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Abstract. Deregulated expression of C-terminal-binding 
protein 2 (CTBP2) has been observed previously in a number of 
tumors, such as hepatocellular carcinoma and prostatic cancer, 
in the colorectal cancer SW480 cell line and in the human 
embryonic kidney 293 cell line. In the present study, western blot 
analysis and immunohistochemistry were performed to investi-
gate whether gliomas exhibit deregulated CTBP2 expression. 
Kaplan-Meier survival analyses were performed to evaluate the 
associations between CTBP2 expression, clinicopathological 
data and patient survival in glioma patients. The results revealed 
that CTBP2 expression was significantly upregulated in high 
grade glioma tissues compared with that in low grade glioma 
and normal brain tissues. Furthermore, increased CTBP2 
expression in gliomas was significantly associated with a higher 
World Health Organization (WHO) tumor grade (P<0.005) and 
poorer disease‑specific survival (P<0.005). In conclusion, these 
results suggest that CTBP2 may act as an intrinsic regulator of 
progression in glioma cells and thus may serve as an important 
prognostic factor for the disease.

Introduction

Glioma is the most common type of primary malignant brain 
tumor (1-3). In the United States, the annual morbidity rate 

of glioma is 0.5%. There are ~18,000 new glioma cases and 
13,000 mortaloties annually. The prognosis of glioblastoma 
remains particularly poor and its 5-year survival rate is 
<3%, which is only second to pancreatic and lung cancer (4). 
Although anticancer regimens and surgery are used to treat 
glioma, tumor cells often migrate into brain parenchyma and 
thus patients succumb to the disease extremely quickly as 
invasive cells are able to escape radiation exposure and resec-
tion (5-7). Currently, no effective treatments for glioma have 
been identified as the potential mechanism of the disease and 
prognostic factors of glioma remain unclear (8). Therefore, 
the development of novel diagnostic methods to effectively 
manage gliomas is urgently required.

C-terminal-binding proteins (CTBPs) were originally iden-
tified based on their ability to bind the C‑terminus of type 2/5 
adenovirus 243R E1A proteins as cellular binding partners (9). 
CTBPs are involved in multiple biological processes via a 
number of transcription factors. In the nucleus, CTBPs act 
as transcriptional corepressors, while in the cytoplasm they 
regulate the endocytic membranes and fission of Golgi (10-12). 
In vertebrates, CTBP has two isoforms, CTBP1 and CTBP2, 
located at human chromosomes 4 and 10, respectively and 
multiple mechanisms have indicated that these proteins are 
also involved in the Wnt signaling pathways and cell cycle 
regulation (13,14) by acting as direct corepressors of transcrip-
tion factor (TCF)-3 and TCF-4 (15). These functions have been 
demonstrated in a number of human cells, including colorectal 
cancer cell lines (15). Although CTBP1 and CTBP2 share 
similarities in gene expression and function, there remains a 
difference between the two. A recent study revealed that dorsal 
root ganglia express CTBP1, whereas migrating neural crest 
cells express CTBP2 (16). Notably, the majority of CTBP1 
mutant mice are fertile and viable, however, CTBP2 mutations 
lead to embryonic lethality and delayed neural develop-
ment (17). CTBP2 proteins also exhibit a critical function in 
tumorigenesis (18). The overexpression of CTBP2 reduces 
phosphatase and tensin homolog levels in tumor cells (19).

At present, literature regarding the expression of CTBP2 
proteins in cancer is limited; CTBP2 expression in brain 
tumors has not been reported previously. In the present study, 
CTBP2 protein expression in gliomas was investigated. This 
study evaluated whether CTBP2 is expressed in glioma and 
whether it is involved in the proliferation and differentiation of 
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the disease, as well as its association with glioma grade. The 
aims of the present study were to investigate the association 
between CTBP2 expression and clinicopathological features 
in glioma patients and to identify potential therapeutic strate-
gies for the disease.

Patients and methods

Patients. A total of 60 glioma patients that underwent subtotal 
resection at The Second Affiliated Hospital of Nantong 
University (Nantong, China) between February 2005 and 
February 2011 were included in the present study. The patient 
cohort included 31 male and 29 female patients with a median 
age of 42 years (range, 18-70 years). No patients had received 
preoperative chemotherapy and after the surgical incision had 
healed at post-operative day 15-20, all patients were treated 
with tridimensional radiotherapy with 2 Gy/day, 5 days/week, 
continuous radiotherapy for 5-7 weeks and a total dose of 
60-66 Gy. A week after radiation treatment, the patients were 
administered oral chemotherapy consisting of lomustine at a 
dose of 0.005‑0.006 mg/m2/day, 5 days/week, with a treatment 
interval of 23 days and a treatment cycle of 28 days. The treat-
ment lasted for 3-5 cycles according to the patients' tolerance. 
Patients that succumbed due to other diseases or causes were 
excluded from the study. The functional impairment of all 
patients was assessed using Karnofsky performance status 
(KPS) scores (20): 30 patients exhibited a KPS score of <80 and 
30 patients exhibited a KPS score of >80. Histological grading 
and classification were conducted in all gliomas according to 
the World Health Organization (WHO) 2007 central nervous 
system tumor classification system (21). A total of 25 patients 
exhibited low grade (I-II) malignant glioma and 35 patients 
exhibited high grade (III-IV) malignant glioma. A total of 
8 brain tissues that were obtained from patients undergoing 
intracranial decompression due to brain trauma served as 
the control group. Postoperative pathology confirmed that all 
control tissues exhibited no glial cell proliferation.

Tissue preparation. A total of 60 glioma tissue samples were 
obtained from glioma patients that underwent subtotal resec-
tion and 8 control brain tissues were obtained from brain injury 
patients that underwent intracranial decompression. Necrotic 
tissue was removed from specimens immediately following 
isolation. Each patient specimen was divided into two sections: 
One section was immediately frozen at ‑80˚C for subsequent 
use and the other section was fixed with 10% neutral formalin, 
paraffin‑embedded and cut into 5‑mm sections. Consent for 
the collection of specimens was obtained from all patients 
and the study was approved by the Ethics Committee of The 
Second Affiliated Hospital of Nantong University.

Reagents. Mouse anti-human monoclonal CTBP2 antibody 
(catalog no. ab128871) was obtained from Abcam (Cambridge, 
MA, USA), biotin-labeled anti-mouse immunoglobulin G 
(IgG; catalog no. BA1001) was obtained from Boster 
Biological Engineering Co., Ltd., (Wuhan, China). β-actin 
monoclonal antibody (catalog no. AF0003) was purchased 
from Beyotime Institute of Biotechnology (Shanghai, China). 
Polymerized peroxidase-labeled goat anti-mouse IgG (catalog 
no. A0216; Beyotime Institute of Biotechnology) was used 

for immunohistochemical staining. Donkey anti-mouse IgG 
biotinylated antibody (catalog no. BAF018; R&D Systems, 
Shanghai, China) and western immunoblot kit (sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis gel 
preparation kit; catalog no. P0012A; Beyotime Institute of 
Biotechnology) and RIPA lysis solution (catalog no. P0013C; 
Beyotime Institute of Biotechnology) were used for western 
blotting.

Western blot analysis. Total protein was extracted from the 
frozen tumor specimens using a Nuclear and Cytoplasmic 
Protein Extraction kit and stored at ‑70˚C after the concen-
tration was determined by ultraviolet spectrophotometry. 
Separating gel and stacking gel, as well as the electropho-
resis buffer, were configured according to the instructions 
of the western immunoblot kit (22), followed by sample 
loading and electrophoresis. After electrophoresis, proteins 
were transferred to nitrocellulose membranes, blocked with 
skimmed milk powder and incubated with mouse anti-human 
monoclonal CTBP2 antibody (dilution, 1:1,000) at 4˚C over-
night. The membrane was washed 3 times, for 10 min each, 
followed by incubation with HRP-labeled donkey anti-mouse 
IgG at 4˚C for ~4 h. Next, the membrane was washed and 
DAB (Beyotime Institute of Biotechnology) was added as the 
chromogen. After washing the membrane, enhanced chemi-
luminescence reagent (Beyotime Institute of Biotechnology) 
was added for development. β-actin served as an internal 
control (dilution, 1:1,000). All the western band densities were 
analyzed using ImageQuant LAS 4000 (GE Healthcare Life 
Science, Shanghai,China) and Quantity One v4.62 software 
(Bio-Rad, Hercules, CA, USA). 

Immunohistochemical staining. Formalin-fixed paraffin 
embedded 5-mm sections were dewaxed conventionally and 
treated with 3% H2O2 to inactivate the endogenous peroxi-
dases, followed by blocking with fetal bovine serum (Gibco; 
Thermo Fisher Scientific, Waltham, MA, USA). Following 
incubation with mouse anti-human monoclonal CTBP2 
antibody (dilution, 1:100) overnight at room temperature the 
sections were incubated with polymerized peroxidase-labeled 
goat anti-mouse IgG (dilution, 1:100). DAB was then added 
as the chromogen and sections were dehydrated for trans-
parent mounting. For the evaluation of CTBP2 expression in 
different grades of tumors, 10 randomly selected visual fields 
per section were examined at x400 magnifications on a light 
microscope (Leica, Wetzlar, Germany).

Cells that exhibited yellow, brown or reddish brown 
cytoplasmic staining were regarded as positively-stained 
cells. Immunohistochemistry scores were calculated based 
on the staining intensity and the percentage of positive cells. 
Staining intensity was defined as follows: 0, negative staining; 
1, weak staining; 2, moderate staining; and 3, strong staining. 
The number of positive cells was defined as follows: 0, 0% 
positive cells; 1, <25% positive cells; 2, 25-50% positive cells; 
3, 51-80% positive cells; and 4, >80% positive cells. Five 
fields of vision were randomly selected under high magnifica-
tion (x400) and 200 cells were counted in each field of vision. 
The number of positive cells were counted to calculate the 
mean. Based on the sum of the staining intensity and number 
of positive cell scores, immunohistochemistry staining scores 
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were as follows: 0-2, negative (-); 3, weak (+); 4-5, moderate 
(++); and 6-7, strong (+++).

Statistical analysis. All data analysis was performed using 
SPSS 19.0 statistical software (SPSS, Inc., Chicago, IL, USA) 
and P<0.05 was considered to indicate a statistically signifi-
cant difference. Data are expressed as the mean ± standard 
deviation. The correlation between CTBP2 protein expression 
and clinicopathological parameters was analyzed using the 
χ2 test and Spearman's rank correlation. One way analysis of 

variance was used to compare differences between groups. 
Kaplan-Meier survival curves were generated and survival 
rates were assessed using the log-rank test.

Results

CTBP2 protein expression is higher in glioma tissues than 
normal brain tissues. Western blot analysis revealed that 
CTBP2 protein expression levels in both the high grade 
(WHO III-IV) glioma (0.843±0.354) and low grade (WHO I-II) 
glioma groups (0.402±0.132) were significantly higher than 
that in brain tissues of the normal brain tissue control group 
(0.134±0.073) (P=0.005; P=0.008). Furthermore, the CTBP2 
protein expression level in the high grade glioma group was 
significantly higher than that in the low grade glioma group 
(P=0.042) (Fig. 1).

CTBP2 positive expression rate is higher in glioma tissues 
than normal brain tissues. Immunohistochemical staining 
revealed that CTBP2 protein was predominantly local-
ized in the nucleus of glioma cells and was also marginally 
expressed in the cytoplasm (Fig. 2). The positive expression 
rate of CTBP2 in all glioma patients was 96.67%, while the 
positive expression rate of CTBP2 in the control group was 
37.5%. The strong positive expression rate of CTBP2 in the 
control, low grade glioma and high grade glioma groups was 
0.00, 12.00 and 57.14%, respectively. The negative expression 
rate of CTBP2 was 62.5% in the control group and 0.00% in 

Figure 1. CTBP2 protein expression in normal brain tissues and different 
grades of glioma was analyzed by western blot. (A) Western blot demon-
strating that CTBP2 protein expression was higher in glioma tissues (World 
Health Organization grades I-II and III-IV) than normal brain tissues. 
(B) Western blot quantification showing CTBP2 protein expression levels 
in glioma and normal brain tissues. *P<0.05. CTBP2, C-terminal-binding 
protein 2.

  A

  B

Table I. CTBP2 expression scores in NB tissue and WHO 
grade I-II and III-IV gliomas.

 CTBP2 expression score, n
 ------------------------------------------------------
Group n - + ++ +++

NB 8 5 2 1 0
Grade I-II 25 2 6 14 3
Grade III-IV 35 0 4 11 20

Positive CTBP2 expression rate was positively correlated with WHO 
glioma grade (P=0.003). CTBP2, C-terminal-binding protein 2; NB, 
normal brain; WHO, World Health Organization.

Table II. Association between CTBP2 expression and clinico-
pathological characteristics of 60 glioma patients.

 CTBP2 expression
Clinicopathological ---------------------------------------
parameter n Low, n High, n P-value

Gender    0.438
  Male 31 14 17 
  Female 29 16 13 
Age, years    0.436
  <50 33 18 15 
  >50 27 12 15 
KPS score    0.302
  <80 30 13 17 
  >80 30 17 13 
Tumor location    0.501
  Frontal 27 12 15 
  Temporal 23 11 12 
  Other 10 7 3 
Tumor diameter, cm    0.602
  <4 26 12 14 
  >4 34 18 16 
WHO grade    0.001
  Ⅰ‑Ⅱ 25 19 6 
  Ⅲ‑Ⅳ 35 11 24 

CTBP2, C-terminal-binding protein 2; WHO, World Health Organi-
zation; KPS, Karnofsky performance status.
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the high grade glioma group (P<0.05). These results demon-
strated that the positive expression of CTBP2 in the high grade 
(WHO III‑IV) glioma group was significantly higher than 
that in the low grade (WHO I-II) glioma and control groups 
(P=0.003) (Table I).

High CTBP2 expression is associated with high glioma grade 
and poor prognosis of glioma patients. All glioma patients 
were divided into high CTBP2 expression (number of positive 
cells, >50%) and low CTBP2 expression (number of positive 
cells, <50%) groups according to the expression of CTBP2 
identified by immunohistochemistry. No significant associa-
tions between CTBP2 expression and gender, age, tumor size, 
location or KPS scores were identified. However, CTBP2 
expression was significantly correlated with pathological 
WHO glioma grade (P=0.001) (Table II). Notably, survival 
analysis revealed that the low CTBP2 expression group exhib-
ited a significantly longer survival time and better prognosis 
than the high CTBP2 expression group (P=0.001) (Fig. 3).

Figure 3. Kaplan-Meier survival curves for glioma patients with high or low 
expression of CTBP2. CTBP2, C-terminal-binding protein 2.

Figure 2. Immunohistochemical staining for CTBP2 in representative samples of (Aa) normal brain tissue, (Ab) WHO grade I glioma, (Ac) WHO grade II 
glioma, (Ad) WHO grade III glioma and (Ae) WHO grade IV glioma (magnification, x400) revealing that high‑grade glioma exhibits stronger CTBP2 expres-
sion than lower grade gliomas and normal brain tissue. (B) Overall CTBP2 expression levels were significantly higher in WHO III‑IV glioma tissues compared 
with WHO I-II glioma tissues and normal brain tissues (P<0.05). CTBP2, C-terminal-binding protein 2; WHO, World Health Organization.
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Discussion

Despite recent advances in diagnostic modalities and therapeutic 
strategies, such as radiation therapy and chemotherapeutic regi-
mens, glioma remains one of the most lethal types of human 
cancer (23,24). The median survival time of glioma patients is 
<2 years and the 5-year survival rate is among the lowest for 
all cancers, at <3% (25). In recent years, studies have been 
conducted to identify a potential therapeutic target for human 
malignant gliomas. An increased understanding of the biology 
and molecular mechanisms underlying glioma development and 
progression is required for advances in the treatment of glioma.

CTBPs function in the nucleus as transcriptional co-repres-
sors via their interaction with adenovirus E1A (26). Extensive 
molecular and cellular analyses have identified CTBPs as 
regulators of pathways that are critical for tumor initiation, 
progression, cell migration, cell apoptosis and response to 
therapy (15,27). However, data regarding the expression and 
regulation of CTBPs in human cancers and the involvement 
of CTBPs in glioma is limited. By contrast to CTBP1, which 
is expressed from embryo to adult, CTBP2 is predominantly 
expressed during embryogenesis (16). Additionally, previous 
studies have demonstrated that the CTBP2 protein is involved 
in pathways associated with tumorigenesis, including trans-
forming growth factor-β and Wnt signaling pathways and cell 
cycle regulation (10,11). Thus, these findings are consistent 
with those of the present study which revealed that CTBP2 
is highly expressed in malignant gliomas and increases with 
ascending tumor WHO grade. However, CTBP2 expression in 
astrocytic tumors has not yet been fully characterized and to 
date its function in glioma cells has not been reported.

The results of the present study revealed that CTBP2 
expression was markedly increased in malignant gliomas and 
directly correlated with WHO glioma grade. Immunostaining 
revealed that CTBP2 was predominantly localized in the 
nuclei. By evaluating the association between CTBP2 expres-
sion and clinicopathological variables, it was demonstrated 
that CTBP2 expression correlated with WHO glioma grade 
and patient survival. The increased CTBP2 expression in 
gliomas was significantly associated with higher WHO grade 
and poorer disease‑specific survival of patients (P=0.001). 
However, further studies that investigate CTBP2 expression 
and its potential prognostic value are required in the future.

Although CTBP2 has been reported to be highly expressed 
in a number of cancers (10,28), its expression in glioma tissues 
with varying degrees of malignancy has not been examined. 
A previous study demonstrated that CTBP2, as a coregulator 
of nuclear transcription, directly interacts with various targets 
to promote astrocytical activation and proliferation (29). We 
postulate that CTBP2 may be re-expressed in glioma, and 
that the pattern of expression may correlate with the degree 
of malignant potential. This hypothesis was confirmed by the 
current study, which revealed that increased CTBP2 expres-
sion correlates with a higher WHO glioma grade and poor 
patient survival. However, the detailed mechanism underlying 
transcriptional regulation of CTBP2 in glioma remains unclear. 
CTBP2 functions as a corepressor for a substantial number of 
transcriptional repressors and consequently regulates diverse 
cellular processes. p53, which is a target of CTBP2, suppresses 
the sensitivity of breast cancer cells to mechanistically diverse 

cancer chemotherapeutic agents, (30). Furthermore, CTBP2 is 
involved in the repression of p53-inducible pro-apoptotic genes, 
including Bax and Noxa, which are involved in the induction 
of cellular apoptosis (31,32). These findings support the results 
that CTBP2 was highly expressed in glioblastomas compared 
with low grade gliomas and normal brain tissues. Recent 
studies have demonstrated that CTBP2, as a negative transcrip-
tional regulator of p16INK4A, may modulate cell proliferation 
and contribute to the progression of esophageal squamous cell 
carcinoma (33). These findings indicate that CTBP2 provides 
prognostic information and thus, targeting CTBP2 may present 
a novel approach for glioma treatment. However, the biological 
functions of CTBP2 and its involvement in tumorigenesis 
require further investigation. In addition, the mechanism by 
which CTBP2 and p53 or p16 coordinately modulate the growth 
of glioma also requires investigation in the future.

In conclusion, the results of the present study revealed that 
the expression of CTBP2 was increased in high grade glio-
blastomas compared with low grade glioblastomas and normal 
brain tissue and that high CTBP2 expression was associated 
with a poorer disease‑specific survival. Gliomas exhibit poor 
prognosis due to their invasive potential and resistance to 
current therapeutic modalities. The results of this study indi-
cate that CTBP2 may present a potential diagnostic marker 
and a novel therapeutic target in the treatment of glioma.
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