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Abstract. Corticotropin‑releasing factor (CRF) and its recep-
tors have been detected in numerous tumors and have an 
important role in tumorigenesis and proliferation. However, 
the role of these peptides has not been established in human 
glioma and malignant glioma cell lines. The present study 
evaluated for the first time, the expression of CRF receptor 1 
(CRFR1) in 35 human glioma samples, 13 normal brain tissues 
and human U87 glioma cells using immunohistochemistry, 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and western blot analysis. Levels of CRFR1 
were identified to be significantly increased in human glioma 
and U87 cells and higher levels of CRFR1 were observed in 
glioma tissues of higher grade. The biological functions of 
human CRF (hCRF) on U87 cells glioma cells were investi-
gated by cell counting, a bromodeoxyuridine assay and flow 
cytometry. The U87 cells under hCRF treatment exhibited 
reduced proliferation, increased apoptosis and a cell cycle 
arrest in S and G2/M phase. The tumor protein p53 (p53) gene 
may participate in the activation of hCRF via CRFR1 in U87 
cells, therefore p53 mRNA and protein were evaluated using 
RT‑qPCR and western blot analysis. Finally, the present results 
suggest that hCRF inhibits proliferation and induces cell‑cycle 
arrest and apoptosis in U87 cells via the CRFR1‑mediated p53 
signaling pathway. Therefore, the present study also suggests 
that hCRF may be used therapeutically, and CRFR1 may be a 
putative therapeutic target for human glioma.

Introduction

Glioma is the most prevalent and most aggressive primary 
brain tumor in adults, accounting for >50% of all tumors of 
the central nervous system (1). Although a combination of 

microsurgery, radiotherapy and chemotherapy have been 
widely used to treat glioma, the prognosis of patients with 
malignant glioma remains poor, with a median survival time 
in the range of 12 to 15 months (2). Dozens of molecules and 
signal pathways have been established to be involved in the 
genetic alterations and chromosome aberrations that occur 
during tumorigenesis. Therefore, the development of efficient 
treatment therapies, based on an improved understanding of 
the pathophysiological and molecular properties of malignant 
glioma, are required.

Human corticotropin‑releasing factor (hCRF), a 41‑residue 
neuropeptide, is produced in the hypothalamus and is an 
important component in the regulation of the hypotha-
lamic‑pituitaryadrenal axis. CRF receptors constitute a family 
of G‑protein‑coupled receptors, of which there are two major 
classes, CRFR1 and CRFR2 (3,4). CRFR1 binds CRF with 
a higher affinity compared with CRFR2 and is expressed 
primarily in the brain and pituitary gland. The activation of 
CRFR1 exerts numerous central and peripheral effects associ-
ated with pathological disease (5). In addition to the expression 
of CRFRs in the central nervous system, receptors are identi-
fied in the immune, cardiovascular and reproductive systems, 
suggesting that the CRF receptors may mediate numerous 
diverse functions (6,7).

Previous studies have established that CRF and its 
receptors may contribute to the pathogenesis of neurodegener-
ative disorders, including brain injury, ischemia, Alzheimer's 
disease and Parkinson's disease (8‑11). CRF‑family proteins 
and their receptors have been detected in a number of tumor 
types. Numerous epithelial tumors, epithelial tumor cell lines 
and neuroendocrine tumor cell lines have been demonstrated 
to express CRF receptors (12,13). CRFR1 has been detected 
in the MCF7 breast cancer cell line, in human melanomas and 
in melanoma cell lines (14‑16). Even though the expression of 
CRF and its receptors has been described in different types 
of tumors and cancer cells, the role of these peptides has not 
been previously investigated in human glioma and malignant 
glioma cell lines. However, evidence suggests that hCRF 
may represent a novel therapeutic target in peritumoral brain 
edema (17).

In the present study, the expression levels of CRFR1 in 
human glioma tissues and U87 glioblastoma cell lines were 
assessed, and its association with pathological grades deter-
mined. The U87 glioma cell line was subsequently treated with 
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hCRF to assess the action of the ligand on cell proliferation, 
cell cycle and apoptosis. hCRF was identified to affect cell 
proliferation, the cell cycle and apoptosis of U87 glioma cells 
via targeting p53, demonstrating CRFR1 may be a putative 
therapeutic target for human glioma treatment.

Materials and methods

Human sample collection. Human glioma samples were 
obtained from the Department of Neurosurgery, The Second 
Affiliated Hospital of Hebei Medical University (Hebei, China) 
in 2014. Of the 35 samples, 18 were from male patients and 
17 from females, with a mean age ± standard deviation (SD) 
45.15±12.35 years (age range, 3‑62). The 35 tumor samples 
were divided into 4 groups (18‑20): Medulloblastoma (n=5); 
grade II (n=8); grade III (n=12); and grade IV (n=10). All spec-
imens were obtained during initial surgery and patients were 
not administered preoperative radiotherapy, chemotherapy or 
immunotherapy. Diagnoses were established using histology 
staining by two pathologists, according to the WHO classifica-
tion guidelines (21). Normal cerebral tissues, used as controls, 
were obtained from 13 patients suffering from severe brain 
injury who underwent intracranial decompression. All samples 
were stored at ‑80˚C in liquid nitrogen immediately following 
resection. Data collection and analysis were approved by the 
ethics committee of The Second Affiliated Hospital of Hebei 
Medical University.

Cells and cell culture. Human U87 glioma cells were purchased 
from the Chinese Academy of Sciences Cell Bank (Shanghai, 
China). The cells were maintained in Dulbecco's modified 
Eagle's medium (HyClone, Logan, UT, USA) enriched with 
10% fetal bovine serum (HyClone; GE Healthcare Life 
Sciences, Shanghai, China), 100 U/ml penicillin and 100 µg/ml 
streptomycin at a 37˚C with 5% CO2.

hCRF treatment. hCRF was purchased from Shanghai 
Shenggong Biology Engineering Technology Service, Ltd. 
(Shanghai, China). U87 cells were divided into 4 groups, 
including the control group, U87 cells treated with 3 doses 
of hCRF (10‑7, 10‑8 and 10‑9 mol/l). All cells in this and the 
remaining experiments were harvested at 24, 48 and 72 h. The 
experiment was repeated 3 times.

Immunohistochemistry (IHC) staining. IHC staining of tumor 
tissue was performed following the standard procedures (22). 
In brief, paraffin‑embedded tumor tissue sections (5‑µm) on 
poly‑L‑lysine‑coated slides were heated for 30 min at 60˚C, 
dewaxed in xylene and rehydrated in an ethanol series of 
100 (10 min), 95 (5 min), 80 (5 min) and 75% (5 min), then 
submerged in water, followed by a 5‑min microwave (400 W) 
antigen retrieval set. Endogenous peroxidase was inactivated 
with 3% H2O2 for 20 min and sections were incubated in 5% 
bovine serum albumin (BSA) solution for 20 min to block 
non‑specific binding. Subsequently, sections were incubated 
overnight at 4˚C with goat anti‑CRFR1 polyclonal antibodies 
(cat. no.,  ab59023; 1:100; Abcam, Cambridge, UK). The 
membraned were washed 3 times in PBS for 5 min, followed 
by a biotinylated secondary anti‑goat antibody (dilution, 1:200; 
cat. no., sc‑2350; Santa Cruz Biotechnology, Inc., Dallas, TX, 

USA) incubation for 30 min. 3,3'‑Diaminobenzidine was used 
to reveal the IHC reaction and the slides were counterstained 
with hematoxylin, and examined using a Leica DM1000 
microscope (Leica, Microsystems GmbH, Wetzlar, Germany). 
Primary antibodies were substituted for phosphate buffered 
saline (PBS) in the negative control.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from the tumor tissues and U87 glioma cells 
using Trizol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
protocol. Total RNA (2  µg) was reverse‑transcribed with 
M‑MLV reverse transcriptase (Invitrogen Thermo Fisher 
Scientific, Inc.,) and oligo (dT) primers (Sangon Biotech Co., 
Ltd., Shanghai, China). cDNA (1 µl) was used for qPCR, which 
was performed detect CRFR1, p53 using SYBR Green Master 
mix (Takara, Bio, Inc., Otsu, Japan) according to the manu-
facturer's protocol. Sequences of CRFR1, p53 and GAPDH 
primers were as follows: CRFR1 forward, 5‑TAC​GAC​AAT​
GAG​AAG​TGC​TGG​T‑3' and reverse, 5'‑GGA​CGA​TGT​AAA​
GGA​AGA​T‑3'; p53 forward, 5'‑CGC​CTG​AGG​TTG​GCT​CTG​
ACT​GTA‑3' and reverse, 5'‑GTC​TCT​CCC​AGG​ACA​GGC​
ACA​AAC‑3'; GAPDH (internal control) forward, 5'‑ACG​AGG 
CCC​AGA​GCA​AGA​GA‑3' and reverse, 5'‑AGG​TGT​GGT​
GCC​AGA​TTT​TC‑3'. qPCR was performed with an initial 
denaturation step at 95˚C for 30 sec, followed by 40 cycles of 
95˚C for 5 sec and 60˚C for 40 sec. Data were analyzed using 
GraphPad Prism 4.0 software (GraphPad Software, Inc., La 
Jolla, CA, USA). The 2‑ΔΔCq method was used to quantitate 
the relative gene expression  (23). PCR experiments were 
repeated 3 times.

Western blot analysis. Western blot analysis was performed to 
evaluate the expression levels of CRFR1 in glioma tissues and 
U87 cells and the protein levels of p53 were evaluated in U87 
cells. Total proteins were extracted and the protein concen-
tration was determined using a bicinchoninic acid assay kit 
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China). Equal amounts of protein (50 mg) were separated using 
10% SDS‑PAGE, transferred onto polyvinylidene fluoride 
membranes (Roche Diagnostics GmbH, Mannheim, Germany) 
by a transfer apparatus at 200 mA for 50 min. The membrane 
was blocked with 5% skimmed milk for 2 h, and incubated with 
indicated primary antibodies overnight at 4˚C, including goat 
anti‑CRFR1 polyclonal antibodies (1:1,000; cat. no., ab59023; 
Abcam), rabbit anti‑p53 polyclonal antibodies (cat. no., ab1431; 
1:1,000; Abcam) and rabbit anti‑β‑actin monoclonal antibody 
(1:1,000; cat. no., RB‑9421‑P0; Affymetrix, Inc., Santa Clara, 
CA, USA). Then membranes were incubated with horseradish 
peroxidase conjugated anti‑rabbit or anti‑goat IgG (1:5,000; 
cat. nos. sc‑2370 and sc‑2350; Santa Cruz Biotechnology, Inc.) 
for 2 h at room temperature. Blots were detected using an 
enhanced chemiluminescence kit and the densitometry signals 
were quantified using Image Lab (Image Lab v4.1; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The immunoreac-
tive bands of all proteins were normalized to the intensity 
of corresponding bands for β‑actin. Results were analyzed 
using the National Institutes of Health Image v1.41 software 
(Bethesda, MD, USA).
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Cell proliferat ion assay using cell  count ing for 
quantification. The U87 cells (control group) or treated with 
hCRF (10‑7 mol/l) were cultured for 48 h and were collected 
in the logarithmic growth phase. The cells were then resus-
pended, seeded in triplicate in 96‑well plates at a density of 
2,000 cells/well and cultured at 37˚C in an incubator with 
a 5% CO2 atmosphere. After 24 h, images of the cell plates 
were captured under a Nikon 90I light microscope (Nikon, 
Japan) at x100, magnification and the images were quantified 
using Cellomics ArrayScan VTI (Thermo Fisher Scientific, 
Inc.) once a day for 3 days and then a cell growth curve 
was generated based on data obtained using the Cellomics 
ArrayScan VTI.

5‑bromo‑2‑deoxyuridine (BrdU) cell proliferation assay. 
The U87 cells treated with hCRF (10‑7 mol/l) were cultured 
for 48 h. The cells were then resuspended, seeded in 96‑well 
plates at 1x106 cells per 200 µl, and then cultured for 24‑72 h. 
The cell proliferation was assessed using a BrdU Cell 
Proliferation ELISA kit (Roche Applied Science, Rotkreuz, 
Switzerland) according to the manufacturer's protocol. During 
the final 2‑24 h, BrdU reagents were diluted at a ratio of 1:100 
and added to the cells (10 µl/well). Then, the cells were fixed 
using 200 µl FixDenat per well for 30 min and blocked with 
5% BSA for 30 min at room temperature. Anti‑BrdU‑POD 
monoclonal antibody (dilution, 1:100; cat. no. 11444611001; 
Roche Applied Science, Penzberg, Germany) and added 
(100 µl/well) to the cells for 90 min at room temperature. 
Following 3 washes with washing buffer, substrate solution 
(100 µl/well) (provided in the ELISA kit) was added and the 
cells were incubated for 5‑30 min in the dark. The color reac-
tion was activated with 10% H2SO4 for 30 min and the BrdU 
quantity was determined at a wavelength of 450 nm using an 
ELx800 Absorbance Mircoplate Reader (BioTek Instruments, 
Inc., Winooski, VT, USA).

Flow cytometry. For cell‑cycle analysis, the control and hCRF 
group cells in a log phase of growth were harvested at a 
density of 5x105 cells and washed with PBS twice, fixed with 
ice‑cold 70% ethanol for >1 h. Subsequent to washing with 
PBS, the cells were treated with RNase A, 0.2% Triton X‑100 
and 50 µg/ml propidium iodide stain (PI; Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) at 4˚C for 30 min. The 
cell cycle profiles were then analyzed using flow cytometry. 
The experiments were performed in triplicate. The apoptosis 
analysis was performed in control and hCRF group cells by 
staining with the Annexin V V‑APC Apoptosis Detection 
kit (BioVision, Inc., Milpitas, CA, USA) according to the 
manufacturer's protocol. In brief, cells were harvested at a 
density of 1x106 cells/ml, and 5x105 cells were plated into a 
6‑well plate and treated with 0.1% trypsin and 0.02% EDTA, 
and were washed twice with PBS at 4˚C prior to collection. 
The cells were mixed with staining buffer and 100 µl of this 
cell suspension were mixed with 5 µl of annexin V solution at 
room temperature in the dark for 10‑15 min. The level of cell 
apoptosis was analyzed using flow cytometry (FACSCalibur). 
All assays were performed in triplicate.

Statistical analysis. Data were analyzed using the statistical 
package SAS version 8 software (SAS, Inc., NC, USA) and 

all experiments were repeated >3 times. All the data were 
expressed as mean ± SD. Significant differences between the 
groups were analyzed using a χ2 test and the one‑way analysis 
of variance, followed by the Student‑Newman‑Keuls test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

High CRFR1 expression is associated with malignant 
phenotypes of human glioma. In the present study, the expres-
sion pattern of CRFR1 was evaluated in 35 glioma tissues and 
13 normal brain tissues using IHC staining. CRFR1 expression 
was significantly increased in glioma tissues, but minimally 
detected in the normal brain specimens (Fig. 1A‑E). In glioma 
cells positive for immunostaining, the labeling was primarily 
cytoplasmic as observed using light microscopy. The posi-
tive expression rate of CRFR1 was significantly different 
(χ2=17.0817, P<0.0001) between the human glioma (74.29%, 
26/35) and the normal brain tissues (7.69%, 1/13; Table I). 
Furthermore, the association between CRFR1 expression 
and clinicopathological characteristics were analyzed in the 
current study. There was no significant association observed 
between CRFR1 expression and age, gender and position 
(all P>0.05). Notably, a significant difference (χ2=6.4852, 
P=0.0396) was identified between the low‑grade (grade II, 2/8, 
25%) and the high‑grade (medulloblastoma, 4/5, 80%; grade 
III and IV, 16/22, 72.72%) glioma (Table II). Semi‑quantitative 
RT‑PCR results demonstrated that CRFR1 mRNA levels 
were significantly higher in human glioma compared with the 
normal cerebral tissues (Fig. 1F). In addition, the protein levels 
of CRFR1 was determined using western blot analysis, the 
results demonstrated that CRFR1 protein levels were signifi-
cantly increased in human glioma compared with the normal 
cerebral tissues (Fig. 1G and H). These results suggested that 
increased CRFR1 expression is associated with high‑grade 
glioma.

CRFR1 is expressed in human U87 glioma cells. The 
CRFR1‑positive cells were observed and the immunostaining 
was primarily cytoplasmic (Fig.  2A‑C). CRFR1 mRNA 
and protein levels were determined using semi‑quantitative 
RT‑PCR and western blot analysis at 24, 48 and 72 h. The results 
revealed that the CRFR1 mRNA and protein was expressed in 
U87 cells at each time point (Fig. 2D and E). However, there 
was no significant difference between the levels of CRFR1 
expression between the 3 time points (Fig. 2F).

hCRF inhibits the proliferation of U87 glioma cells. In order 
to determine the effect of hCRF on cell growth, U87 cells were 
treated with or without hCRF (10‑7 mol/l) and cultured for 24, 
48 and 72 h. The cell number was measured using Cellomics 
ArrayScan VTI every day for 3 days, and a significant inhibition 
of cell proliferation was observed in U87 cells from 24 to 72 h 
following treatment with hCRF (Fig. 3A and B). To confirm the 
suppressive effect of hCRF on the proliferation of U87 cells 
further, a BrdU incorporation assay was performed to assess 
cell proliferation status. In this assay, cell proliferation was 
evaluated by measuring a DNA synthesis marker, which was 
quantified by the BrdU incorporation ratio. Consistent with the 
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results of cell counting, the quantity of newly synthesized DNA 
decreased significantly at 24, 48 and 72 h following treatment 
with hCRF, compared with the control group (Fig. 3C). These 
results indicated that cell proliferation and DNA synthesis 
were suppressed by hCRF in human U87 glioma cells.

hCRF induces cell cycle arrest and promotes apoptosis in 
human U87 glioma cells. To investigate the underlying mecha-
nisms of the inhibitory effect of hCRF on U87 cell growth, the 
role of hCRF in cell cycle progression of the U87 was assessed 
using PI‑FACS (Fig. 4A). In the control group, 65.32±1.15, 
16.53±0.78 and 18.81±0.45% cells were found in the G0/G1, S 
and G2/M phases, respectively; in the hCRF group, 56.18±0.87, 
34.62±0.49 and 10.87±0.68% cells were in the G0/G1, S and 
G2/M phases, respectively. U87 cells that underwent hCRF 

treatment exhibited an increased percentage of cells in the 
S phase compared with control (*P<0.01) and concomitantly 
with a significant decrease in G2/M phase cells (*P<0.01). The 
level of cell apoptosis was assessed using annexin V staining 
and flow cytometry (Fig. 4B). Cell apoptosis was significantly 
increased in hCRF group when compared with the control 
group (5.41±0.28 vs. 2.64±0.15, *P <0.01). The proportion 
of cells in S phase increased from 16.53 to 34.62% in the 
hCRF‑treated group, whereas the proportion in the G2/M 
phase decreased from 18.81 to 10.87% (Fig. 4C). Therefore, the 
present results indicated that hCRF treatment led to the inhibi-
tion of the S‑M transition. Apoptosis was observed in 5.68% 
of U87 cells treated with hCRF, while only being observed in 
2.45% of U87 cells in the control group (Fig. 4D). These data 
suggest that hCRF may promote cell apoptosis in U87 cells.

Table I. Expression of CRFR1 in human gliomas and normal brain samples using immunohistochemical staining.

	 Expression status of CRFR1
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Cases, n	 Negative	 Positive	 CRFR1‑positive, %	 χ2‑value	 P‑value

Glioma tissues	 35	   9	 26	 74.29	 17.0817	 <0.0001
Normal brain tissues	 13	 12	   1	   7.69		

CRFR1, corticotropin releasing factor receptor 1.

Figure 1. CRFR1 mRNA and protein expression in glioma and normal brain tissues. (A‑D) Immunohistochemical staining for CRFR1 in glioma specimens 
and (E) normal cerebral tissues. The CRFR1‑positive cells contain homogeneous brown‑yellow areas in the cytoplasm. (A) Medulloblastoma; (B) grade II; 
(C) grade III; (D) grade IV; and (E) normal cerebral tissue (magnification, x200). (F) The CRFR1 mRNA levels in human glioma samples and normal cerebral 
tissues were detected using semi‑quantitative reverse transcription‑polymerase chain reaction. (G) CRFR1 protein levels were detected using western blot 
analysis. (H) Densitometry analysis of CRFR1 bands relative to β‑actin. *P<0.01, #P<0.001, glioma tissue vs. normal brain tissue. CRFR1, corticotropin 
releasing factor receptor 1.
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hCRF upregulates the expression of p53 in human U87 glioma 
cells. The levels of p53 mRNA and protein were determined 
in U87 cells following treatment with control or hCRF (at 10‑7, 
10‑8 and 10‑9 mol/l) group using semi‑quantitative RT‑PCR 
and western blot analysis. The results demonstrated that the 

expression of p53 mRNA was significantly upregulated in 
the hCRF treatment group compared with the control group 
(*P<0.01; Fig. 5A and B). Consistent with these results, the levels 
of p53 protein were also significantly increased in the groups 
treated with higher hCRF concentrations (10‑7 and 10‑8 mol/l) 

Figure 2. CRFR1 mRNA and protein expression in human U87 glioma cells lines. (A‑C) Immunohistochemical analysis of the expression of CRFR1 in U87 
cells. The CRFR1‑positive cells contain homogeneous brown‑yellow areas in the cytoplasm. (A) U87 cells (magnification, x100); (B) U87 cells (magnification, 
x200); (C) U87 cells (magnification, x400). The arrows indicate expression of CRFR1‑positive cells. (D) CRFR1 gene expression was determined in U87 cells 
at 24, 48 and 72 h using semi‑quantitative reverse transcription‑polymerase chain reaction. GAPDH was used as an internal control. (E) Protein levels were 
determined in U87 cells at 24, 48 and 72 h using western blot analysis. (F) Densitometry analysis of CRFR1 band relative to β‑actin. CRFR1, corticotropin 
releasing factor receptor 1.

Table II. Association between CRFR1 expression and clinicopathological parameters assessed by immunohistochemical staining.

	 CRFR1 expression, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological characteristics	 Cases, n	 Negative	 Positive	 CRFR1‑positive tumors, %	 χ2‑value	 P‑value

Age, years					     0.0204	 0.8864
  <45	 24	 6	 18	 75.00		
  ≤45	 11	 3	 8	 72.73		
Gender					     0.0826	 0.7738
  Male	 18	 5	 13	 72.22		
  Female	 17	 4	 13	 76.47		
Position					     0.0374	 0.8467
  Supratentorial	 28	 7	 21	 75.00		
  Subtentorial	 7	 2	 5	 71.43		
Glioma grade					     6.4852	 0.396
  Medulloblastoma 	 5	 1	 4	 80.00		
  II	 8	 6	 2	 25.00		
  III+IV	 22	 6	 16	 72.72		

CRFR1, corticotropin releasing factor receptor 1.
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Figure 4. hCRF results in cell cycle arrest and induces cell apoptosis in U87 cells line. (A) Effect of hCRF on the U87 cell cycle distribution. Histograms 
obtained from flow cytometry analysis cells of hCRF and control group (representative of 3 independent experiments). (B) Effect of hCRF on U87 cells apop-
tosis. Histograms obtained from propidium iodide‑annexin V analysis of hCRF and control cells (representative of 3 independent experiments). (C) Percentage 
of U87 cells at different cell cycle phases following treatment with control or hCRF. (D) Percentage of apoptotic cells following treatment with control or hCRF. 
*P<0.01 vs. control group. hCRF, human corticotropin releasing factor.

Figure 3. hCRF treatment inhibits proliferation of U87 glioma cells. (A) Representative images of U87 cell growth in control or hCRF‑treated U87 cells at 
24, 48 and 72 h. (B) Proliferation of U87 cells was analyzed using Cellomics ArrayScan VTI. Proliferation data are presented as fold‑changes of cell numbers 
relative to the number of control cells at the previous time point. The results are expressed as the mean ± SD of 3 separate experiments. (C) Proliferation of 
U87 cells treated with hCRF, analyzed using a BrdU incorporation assay. The BrdU incorporation ratio is represented as fold‑change in absorbance at 450 nm. 
The results represent the mean ± SD of 3 separate experiments. *P<0.01 vs. control group. hCRF, human corticotropin releasing factor; SD, standard deviation; 
BrdU, bromodeoxyuridine; OD, optical density.
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compared with the control or low hCRF concentration 
(10‑9 mol/l) group (*P<0.01; Fig. 5C and D).

Discussion

Glioma are the most prevalent, aggressive type of tumor 
observed in the central nervous system and the prognosis 
remains poor due to their biological characteristics (24). CRF 
is a major hypothalamic stress‑induced neuropeptide that is 
also expressed in peripheral tissues. CRF and its receptors 
have been detected in a number of tumor types. In a previous 
study using an animal tumor model, CRF has been established 
to inhibit tumor proliferation (25). This action is mediated 
by the specific CRF receptors, CRFR1 and CRER2 (26). 
The aim of the present study was to determine the expres-
sion of CRFR1 in human glioma tissue and the human U87 
glioma cell line, and to evaluate the potential effect of CRF 
on human U87 glioma cell proliferation, apoptosis and the 
cell cycle.

Previous studies have demonstrated that CRFR1 is 
expressed in tumor cells, and CRF and urocortin may reduce 
tumor cell growth via their interaction with CRFR1 (13,25). 
A number of malignancies have been established to express 
high levels of CRFR1 and CRFR2 and to be sensitive to the 
suppressive effects of CRF and its agonists; however, there is 
little currently understood about the role of CRF in glioma. 
To the best of our knowledge, the present study is the first 
to investigate the specific expression of CRFR1 in human 
glioma cells. The increased expression of CRFR1 is associated 
with an increased glioma grade, which provides additional 
support for the involvement of CRF in the development of 
glioma. However, CRFR1 expression was minimally detected 

in normal brain tissue. Following analysis of U87 glioma 
cells, the expression of the CRFR1 gene and protein were 
significantly increased in U87 glioma cells at all time points 
following CRF treatment. These results suggested that the role 
of CRF in glioma is distinct and essential.

In order to further characterize the effect of CRF in glioma, 
U87 cells were treated with hCRF [10‑7 mol/l; the dosage 
was determined in accordance with a previous study (25)]. 
Compared to the control group, U87 cells that underwent 
hCRF treatment exhibited reduced cell proliferation, were 
arrested in S‑phase and demonstrated an increased level of 
apoptosis. These results suggest that CRF may be involved in 
the regulation of cell cycle checkpoints in U87 cells and may 
demonstrate that CRF promotes a marked reduction in replica-
tion initiation in glioma cells. Therefore, CRF has an important 
role in promoting U87 cell growth and is associated with U87 
cell cycle phase distribution. Using primary neuronal cultures 
from the cerebellum, cerebral cortex and hippocampus, low 
CRF concentrations (10‑8 mol/l) have been reported to exert a 
brain region‑specific neuroprotective effect on amyloid‑ß 25‑35 
toxicity in the cerebellum and hippocampus (27). However, a 
higher CRF concentration (10‑7 mol/l) led to the additional 
protection of cortical neurons (25). CRF was reported to act 
on CRFR1 to inhibit the proliferative effects of estrogens on 
MCF7 cells in a paracrine and autocrine manner  (16) and 
urocortin inhibited the proliferation of melanoma cells in vitro 
and in vivo, also through CRFR1 (28). Moroz et al (29) reported 
that hCRF was more effective compared with dexamethasone 
or temozolomide in the treatment of U87 xenografts, with 
certain patients reporting an increase in long‑term survival 
and only mild toxicity. Therefore, the results of the present 
study are in accordance with these previous studies, as hCRF 

Figure 5. p53 mRNA and protein expression in U87 cells following treatment with hCRF (10‑7, 10‑8 and 10‑9 mol/l) at 24 h. (A) p53 mRNA expression was 
determined in U87 cells following treatment with hCRF or control using semi‑quantitative reverse transcription‑polymerase chain reaction. GAPDH was used 
as an internal control. (B) Protein levels of p53 were determined in U87 cells following treatment with hCRF or control using western blot analysis. (C) The 
p53 mRNA levels were analyzed by RT‑PCR. *P<0.01 vs. control group. (D) Densitometry analysis of CRFR1 bands, relative to β‑actin. *P<0.01 vs. control. 
p53, tumor protein 53; hCRF, human corticotropin release factor; CRFR1, corticotropin release factor receptor 1.
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inhibits the proliferation and promotes the apoptosis of U87 
cells in vitro via CRFR1.

p53 is one of the most extensively studied molecules in 
cancer research and molecular biology. p53 has numerous 
anticancer functions and serves vital roles in DNA repair, 
apoptosis and inhibition of angiogenesis  (30). Previous 
studies have reported that the wild type p53 gene is present in 
~70% of primary glioblastoma (31), however U87 possesses 
wild type p53 (http://p53.free.fr/Database/Cancer_cell_
lines/p53_cell_lines.html). Xu et al (32) reported that histone 
acetyltransferase inhibitor II inhibits proliferation and induces 
apoptosis via the caspase‑dependent pathway in human U87 
and U251 glioma cell lines, potentially by activating the p53 
signaling pathway  (32). Another study identified that the 
CRFR1‑triggered ERK1/2 pathway is involved in the p53 
activation and the suppression of the apoptotic Bax gene in 
rat liver cells following hypoxia (33). The present study also 
hypothesizes that the p53 signaling pathway may be influ-
enced by CRFR1 in U87 cells. The results of the current study 
demonstrated that the expression of p53 mRNA and protein 
were significantly increased in U87 cells treated with hCRF 
(10‑7 and 10‑8 mol/l). It is therefore possible that hCRF may 
inhibit proliferation and induce cell cycle arrest and apoptosis 
in U87 glioma cells in a CRFR1‑mediated p53‑dependent 
mechanism. Notably, in a phase 1 clinical trial, patients who 
received hCRF reported improved neurological symptoms 
and physical results, with little or no toxicity (17).

In conclusion, the results of the present study suggest that 
hCRF may inhibit cell proliferation and apoptosis in U87 cells 
via a CRFR1‑mediated p53 signaling pathway. Data from 
previous studies and the present study demonstrate that hCRF 
is innocuous in humans and that CRFR1 may be a key regu-
lator of human glioma, suggesting it is a novel and attractive 
therapeutic target for anticancer therapy.
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