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Connective tissue growth factor as an unfavorable prognostic marker
promotes the proliferation, migration, and invasion of gliomas
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Abstract

Background: In consideration of the difficulty in diagnosing high heterogeneous glioma, valuable prognostic markers are urgent}
be investigated. This study aimed to verify that connective tissue growth factor (CTGF) is associated with the clinical prognosis of
glioma, also to analyze the effect of CTGF on the biological function.

Methods: In this study, glioma and non-tumor tissue samples were obtained in 2012 to 2014 from the Department of Neurosurgery
of Nanfang Hospital of Southern Medical University, Guangzhou, China. Based on messenger RNA (mRNA) data from the Cancer
Genome Atlas (TCGA) and CCGA dataset, combined with related clinical information, we detected the expression of CTGF mRNA
in glioma and assessed its effect on the prognosis of glioma patients. High expression of CTGF mRNA and protein in glioma were
verified by reverse transcription-polymerase chain reaction, immunohistochemistry, and Western blotting. The role of CTGF in the
proliferation, migration, and invasion of gliomas were respectively identified by methylthiazoletetrazolium assay, Transwell and
Boyden assay in vitro. The effect on glioma cell circle was assessed by flow cytometry. For higher expression of CTGF in
glioblastoma (GBM), the biological function of CTGF in GBM was investigated by gene ontology (GO) analysis.

Results: In depth analysis of TCGA data revealed that CTGF mRNA was highly expressed in glioma (GBM, n=163; lowly
proliferative glioma [LGG], 7= 518; non-tumor brain tissue, 7=207; LGG, t=2.410, GBM, ¢ =2.364, P < 0.05). CTGF mRNA
and protein expression in glioma (86 %) was significantly higher than that in non-tumor tissues (18 %) verified by collected samples.
Glioma patients with higher expression of CTGF showed an obviously poorer overall survival (35.4 and 27. 0 months compared to
63.3 and 55 1 months in TCGA and Chinese Glioma Genome Atlas (CGGA) databases separately, CGGA: x> =7.596, P = 0.0059;
TCGA: x> =10.46, P =0.0012). Inhibiting CTGF expression could significantly suppress the proliferation, migration, and invasion
of gliomas. CTGF hlgher expression had been observed in GBM, and GO analysis demonstrated that the function of CTGF in GBM
was mainly associated with metabolism and energy pathways (P < 0.001).

Conclusions: CTGF is highly expressed in glioma, especially GBM, as an unfavorable and independent prognostic marker for glioma
patients and facilitates the progress of glioma.
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Introduction It is necessary to understand the molecular mechanisms of

glioma as well as to develop novel therapeutic strategies.!”!
Glioma is the most common primary tumor of the central

nervous system.'?! According to the traditional classifi-  Connective tissue growth factor (CTGF/CCN2) is a
cation, gliomas are divided into non-invasive and lowly 34,000 to 38,000 Da secreted protein, and the gene is
prohferatlve glioma (LGG), anaplastlc astrocytoma (grade located on human chromosome 6¢23.1. 101 CTGF is
II), and glioblastoma (GBM).” GBM is the most reported to promote proliferation and differentiation of
malignant glioma, characterized by highly aggressive  chondrocytes, mediate heparin- and divalent cation-
pro%ressmn increased proliferation, and robust angiogen-  dependent cell adhesion and so on. 11-131 CTGF is also
esis.””’ The standard therapy of malignant glioma IS commonly known for taking part in multifunctional
surgical resection followed by chemo- and radlotherapy ] signaling modulation in various patholog1cal  processes
The poor median survival time of GBM is 14.6 months.'® including tumor occurrence and development.!!
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CTGF is overexpressed in about 58 % primary brain tumors
and linked to 27 human cancers.!'® According to previous
reports, the role of deregulated CTGF is comphcated with a
tissue-dependent manner, related to anglo enesw[m and
modulated signal pathways including Wnt.!"®! The associa-
tion and molecular mechanism between CTGF and
prognosis of glioma remain to be clarified.

In this experiment, the data for investigation is obtained
from public datasets (the Cancer Genome Atlas (TCGA),
Chinese Glioma Genome Atlas [CGGA], Genotype-Tissue
Expression (GTEx) and samples collected from glioma
resection in Nanfang hospital, significantly overexpression
of CTGF in glioma was clarified. Furthermore, the
association of CTGF overexpression and poor prognosis
of glioma was revealed by survival analysis. Down-
regulation of CTGF expression in glioma cells inhibited
cell proliferation, migration and invasion in vitro. Our
findings support the theory that overexpression of CTGF is
potentially an unfavorable and independent prognostic
marker for glioma patients.

Methods

Ethical approval

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committees of Nanfang Hospital of Guangdong Province
(No. A3873-1), and each human tissue was obtained with
prior consent from patients or their guardians before
participation in the study.

Bioinformatic analysis

Data used in this study for bioinformatic analysis was
obtained from public datasets, including messenger RNA
(mRNA) chip data and RNA sequencing data. The gene
expression data were downloaded from public datasets
and normalized for analysis. Meanwhile, clinical case data
in the database were extracted for clinical correlation
analysis. Among them, TCGA (https://cancergenome.nih.
gov/) contained 681 patients with glioma, while CGGA
(http://www.cgga.org.cn/) contained 301 patients with
glioma. The data was loaded into the corresponding
statistical software to analyze the expression of CTGF in
glioma, biological function, and its relationship with
clinical prognosis.'!

Clinical tissue sample collection

A total of 29 paraffin-embedded glioma and 11 non-tumor
tissue samples (taken from epilepsy patients with cerebral
lobectomy and cerebral hernia patients with intracranial
decompression). The samples which were confirmed by
hematoxylin-eosin staining and light microscopy were
obtained in 2012 to 2014 from the Department of
Neurosurgery of Nanfang Hospital of Southern Medical
University, Guangzhou, China. Chemotherapy, radiother-
apy, and other special treatments were not performed
before surgery. All the gliomas had confirmed pathologic
diagnosis and classification according to the World Health
Organization criteria.
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Cell culture

Human glioma U87MG and U251MG cells were
purchased from the Chinese Academy of Sciences
(Shanghai, China) and cultured in the Dulbecco modified
Eagle medium (DMEM) (Hyclone, Logan, UT, USA)
containing 10% fetal bovine serum (Hyclone). All cell lines

were incubated in a humidified atmosphere of 5% CO, at
37°C.

Immunohistochemistry

Paraffin sections were deparafﬁnized in 100% xylene for
1 h and rehydrated in descending ethanol series and
phosphate buffer saline (PBS, Hyclone). 1201 Heat-induced
antigen retrieval was performed in 10 mmol/L citrate
buffer for 15 min in a microwave oven. Endogenous
peroxidase activity was inactivated with peroxidase
blocking reagent (hydrogen peroxide 3%). After being
washed with PBS for three times (5 min each time), the
sections were incubated with primary antibodies overnight
at 4°C. After washing three times with PBS to remove
unbound antibody, the sections were incubated with a
dedicated secondary antibody for 1 h at room temperature,
and subsequently, the peroxidase reaction was developed
using 3,3-diaminobenzidine (DAB) chromogen solution in
DAB buffer substrate. Sections were counterstained with
hematoxylin, mounted in neutral gum, and analyzed using
a bright-field mlcroscope equipped with a digital camera
(Nikon, Japan).l*!!

Immunohistochemistry results judgement

The immunohistochemically stained tissue sections were
reviewed and scored separately b?f two pathologists
blinded to the clinical parameters.”?! The score was
evaluated according to the percentage of positive staining
cells and the sum of staining intensity. The positive staining
scores were defined 0 to 4 (0: negative, 1: low expression
and <50%, 2: low expression and >50%, 3: high
expression and <50%, and 4: high expression and >50%).

Western blotting

Western blotting was carried as described previously,!>*!
with rabbit polyclonal CTGF (1:1000; BOSTER Biological
Technology, Pleasanton, CA, USA), B-actin (1:1000;
Proteintech, Rosemont, IL, USA) antibodies. A horseradish
peroxidase (HRP)-conjugated anti-rabbit or anti-mouse
IgG antibody was used as the secondary antibody (1:2000;
CoWin Bioscience, Beijing, China). Enhanced chemilumi-
nescence reagents (Pierce, Rockford, IL, USA) were utilized
to detect signals. All experiments were independently
performed in triplicate.

Transient transfection with small-interfering RNAs (siRNAs)

siRNA for CTGF was designed and synthesized by
Guangzhou RiboBio (RiboBio Inc, China). Three siRNAs
targeting on CTGF gene were designed and synthesized,
the most effective siRNA (siCTGF) identified by reverse
transcription-polymerase chain reaction (RT-PCR) was
applied for the further experiments. The target sequences:
CTGF-segl was 5-GCCTGCCATTACAACTGT-3,
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CTGF-seg2 was 5'-GACCCAACTATGATTA-3', CTGF-
seg3 was 5'-GTGCATCCGTACTCCCAAA-3'.

RT-PCR

Total RNA from ten fresh non-tumor tissue samples and
12 glioma samples were isolated by using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) and then treated with the
TagMan Fast Advanced Master Mix (Thermo Fisher
Scientific, Waltham, MA, USA), 0.3 wmol/L of each
primer, and 0.2 wmol/L of probe. Reverse transcription
synthesis of complementary DNA by reverse transcription
kit according to the manufacturer’s instructions. PCR
cycling conditions were 95°C for 10 min to activate DNA
polymerase, followed by 45 cycles of 95°C for 15 s, 55°C
for 15 s, and 72°C for 10 s.

Methylithiazoletetrazolium (MTT) assay

Glioma cells (1000/well) were seeded in 96-well plates with
a volume of 200 wL medium, 20 pL of MTT solution was
added to each well and incubated for 4 h. Supernate was
abandoned, each well was filled with a volume of 100 pL
DMEM. The absorbance value (A) was measured at
490 nm.

Transwell assay and Boyden assay

About § x 10° cells in 200 pL. DMEM medium without
fetal calf serum (FCS) were filled in the upper chamber of
Transwell apparatus (Corning, NY, USA). DMEM with
10% FCS was seeded on the lower chamber. After putting
Transwell apparatus in a 5% CO; atmosphere at 37°C in
6 h, cells on the upper chamber were wiped by a cotton
swab. The insert was washed with PBS twice. Cells on the
lower chamber were fixed with methanol for 20 min, then
stained with crystal violet for 20 min. The number of cells
was counted under a microscope, averaged, and analyzed.
Boyden assay was the same as Transwell assay, except that
Transwell apparatus were pre-coated with Matrigel on the
upper chamber.

Flow cytometry

The 5 x 10° cells were rinsed with cold PBS and filled with
70% ice-cold ethanol for 48 h at 4°C. Cold PBS was used to
wash. Subsequently, cells were incubated with PBS
containing 10 wg/mL propidium iodide and 0.5 mg/mL
RNase A for 1 h at 37°C. A type of flow cytometer (EPICS
XL, Beckman Co., USA) was accessed to analyze cell circle.

Survival analysis

Overall survival (OS) was identified by analyzing different
data sets and clinical information of glioma. The partial
case was abandoned. Survival curves were plotted using
the Kaplan-Meier method in GraphPad Prism 7.0 (Graph-
Pad Software, Inc., San Diego, CA, USA) and assessed
using the log-rank test.

Gene ontology (GO) analysis

Among the upregulated expression of CTGF, 637
upregulated correlative genes in TCGA GBM data were
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obtained. Functional enrichment analysis tool was used to
do GO analysis including molecular function, biological
process and cellular component of CTGF (Ranked top six
items were selected by P value).

Statistical analysis

IMB SPSS 22.0 (IBM Company, USA) and GraphPad
Prism 7.0 software (GraphPad Software, USA) were
mainly used to analyze statistical data and plot kinds of
graphs. All values were expressed as mean + standard
deviation, and Student’s ¢ test was used for comparison of
data between two groups, one-way analysis of variance
was used for comparison of multiple groups. Different
grade of malignant glioma was performed by Dunnett. A P
value <0.05 was considered to indicate a statistically
significant difference.

Results

TCGA databases revealed that CTGF mBNA was highly
expressed in glioma

Compared with non-tumor tissues, the expression
of CTGF was increased in glioma including LGG and
GBM, analyzed with the web-server gene expression
profiling interactive analysis (GBM, n=163; LGG,
n=>518; non-tumor brain tissue [NB], 7=207)
[Figure 1A].

CTGF mRNA and protein expression in glioma was
significantly higher than that in non-tumor tissues verified
by collected samples

To determine whether CTGF played a role in glioma
tumorigenesis, the expression of CTGF mRNA was
evaluated in 12 glioma tissues compared with ten non-
tumor tissues by RT-PCR [Figure 1B]. Similarly, it was
higher expressed in glioma investigated in eight cases of
glioma and eight NB tissues by Western blotting
[Figure 1C]. Immunohistochemical staining showed the
location and expression of CTGF in NB and glioma tissues,
CTGF expression was evaluated in glioma in 29 archived
paraffin-embedded glioma samples and 11 NB tissues
using immunohistochemical staining [Figure 1D]. Thus,
CTGF was highly expressed in 86% (25/29) of glioma
samples compared to only 18% (2/11) of non-tumor tissue
samples, which was a statistically significant difference
[Table 1].

Glioma patients with higher expression of GTGF showed an
obviously poorer 0S

To investigate the prognostic of CTGF expression for
glioma, clinical case data in CGGA and TCGA database
were extracted for clinical correlation analysis. Kaplan-
Meier survival analysis of OS was among 301 patients’
data in CGGA and 663 patients’ data in TCGA. P values
were calculated by log-rank test (CGGA P=0.0059;
TCGA P =0.0012) [Figure 2]. The curve graphs between
the high and low expression of CTGF were observably
different. The median OS among patients with higher
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Figure 1: The expression of CTGF in glioma and non-tumor tissue. (A) The expression of CTGF mRNA was increased in glioma compared with non-tumor tissues (GBM, n= 163; LGG,
n=>518; NB, n=207), analyzed with the web server GEPIA and expression data presented at mean + SD from TCGA and GTEx (LGG, t=2.410, GBM, {=2.364, P<0.05). (B) The
expression of CTGF mRNA was evaluated in 12 glioma tissues compared with ten non-tumor tissues by RT-PCR (t=9.117, P < 0.0001). (C) The expression of CTGF protein was higher in
eight glioma samples than eight non-tumor tissues by Western blotting. (D) The expression and location of CTGF were examined by Immunohistochemical staining. (a and b) weak staining of
CTGF in normal tissues. (c and d) strong staining of CTGF in glioma tissues. Original magnification x 400. CTGF: Connective tissue growth factor; GBM: Glioblastoma; LGG: Lowly proliferative
glioma; mRNA: Messenger RNA; NB: Non-tumor brain; RT-PCR: Reverse transcription-polymerase chain reaction; SD: Standard deviation.
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Table 1: Expression of CTGF in glioma and non-tumor tissues.

CTGF expression, n (%)

Groups Cases (n) High expression Low expression P value
Non-tumor tissue 11 2 (0.18) 9 (0.82)
Glioma 29 25 (0.86) 4 (0.16) <0.001
Fisher exact test was used to get P value. CTGF: Connective tissue growth factor.
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Figure 2: Kaplan-Meier survival analysis of OS based on the data collected from 301 patients in CGGA databases and 663 patients in TCGA databases. The log-rank test was used to
calculate P values (CGGA: x> = 7.596, P=0.0059; TCGA: x?=10.46, P=0.0012). CGGA: Chinese Glioma Genome Atlas; 0S: Overall survival; TCGA: The Cancer Genome Atlas.

CTGF expression was 35.4 months compared to
63.3 months among those with lower expression in TCGA
databases (P < 0.01). The median OS among patients with
higher CTGF expression was 26.97 months compared to
55.1 months among those with lower expression in
CGGA databases (P <0.01). We observed that the
relation between CTGF protein expression and OS was
inversely proportional. Glioma patients with low CTGF
expression levels had better survival than those with high
expression.

Inhibiting CTGF expression could significantly suppress
glioma proliferation, migration, and invasion

To explore the role of CTGF in glioma, two human cell
lines established from high-grade tumors (U251 and U87
cells) were utilized. After being assessed by RT-PCR,
transcriptional levels of CTGF decreased up to 75.0% and
99.8% in siCTGF-segl transfected, 23.0% and 62.0% in
siCTGF-seg2 transfected, 86.0% and 87.0% in siCTGF-
seg3 transfected U251 cells and U87 cells respectively,
compared to the negative control (NC) groups. The result
indicated that siCTGF-seg1 and siCTGF-seg3 successfully
suppressed gene translation, while siCTGF-seg2 did not.
(P < 0.0001) [Figure 3A]. The effectivity of siCTGF-segl
and siCTGF-seg3 in protein downregulation was shown
by Western blotting [Figure 3B]. The growth curves
determined by MTT assay showed that the downregula-
tion of CTGF restrained cell proliferation of these two cell
lines [Figure 3C]. To examine the influence of CTGF on cell
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migration, siCTGF transfected U251 and U87 cells were
cultured on Transwell apparatus for 6 h incubation, and
the percentage of migrated cells was less in both siCTGF
transfected groups (for both P < 0.0001) [Figure 3D].
Change in cell invasiveness was verified with a Boyden
chamber. After 6 h incubation, siCTGF transfected U251
and U87 cells both presented a significant decrease in
invasiveness, compared with the NC groups (both
P < 0.0001) [Figure 3E]. To further study the link between
cell cycle control and CTGF in glioma cells, cell cycle
distribution was assessed by Fluorescence Activated Cell
Sorter (FACS) Caliber cytometry. After 48 h transfection,
cells exhibited an increase in the cell fraction in G1 phase
(U251-NC 34.68%, U251-siCTGF 44.87%, U87-NC
67.66%, U87-siCTGF 72.05%, P <0.0001) with a
corresponding reduction in the fraction of cells in S and
G2/M phase. The outcome indicated inhibition of cell cycle
progression from G1 to S phase, suggesting that CTGF
may suppress the cell cycle by influencing DNA synthesis.
But the escalation in the cell fraction in G1 phase was not
remarkable enough, which illustrated inhibiting DNA
synthesis may not be the only mechanism of suppressing
cell cycle [Figure 3F].

Higher expression of CTGF in GBM and GO analysis of CTGF-
associated differentially expressed genes (DEGs)

Analysis of CTGF expression between LGG and GBM
with the data from both CGGA database and TCGA
database were conducted that GBM had a much higher
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Figure 3: Downregulation of CTGF inhibited glioma cell proliferation, migration and invasion in vitro and induced cell cycle arrest at G1/S phase. (A) RT-PCR showed mRNA transcription
levels of CTGF 48 h post-transfection, ADP-ribosyltransferase (ARF) used as loading control. The arbitrary units were plotted using mean + SD of at least three individual repetitions. (B)
Western blotting showed protein expression levels in NC and siCTGF treated U87 and U251 cell lines; B-actin served as a loading control. (C) Proliferation as measured by MTT assay.
Absorbance was read at 490 nm with average from four repeated wells. (D and E) Downregulation of CTGF reduced U251 and U87 cells migration and invasion in vitro. Data were presented
as mean + SD for three independent experiments (D: U251, t= 3.251, U87, t=3.206, P < 0.0001; E: U251, t=3.302, U87, t=3.293, P < 0.0001). Original magnification x400. (F) The
cell cycle distribution in siCTGF treated and NC groups of U251 and U87 cells was tested by FACS Caliber cytometry, three individual repetitions at least. CTGF: Connective tissue growth
factor; LGG: Lowly proliferative glioma; mRNA: Messenger RNA; MTT: Methylthiazoletetrazolium; NB: Non-tumor brain; NC: Negative control; RT-PCR: Reverse transcription-polymerase

chain reaction; SD: Standard deviation.
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Figure 4: Higher expression and Go analysis of CTGF in GBM. (A) Comparison of CTGF expression values of LGG patients (n= 173) and GBM patients (n = 128) in CGGA databases (f=7.91,
P < 0.0001). (B) Comparison of CTGF expression values of LGG patients (n=511) and GBM patients (7= 156) in TCGA databases (f=6.106, P < 0.0001). (C) Dug differentially expressed
genes (DEGs) with CTGF high expression in GBM were analyzed by GO functional enrichment analysis (first six bars, P < 0.001). (a) Molecular function for CTGF; (b) biological pathway for
CTGF; (c) biological process for CTGF. CGGA: Chinese Glioma Genome Atlas; CTGF: Connective tissue growth factor; GBM: Glioblastoma; GO: Gene ontology; LGG: Lowly proliferative glioma;

TCGA: The Cancer Genome Atlas.

expression quantity of CTGF [Figure 4A and 4B
(P <0.0001). To further clarify the role of CTGF in
GBM, we used the data of GBM genes from TCGA database
and got DEGs through cases with different CTGF
expression quantity. The GO enrichment analysis with
DEGs indicated that in molecular function, 1.6% of high
expressed genes involved in structural constituent of
ribosome and 3.7% in catalytic activity [Figure 4C]|
(P < 0.001); in biological pathway, 6.3% of high expressed
genes were associated with metabolism of proteins and
3.2% with translation [Figure 4C] (P < 0.001); in biological
process, 11.7% of high expressed genes were relevant to
metabolism and 11.3% to energy pathways [Figure 4C]|
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(P < 0.001). These results provided more precise directions
for us in future experiments.

Discussion

According to previous researches of CTGF, CTGF not only
plays an indispensable role in embryonic development,
endocrine regulation, wound repair, and angiogenesis but
also is involved in several cancer occurrence and
development.**28]  As recent oncology researches
revealed, overexpression of CTGF has been observed in
a lot of types of tumors such as angiolipoma,
vascular leiomyoma, and hepatocellular carcinoma and
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glioma.””32! CTGF is overexpressed in most tumors,

while the expression is downregulated when it comes to
colorectal cancer, lung cancer, and ovarian cancer.?3-3¢

Though some articles mentioned that CTGF took part in
glioma progression, the clinical value and mechanism of
CTGF in human glioma have not been elucidated.!">!%3%]
In our study, we presented comprehensive evidence that
CTGF was upregulated in both mRNA and protein level,
confirmed by RT-PCR, Western blotting, and immunohis-
tochemistry. According to our data obtained from public
datasets TCGA and CGGA, a higher level of CTGF was
correlated to shorter OS in patients with glioma.
Moreover, comparing the significant difference between
GBM and LGG, we also observed that the level of CTGF
expression was positively associated with pathology
classification in human glioma.?”-*8! All these results
suggested that CTGF expression may serve as an
unfavorable and independent prognostic factor for glioma
patients.

The biological functions of CTGF explored iz vitro in this
study provided a mechanistic basis for the pathological and
clinical observations. Interestingly, we found that knock-
down of CTGF expression downregulated cell prolifera-
tion, migration, and invasion of glioma cells in vitro. To
further explore the way of CTGF influencing cell
proliferation, flow cytometry was utilized. The outcome
indicated inhibition of cell cycle progression from G1 to S
phase, suggesting that CTGF suppressed cell cycle by
influencing DNA synthesis. However, DNA synthesis may
not be the only mechanism of suppressing cell cycle.

To further expound the biological functions of CTGF in
glioma, we compared the expression levels in LGG and
GBM. CTGF presented obviously higher expression in
GBM, the most malignant glioma. Together with the effect
of CTGF on the biological function of U87 and U251cells
in vitro, we paid our attention to the mechanism of CTGF
in GBM malignant phenotype succeedingly. Go analysis
showed the CTGF function in GBM was mainly associated
with metabolism and energy pathways.

CTGF has been reported to exert a range of effects in
molecular pathways in tumors such as integrin-av@3-P-
ERK1/2-dependent u})re§ulation and CTGF-ITGB1-TrkA
complex activation.>*>*%! The previous CTGF-knock-
down cells also suggested that CTGF promoted stem-like
properties and upregulated pluripotency genes.!*!**!
Furthermore, several findings suggested that CTGF over-
expression was correlated with angiogenesis.***¢

Regrettably, the mechanism of CTGF in tumor metabolism
and energy pathways has not been reported, not to
mention in GBM. Existing knowledge still cannot explain
how CTGF works on GBM malignant phenotype. The
molecular biology study of CTGF in GBM remains for our
team to complete in the future.

In summary, CTGF is highly expressed in glioma,
especially GBM, and facilitates the progress of glioma.
Combined with our research, present studies suggest that
CTGF is a poor prognostic marker and a potential
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therapeutic target for human malignant tumor including
glioma. Further exploration of the role of CTGF in cancers
and other diseases remains to be done individually and
conjointly.
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