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Abstract. Neurotrophic factors (NTFs) are well known to 
serve critical functions in neural survival, neurite growth and 
cell differentiation in vivo and in vitro. Previous progress has 
indicated that nerve growth factor (NGF) and brain-derived 
neurotrophic factor (BDNF), two NTF family members, may 
be involved in the process of tumor progression. In the present 
study, the expression of NGF and BDNF was detected using 
immunohistochemistry on 70 adult astrocytoma samples 
collected from distinct locations as well as of various patho-
logical grades, with an additional 15 samples being collected 
from normal adult brain tissue to be used as controls. NGF and 
BDNF were identified to be expressed in all samples, and their 
positive cell expression rates in astrocytomas demonstrated a 
significant increase compared with that in the normal controls 
(P<0.05), particularly in grade III (P<0.05). In addition, the 
expression of NGF and BDNF exhibited a gradual decrease 
ranging from the temporal lobe, parietal lobe and cerebellum 
to the frontal lobe (P<0.05). The results of the present study 
suggest that the expression of NGF and BDNF is increased in 
astrocytomas, which is associated with the pathological grade 
and the astrocytoma location.

Introduction

Neurotrophic factors (NTFs) are endogenously produced as 
biological mediators that regulate neural growth, differentiation 
and apoptosis in the development of the nervous system (1-3). 

Nerve growth factor (NGF) is the most well-known and best 
characterized member of the neurotrophin family (1,4,5), 
which is structurally similar to other growth factors 
including brain-derived neurotrophic factor (BDNF) (1,6,7). 
NGF is produced by cells located in several brain regions, 
and is expressed at the highest levels in the hippocampus, 
cortex (1,5,8), cerebellum and spinal cord (1,7,9). NGF, and 
receptors, tropomyosin receptor kinase A (TrkA) and p75 nerve 
growth factor receptors, exhibit pleiotropic effects in inducing 
cell differentiation, preventing apoptosis and supporting cell 
survival in neuronal progenitor cells and immature neurons 
of the central nervous system (CNS) and peripheral nervous 
system (1,6,10,11). Previous studies have demonstrated that 
NGF and TrkA may contribute an important role in the growth 
modulation of human tumor cells (12). BDNF, the second 
member of the NTFs to be identified, is widely distributed 
in the CNS (13-17), and is produced primarily in the hippo-
campus, thalamus and cerebellum (1,18). BDNF serves an 
essential role in maintaining and modulating the physiological 
functions of neurons and promoting the growth, survival and 
metastasis of a variety of tumor cells through binding to its 
receptors, tropomyosin receptor kinase B (TrkB) and p75 
nerve growth factor receptors (19-24).

Previous studies have suggested that NTFs and their 
receptors are associated with cell maturation and tumoral cell 
apoptosis (1,25,26). In contrast, a number of growth factors 
and signaling molecules appear to represent specific markers 
for distinct histological types of tumors and may be involved 
in the differentiation process of neoplasms (1). In accordance 
with these distinct mechanisms of action of NTFs, the aim 
of the present study was to examine the expression of NGF 
and BDNF in astrocytomas, and to investigate the association 
between NGF, BDNF, pathological grading and location, as 
well as tumorigenesis of astrocytomas.

Materials and methods

Tissue samples. A total of 70 clinical astrocytoma samples 
(39 male and 31 female, age range 21-75 years; median age 
47.3 years) were collected from The First Affiliated Hospital 
of Chengdu Medical College (Chengdu, China) from 
February 2006 to May 2013. All procedures were performed 
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according to an Institutional Review Board (IRB)-approved 
protocol. These samples, based on their pathological grades, 
were classified as 10 cases of grade I, 24 of grade II, 26 of 
grade III and 10 of grade IV. Conversely, grouped according 
to the location of astrocytomas, there were 20 samples 
from the temporal lobe, 16 from the frontal lobe, 18 from 
the parietal lobe and 16 from the cerebellum. In addition, 
15 normal brain specimens were obtained as controls 
from the normal brain tissues (7 samples from the temporal 
lobe, 6 from the frontal lobe, 1 from the parietal lobe and 
1 from the cerebellum) of patients who underwent surgery 
for cerebral trauma. The expression of NGF and BDNF 
was examined in different locations in astrocytomas, not in 
normal brain tissues, because it is relatively difficult to obtain 
the samples of normal brain tissues from locations other than 
the temporal lobe and frontal lobe.

The samples were obtained from patients during 
surgery, fixed in 10% neutralized formalin for 12 h at room 
temperature within 24 h of being obtained and subsequently 
dehydrated in graded ethanol, embedded in paraffin and 
then sliced into serial 4 µm sections. Each specimen was cut 
into 3 sections, which were used for immunohistochemistry, 
stained with hematoxylin and eosin together with a negative 
control (PBS).

Reagents. A rabbit anti-human NGF polyclonal antibody 
(cat. no. MFCD07370460; 1:200 dilution) and a rabbit 
anti-human BDNF polyclonal antibody (cat. no. SAB2108004; 
1:200 dilution) were purchased from Sigma-Aldrich; Merck 
KGaA (Darmstadt, Germany). Streptavidin-Peroxidase kit 
(cat. no. kit-9710) and diaminobenzidine (DAB) chromogenic 
reagent kit (DAB-2031) were purchased from Maixin New 
Biology (Fuzhou, Fujian, China).

Immunohistochemistry. The sections were deparaffinized in 
xylene, rehydrated using serial dilutions of ethanol and washed 
three times in 0.1 M PBS for 5 min each time. Antigen 
retrieval was performed for 15 min at 100˚C in citrate buffer 
(10 mmol/l; pH 6.0) in a microwave oven. The sections were 
then washed three times in 0.1 M PBS for 5 min each, and 
incubated at room temperature in 0.2% hydrogen peroxide 
for 20 min to block the action of any endogenous peroxidase. 
Following a further three 5 min washes in 0.1 M PBS, normal 
goat serum was added for 20 min at 37˚C prior to incubation 
overnight at 4˚C in one of the primary antibody solutions 
(polyclonal neurotrophin antisera for NGF and BDNF). 
Subsequently, the sections were washed in 0.1 M PBS three 
times for 5 min each prior to incubation with labeled strepta-
vidin-biotin for 30 min at room temperature according to the 
manufacturer's protocol in Maixin New Biology. Thereafter, 
they were washed in 0.1 M PBS again, and DAB chromo-
genic reagent was added in order to observe the distribution 
of NGF and BDNF according to the manufacturer's protocol 
(Maixin New Biology). Finally, all sections were mounted, 
dehydrated, placed on coverslips and observed under a light 
microscope at magnification, x200.

The tumor specimens were used as the experimental group 
(grade I-IV groups) with the normal brain tissue used as the 
control group. Instead of using the primary antibody as a negative 
control, PBS was used for both experimental and normal groups.

Microscopic examination. Each immunohistochemistry 
section was observed under a light microscope (XS-212; 
Nanjing Jiangnan Novel Optics, Co., Ltd., Nanjing, China). 
The number of positively stained cells was determined from 
10 fields of view at magnification, x400 and the mean positive 
cell numbers were calculated independently by two patholo-
gists from the Department of Pathology at The First Affiliated 
Hospital of Chengdu Medical College. Subsequently, the total 
cell number in the same fields of view was determined and the 
mean number of cells for each section was calculated.

Expression rate of positive cells=(number of positive cells/
number of total cells) x100%.

Statistical analysis. The data and the categorical variables were 
analyzed and compared using analysis of variance (ANOVA) 
followed by a Student-Newman-Keuls post-hoc test, using the 
SPSS software package for Windows (version 11.5; SPSS, Inc., 
Chicago, IL, USA). Data are expressed as the mean ± standard 
deviation and P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of NGF and BDNF in normal brain tissues and 
in astrocytomas of distinct pathological grades. The immu-
nopositive products of NGF (Fig. 1) and BDNF (Fig. 2) were 
observed in the normal brain tissues and in the astrocytomas. 

Table I. Expression of NGF and BDNF in normal brain tissue 
and astrocytomas of distinct pathological grades.

  NGF BDNF
Grade Cases expression, % expression, %

Normal tissues 15 7.06±0.95a 5.98±0.49a

I 10 16.56±4.56a 11.24±2.05a

II 26 32.45±10.07a 18.23±4.96a

III 24 40.91±26.40a 21.44±3.35a

IV 10 24.71±8.28a 15.39±2.01a

aStatistically significant difference among compared groups (P<0.05). 
NGF, nerve growth factor; BDNF, brain-derived neurotrophic factor.

Table II. Expression of NGF and BDNF from distinct astrocy-
toma locations.

  NGF BDNF
Region Cases expression, % expression, %

Temporal lobe 18 42.57±13.57a 24.19±7.12a

Parietal lobe 16 35.62±9.47a 20.09±4.56a

Cerebellum 16 28.67±6.47a 16.17±4.29a

Frontal lobe 20 21.45±7.56a 16.17±4.29a

aStatistically significant difference among compared groups (P<0.05). 
NGF, nerve growth factor; BDNF, brain-derived neurotrophic factor.
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The positive expression rate of NGF in astrocytomas was 
significantly increased compared with that in normal brain 

tissue (P<0.05). Furthermore, there was a statistically signifi-
cant difference (P<0.05) in the expression rate of NGF- and 
BDNF-positive cells between distinct pathological grades of 
astrocytomas, with the highest expression observed in grade III 
(Table I; P<0.05).

The staining of NGF-positive cells was observed in the 
cytoplasm and nucleus, but primarily in the nucleus (Fig. 1). 
However, the staining of BDNF‑positive cells was primarily 
observed in the cytoplasm (Fig. 2).

Expression of NGF and BDNF in astrocytomas from distinct 
locations. NGF and BDNF were expressed in astrocytomas 
from all locations; however, the expression rate of positive cells 
was statistically different (P<0.05) between distinct locations. 
The sources may be ranked in decreasing order of expression 
rate from the temporal lobe, parietal lobe and cerebellum to 
the frontal lobe (Table II; P<0.05).

Discussion

NTFs serve a crucial role in a variety of distinct types of 
brain cell and in their differentiation processes (1,7-9). 
Previous studies have suggested that NTFs may be associated 
with certain biochemical and molecular mechanisms of 
carcinogenesis and growth signaling pathways, undergoing 
deregulation in numerous human malignancies, including 
neuroectodermal brain tumors, testicular germ cell tumors 
and prostate cancer (1,27‑30). However, little has been known 
previously regarding the association between the expression 
of NGF and BDNF, pathological grading, and region of 
astrocytomas. The results of the present study demonstrated 
that NGF and BDNF levels were increased in astrocytomas 
compared with the controls, and were associated with the 
pathological grading and region of astrocytomas.

The results of the present study revealed that NGF and 
BDNF were overexpressed in astrocytomas and were associated 
with the location, generation, progression and pathological grade 
of the astrocytoma. Goustin et al (31) demonstrated that the 
amount of serum required in the process of tumor cell growth 
was decreased and there was a ubiquitous decreasing demand 
for growth factors from extrinsic sources in numerous types of 
cancer cell. Specifically, the decrease may be restored via acti-
vating the autocrine pathway, altering the synthesis of growth 
factor receptors and activating the post-receptor machinery (31). 
The results of the present study demonstrated that the expression 
of NGF and BDNF were significantly upregulated gradually 
from normal tissues to grade I, II and III astrocytomas. This 
suggested that an autocrine pathway may be activated in the 
process of astrocytoma tumorigenesis and the proliferation of 
cancer cells was accelerated by synthesizing autocrine growth 
factors. However, the expression of NGF and BDNF in grade IV 
astrocytomas decreased suddenly, which was significantly 
different from in grade I, II and III astrocytomas. This may have 
resulted from the tumor cells no longer requiring the activation 
of the NGF receptor pathway. Therefore, it is hypothesized that 
the overexpression of NGF and BDNF may be the early and 
middle events in astrocytoma tumorigenesis.

In normal brain, the in situ hybridization experiment veri-
fied that NGF mRNA is expressed in pyramidal cells, granular 
cells in the hippocampus, stellate cells, oligodendrocytes and 

Figure 1. NGF was observed in the cytoplasm and nucleus of normal brain 
tissue and astrocytomas, but primarily in the nucleus. The expression of NGF 
in (A) normal brain tissue, (B) grade I astrocytoma, (C) grade II astrocytoma, 
(D) grade III astrocytoma and (E) grade IV astrocytoma. Magnification, x400. 
NGF, nerve growth factor.

Figure 2. BDNF was observed in the cytoplasm of normal brain tissues 
and astrocytomas. The expression of the BDNF in (A) normal brain tissue 
(magnification, x400), (B) grade I astrocytoma (magnification, x200), 
(C) grade II astrocytoma magnification, x200), (D) grade III astrocytoma 
(magnification, x400) and (E) grade IV astrocytoma (magnification, x400). 
BDNF, brain-derived neurotrophic factor.
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certain cortical neurons. NGF is produced by cells located in a 
number of brain regions, and is expressed in the highest amounts 
in the hippocampus and cortex (5,8). BDNF is produced 
primarily in the hippocampus, thalamus and cerebellum (18). 
The results of the present study identified that the expression 
of NGF and BDNF exhibited a statistically significant gradual 
decrease in the temporal lobe near the hippocampus, parietal 
lobe near the cerebral cortex, cerebellum and frontal lobe 
respectively. This phenomenon suggested that hippocampal 
and cortical tissues are activated to synthesize and release 
NGF and BDNF in the formation of astrocytomas.

NGF and BDNF are able to promote the survival and differ-
entiation of neurons and contribute a key role in the reparative 
process of injured nerve cells. Multiple previous studies have 
also demonstrated that NGF and BDNF and their receptors 
are associated with tumor biology, behavior and progres-
sion (1,29,32), although the underlying molecular mechanism 
of tumor progression remains unclear. Zhu et al (33) identified 
that NGF and TrkA were notably overexpressed in pancreatic 
cancer tissues compared with in normal pancreatic tissue, and 
increased NGF/TrkA expression was associated with the inva- was associated with the inva-
sion and the pain caused by the tumor, although it was not 
associated with the degree of tumor differentiation or grading. 
Furthermore, NGF is notably downregulated in esophageal 
carcinoma tissues and is associated with the degree of tumor 
differentiation as well as its pathological grades. Low TrkA 
expression was associated with advanced tumor stage (34). 
In addition, NGF mRNA and protein are expressed in breast 
cancer, but not in normal breast tissue, and may be inhibited by 
NGF-neutralizing antibodies or a TrkA-blocking agent such 
as K-252a (35). A study by Breit et al (36) demonstrated that 
TrkA was associated with the differentiation, generation and 
angiogenesis of neuroblastoma (NB). Another study demon-
strated that the TrkA gene is a good prognostic marker in NB 
and inhibited NB hyperplasia, induced benign differentiation 
and affected the growth of blood vessels of NB (37). NGF and 
TrkA were also observed to be decreased, whereas p75 was 
increased in childhood low-grade astrocytomas and ependy-
moma tissue (1). Similarly, BDNF and TrkB are expressed in 
multiple myeloma cell lines (38). BDNF was also identified to 
induce cell migration and cell proliferation in cultured human 
ovarian cancer cells (39). In addition, the level of BDNF in 
serum was significantly associated with tumor size in patients 
with hepatocellular carcinoma (19). These studies and the 
results of the present study revealed that NGF and BDNF, with 
receptors, participate in tumorigenesis.

The results of the present study indicate that NGF and 
BDNF overexpression in astrocytomas and their positive cell 
rate may be ranked in decreasing order from grade III, II, 
IV and I, and, finally, normal brain tissue. This suggests that 
NGF and BDNF are involved in the process of astrocytoma 
tumorigenesis, and the overexpression of NGF and BDNF may 
occur at early and middle stages of astrocytoma formation. 
The results of the present study also identified that the closer 
to the hippocampal and cortical areas, the higher the expres-
sion rate of positive cells for NGF and BDNF in astrocytomas. 
This may be that the astrocytoma stimulates astrocyte cells 
to secrete NGF and BDNF during the process of astrocytoma 
formation, and the hippocampal and cortical regions produce 
growth factors including NGF and BDNF.

In conclusion, the results of the present study suggest that 
NGF and BDNF are overexpressed in astrocytomas, with 
associations with the pathological grade as well as the location 
of the astrocytomas.
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