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Abstract. - OBJECTIVE: Inflammation as a
significant influence factor plays an important
role in the formation and rupture of intracrani-
al aneurysms. However, based on plenty of re-
lated studies, it is believed that the hepatocyte
growth factor (HGF) is able to prevent vascular
inflammation. This paper, therefore, explored
the role and mechanism of endogenous HGF in
the pathogenesis of intracranial aneurysms.
MATERIALS AND METHODS: 16 blood sam-
ples were collected from the intracranial aneu-
rysms and the lumens of the femoral ar
16 patients. Comparison and quantitative
tion of HGF serum concentrations in an
rysm and femoral artery samples accordi
the immune assay based on Luminex were
lowed. The tissue of superficial famporal arté

PF-04217903 or i
Then, the brain
dissected an

subarachnoid hem-
res followed by

, we used the expres-
ized inflammatory fac-
ion molecule-1 (ICAM-1)],

(1076+656) pg/ml from the blood collect-
ed from human intracranial aneurysms was sig-
nificantly higher than that from the femoral ar-

Corresponding Author: Longxi Liu, MD; e-mail: jbaad410@sina.com

were induced to form
et antagonists did
cranial aneurysms
.05), but significantly increased the occur-
id hemorrhage and reduced
ice (p<0.05). HGF attenuat-
f VCAM-1 (p<0.05) and E-se-
man aortic endothelial cells
: The plasma HGF levels were
elevated | racranial aneurysms, and the HGF
-Met were expressed in STA and intracra-
sms. In the treatment of intracranial
eurysms, HGF signaling pathway reduced in-
flammation in endothelial cells and prevented the
rupture of intracranial aneurysm through c-Met.
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Introduction

According to previous studies'?, it was con-
vinced that the inflammation is an important
factor in the formation and rupture of intracra-
nial aneurysms. The various components of the
inflammatory reaction include cytokines, chemo-
kines, growth factors, reactive oxygen species
(ROS), white blood cells, matrix metalloprotein-
ases and vascular smooth muscle cells, which
all increase in the occurrence of intracranial
aneurysms>*, The treatment, which focuses on
inflammation pathways, is more effective under
clinical experiments on both human and animal
basis®>. Hepatocyte growth factor (HGF) was
originally discovered to be a growth factor of the
hepatocyte, which showed the activity of mito-
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sis, morphology, anti-fibrosis and anti-apoptotic
in a variety of tissues®’. However, the activity
of HGF is regulated by proto-oncogene c-Met,
which is a type of tyrosine kinase®. Up to now,
the latest researches and data suggested that HGF
is capable of regulating cytokine profiles and
protecting various tissues including the arterial
wall from inflammatory damages’. Moreover,
HGF can promote an anti-inflammatory cytokine
profile in the abdominal aortic aneurysm. There-
fore, the endogenous HGF secretion promoted by
drug interventions may be possibly effective in
the prevention and treatment of an aneurysm'.
Nevertheless, there were only few reports to be
found concerning the study of HGF in intracra-
nial aneurysms.

The purpose of this study was to evaluate the
role of endogenous HGF in the pathogenesis of
intracranial aneurysms. Specifically, we sought to
determine that: (1) if the concentration of HGF in
patients with intracranial aneurysm in the blood
is higher than the concentration of HGF in arteri-
al blood; (2) if the HGF and c-Met are expressed
in the wall of human intracranial aneurysms; (3)
in animal models, if the c-Met antagonist ingsga
es the risk of intracranial aneurysm ruptd
in cultured human endothelial cells in vil
the smooth muscle cells and mononuclear
in HGF are expressed and regulated by infl3
matory cells.

Materials a

by the Ethics
ical Center

elial cells (HAECs), Hu-
uscle cells (HASMCs) and
Cell Line THP-1 were pur-
erican ATCC cell bank (Manas-
%). The cells were cultured in Dul-

Biological Technology Inc. Hangzhou, Zhejiang,
China) and 1% penicillin streptomycin (Beijing

796

Suolaibao Technology Inc, Beijing, China), and
then placed in the incubator (371 type, Thermo
Scientific, Waltham, MA, USA) in constant
and 5% CO,.

Serum

Human R/c-Met HGF affini
clonal antibody (AF276) a
finity purified polyclonal
were from Shanghai R

Meilun Biological T
Shenyang, China
jing Senbeijia
(Nanjing, Jia

ghai, China), Dimethyl
om Beijing Huamaike

hnology Co., Ltd (Shanghai,
as from Wuhan Haojia Bio-
0., Ltd (Wuhan, Hubei, Chi-
m Shanghai Jingke Chemical
”, Ltd. (Shanghai, China), Human
ecombinant HGF was from PeproTech (Rocky
SA), LPS was from Weihuan Biologi-
htiology Co., Ltd (Shanghai, China).

Determination of HGF Concentration
in Plasma

All patients enrolled in this study were from
the Qingdao Hiser Medical Center (Qingdao,
Shandong, China) from the period of Novem-
ber 2015 to December 2015. In this study, all
patients were applicants who suffered from cys-
tic (ruptured or unruptured) coil embolization
of intracranial aneurysms. Patients treated with
corticosteroids, aspirin, or immunosuppressive
agents were excluded. A total of 16 patients and
18 aneurysms were finally involved in the study.
Through the Seldinger technique, the femoral
artery puncture was operated to patients to in-
vestigate if an aneurysm was present. Each pa-
tient was embedded in a 7-French artery sheath,
followed by blood collection from the femoral
artery. Then, a guiding catheter was imported in-
to the targeted vessels for each patient to identify
the aneurysm. The microcatheter was then in-
troduced into the aneurysm cavity depending on
micro guide wires. Blood samples were collected
(5 ml) before the import of the guiding wires into
the aneurysm, and then the blood samples were
stored at -80°C after centrifugation. By using
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Human HGF Magnetic Bead Kit (Thermo Fisher
Scientific, Waltham, MA, USA), HGF serum
concentrations were quantitatively detected in an-
eurysm and femoral artery samples in Luminex
200 system (Luminex Corp, Austin, TX, USA).

Expression of HGF and c-Met in
Intracranial Aneurysms

The aneurysm samples were collected from
patients with microsurgical clipping (5 ruptured
cases, 5 unruptured cases), then were fixed with
formalin and embedded in paraffin after surgical
removal. Compared with the superficial temporal
artery, the excised aneurysm samples were firstly
made to 4 um slices and then immunohistochem-
ical stained by Human R/c-Met HGF affinity
purified polyclonal antibody (AF276) or human
HGF affinity purified polyclonal antibody (AF-
294-NA). All images were acquired by BX-61
Olympus automatic microscope 20 objective lens
(Olympus, Tokyo, Japan).

Evaluation of the Effect of Endogenous
HGF on Intracranial Aneurysm
in Mouse Model

In this study, we used 51 adult mice d
(Beijing Weilitonghuashi Experimental Al
Technology Co., Ltd. Beijing, China), apprové
Animal Ethics Committee of Zhengzhou Unt
sity (SCXK(yu)2015-0004). Thegemee
domly grouped in three, with
ferring to the previous resg
intracranial aneurysm i
then anesthetized, sca
at 2.7 mm back of
the right side of t
tic elastase wasg

ey, | mm at
RN stereotac-

micro-osmdtic pump
d, and angiotensin

at which the injection of
1 pool and with the angio-
as day 0, until the end of the
ay 21) or the death of mice. Experi-
¢ ad an intragastric administration of
Met antagonist PF-04217903 (10 mg/kg/d) or its
ent DMSO, which in sham operation control
only 50 ul DMSO was perfused.
All mice were observed every day, and those
that had neurological deficits (forepaw exten-

sion disability, dumping at paralyzed side, side
dumping, walking disability, consciousness loss)
or weight loss (>20%), were sacrificed. All oth

after the induction of aneurysm.
excluded during the experiment:
sham-operated group died in t

After putting all
we opened their

ing with
sion to ¢

ine mixture containing
the visualization of
erebral blood circulation could be observed.
dissected thegarains of mice and examined
presence of WMracranial aneurysms and/or
rhage (SAH). An aneurysm
es of the size of the diameter
rojection of the vessel wall. The
ival curve was drawn according to the time
the execution time of the mice.

Effect of HGF on the Expression
of Inflammatory Molecules in Cultured
Cells In vitro

6 g/ml c-Met antagonists were added in HAECs
in the normal medium which containing human
recombinant HGF (10 ng/ml) for 1 hour, and 100
ng/ml LPS was added for 3 hours. According to
the TagMan primer reverse transcription of target
genes and B-actin, real-time quantitative PCR was
introduced, and the genes were expressed by AACt
method for quantitative determination of B-actin
standard. The target genes included Intercellular
adhesion molecule-1 (ICAM-1), Vascular cell ad-
hesion molecule-1 (VCAM-1), E-selectin, tumor
necrosis factor-o. (TNF-a), interleukin-1§ (IL-1pB),
monocyte chemotaxis protein-1 (MCP-1), epoxy en-
zyme-1 (COX-1), COX-2 and transforming growth
factor-f (TGF-B). All researches of tissue culture
were based on 3-times parallel experiments.

In the same way, human recombination HGF
(10 ng/ml) or HGF+ PF-04217903 were added
into HASMCs for pre-culture, then LPS was
added for 3 hours. The detection of mRNA levels
of ICAM-1, VCAM-1, E-selectin, TNF-a, IL-1p,
MCP-1, COX-1, COX-2, and TGF- were as stat-
ed previously.
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Statistical Analysis

Statistical analysis was performed by Prism
6 and Stata 10. The measurement data were
expressed by mean£SD, and the comparison be-
tween the two groups was expressed by one-
way ANOVA and pairing LSD t-test. Categorical
variables were X*-test and survival rates were
estimated using the product-limit method (Ka-
plan-Meier method) for survival analysis. p<0.05
was considered to be statistically significant.

Results

The level of HGF in the Aneurysm Cavity
is Higher than that of the Femoral Artery

Among 16 patients with an intracranial an-
eurysm in this experiment, 13 patients were
females, 3 were males, and the average age was
55.23£13.47 years old. The average size of the
aneurysms was 10.48+9.13 mm, of which 3 cases
(18.75%) were ruptured aneurysms. To compare
with the samples collected from femoral artery
(196.17+436.25) pg/ml, the samples of a cerebral
aneurysm (1076.08+656.33) pg/ml were 5 jgi
larger (p<0.001) in size, and the plasm
concentration was also significantly inc
(p<0.05), as shown in Figure 1.

Cerebral aneurysm Femoral artery

g 1. Comparison of HGF levels in cerebral aneurysm
and Moral artery samples. Note: the plasma HGF level of
the sample from the aneurysm cavity was higher than that
from the femoral artery. "p<0.05.
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Expression of HGF and c-Met in
Intracranial Aneurysms

The samples which collected from the super-
ficial temporal artery (STA), and ryz
unruptured intracranial aneurysms,
and the receptors c-Met, with posi
and c-Met were located in endo
smooth muscle layer (Figure

stain. HGF
ial cells and

treated with the solvent (25.00% vs. 57.00%,
.05) (Figure 3}a. Moreover, the systolic blood
sure was signjilantly hlgher (p<0 05), Wthh

ticularly signiﬁcant in the first
w0 weeks (p<0.05), thus there was no significant
s observed in sham-operated control

had no s1gn1ﬁcant effect on blood pressure and
weight loss of 85.71% (12/14) of the mice that
given solvent and 93.75% (15/16) of the mice that
given PF0421790 had an intracranial aneurysm
(Figure 3E). The occurrence of subarachnoid
hemorrhage in mice treated with PF04217903 was
93.75% (15/16) which was significantly higher
than 64.28% (9/14) occurrence in mice treated
with the solvent (p<0.05) (Figure 3F). In the sh-
am-operated control group, the survival rate was
100%, and there was no intracranial aneurysm or
subarachnoid hemorrhage found in mice.

HGF Attenuated the Expression of
Inflammatory Molecules in vitro in
HAECs

In human arterial smooth muscle cells
(HASMCs) cultured with HGF+LPS, the mRNA
expression of VCAM-1 and E-selectin was lower
than that cultured only with LPS (Figure 4). The in-
hibitory effect of HGF on VCAM-1 and E-selectin
was eliminated by c-Met: the VCAM-1 and E-se-
lectin in HASMCs with HGF+PF-665752+LPS
combination remained at the same level as in the
HASMCs with only LPS. In HASMCs with HG-
F+LPS, HGF+PF04217903+LPS and HASMCs
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Figure 2. Expression of HGF and ¢ 3 poral artery and ruptured intracranial aneurysms. Note: HGF
and c-Met were detected in the sagc i ooth base. HGF and c-Met were excluded from the negative

tients, with the ruler =100 um.

with only LPS iffc i clear cells in the arterial wall penetrate, activate
levels of TN and release a variety of pro-inflammatory cells'.
In HASMCs with The final common pathway appears to involve in
PS, HASMCs the release of matrix metalloproteinases and the
ere was also no apoptosis of vascular cell components, and then
leads to aneurysm remodeling, development, and
AM-1, E-selectin and rupture!>1,

The anti-inflammatory effects of HGF have
been studied in recent years, and reported in
many other investigations. In human abdom-
inal aortic tissue cultured in vitro, exogenous
HGF promotes the secretion of anti-inflammatory
n is considered as one of the keys cytokines (IL-10) and inhibits the secretion of
r the development, growth, and rupture of intra- pro-inflammatory monocyte chemotaxis protein
jal aneurysms'?. The evidence suggests that -1 (MCP-1). Likewise, it is found that in the

-inflammatory and proliferation pathways macrophages derived from the bone marrow,
are activated in endothelial cells when there is lo- HGF reduces the production of pro-inflamma-
cal blood flow load". Subsequently, the mononu- tory cytokines IL-6 followed by an increase of
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3. Effects 3Wc-Met antagonists on the formation and rupture of intracranial aneurysms in a mouse model. Note: (4)

gbartery and aneurysm of the left anterior (right) artery can be observed in the left anterior and posterior (right).
v O0f sham operated control group, PF-04217903 or solvent control group were induced in the aneurysm group.
The systolic blood pressure of PF-04217903 or solvent control group was induced in sham operation group and control
gup. (D) The weight loss of the sham operated control group and the induced aneurysm group were treated with PF-

R03 or solvent control group. (E) Sham operated control group, induced aneurysm group was given PF-04217903 or

ontrol group of mice aneurysm formation. (F) The sham operation control group, induced aneurysm group received
arachnoid PF-04217903 or solvent control group of mice under the bleeding. Compared with the sham operation group
"p<0.05; compared with the baseline psi p<0.05; compared with the control group reagent, p<0.05.
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lower in LPS than in HAECs medium. The effect of HGF on inflam
antagonists. (Single factor analysis of variance; p=0.010 VCAM-1,

anti-inflammatory factor IL-10%. In other find-
ings, HGF is found to inhibit MCP-1, IL-6 and

IL-1?7, which is related to the pathogenesis of

intracranial aneurysms'2. Also, the anti-apogiatic
effect of HGF is also related to the intre
aneurysm. Moreover, it has also been foun
the pathogenesis of the development and ruj
of aneurysm is including apoptosis of endothd
cells and smooth muscle cells?.

It has been found that
effects in the pathogenesi
rysms and vascular disea
occurred, HGF as a
by the side secreti
regeneration of
the vascular s
angiogenesis'
dothelial

1, the HGF signaling pathway
damages through its
lates DNA repair and
GF also regulates other
iated with vascular biology
n LPS induced inflammation,
GFR degradation by controlling

overies have been found that in the an-
eurysm, HGF levels may be locally elevated to
avoid vascular injury. Spin et al*® have found that

B VCAM-1

mRNA relative expression

LPS
HGF
PF

o cultured with HAECs was
by the addition of c-Met

was found increased in an
is study?* indicated that in

onist PF-04217903 significantly
eased the rupture of aneurysm and reduced
mial rate. HGF was up-regulated in the
and reduced inflammation and vascu-
lar injury.

In this study, we found that the serum concen-
trations of HGF in the femoral artery were higher
than those in the human intracranial aneurysms.
Additionally, HGF and its receptor c-Met were
expressed on the walls of the ruptured and un-
ruptured human cerebral aneurysms. These find-
ings proved that HGF is associated with human
intracranial aneurysms. Therefore, the expression
of HGF in the lumen and the wall of the human
intracranial aneurysm may result in blood flow
loading and local cell damage caused by in-
flammation. Furthermore, the level of circulating
HGF can also be altered in other cardiovascular
diseases. Some researches®*?' have indicated that
the HGF level in hypertensive patients is higher
than in the normal group. On the other hand,
the level of HGF is decreased both in diabetic
patients and diabetic animal models*. In a word,
it is possible that HGF has a protective effect on
vascular disease and its level can be regulated by
drugs, inflammation, and metabolism.

During the experiment, we have discovered
the possible mechanism of HGF in the develop-
ment of LPS in vitro to prevent the rupture of
intracranial aneurysms, and HGF mainly was ef-
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fective in endothelial cells (in contrast to smooth
muscle cells and monocytes), and diminished
the expression of VCAM-1 and E-selectin. The
discovery of which HGF selectively reduces the
expression of adhesion molecules in endothelial
cells is absolutely important. This is because the
infiltration of inflammatory cells in the intra-
cranial aneurysm is the major characteristic of
the intracranial aneurysm. Aoki et al* proved
that the formation of the intracranial aneurysm
was ceased by inhibiting MCP-1 in mice. Also,
VCAM-1 and E-selectin were increased in the
experimental aortic aneurysm and rupture of the
human brain aneurysm. The overall data of our
study indicated that the decrease of the adhesion
molecules (VCAM-1 and E-selectin) induced by
HGF and the infiltration of inflammatory cells
in the intracranial aneurysm tissue might reduce
the aneurysm development, growth and related
inflammatory reactions of rupture.

The number of patients in this study was rela-
tively small. However, we observed that in some
patients, the concentration of HGF in the intra-
cranial aneurysm cav1ty was significantly hlgher
than the concentration 1n the blood system

of aneurysms can be redug
exogenous HGF or c-Me

xpressed
ery and the plasma

rysms but significant-
noid hemorrhage and

AM-1 and E- in human aortic
. We found that the HGF concen-

Qan that in the peripheral blood, and the HGF
its receptor c-Met were expressed on the wall
intracranial aneurysm. According to the
experiments, we demonstrated that the inhibition
of endogenous HGF signaling pathway in mice
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could increase the risk of intracranial aneurysm
rupture and reduce the survival rate of mice. In
vitro, the inhibition of HGF also attenuated
expression of inflammatory molecule
hesion molecules in cultured humag
cells. These findings suggested
endogenous HGF in the pathogé
intracranial aneurysms, and,this 8
used in clinical therapy.
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