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IntroductIon

Vascular endothelial growth factor receptor‑2 (VEGFR‑2), 
matrix metalloproteinase‑9 (MMP‑9), vascular cell adhesion 
molecule‑1 (VCAM‑1), and endothelial nitric oxide 
synthase (eNOS) are important factors involved in vascular 
construction, vascular remodeling, and inflammation. Here, 
we investigated the expression and activation of these 
proteins in cerebral arteriovenous malformation (cAVM).

cAVM is a congenital vascular malformation in which arterial 
blood flow is directly connected to veins without a normal 
intervening capillary bed. These shunt vessels have very low 

resistance and thus lead to altered cerebral hemodynamics, 
which might cause hemorrhagic stroke, epilepsy, focal 
neurological deficit, and other symptoms. Intracranial 
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hemorrhage is the most common clinical presentation of 
cAVM. Moreover, hemorrhage is associated with long‑term 
neurological morbidity and mortality rates as high as 35% and 
29%, respectively.[1,2] However, few studies have evaluated 
the mechanisms underlying the development of cAVM.

The occurrence, development, and spontaneous regression 
of cAVM are related to vasculogenesis, angiogenesis, 
and remodeling of cerebral blood vessels.[3,4] Thus, the 
expression of cytokines associated with vascularization 
may be critical for the disease progression.[5,6] In the central 
nervous system, angiogenesis‑related factors are involved in 
various pathophysiological processes, for example, cerebral 
ischemia, vascular malformation, and brain tumors. More 
than 19 angiogenesis‑related factors and 300 angiogenesis 
inhibitory factors have proven to control the three mechanisms 
of vascularization (i.e., vasculogenesis, angiogenesis, and 
arteriogenesis).[7‑9] Recent achievements in vascular biology 
have revealed that some bioactive substances are critical 
for angiogenesis, vascular construction, proliferation, and 
degeneration.

Accordingly, in this study, we evaluated the expression levels 
of these substances in patients with cAVM to determine 
their roles in the pathogenesis of cAVM and to develop the 
improved diagnostic and therapeutic approaches for cAVM.

Methods

Ethical approval
Ethical approval was obtained for human sample 
collection from the Ethics Committee at our hospital 
(No. 2014200H [R2]) on March 6, 2015. Written informed 
consent was obtained from all patients.

Tissue sample collection
Twenty arteriovenous malformation specimens from 12 
men and 8 women with an average age of 36.8 years (19–
55 years) were collected in two hospitals (Guangdong 
General Hospital and Nan Fang Hospital) from September 
2013 to July 2015. None were treated previously by 
endovascular intervention, microsurgery, or radiation 
therapy. Hemorrhage, repeated epilepsia, and headache 
were the first signs of these patients who were diagnosed 
via magnetic resonance imaging (MRI) (Philips Healthcare, 
Eindhoven, Netherlands) and digital subtraction 
angiography (DSA) (GE Healthcare, Piscataway, NJ, USA). 
All patients had Spetzler‑Martin Grade I‑III lesion and the 
diagnosis was confirmed with MRI (Philips Healthcare, 
Eindhoven, Netherlands) and DSA (GE Healthcare, 
Piscataway, NJ, USA). Control specimens were vascular 
tissues obtained from twenty patients undergoing surgery 
for primary epilepsy. The control patients included 13 men 
and 7 women with ages between 13 and 58 years and a 
mean age of 31.6 years. No tumor, cavernous hemangioma, 
hippocampal sclerosis, and inflammation were detected 
by enhanced magnetic resonance scans for these primary 
temporal epilepsy patients. All specimens collected were 
immediately frozen and kept in liquid nitrogen until use. 

All experiments were performed at medical research center 
of Guangdong General Hospital.

Immunohistochemistry
Tissue samples were fixed with immersion in 4% 
paraformaldehyde (Sigma‑Aldrich, St. Louis, MO, USA) 
at room temperature. Tissue samples were then paraffin 
embedded and deparaffinized in xylene (Sigma‑Aldrich, 
St. Louis, MO, USA) and hydrated in a series of the graded 
alcohol. The sections were then immersed in 3% hydrogen 
peroxide in methanol (Sigma‑Aldrich, St. Louis, MO, USA) for 
20 min at room temperature to abolish endogenous peroxidase 
activities, and then antigen was retrieved undering microwave 
for 15 min before they were blocked with 5% bovine serum 
albumin (Sigma‑Aldrich, St. Louis, MO, USA) at 37°C 
for 20 min. Slides were incubated with various primary 
antibodies including anti‑VCAM‑1 (Abcam, CA, USA), 
anti‑VEGFR‑2 (Abcam, CA, USA), anti‑eNOS (Abcam, 
CA, USA), and anti‑MMP‑9 (Abcam, CA, USA). These 
antibodies were the same as those used in Western blotting. 
Two experienced pathologists assessed the immunostaining 
in a blinded fashion. Immunohistochemical staining was 
evaluated semiquantitatively by measuring the extent of 
staining (0, 0; 1, 6–25%; 2, 26–50%; 3, 51–75%, and 4, >75%) 
as well as the intensity of staining (0, no staining; 1, yellow; 
2, brown to yellow; and 3, brown). Five ×400 visual fields were 
randomly selected from each immunohistochemical staining 
section, and the scores for each case according to the intensity 
and extent of staining were multiplied to obtain weighted scores 
(0, negative [−]; 1–4, weakly positive [+]; 5–8, moderately 
positive [++]; and 9–12, strongly positive [+++]). Student’s 
t‑test was used for statistical analysis.

Western blotting
Protein was extracted from tissues of twenty cAVM patients 
and twenty controls with a lysis buffer on ice. Of 50 μg protein 
extracts of each tissue sample was separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (12–15% 
acrylamide) and then electroblotted onto polyvinylidene 
fluoride membranes (Millipore, MA, USA). The membranes 
were incubated with VCAM‑1, VEGFR‑2, eNOS, 
and MMP‑9 antibodies at 4°C overnight, followed by 
incubation with the corresponding secondary antibodies 
at room temperature for 2 h. Specific protein bands were 
visualized with the SuperSignal chemiluminescence system 
(Promega, WI, USA) and imaged by autoradiography. The 
quantitative analysis of band intensities was performed using 
Photoshop software (Adobe, CA, USA). Student’s t‑test was 
used for statistical analysis.

RNA extraction
RNA was extracted from the tissues of twenty cAVM 
patients and twenty controls using TRIZOL (Thermo 
Fisher Scientific, MA, USA) reagent according to the 
manufacturer’s protocol. Briefly, 1.0 ml of TRIZOL reagent 
and 200 μl of chloroform (Sigma‑Aldrich, St. Louis, 
MO, USA) were added to the sample, and the mixture 
was vortexed for 60 s and allowed to stand at 25°C for 
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5 min. After the mixture was centrifuged at 10,000 ×g for 
10 min at 4°C, the supernatant was transferred to a fresh 
tube and 500 μl of isopropanol (Sigma‑Aldrich, St. Louis, 
MO, USA) was added. After incubation at −20°C overnight, 
the mixture was centrifuged at 10,000 ×g for 10 min at 4°C 
to remove the supernatant, and the RNA pellet was washed 
with 75% ethanol. After ethanol removal by centrifugation 
at 10,000 ×g for 10 min at 4°C, the RNA was air‑dried for 
5 min and then dissolved in 20 μl of RNase‑free water.

Real‑time fluorescent quantitative‑polymerase chain 
reaction
Single‑strand cDNA synthesis was carried out using 2 mg of 
total RNA via reverse transcription (RT) reaction according 
to the PrimeScript RT reagent Kit (Promega, WI, USA). 
Real‑time quantitative‑polymerase chain reaction (qRT‑PCR) 
was performed using the Power SYBR Green PCR Master 
Mix (Applied Biosystems, CA, USA) in an ABI 7500 
Real‑Time PCR System (Applied Biosystems, CA, USA). 
The assays were performed on forty samples (twenty cAVM 
and twenty controls) for four genes (VCAM‑1, VEGFR‑2, 
eNOS, and MMP‑9) that met the defined criteria. Each 
reaction was performed in a 20 μl volume system containing 
5 μl of cDNA, 0.5 μl of each primer, 10 μl of Power SYBR 
Green PCR Master Mix, and 4.0 μl of RNase‑free water. 
The PCR program consisted of denaturation at 95°C for 
2 min, followed by 40 cycles each of denaturation for 15 s 
at 95°C and annealing and extension for 30 s at 60°C. The 
β‑actin gene was used as a stable endogenous control for 
normalization. Average CT values for VCAM‑1, VEGFR‑2, 
eNOS, and MMP‑9 were calculated and normalized to that 
for β‑actin, and the normalized values were subjected to 
a 2−ΔΔCT formula to calculate the fold change between the 
control and experiment groups. All reactions were performed 
in triplicates. Primer sequence for real‑time fluorescent 
quantitative‑PCR analysis is shown in Table 1.

Statistical analysis
Data explored the distribution and homogeneity of variance. 
If the data followed normal distribution with homogeneous 
variance, we used mean ± standard deviation (SD) to describe 
the data; otherwise, we used median (interquartile range) to 

describe the data. If the data followed normal distribution, 
independent t‑test was performed in data analysis; otherwise, 
Wilcoxon t‑test was used in data analysis. All statistical 
analyses of data were performed by SPSS 19.0 software 
(IBM, NY, USA). The significant level was set as 0.05 
(α = 0.05), and P < 0.05 was considered statistically significant.

results

Clinical characteristics of the patients with cerebral 
arteriovenous malformation
All patients were diagnosed with cAVM based on DSA 
results [Figure 1] and clinical signs, including cerebral 
hemorrhage, epilepsy, headache, and localized nerve 
dysfunction. MRI and DSA images illustrated the location 
and size of the nidus, feeding arteries, and drainage veins. The 
nidus might be located in any part of the brain, for example, 
supratentorial, subtentorial, deep, or superficial. Moreover, 

Table 1: Primer sequence for real‑time fluorescence 
quantitative‑PCR analysis

Gene Forward and reverse primer sequence (5’‑3’)
MMP‑9 TTCAGGGAGACGCCCATTTC

AAACCGAGTTGGAACCACGA
VCAM‑1 GTCTCATTGACTTGCAGCACC

AGATGTGGTCCCCTCATTCGT
VEGFR‑2 ACCCACGATCACAGGAAACC

ACATGATCTGTGGAGGGGGA
eNOS TGAGACCTTCTGTGTGGGAGAG

CGCTTCCAGCTCCGTTTGG
PCR: Polymerase chain reaction; MMP‑9: Matrix metalloproteinase‑9; 
VCAM‑1: Vascular Cell Adhesion Molecule‑1; VEGFR‑2: Vascular 
endothelial growth factor receptor‑2; eNOS: Endothelial nitric oxide 
synthase.

Figure 1: DSA images of two patients with cAVM and two patients in 
the control group. (a) The anteroposterior view and lateral view of DSA 
imaging from two patients in the control group showed normal ACAs 
and MCAs. (b) The anteroposterior view and lateral view of DSA imaging 
from two patients with cAVM. In patient 1, the cAVM nidus located at 
the parietal lobe received blood supply from the right MCA branches. In 
patient 2, the nidus located at the frontal and parietal lobes received blood 
supply from the right MCA and ACA branches. ACAs: Anterior cerebral 
arteries; MCAs: Middle cerebral arteries; DSA: Digital subtraction 
angiography; cAVM: Cerebral arteriovenous malformation.
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the feeding arteries were dilated tortuously, and there were no 
capillary networks between the feeding arteries and drainage 
veins. Direct shunting from arteries to veins can lead to 
arterial steal syndrome, which might cause nerve dysfunction 
and headache. Among the initial clinical symptoms of these 
patients, nine patients had ruptured cAVM, five patients 
presented with seizures, and five with headaches. One patient 
had an incidental finding of cAVM. Clinical information of 
twenty cAVM patients is listed in Table 2. There were nine 
cases with bleeding, five cases with seizures, five cases with 
headache, and one case by chance. Clinical information of 
twenty cAVM patients is listed in Table 2. All patients were 
diagnosed with cAVM based on DSA results [Figure 1] 
and clinical signs, including cerebral hemorrhage, epilepsy, 
headache, and localized nerve dysfunction. MRI and DSA 
images illustrated the location and size of the nidus, feeding 
arteries, and drainage veins. The nidus may be located in any 
part of the brain, for example, supratentorial, subtentorial, 
deep, or superficial. Moreover, the feeding arteries were dilated 
tortuously, and there were no capillary networks between the 
feeding arteries and drainage veins. Direct shunting from 
arteries to veins can lead to arterial steal syndrome, which 
might cause nerve dysfunction and headache. Among the 
initial clinical symptoms of these patients, there were nine 
cases with bleeding, five cases with seizures, five cases with 
headache, and 1 case by chance. Clinical information of twenty 
cAVM patients is listed in Table 2.

Expression of vascular endothelial growth factor 
receptor‑2, matrix metalloproteinase‑9, vascular cell 
adhesion molecule‑1, and endothelial nitric oxide synthase
The immunohistochemical analysis showed that VEGFR‑2 
was expressed in the cell membrane and cytoplasm. In the 

normal cerebral tissue, the expression of VEGFR‑2 was 
low in the artery endothelium, media, and adventitia. In the 
cAVM samples, similar low expression was observed in the 
vascular media and adventitia; however, the expression was 
high in the vascular endothelial tissues [Figure 2, t = 3.834, 
P = 0.0186]. Western blotting results confirmed that the 
expression level of VEGFR‑2 was higher in the cAVM group 
than in the control group [Figure 3, t = 5.095, P = 0.0364]. 
Quantitative RT‑PCR results showed that VEGFR‑2 
mRNA expression levels were significantly higher in the 
cAVM group than in the control group [Figure 4, t = 3.807, 
P = 0.0195].

The expression of MMP‑9 was low in the endothelium, 
media, and adventitia of normal cerebral artery tissue. In 
cAVM samples, MMP‑9 was expressed at low levels in 
the media but at higher levels in the vascular endothelium 
and adventitia [Figure 2, t = 2.524, P = 0.0651], similar 
to the results of Western blotting [Figure 3, t = 4.801, 
P = 0.0408] and qRT‑PCR analysis [Figure 4, t = 5.151, 
P = 0.006].

Low levels of VCAM‑1 expression were observed in 
the adventitia of microvessels and neovascularization. 
VCAM‑1 expression was higher in cAVM tissues than 
in control tissues [Figure 2, t = 3.411, P = 0.027]. 
These results were also confirmed by Western blot 
analysis [Figure 3, t = 7.02, P = 0.0197] and qRT‑PCR 
[Figure 4, t = 4.943, P = 0.0078].

Endothelial NOS was expressed in the cytomembrane, 
and minimal eNOS was detected in the endothelium, 
vascular media, and adventitia of normal cerebral artery 
tissue. In cAVM samples, the expression was low in the 

Table 2: Clinical information of BAVM patients

Patients Gender Age 
(years)

Clinical symptoms Diagnosis and location Spetzler‑Martin

1 Female 51 Sudden headache, nausea, and vomiting for 2 days Left cerebellum AVM with bleeding II
2 Male 33 Twitch repeatedly for 1 year Right temporal AVM II
3 Female 49 Headache and dizzy repeatedly for 2 years Left parieto‑occipital AVM III
4 Male 41 Sudden headache for 3 days Left occipital AVM with bleeding II
5 Male 29 Twitch repeatedly for 2 months Right temporal pole AVM III
6 Female 19 Sudden headache for 1 days Right frontal AVM with bleeding III
7 Male 38 Recurrent seizures for 3 years Left temporal AVM I
8 Male 34 Headache for 6 years Left occipital AVM IV
9 Male 24 Sudden headache for 7 days Right frontal AVM with bleeding II
10 Female 42 Headache for 3 months Left frontal AVM II
11 Female 26 Sudden headache for 1 day Right temporal AVM with bleeding III
12 Male 55 Headache and dizzy for 6 months Right frontal AVM IV
13 Male 27 Headache for 5 days Left cerebellum AVM with bleeding II
14 Male 33 Sudden headache for 10 days Left occipital AVM with bleeding III
15 Female 25 No symptom Right frontal AVM III
16 Male 44 Recurrent seizures for 1 year Left temporal AVM I
17 Male 39 Sudden headache for 2 days Right parietal AVM with bleeding I
18 Female 50 Sudden headache for 5 days Left temporal AVM with bleeding III
19 Female 37 Headache for 2 months Right cerebellum AVM II
20 Male 40 Recurrent seizures for three times Right frontal AVM II
AVM: Arteriovenous malformation; BAVM: Brain arteriovenous malformation.
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vascular media and adventitia, but high in the vascular 
endothelium [Figure 2, t = 8.854, P = 0.0009]. Western blot 
analysis also revealed a higher level of eNOS expression in 

cAVMs than in controls [Figure 3, t = 6.017, P = 0.0265], 
consistent with qRT‑PCR results [Figure 4, t = 13.09, 
P = 0.0002].

Figure 3: Expression of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS proteins in tissue samples from patients with cAVM, as determined by Western 
blotting. β‑actin was used as an internal loading control. (a) The representative Western blots of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS in tissue 
samples from twenty patients with cAVM and twenty controls. (b) The relative expression level of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS. T‑test 
analysis of the band intensities in A. Band intensities in the same patient are linked. The four proteins (MMP‑9, VCAM‑1, VEGFR‑2, and eNOS) 
were validated in twenty group samples (one control sample and one cAVM sample per group) by Western blotting, and similar trends were 
observed in each group. Three of the twenty validated groups are shown. MMP‑9: Matrix metalloproteinase‑9; VEGFR‑2: Vascular endothelial 
growth factor receptor‑2; VCAM‑1: Vascular cell adhesion molecule‑1; eNOS: Endothelial nitric oxide synthase.

b

a

Figure 2: Immunohistochemical analysis of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS in tissue samples from patients with cAVM. (a) The representative 
immunohistochemistry of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS in tissue samples from twenty patients with cAVM and twenty controls. (b) The 
relative expression level of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS protein. The scores for each case in A according to the intensity and extent of 
staining were multiplied to obtain weighted scores and t‑test was used for statistical analysis. The four proteins (MMP‑9, VCAM‑1, VEGFR‑2, and 
eNOS) were validated in twenty group samples (one control sample and one cAVM sample per group) by immunohistochemistry, and the same trend 
was observed in each group. Three of the twenty validated groups are shown. MMP‑9: Matrix metalloproteinase‑9; VCAM‑1: Vascular cell adhesion 
molecule‑1;VEGFR‑2: Vascular endothelial growth factor receptor‑2;  eNOS: Endothelial nitric oxide synthase; AVM: Arteriovenous malformation.

b

a
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dIscussIon

cAVM is a congenital cerebrovascular disease caused by the 
abnormal cerebrovascular differentiation of the primeval 
embryo during early embryonic development. Normal 
capillaries between arteries and veins are insufficient, which 
can lead to varicose and complex cluster vessels with different 
vessel wall thicknesses. Other histopathological features 
include the deficient elastic fiber layer and varying degrees 
of hyaline degeneration and calcification as the pathological 
basis of cerebral cAVM hemorrhage.[10‑12] The occurrence and 
remodeling of blood vessels are essential for the development 
and repair of the brain, which is controlled by the balance 
between angiogenic and anti‑angiogenic pathways.

In this study, we demonstrated that cAVM might be related 
to abnormal regulation of the genes encoding VEGFR‑2, 
MMP‑9, VCAM‑1, and eNOS during the formation of the 
blood vessels. Recent studies investigating the biology of 
cAVM have focused on VEGF and its receptors.[13‑15] Other 
cytokines, adhesion molecules, and glycoproteins, including 
transforming growth factor‑β, fibroblast growth factor, 
platelet‑derived growth factor, angiopoietin, epidermal 
growth factor, and ephrins, are vital for the occurrence, 
development, and recurrence of cAVMs.[6,16] Since cAVM 
is caused by pathological cerebrovascular regulatory 
mechanisms, the main solution to prevent the formation 
of cAVM is the modulation of gene expression, leading to 
abnormal levels of angiogenesis‑related factors.[17,18] In this 
study, we demonstrated that cerebral cAVM may be related 
to abnormal regulation of the genes encoding VEGFR‑2, 
MMP‑9, VCAM‑1, and eNOS during the formation of the 
blood vessels.

VEGF is a major modulator of angiogenesis and promotes 
the endothelial cell migration through the hypoxic 
environment in tumors.[19] Overexpression or exogenous 
administration of VEGF stimulates the synthesis of eNOS 
in a dose‑dependent manner and hence results in a persistent 
increase in nitric oxide (NO) formation and vascularization 
with an increased vascular density.[20,21] Moreover, VEGF 
induces the production of proteases by the endothelial 
cells, resulting in blood vessel degradation, monocyte 
migration, and neutrophil‑dependent artery formation.[22] The 
importance of VEGF in embryonic vascular development 
has been assessed by disrupting the VEGF gene, thereby 
impairing angiogenesis and blood island formation.[23,24] 
VEGF enhances vessel (mainly small capillary and vein) 
permeability to plasma protein without damaging endothelial 
cells or inducing mast cell degranulation and inflammatory 
reactions.[25,26] In our study, VEGFR‑2 was considered the 
main transducer of VEGF‑mediated angiogenic signals that 
promoted the permeability and dilation of blood vessels as 
well as the proliferation, invasion, migration, and survival of 
endothelial cells.[27,28] The expression of VEGFR‑2 has been 
reported to be increased significantly in patients with cAVM 
compared with that in control brain tissues.[29]

MMP‑9 is a Zn2+‑dependent protease that functions in the 
degradation and remodeling of the extracellular matrix. 
MMP‑9 is responsible for cleaving and activating certain 
growth factors, such as VEGF.[30,31] High expression of 
MMP‑9 results in a damage to the stability and integrity of 
blood vessels and a weakened blood‑brain barrier, increasing 
the risk of hemorrhage.[32,33] Excessive expression of MMP‑9 
causes the connection between vascular endothelial cells to 

Figure 4: Expression of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS in tissue samples from patients with cAVM in mRNA levels. (a) The representative 
mRNA levels of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS in tissue samples from twenty patients with CAVM and twenty controls. (b) The relative 
mRNA level of MMP‑9, VEGFR‑2, VCAM‑1, and eNOS. β‑actin was used as a reference gene. mRNA expression was quantified using the 2−ΔΔCT 
method, and t‑tests were used for statistical analysis. The four mRNAs (MMP‑9, VCAM‑1, VEGFR‑2, and eNOS) were validated in twenty group 
samples (one control sample and one cAVM sample per group) by real‑time quantitative PCR, and similar trends were observed in each group. 
Three of the twenty validated groups are shown. MMP‑9: Matrix metalloproteinase‑9; VEGFR‑2: Vascular endothelial growth factor receptor‑2; 
VCAM‑1: Vascular cell adhesion molecule‑1; eNOS: Endothelial nitric oxide synthase; PCR: Polymerase chain reaction.
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be too loose, resulting in a damage to the vascular adventitia 
and smooth muscle.[32,33] Moreover, MMP‑9 increases the 
risk of cAVM hemorrhage because it is activated in cAVM 
tissues and causes the degradation of the abnormal vascular 
extracellular matrix.[34‑36]

VCAM‑1 is an Ig‑superfamily type I transmembrane protein 
expressed mainly in endothelial cells during inflammation. 
VCAM‑1 mediates leukocyte rolling and adhesion to the 
endothelium and promotes the transendothelial migration of 
leukocytes and vasculogenesis.[37] VCAM‑1 is upregulated 
in cAVM, and the lesions being embolized appear to show 
stronger expression of VCAM‑1 than the nonembolized 
lesions.[38] Modulation of the inflammatory response by 
VCAM‑1 plays an important part in various processes, 
including endothelial cell death, cellular proliferation, and 
thrombosis in cAVM vessels.

NOS is a family of enzymes functioning to synthesize NO 
from l‑arginine,[39] a powerful metabolite involved in vascular 
smooth muscle cell function, cerebral blood circulation, 
and edema induction. eNOS is expressed constitutively 
in endothelial cells and has key roles in angiogenesis and 
vasculogenesis. Production of NO by eNOS inhibits vascular 
smooth muscle cell proliferation, regulates blood vessel 
tone and hemodynamics, and modulates the interaction of 
the endothelium with leukocytes.[40] Previous studies have 
demonstrated that the expression of eNOS protein was 
significantly increased in the endothelial cells from patients 
with cAVM compared with that in the normal subcutaneous 
skin tissues.[41]

The occurrence of cAVM may be related to some hemodynamic 
factors, such as pressure, increased flow velocity, or venous 
outflow obstruction.[42‑44] The study showed that VEGFR‑2, 
MMP‑9, VCAM‑1, and eNOS were expressed at higher levels 
in cAVM patients than the controls. Therefore, we presumed 
that the increased expression of VEGFR‑2, MMP‑9, and 
VCAM‑1 can destroy the stability and integrity of blood 
vessels. In addition, NO produced by eNOS might enhance 
the vasodilation and further increase the risk of hemorrhage. 
We tested the vascular tissues of twenty cAVM patients and 
found that the expression level of MMP‑9 and VCAM‑1 was 
higher in patients with cerebral hemorrhage compared with 
the patients without hemorrhage, which was consistent with 
our hypothesis. VCAM‑1 and eNOS might also modulate 
the interaction between the endothelium and leukocytes, and 
stimulate excessive inflammation, causing perturbation of the 
stability and integrity of blood vessels.

In conclusion, VEGFR‑2, MMP‑9, VCAM‑1, and eNOS were 
expressed at higher levels in cAVM patients than the normal 
cerebral vascular tissues. These four angioarchitecture‑related 
cytokines have important roles in the angiogenesis, vascular 
remodeling, and migration in cAVM. They might represent 
the potential aberrant signaling in the pathogenesis of cAVM 
and might function as potential group proteins in predicting 
the risk of cerebral hemorrhage; however, the relationship 
of these factors is scarcely comprehensively evaluated. Our 

study revealed the expression level of the four factors based 
on the twenty patients with cAVM. More samples from the 
patients with and without hemorrhage will be collected to 
detect the expression of the four cytokines in further study, 
with a final aim to determine the correlation between the 
protein expression and cAVM with hemorrhage.
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