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ABSTRACT. We sought to investigate the effect of nerve growth
factor (NGF) expression on the formation and prognosis of cerebral
aneurysms. Forty-eight cases were selected following a diagnosis
of cerebral aneurysm using computed tomography angiography
and surgical confirmation. Thirty-four cases of healthy deaths were
also chosen. The tissue was tested for NGF expression changes by
reverse-transcription PCR, Western blot and histopathology, and NGF
expression was compared between the cerebral aneurysm and healthy
groups. The expression level of NGF in cerebral aneurysm tissue
was significantly increased over that observed in control tissue. The
abnormal expression of NGF is related to cerebral aneurysms. The
elevated expression of NGF in cerebral aneurysms may be associated
with a poor prognosis.
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INTRODUCTION

Cerebral aneurysm is a type of tumor in the cerebral artery branches. This disease
has high mortality and recurrence rates. It is the primary cause of subarachnoid hemorrhage,
which is a serious condition that often follows cerebral thrombosis and hemorrhage. Based on
their location, cerebral aneurysms can be classified as internal carotid artery aneurysms, an-
terior cerebral artery aneurysms, and basilar artery aneurysms (Schwenk et al., 2010; Michel
et al., 2011). Previous studies found that internal carotid artery bifurcation occurs in approxi-
mately 40% of all intracranial aneurysms, in which the posterior traffic artery branches are
most frequent. Aneurysms of the anterior cerebral artery, including branch aneurysms of the
anterior communicating artery, account for 30% of the cases of cerebral aneurysms. Among
them, anterior cerebral artery aneurysms of the end position account for 5% of cases, and
middle cerebral artery aneurysms account for 20%, which primarily occur in the middle cere-
bral and trigeminal arteries; other locations account for 5% of cases. Multiple aneurysms can
occur in the brain arteries, including the internal carotid posterior communicating artery and
the ophthalmic artery branch (Martinez-Pinna et al., 2010; Golledge et al., 2010).

Nerve growth factor (NGF) is a neurotrophic factor that combines with the target
cell’s surface specific nerve growth factor receptors (van Kuijk et al., 2010). Previous stud-
ies have pointed out that NGF expression is elevated in many kinds of tumors. The reason
may be that the NGF not only promotes cell growth, but it can also bind to the high-affinity
receptor on the perineurium. This binding can improve the micro-environment to facilitate
cell growth and to promote tumor cell migration (Ramos-Mozo et al., 2012); this mechanism
has been confirmed in bladder cancer, breast cancer, and stem cell carcinoma (Seidel et al.,
2010; O’Hare et al., 2010; Chan et al., 2013). However, the relationship between NGF ex-
pression and cerebral aneurysms has not been reported. The aim of this study was to evaluate
the expression of NGF in patients with cerebral aneurysms in our hospital and to determine
whether a relationship between NGF and cerebral aneurysms exists, providing data to sup-
port further research on NGF.

MATERIAL AND METHODS
General data

Forty-eight patients who were diagnosed as having cerebral aneurysms at Shandong
Weifang People’s Hospital were selected for this study. The study population consisted of 18
men and 30 women aged 48-72 years, with an average age of 55 years. Thirty-four healthy con-
trols were also selected, including 17 men and 17 women). In this group, there was no disease
of the brain; the brain tissue structure was normal and no cerebral aneurysms were observed.
Postoperatively, tumor tissue was frozen immediately for testing in the laboratory. RNA was
extracted from 1 g tissue and stored at -80°C until analysis. Reverse transcription-polymerase
chain reaction (RT-PCR) was used to detect RNA expression. Western blot analysis was also
performed using another 1 g tissue. The analysis of histopathological findings was performed
by the Shandong Department of Pathology Weifang People’s Hospital. The protocol for this
study was approved by the review board of Shandong Weifang People’s Hospital (Shandong,
China), and informed consent was obtained from all subjects.
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Reagents and equipment

Standard RNA extraction and RT-PCR detection kits from Takara, Japan, were used,
and tissue lysis buffer was purchased from Zitian Biotech, China. The antibody used for the
Western blot experiment was from Santa Cruz Biotechnology, USA. The automatic western
detector was from Beckman Coulter Inc., USA.

METHODS
Computed tomography angiography detection

Forty-eight patients underwent computed tomography angiography (CTA) performed
by radiologists to determine the site of aneurysm occurrence; the results of this test formed the
basis for further surgical resection.

RT-PCR and Western blot detection of NGF expression

One gram of tissue was used to extract RNA to perform RT-PCR. At the same time,
Western blot analysis was carried out using tissue lysates from 1 g of each tissue sample. RNA
extraction and RT-PCR were performed by standard protocols. For Western blot analysis, after
electrophoretic separation, proteins were transferred to a nitrocellulose membrane (18 V, 30
min). The membrane was placed in blocking solution at 4°C overnight. The following day,
it was placed in another blocking solution containing primary antibody at 37°C, for 2 h and
rinsed five times for 5 min in phosphate-buffered saline with Tween (PBST) prior to the addi-
tion of the secondary antibody at 37°C for 1 h and automatic detection.

Production and histopathology results

Immunohistochemical analysis was used to detect the pathological expression of
NGF, which, along with tissue sectioning, was conducted using standard protocols in the De-
partment of Pathology, followed by counter-staining with hematoxylin for 5 min, dehydration,
transparent closing, and observation with a microscope. The positive NGF cells had yellow
granular cytoplasm. NGF expression was evaluated as follows: strong positive, positive cells
>50%; weak positive, positive cells 15-50%; negative, no positive cells.

Statistical analysis
Data are reported as means + standard deviation. The groups were compared using the

independent sample #-test; the SPSS version 11.0 software was used to process the data, and P
< 0.05 was considered to be statistically significant.

RESULTS

CTA test results

All patients underwent CTA analysis. Using this method, we could clearly observe the
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site and size of the tumors (Figure 1), indicating that CTA is advantageous for the detection of
cerebral aneurysms.

Figure 1. Aneurysm imaging. A. B. C. D. All the aneurysms are in the CTA angiography.

RT-PCR and Western blot detection of NGF expression

RT-PCR was used to detect the expression of NGF (Table 1), and the expression levels
of NGF in all patients were compared with those in the healthy control group. In the patient
group, the expression of NGF was significantly increased compared to the control group (P <
0.05), while no difference was observed between the two groups of patients using Western blot
analysis. The RT-PCR detection results are shown in Figure 2.
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Table 1. Nerve growth factor NGF) RT-PCR test results.

Group Cases (N) NGF RNA expression
Patients 48 4.40+0.36
Controls 34 1.01 £0.24
t-value 2.356 4.678

P value 0.062 0.036*

*Compared with the healthy control group, P < 0.05.

1 2 3 L 5 6 7

NGF
Actin

Figure 2. Western blot test NGF expression. Lanes 1-6 = NGF expression of patients with cerebral artery.
Lane 7 = NGF expression of the health population.

Analysis of biopsy cases

Histological analysis showed that NGF was mainly located in the cytoplasm, with
brown granular or diffuse distribution. The expression of NGF in patients with cerebral aneu-
rysms was higher than that in the control group There was a significant difference between the
two groups using analysis with NGF integrated optical density (P < 0.01; Table 2).

Table 2. Expression of nerve growth factor (NGF) integrated optical density value.

Group Cases (N) NGF integrated optical density value
Patients 48 3867.52 + 1260.36

controls 34 698.98 +264.32

t-value 1.376 3.967

P value 0.062 0.005*

*Compared with the healthy control group, P < 0.01.

DISCUSSION

Cerebral aneurysms in the cerebral artery are accompanied by high pressure on the
partial wall cavity, which causes thinning of the cerebral artery wall and abnormal bulging.
The major causes include congenital malformations, infection, atherosclerosis, hypertension,
trauma, and familial predisposition. In the branch and trunk of the cerebral artery bifurcation,
the muscular congenital defect of the arterial wall is hardest hit by long-term blood pressure
and physical impact, so these points will project outwardly and gradually form an aneurysm. In
this study, the tumor site was identified with CTA. Since the site of the occurrence of cerebral
aneurysms has some unique characteristics, the tumor may rupture at any time. Nervousness,
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agitation, excessive fatigue, and strenuous exercise can cause a blood pressure increase, which
can easily lead to bleeding. Furthermore, this disease can threaten the patient’s life.

Currently, the clinical methods for treating cerebral aneurysms are mainly medical
and surgical. Medical treatment involves controlling the risk factors of ruptured tumors to
relieve the stimulation of the tumor wall. Additional methods are based on the use of medical
devices to treat tumors, including surgical occlusion of the aneurysm neck, aneurysm neck
ligation, isolation of the aneurysm, and wrapping of the aneurysm. To date, the mechanisms
underlying the occurrence and development of aneurysms are still not very clear. While many
studies have shown that patients with cerebral aneurysms exhibit gene expression changes in
the body that are related to VEGF, TGF-f1, SP-1, and MMP (Hughes et al., 2005), at this time,
no firm conclusions can be formed. Therefore, the mechanisms underlying the development of
cerebral aneurysms require further research and exploration.

NGF, one of the first identified neurotrophic factors, functions by combining with a
specific nerve growth factor receptor on target cells. Research shows that it is expressed in
various circulatory and immune systems (Chang et al., 2011). There are two main types of
coupled receptors of NGF: TrkA and p75. The former is a high-affinity receptor, while the
latter is a low-affinity receptor. One study showed that in cell lines that highly express TrkA
and p75, such as those of pancreatic cancer, ovarian cancer, liver cancer, etc., elevated ex-
pression of NGF can stimulate the proliferation of cells and increase their invasion ability. If
a blocker of TrkA is added, no cell proliferation or invasion is observed (Wojtkowiak et al.,
2011). In addition, some research indicates that NGF combined with p75 will greatly decrease
the growth and invasion ability of cells. These data indicate that the invasion of cells induced
by NGF may be caused by its combination with TrkA (Hoare et al., 2011). Based on previous
studies, our research aimed to detect the expression level of NGF in cerebral aneurysm tissue
to find a relationship between them. This article provides theoretical support for further study
of the mechanism of cerebral aneurysms. The results of this research show that the expression
of NGF can increase cerebral aneurysm risk and result in a poorer prognosis of this disease.
However, the higher the expression of p75, the less-frequently cell proliferation and inva-
sion are observed. At the same time, a better prognosis will benefit this disease. Therefore,
evaluation of the expression of two receptors in cerebral aneurysm tissue is very important for
prognosis. Further experiments are needed to validate the expression of these two receptors in
cerebral aneurysms.

CTA is a noninvasive angiography technique that uses a superficial surface intrave-
nous contrast agent to reach the target vessel through the blood circulation. Computed to-
mography scanning was used to collect information and to maximize the visibility of the
aneurysm’s morphology and size, the angular relationship of the tumor with the aneurysm,
the main source of the feeding artery, the tumor thrombus, and vessel wall calcification. This
method also shows the relationship between the aneurysm anatomy and organ tissue, and it
can improve the therapeutic effect (Bock et al., 2010). In this study, the CTA technique was
used to detect the brain aneurysms, and the tumor resection was clearly visible. This research
lays the foundation for further surgery and pathological data collection.

In summary, this study sought to detect changes in the gene expression of cerebral
aneurysms. The increase in NGF expression levels observed in this study is in agreement with
that observed in previous studies. However, the over-expression of NGF and whether it leads
to increased tumor cell proliferation and invasion capacity will require further study of the
corresponding receptor on the cell surface of the tumor location.
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