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Abstract. The present study aimed to investigate the asso-
ciations of tumor inhibitor of growth 4 (ING4) with tumor 
cell proliferation and microvessel density (MVD) in human 
glioma. Semi‑quantitative reverse transcription polymerase 
chain reaction, western blotting and immunohistochemistry 
(IHC) were used to detect the level of ING4 expression in 
normal brain tissues and glioma tissues of different patho-
logical grades. The cell proliferation index (PI) and the level of 
MVD were detected using IHC, facilitating the analysis of the 
correlation between ING4 and cellular proliferation and MVD 
in human glioma. The expression levels of ING4 mRNA and 
protein were significantly lower in the glioma tissues compared 
with the normal brain tissues (P<0.05) and decreased as the 
pathological grade of the glioma tissue increased (P<0.05). 
PI was reduced in the ING4 protein positively expressed 
(ING4+) glioma tissues compared with the ING4 protein 
negatively expressed (ING4‑) glioma tissues (P≤0.01). The 
level of MVD was significantly higher in the glioma tissues 
than that in the normal brain tissues (P≤0.01), while the level 
of MVD decreased in the ING4+ glioma tissue compared 
with the ING4‑ glioma tissue (P≤0.001). A Spearman's rank 
correlation test revealed that ING4 protein expression was 
negatively correlated with PI and MVD. ING4 might inhibit 
tumor proliferation and angiogenesis in human glioma. The 
expression of ING4 was also associated with the pathological 
grading of the glioma tissue and negatively correlated with 
cellular proliferation and MVD in human glioma.

Introduction

High‑grade glioma is the most common type of intracranial 
malignant tumor and is characterized by the rapid proliferation 

and invasion of the tumor (1). At present, there are certain 
conventional therapeutic methods available for patients with 
high‑grade glioma, including neurosurgical resection, radio-
chemotherapy and polychemotherapy. However, the 5‑year 
survival rate is less than 3% (2). Thus, the study of the molec-
ular mechanisms of high‑grade glioma and the development of 
effective methods of diagnosis and treatment is essential.

Inhibitor of growth (ING) 4 is a vital tumor suppressor 
factor. Previous studies found that ING4 performed an 
important role in inhibiting tumor growth, promoting tumor 
apoptosis, recovering intercellular contact inhibition, affecting 
cell cycle progression and inhibiting tumor angiogenesis (3‑6). 
In  vitro experiments revealed that ING4 was abundantly 
expressed in normal tissues, but expression was significantly 
reduced in various malignant tumors, including melanoma (7), 
ovarian cancer (8), lung cancer (9) and glioma (10).

Malignant tumor growth and angiogenesis are largely 
caused by the generation and rapid growth of new blood 
vessels, with angiogenesis reported as the hallmark of 
malignant tumors including high‑grade glioma  (11,12). 
The microvessel density (MVD) of human tissues has been 
reported as an important indicator in the evaluation of angio-
genesis  (13). A previous study suggested that ING4 could 
suppress brain tumor growth and angiogenesis by regulating 
the nuclear factor κB cells signaling pathway (10). In addition, 
Zhao et al (14) have demonstrated that ING4 expression has an 
important clinical significance in human brain astrocytoma. 
However, the association between ING4 and cellular prolifera-
tion and MVD has not been investigated.

In the present study, semi‑quantitative reverse transcrip-
tion polymerase chain reaction (RT‑PCR) western blotting 
and immunohistochemistry (IHC) methods were performed to 
detect the expression levels of ING4 in normal brain tissue and 
glioma tissues of different pathological grades. The correla-
tions between the level of ING4 expression and human glioma 
pathological grading, cellular proliferation and MVD were 
then analyzed, aiming to reveal the mechanism of how ING4 
is associated with glioma.

Materials and methods

Patients. The present study recruited a total of 85 patients 
with glioma at The First Affiliated Hospital of Harbin 
Medical University (Harbin, China) between January 2012 
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and September 2013. The patients, including 29 males and 
56 females, were aged between 20 and 71 years and had a 
median age of 41 years, with complete clinicopathological 
records. The pathological grading of the glioma tissues was 
performed according to The World Health Organization 
(WHO) 2008 Classification of Tumours of the Central Nervous 
System (15). Among the 85 patients, 11 patients were classified 
as grade I, 18 as grade II, 41 as grade III and 15 as grade IV. 
None of the patients received chemotherapy or radiotherapy 
prior to surgery, and the glioma tissue was collected during 
surgery. Normal brain tissue adjacent to the brain tumors was 
used as the negative control. The present study was approved 
by the Ethics Committee of Harbin Medical University 
(Harbin, China). Written informed consent was obtained from 
all participants.

All specimens were freshly collected using RNase‑free 
techniques. The specimens were divided into 2 sections: The 
first section was immediately stored in liquid nitrogen for 
subsequent use in the semi‑quantitative RT‑PCR and western 
blotting, and the other section was fixed in 10% formalin 
solution for the IHC.

RNA isolation, reverse transcription and semi‑quantitative 
RT‑PCR. The neuronal tissue was homogenized on ice with 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), and the RNA was extracted according 
to the manufacturers protocol. High‑quality RNA was reverse 
transcribed into complementary DNA (cDNA) using a reverse 
transcription kit (Promega Corporation, Madison, WI, USA). 
The primers were: ING4 forward, 5'‑CAC​AAG​TCC​TGA​GTA​
TGG​GAT‑3' and reverse, 5'‑AGG​GGA​TGT​GGA​AGA​AAC​
TGT‑3'; GAPDH forward, 5'‑CAG​GGC​TGC​TTT​TAA​CTC​
TG‑3' and reverse, 5'‑CTG​TTG​TCG​GAG​TTC​TAG​TAG‑3'. 
The PCR reaction mixes were composed of 10 ng cDNA, 
0.1 µM primers, 1 mM deoxy‑ribonucleoside triphosphate, 
5 U Taq DNA Polymerase (Promega Corporation), 2.5 µl 10X 
buffer, and double distilled water for a final volume of 25 µl. 
A reaction system without cDNA served as a negative control. 
The PCR program was as follows: 95˚C for 3 min, 28 cycles 
of 95˚C for 10 sec, 55˚C for 30 sec and 72˚C for 30 sec. The 
PCR products were separated by 2% agarose gel electro-
phoresis. Ethidium bromide at a concentration of 0.5 mg/ml 
(Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany) was 
used to stain the DNA for visualization using a UV transil-
luminator. The PCR products were analyzed using gel analysis 
software Quantity One version 4.4 (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA), and the data were used to measure 
corresponding optical density ratios (ING4 optical density 
value/GAPDH optical density value). The experiment was 
repeated 3 times to calculate the mean value.

Western blotting. The neural tissues were milled and then 
placed in radioimmunoprecipitation assay lysis buffer (Beyo-
time Institute of Biotechnology, Haimen, China) on ice for 
30 min. The supernatant was acquired by centrifugation at 
10,000 x g for 15 min at 4˚C to facilitate protein quantita-
tion. The proteins were separated on 10% SDS‑PAGE gel 
and transferred onto polyvinylidene fluoride membranes. The 
membranes were blocked in 5% non‑fat milk diluted with 
PBS for 1 h. Subsequently, the membranes were incubated 

overnight at 4˚C with rabbit anti‑human ING4 polyclonal 
antibody (dilution, 1:200; #ab113425, Abcam, Cambridge, 
UK) or mouse anti‑human β‑actin monoclonal antibody 
(dilution, 1:200; #ab6276, Abcam), washed 3 times with PBS, 
and incubated with goat anti‑mouse or mouse anti‑rabbit 
IgG (H+L)‑horseradish peroxidase (HRP; dilution, 1:200; 
#ab97240 and #ab99702, Abcam, respectively) for 2  h at 
room temperature. The proteins were detected using enhanced 
chemiluminescence (EMD Millipore, Billerica, MA, USA) 
and protein expression was quantified using Quantity One 
version 4.4 software (Bio‑Rad Laboratories, Inc.). The experi-
ment was repeated 3 times.

Detection of ING4 and Ki‑67 expression by IHC. The speci-
mens were fixed in 10% formalin solution for 24 h, embedded 
into paraffin blocks, and then sliced into 4 µm thick sections. 
The sections were deparaffinized for 4 h at 65˚C and dehy-
drated with gradient ethanol. IHC was performed using the 
two‑step immunohistochemistry detection kit according to 
the manufacturers protocol (Harbin Hongbo Biotech Co., Ltd, 
Harbin, China). In brief, the sections were incubated with 3% 
H2O2 to block the endogenous peroxidase activity for 10 min 
at room temperature. An antigen retrieval was performed in 
citrate buffer (10 mM, pH 6.0) for 10 min at 95˚C. The sections 
were then incubated with rabbit anti‑human ING4 poly-
clonal antibody (dilution, 1:200; #ab113425, Abcam), mouse 
anti‑human Ki‑67 monoclonal antibody (dilution, 1:200; 
#ab8191, Abcam) and mouse anti‑human tumor necrosis factor 
receptor superfamily member 8 (CD34) monoclonal antibody 
(dilution, 1:200; #ab8536, Abcam) overnight. The sections 
were washed with PBS, and subsequently incubated with goat 
anti‑mouse or mouse anti‑rabbit IgG(H+L)‑HRP (dilution, 
1:200; #ab97240 and #ab99702, Abcam, respectively) at 37˚C 
for 30 min. Finally, the sections were stained with diamino-
benzidine (Harbin Hongbo Biotech Co., Ltd, Harbin, China) 
for 5 min and re‑stained with hematoxylin for 2 min. Sections 
of predetermined positive glioma tissue were used as the posi-
tive control, and PBS was used to replace the primary antibody 
in the negative controls.

Cells were considered to be ING4 positive when the 
nucleus stained brown‑yellowish. A total of 4 fields were 
randomly selected and observed at a magnification of x400, 
and 100 cells were counted in each field. The expression of 
ING4 was assessed by a subjectively graded scale according to 
a previous study (16): Absence of positive cells were recorded 
as negative (‑); ≤25% positive cells were recorded as weakly 
positive (+); 25‑50% positive cells were recorded as moder-
ately positive (++); and positive cells >50% were recorded as 
strongly positive (+++).

The positive standard of the Ki‑67 stain was set as the 
appearance of brown particles inside the nuclei of the tumor 
cells, 4 representative visions were selected at a magnification 
of x400. The proliferation index (PI) of the Ki‑67 strain was 
calculated as: PI (%)=number of positive cells/cell number 
x100.

CD34 is a marker of vascular endothelial cells and was 
used to indicate the presence blood vessels. Positive CD34 
expression located in the cytoplasm or membrane of vascular 
endothelial cells was used for quantifying MVD. Blood vessel 
distribution was observed under a light microscope (BX41, 
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Olympus Corporation, Tokyo, Japan) at a magnification of 
x100, and the area with the highest density of microvessels was 
selected to count microvascular numbers at a magnification of 
x200 in 4 sections. The mean of the 4 sections was used as the 
MVD for this tissue section.

Statistical analyses. Statistical analyses were performed using 
SPSS 18.0 statistics software (SPSS Inc., Chicago, IL, USA). 
Statistical analyses of the mRNA and protein expression levels 
of ING4, MVD and PI in normal tissues and various grades of 
glioma tissues were performed by a Wilcoxon rank sum test. 
Data are expressed as the mean ± the standard deviation. The 
ING4 positive expression rate in normal tissue and tissue with 
various grades of glioma was analyzed using a χ2 test. The 
correlation of ING4 expression levels with PI and MVD was 
analyzed by Spearman's rank correlation. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Semi‑quantitative RT‑PCR and western blotting analysis 
revealed that the mRNA (P=0.015) and protein (P=0.0123) 
expression levels of ING4 in glioma brain tissue were lower 
than that of the normal brain tissue (Table  I). IHC with 
anti‑ING4 antibody showed that the expression of ING4 
protein in the nucleus presented as brown‑yellowish granules 
and indicated that the ING4 positive expression rate signifi-
cantly decreased in the glioma tissues compared with the 
normal brain tissue (P=0.01; Table I). The mRNA and protein 
expression levels of ING4 were compared based on age, gender, 
tumor size and pathological grading. The results revealed that 
the expression of ING4 was not correlated with age, gender 
or tumor size in the glioma tissues (Table I). However, there 
was a significant decrease in ING4 mRNA (P=0.026, Fig. 1A) 
and protein (P=0.003, Fig. 1B) expression as the pathological 
grade increased (Table I). The ING4 positive expression rate 
also decreased as the pathological grade increased (P=0.015, 
Fig. 1C; Table I).

IHC with anti‑CD34 antibody showed that CD34‑labeled 
microvessels existed in the normal brain and glioma tissues, with 
the level of MVD higher in the glioma brain tissues compared 
with the normal brain tissues (P=0.011, Table I). The level of 
MVD was not correlated with age, gender or tumor size in the 
glioma tissues, however, MVD level significantly increased as 
the pathological grades increased (P=0.0018; Fig. 2; Table I). 
The level of MVD was lower in the ING4 protein positively 
expressed (ING4+) glioma tissues (17.35±4.12) compared with 
the ING4 protein negatively expressed (ING4‑) glioma tissues 
(22.95±1.88; P≤0.001; Table II).

In addition, IHC with anti‑Ki‑67 antibody revealed that 
Ki‑67 was expressed in the nucleus. PI decreased in the ING4+ 
glioma tissues (25.98±4.67) compared with the ING4‑ glioma 
tissues (48.46±7.26) (P=0.01 Fig. 3, Table II). Furthermore, 
the Spearman's rank correlation test demonstrated that ING4 
protein expression was negatively correlated with PI (r=‑0.614, 
P=0.035). The positive expression rate of the ING4 gene in 
different pathologically graded glioma tissues was negatively 
correlated with MVD (r=‑0.825, P=0.004) while PI and MVD 
in the glioma tissue were positively correlated (r=0.364, 
P=0.023).

Discussion

High‑grade glioma is the most common of the primary brain 
tumors in adults, with a high incidence rate and poor prog-
nosis (2). The present study demonstrated that the expression 
level of ING4 was lower in glioma brain tissue compared 
with normal brain tissue. Furthermore, there was a significant 
decrease in the levels of ING4 mRNA and protein expression 
as the pathological grade of the glioma increased, suggesting 
that ING4 may perform an important role in the occurrence and 
progression of the tumor. In addition, PI and MVD were lower 
in the ING4+ glioma tissues compared with the ING4‑ glioma 
tissues, which demonstrated that ING4 protein expression was 
negatively correlated with PI and MVD in human glioma.

Previous studies revealed that the downregulation of ING4 
was involved in the progression of hepatocellular carcinoma 
tissue  (17), head and neck squamous cell carcinoma  (18), 
human astrocytomas (19) and colorectal cancer (20). Consis-
tent with the results of the present study, Gong et al  (21) 
suggested that the expression of ING4 in glioma tissue was 
inhibited, resulting in the inhibition of tumor cell growth and 
apoptosis by autophagy. In addition, Colla et al (22) reported 
that ING4 exhibits 4 spliceosomes, of which 3 spliceosomes 
had no complete nuclear localization signals and were more 
frequently located in the nucleus. The results of the IHC of 
the present study also demonstrated that the ING4 protein was 
mainly expressed inside the nucleus. Additionally, the present 
study found that the ING4 positive rate decreased as the patho-
logical grading increased, but was independent from gender, 
age and tumor size, indicating that ING4 protein expression in 
glioma tissue was associated with the degree of malignancy of 
the glioma, which are similar to the results of a study exam-
ining the role of ING4 in colon cancer (23).

Furthermore, as a result of the present study it was hypoth-
esized that ING4 inhibits glioma proliferation. Zhang et al (24) 
found that ING4 could negatively regulate cell growth by 
arresting the cell cycle during the G2/M phase and increasing 
the sensitivity of HepG2 cells to certain DNA‑damaging agents. 
In addition, a different study indicated that the overexpression 
of ING4 may negatively regulate U251 cell proliferation by 
enhancing the binding of the cells to p53 and increasing levels 
of p21 expression to induce cell cycle arrest  (25). In addi-
tion, angiogenesis was a feature of a number of tumors and 
involved with the growth, invasion, and metastasis of cancer 
cells (12). The level of MVD has been used as the gold stan-
dard in terms of evaluating the state of angiogenesis of solid 
tumors (26). The number of vessels was significantly higher 
in human glioma compared with normal brain tissue  (27). 
The present study suggested that the suppression of ING4 
expression in glioma tissue was associated with the formation 
of new blood vessels. A previous study also showed that the 
level of MVD was significantly higher in glioma cells trans-
fected with antisense ING4 compared with control cells (10). 
In addition, ING4 inhibited angiogenesis via interleukin‑8 in 
human glioblastoma (28). The present study also revealed that 
the expression level of ING4 was negatively correlated with 
PI and MVD. Additionally, it was demonstrated that PI was 
positively correlated with the level of MVD in glioma tissue, 
indicating that when the expression of ING4 was suppressed 
in the glioma tissue, tumor cell proliferation and the formation 
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of tumor microvessels was promoted and ING4 was negatively 
associated with the degree of malignancy of the glioma. 
Similar to the results of the present study, Lou et  al  (23) 

demonstrated that there was a negative correlation between 
the level of MVD and the level of ING4 expression in patients 
with colorectal carcinoma, and a higher tumor node metastasis 

Table II. MVD and PI in ING4 positively and negatively expressed glioma tissues.

	 ING4 negatively expressed tissues (n=33)	 ING4 positively expressed tissues (n=52)	 t	 P‑value

MVD, band	 22.95±1.88	 17.35±4.12	 14.623	 0.001
PI, %	 48.46±7.26	 25.98±4.67	 2.968	 0.01

ING4, inhibitor of growth 4; MVD, microvascular density; PI, proliferation index. Data expressed as the mean ± standard deviation.

Figure 1. Expression of ING4 in different glioma and normal brain tissues. (A) Semi‑quantitative PCR, (B) western blotting and (C) immunohistochemistry 
analyses revealed that the expression of ING4 was lower in the glioma brain tissue than in the normal brain tissue and decreased with increasing pathological 
grades. Scale bar, 100 µM. ING4, inhibitor of growth 4; M, DNA marker; Normal, normal brain tissue; Grade I, glioma of pathological grade I; Grade II, 
glioma of pathological grade II; Grade III, glioma of pathological grade III; Grade IV, glioma of pathological grade IV.

Figure 2. Expression of CD34 in different glioma and normal brain tissues. The number of CD34‑labeled microvessels increased in the glioma brain tissue 
compared with the normal brain tissue, and increased with increasing pathological grades. Scale bar, 100 µM. CD34, hematopoietic progenitor cell antigen.

Figure 3. Expression of Ki‑67 in different glioma and normal brain tissues. The number of Ki‑67 positively expressed cells decreased in the ING4 protein 
positively expressed glioma tissues compared with the ING4 protein negatively expressed glioma tissues. ING4, inhibitor of growth 4; ING4‑, ING4 protein 
negatively expressed glioma tissues; ING4+, ING4 protein positively expressed glioma tissues. Scale bar, 10 µm.
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stage was correlated with a lower level of ING4 expression 
and a higher level of MVD. A limitation of the present study 
was that the mechanism underlying ING4‑mediated regulation 
of cell proliferation and angiogenesis in high‑grade glioma is 
not fully understood. Future studies are required to investigate 
this mechanism.

In conclusion, the occurrence and development of glioma 
is a multi‑stage process and involves multiple gene changes. 
ING4 inhibited the proliferation and angiogenesis of glioma. 
The expression of ING4 was associated with the pathological 
grading of the glioma tissue and negatively correlated with 
cell proliferation and angiogenesis, while tumor proliferation 
and angiogenesis were positively correlated in the glioma 
tissues.
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