sense) and 5-CGC TCG GTC AGG ATC
TTC-3’ (antisense). DNA amplification was per-
formed for 28 cycles following an initial dena-
turation step at 94°C for 2 minutes in thermo
cycler by wusing the following program:
Denaturation at 94°C for 45 s, annealing at
57°C for 45 s, extension at 72°C for 45 s and
final Extension: 72°C for 10 minutes. The PCR
products were separated by agarose-gel ele-
ctrophoresis.

Western blot analysis

Protein expression of CTGF was detected by
Western blot. Total cells were collected and
lysed with cell lysis buffer. Total protein concen-
tration was determined by the Bradford meth-
od. Equivalent amounts of protein (30 ug) were
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dratic equation was fitted to data
sets to generate survival curves,
and dose enhancement factor was
calculated at 10% surviving fraction
(DEF, ,, control radiation dose divid-
ed by the treated radiation dose).
DEF values greater than 1.0 indi-
cate enhancement of radiosensi-
tivity.

Proliferation assay

50,000 cells were seeded in a 25
cm? flask over night and received a
single 6 MV X-ray irradiation of 4 Gy.
After incubatin for additional 72 h

and stained with trypan blue, cells
were counted.

Migration assay

Transwell migration assay was per-

Figure 2. The effect of CTGF shRNA on radiosensitivity of US7MG cells.
U87MG cells transfected with CTGF shRNA or mock control were plat-
ed in 25 cm? flasks, irradiated with 6 MV X-rays at a dose rate of 2.5
Gy/min. Colony-forming efficiency was determined 10 to 14 days later.
Survival curve was generated and linear quadratic equation was fitted
to data sets. The survival fraction of US7MG cells was significantly de-
creased in shRNA group as compared with control or mock control at 2
Gy, 4 Gy, 6 Gy and 8 Gy dose points (p < 0.05). DEF, dose enhancement

factor.

separated on 10% of SDS-PAGE gels and trans-
ferred to polyvinylidene difluoride membranes.
After being blocked for 2 hours in PBS with
0.1% Tween (PBS-T) containing 5% non-fat
dried milk, the membranes were incubated
with rabbit anti-human primary antibody over-
night and washed three times with PBS-T. The
membranes were incubated with horseradish
peroxidase-conjugated goat anti-rabbit second-
ary antibody (1:5,000) for 1 hour, then washed
three times with PBS-T. The signals were devel-
oped with the ECL Kit.

Clonogenic assay

U87MG cells were plated in 25 cm? flasks at
different concentrations (103 to 8 x 103/ml?)
and irradiated with 6 MV X-ray at a dose rate of
2.5 Gy/min. After 10 to 14 days’ culture, colo-
nies formed were stained with crystal violet
(Sigma) and those with at least 50 cells were
counted under a microscopy. The linear qua-
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formed through a collagen IV coat-
ed membrane (invitrogen). After
irradiation (4 Gy), US7MG cells were
placed in the upper chamber of the
transwells (10% cells in 50 pl/well).
The lower chamber had been filled
with DMEM with 10% BSA. After 12
hours of incubation, cells that had
invaded the membrane were fixed
and stained with a Diff-quick stain-
ing system. Representative photos were taken
and migrated cells were counted in 6 random
high-power fields per chamber under a light
microscope.

Results

Lentivirus-mediated RNAI efficiently sup-
pressed CTGF protein and mRNA expression in
U87MG cells

To investigate the role of CTGF in US7MG cell’s
growth and metastasis, we constructed lentivi-
rus vector with CTGF shRNA and infected
U87MG cells. After viral infection, more than
95% of the cells were GFP-positive, indicating a
high efficiency of transfection. CTGF shRNA effi-
ciently suppressed the CTGF mRNA level con-
formed by gRT-PCR and CTGF protein level con-
formed by Western blot in US7MG cells as com-
pared to normal control and non-silencing
group (p < 0.05 for all) (Figure 1A, 1B).
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Knockdown of CTGF expression
inhibited migration of US7MG cells

To evaluate the effects of CTGF
knockdown on U87MG cell migra-
tion, transwell system was used.
The number of migrated cells was
significantly reduced from 249.67 £
8.76 in the mock control group to
154.00 + 12.49 in the shRNA group.
However, irradiation could markedly
enhanced migration capability of
U87TMG cells in vitro (309.33 +
12.47) compared with mock control
(p < 0.05), which could be counter-
acted by knockdown of CTGF
(114.33 + 11.05, p < 0.05). These
data suggested that CTGF shRNA
could suppress radiation-induced
migration of US7MG cells (Figure
4A, 4B).

Discussions

Figure 3. The effects of CTGF knockdown on tumor cell proliferation.

U8S7MG cells transfected with CTGF shRNA or mock control received a  In the present study we showed that
single 6 MV X-ray irradiation of 4 Gy. The numbers of living cells were ~ CTGF gene silencing can decrease
counted with trypan blue staining after incubation for 72 h. The prolif-  the clonogenicity, proliferation and

eration of UB7MG cells was significantly decreased in shRNA group as
compared with control or mock control (p < 0.05). No significant differ-
ence was observed between shRNA group and RT group.

Clonogenic survival analysis

To determine the effects of CTGF gene silenc-
ing on GBM tumor cell radiosensitivity, clono-
genic survival analysis was conducted. CTGF
shRNA interference reduced clonogenic surviv-
al of UB7YTMG (Figure 2) following radiation,
resulting in an increase in the radiosensitivity
with a DEF, of 1.28.

Knockdown of CTGF inhibited US7MG cell
growth in vitro

Frequent up-regulation of CTGF mRNA and pro-
tein in a variety of cancers suggests a potential
oncogenic role of this gene. To investigate the
possible antiproliferative effects of CTGF
knockdown on US7MG cells, trypan blue stain-
ing assay was performed. CTGF shRNA trans-
fected cells showed significantly reduced viabil-
ity when compared with the control group (p <
0.05, Figure 3). Radiation treatment also inhib-
ited the cell survival (p < 0.05, Figure 3). When
radiation treatment was combined with CTGF
knockdown, a further reduction of the cell num-
ber was observed (p < 0.05).
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migration of human GBM cells and
enhance their radiosensitivity. Des-
pite intensive conventional treat-
ment protocols, the prognosis of
GBM is still dismal. The median survival is only
14.6 months [2]. The application of classic che-
motherapeutic agent and the recent addition of
anti-angiogenic drug bevacizumab has only pro-
longed the median survival for a few months [2,
11]. Thus, more effective treatment strategies
are urgently needed.

Studies have shown that the expression level of
CTGF correlates with the migration ability of
GBM cell lines in vitro and CTGF overexpression
is associated with tumor growth and vascular-
ization in vivo. Several retrospective studies
reported that CTGF expression was correlated
with tumor grade and survival of GBM patients.
These indicate that CTGF may be an oncogene
and down-regulation of CTGF gene expression
may inhibit GBM and sensitize GBM cells to
radiotherapy. We thus used lentivirus-mediated
shRNA expression vector to knockdown CTGF
and detected the effect of CTGF silencing on
U87MG cells. Lentiviral vector has the advan-
tage of infecting both dividing and non-dividing
cells and the inhibition of target gene is stable
and lasting. Despite there are some concerns
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and facilitate migration of GBM
cells [14]. Moreover, CTGF is also a
downstream modulator of TGF-B
[15-17]. There is evidence that
overexpression of TGF-B is associ-
ated with proliferation, invasion/
migration, and angiogenesis of gli-
oma and blockade of TGF-(3 by the
TGFBR-I kinase inhibitor LY210-
9761 can enhance radiation re-
sponse and prolong survival in
GBM [18]. TGF-B can induce
expression of CTGF through TGF-B/
Smads and cAMP/PKA/MAPK sig-
nal pathways [19].

Radiotherapy is an essential treat-
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ment for GBM and much effort has
been paid to improve the radiosen-
sitivity. In this study, we observed
that CTGF silencing combined with
radiotherapy was more effective
than radiotherapy alone. In the clo-
#* nogenic assay, CTGF silencing obvi-

ously improved radiosensitivity of
U87MG cells (DEF , = 1.28). CTGF
gene silencing and radiotherapy
both markedly decreased prolifera-
tion ability of US7MG cells as com-
pared with control (p < 0.05) and
no significant difference was ob-

control  mock control  shRNA RT

Figure 4. The effect of CTGF knockdown on tumor cell migration. US7MG
cell migration was determined by counting cells that had migrated to the
lower chamber 12 h after treatment. A. Stained cells seen under a mi-
croscope (200 x). B. The number of migrating cells in each group. *, P <
0.05 versus control (or mock control); #*, P > 0.05 versus shRNA group

and P < 0.05 versus other group.

with using lentiviral vectors and shRNAs for
RNA interference, they still present a powerful
tool that can be effective as long as appropri-
ate designing, modifications and controls are
applied [5, 12].

In our study, we demonstrated markedly atten-
uation of clonogenicity, proliferation and migra-
tion of USTMG cells after CTGF knockdown.
CTGF can activate adhesion and migration by
binding integrins and a FAK-mediated actin-
skeleton reorganization [6, 13]. CTGF activates
expression of MMPs and inhibit expression of
their inhibitors, the TIMPs, which degrade ECM
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shRNA+RT

served between these two groups.

Surprisingly, migration of U8S87TMG
cells was promoted by radiothera-
py. Sublethal doses of photon irra-
diation have been reported to be
able to promote tumor invasion/
migration [20, 21]. The underlying
mechanisms are unclear and may
at least be caused by increased MMP-2 and
MMP-9 gene expression [20, 22]. MMPs can
degrade collagen IV in the basement mem-
brane, gelatin, laminin and ECM, enhance
tumor invasion and metastasis.

It has been found that radiotherapy can pro-
mote the occurrence of epithelial-mesenchy-
mal transition (EMT) of human colorectal can-
cer cells, human breast cancer cells and human
lung cancer cell. EMT is the biological process-
es of the epithelial cells being transformed to
the cells with mesenchymal phenotype. TGF-3
plays an important role in this process [16]. As
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CTGF is a downstream modulator of TGF-f3 sig-
naling pathway, CTGF may also be involved in
the EMT process. Thus CTGF silencing may sup-
press EMT process, and reduce tumor invasion
and migration.

In summary, through the lentivirus-mediated
shRNA expression vector targeting CTGF we
demonstrated CTGF knockdown may inhibit clo-
nogenicity, proliferation and migration ability of
U87MG cells and enhance the efficacy of radia-
tion in vitro. Based on our findings CTGF may be
a potential therapeutic target of GBM and war-
rants further study.
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