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Abstract

Purpose: This animal study was designed to examine the effect of hepatocyte growth
factor on suppression of intimal hyperplasia resulting from reendothelialization af-
ter balloon injury in the rat carotid artery.

Methods: Fourteen Sprague-Dawely rats were subjected to balloon injury of carotid
artery. Rats were divided into three groups: a control group (n=6) in which sa-
line was infused intravenously once immediately after injury; treatment groups in
which 0.1 mg/body HGF (0.1-mg HGF group; n=5) or 0.2 mg/body HGF (0.2-mg
HGF group; n=3) was infused in the same way. Rats were killed 14 days after
surgery, and the carotid artery was harvested.

Results: Intima/media (I/M) ratio was 0.98%0.15 in the control group, 0.73+0.17
inthe 0.1-mg HGF group and 0.65%+0.05 in the 0. 2-mg HGF group. Reendothelializa-
tion extended 3.4%0.74 mm in the control group, 5.5%£0.5 mm in the 0.1-mg HGF
group and 5.6*2.1 mm in the 0.2-mg HGF group at the proximal site. There were
no significant differences between groups in I/M ratio or reendothelialization.
Conclusion: HGF is not effective on intimal healing in this model in terms of en-
dothelial cell ingrowth and suppression of intimal thickening.

phase.'® Endothelial cells (ECs) are anoth-

Introduction

Most strategies for reducing restenosis of
the artery after balloon angioplasty are based
on treatment with biological reagents. The
major cause of intimal hyperplasia after in-
timal injury is proliferation and migration of
medial smooth muscle cells (SMCs) from the
non-denuded artery during the chronic

er important component affecting restenosis.
Once ECs cover the intraluminal surface of
the denuded artery, they produce several SMC
growth inhibitors, such as prostaglandin (PGI
2) and nitric oxide (NO), inhibiting prolifer-
ation and migration of SMCs.® Thus an agent
that promotes ingrowth of ECs and inhibits
proliferation and migration of SMCs would
be invaluable in the prevention of obstruc-
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tive intimal hyperplasia after balloon injury
in the artery.

Hepatocyte growth factor (HGF) was orig-
inally isolated from the sera of rats after par-
tial hepatectomy.® The molecular weight of
HGF is 82-85 KD, and it consists of two
subunits, a 69-KD a-chain and a 34-KD
B -chain.® HGF is synthesized by fibroblasts
and vascular SMCs. The HGF receptor C-met
is expressed on the membrane of vascular
ECs.® HGF is a multipotential cytokine that
acts on ECs in vitro to stimulate migration,
protease production, proliferation, and dif-
ferentiation into capillary-like tubes."® How-
ever, HGF does not promote the prolifera-
tion and migration of vascular SMCs. Because
of its unique ability to act as a mitogen and
a motogen for ECs, HGF shows the suppres-
sion of intimal hyperplasia after EC injury.
9)

We hypothesized that HGF would prevent
obstructive intimal hyperplasia in the carotid
artery after balloon injury. This study was
performed to evaluate the effect of HGF on
endothelial healing in a rat balloon-injured
carotid artery model.

Materials and Methods

All surgical procedures were performed by
one trained operator, and all were carried out
under the approval of the Ethics Committee
on Animal Experiment in Yamaguchi Univer-
sity School of Medicine and carried out un-
der the control of the Guideline for Animal
Experiment in Yamaguchi University School
of Medicine and The Law ( No. 105 ) and
Notification (No. 6) of the Government. Four-
teen male, 3-to-4-month-old Sprague-Dawely
rats, weighing 510-730 g, were used in this
study. Balloon injury was induced in these
rats based on a technique established by
Reidy et al.'® In short, all rats were anes-
thetized intraperitoneal injection of pentobar-
bital sodium solution of 60 mg/kg. The
bifurcation of the left carotid artery was
exposed through a midline skin incision in
the anterior neck, and the left external
carotid artery was temporarily ligated. A
2F Fogarty balloon catheter was introduced
via arteriotomy in the left external carotid
artery and advanced into the common carotid

artery. The balloon was filled with saline
and drawn toward the arteriotomy site three
times to produce a deendothelializing injury.

Treatment Groups

The rats were divided into three groups.
HGF or vehicle was infused immediately
via the jugular vein once after the balloon
injury procedure. A control group of 6 rats
was given 1.0 ml saline vehicle intravenous-
ly. The remaining rats were divided into
two groups. One group, comprised of 5
rats, was treated with an intravenous injec-

Photograph shows the harvested
balloon-injured left carotid artery of
a rat.

(A)extent of endothelial ingrowth
from the proximal site (B)extent of
endothelial ingrowth from the distal
site (C)extent of the Evans Blue
stained area, which is the denuded
area (no ECs)

Fig. 1
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tion of 0.1 mg/body HGF (0.1-mg HGF
group), and the other group, comprised of
3 rats, was treated with 0.2 mg/body HGF
in the same manner (0.2-mg HGF group).
The dosages and prescribed period were
selected in part based on previous evidence
that 0.05-0.25 mg/kg HGF administered
as a daily intravenous bolus injection
prevents acute renal failure after HgCl:
administration.'”

Reagents

Recombinant human HGF (hHGF) was
purified from a culture medium of CHO
cells transfected with an expression vector
containing deletion-type human HGF ¢cDNA
' and the purity of HGF exceeded 98%.

Specimen Harvest

All rats were killed on postoperative day
(POD) 14, and, 30 minutes before anesthetiz-
ing, they received an intravenous injection
of 40 mg/kg Evans Blue stain via the tail vein.
A cannula was inserted into the abdominal
aorta to perfuse saline at a pressure of 100
mmHg until the effluent ran clear via bilat-

eral jugular venous vents. This was followed
by 5 minutes of fixation with 4% paraformal-
dehyde. The entire left common carotid ar-
tery was harvested. The harvested segment
of carotid artery was pinned to a corkboard
and photographed in preparation for
planimetric analysis of endothelial regrowth.
Endothelialized areas were identified by the
Evans Blue dye. Maximal endothelial in-
growth from the carotid bifurcation and the
aortic arch was measured with a computerized
sketching program (Mac Scope, version 2.55,
Mitani Corporation, Japan) (Fig. 1). Meas-
ured values were averaged for each group of
animals and used as representative values.

Evaluation of Intimal Thickness

Harvested specimens were embedded in
paraffin and stained with Masson's trichrome
stain. The extent of intimal hyperplasia was
assessed on the stained specimens based on
the cross-sectional area of the intima in re-
lation to that of the media, i. e., and the
I/M ratio. The intimal area was defined as
the area within the internal elastic lamina mi-
nus the lumen; the medial area was defined
as the area within the internal elastic lam-

X 50

Neointimal thickness was assessed with the intima area to media area (I/ M) r-

atio measured from cross sections of Masson's trichrome stained specimens at the
proximal and distal site of common carotid artery. The intimal area was defined
as the area within the internal elastic lamina minus the lumen. The medial area
was defined as the area between the internal (black arrow) and external (white

arrow) elastic lamina.

A:Masson's trichrome stain X 20 in the original photo B: Masson's trichrome stain X

50 in the original photo.
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Fig. 3 This graph shows the extent of distal and proximal reendothelialization expressed as
the maximal length of area that was not stained with Evans Blue in each group on
POD 14. There were no significant differences between groups at either proximal or

distal sites. HGF 100: 0.1 mg-HGF

ina minus the lumen; the media area was
defined as the area between the internal and
external elastic lamina. The intima and me-
dia at the proximal and distal site of com-
mon carotid artery were measured with the
computerized sketching program (Fig. 2).
These numerical values were averaged for
each group and used as representative
values.

Statistical Analysis

Differences between mean values were
assessed by ANOVA and Fisher's LSD.
Values are shown as means *the standard er-
ror (SEM). A P value of less than 0.05 was
considered statistically significant.

Results

Reendothelialization on POD 14 is shown
in Fig. 3. The extent of reendothelialization
from the proximal site was 4.4%+1.22 mm
in the control group, 6.25%x1.1 mm in the
0.1-mg HGF group, and 6.33£1.76 mm in
the 0.2-mg HGF group; the differences be-
tween the groups were not significant.
The extent of reendothelialization from the
distal site was 3.4+0.74 mm in the control
group, 5.5£0.5mminthe 0.1-mg HGF group,
and 5.6*2.1 mm in the 0.2-mg HGF group;
these differences were not significant. It

group, HGF 200: 0.2 mg-HGF group

was notable, however, that the extent was
greater in the HGF-treatment groups than
in the control group for both proximal and
distal sites.

I/M ratios on POD 14 are shown in Fig.
4. The I/M ratio was 0.98+0.15 in the con-
trol group, 0.73%x0.17 in the 0.1-mg HGF
group, and 0.65+0.05 in the 0.2-mg HGF
group. There were no statistical differences
between the groups, but I/M ratio was
smaller in the HGF-treatment groups than
in the control group.
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I/M ratio

control HGF100 HGF200

Fig. 4 This graph shows the I/ M ratio in
each group on POD 14. There were
no significant differences among
three groups. HGF 100: 0.1 mg-HGF
group, HGF 200: 0.2 mg-HGF group
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Discussion

In rat balloon-injured carotid artery mod-
el, HGF did not significantly inhibit the de-
velopment of intimal hyperplasia or promote
EC ingrowth. Intimal hyperplasia is the most
common cause of occlusive disease after per-
cutaneous transluminal angioplasty. It has
been hypothesized that vascular endothelial
injury and the subsequent exposure of sub-
endothelial tissue to plasma constituents
cause intimal thickness. In the initial stage
of intimal thickness, many factors in addi-
tion to platelets, including macrophages
derived from monocytes, granulocytes,
T-cells adherent to denuded subendothelial
tissue, and endothelium near the denuded
subendothelial tissue, induce the migration
and proliferation of SMCs. SMC prolifera-
tion, migration, and synthesis of connective
tissue proteins, under the influence of
various mitogenic factors, are now consid-
ered as major processes in the development
of neointima.' SMC are stimulated by
proliferative factors, such as platelet
derived growth factor (PDGF), fibroblast
growth factor (FGF), and transforming
growth factor (TGF-B), all of which are
released from platelets, macrophages, and
ECs for paracrine, and from SMCs for
autocrined). The proliferation of SMCs has
been found to be suppressed by antiprolifera-
tive factors such as NO, PGI2, and C-type
natriuretic peptide released from ECs'¥,
and reendothelialization occurs 3~4 weeks
after anastomosis'®. Thus, early promotion
and facilitation of EC proliferation should
control the proliferation and migration of
SMCs in the acute phase, thereby prevent-
ing intimal hyperplasia.

HGF, vascular endothelial growth factor
(VEGF), and bFGF are known to strongly
stimulate the proliferation of ECs. The
proliferative effect of HGF on ECs is 1.48
times stronger than that of bFGF, whereas
that of VEGF is only 1.25 times stronger.'®
Furthermore, bFGF stimulates the prolifer-
ation and migration of SMCs, likely caus-
ing intimal hyperplasia; but HGF does not
promote the proliferation and migration of
SMCs.'® Therefore, HGF seems to be the

most ideal growth factor to be used for the
prevention of intimal hyperplasia.'”'®

Morishita et al.'® suggested that under
conditions of EC dysfunction, such as hyper-
tension, hyperglycemia, and hyperlipidemia,
local HGF production is reduced by
TGF- B and angiotensin II in ECs and vas-
cular SMCs. HGF itself regulates local HGF
production by auto-looped positive feedback
and works in an autocrine-paracrine manner.
A break by TGF-B8 and angiotensin II in
this autocrine-loop that maintains ECs
growth may result in abnormal growth of
vascular SMCs. Thus, at the time of EC
dysfunction, such as in the balloon-injury
model, one form of treatment is to supple-
ment HGF by systemic and local prescription.
As for reendothelialization length, HGF
treated groups was longer than the control
group on POD 14. Rapid regeneration of
ECs associated with the HGF treatment
suggests the effectiveness of HGF in sup-
pressing intimal hyperplasia. The lower
I/M ratio on POD 14 in the HGF-treated
animals supports the belief that proliferation
and migration of SMCs are inhibited by
rapid regrowth of ECs. Thus, systemic
prescribed HGF was effective in this
model, which demonstrates that HGF sup-
plement often could be a treatment option
for EC dysfunction. The half-life of HGF
concentration in rats, however, has been
reported as 3.8 minutes'”, 60% of which is
metabolized in the liver; therefore, if HGF
was to be administered as a bolus injection,
a high dose would be necessary in order to
prevent the suppression of intimal thicken-
ing. Thus, we thought that it is necessary
to change other method of medication and
dose of HGF.

Conclusion

HGF was not effective on facilitating in-
timal healing in terms of endothelial cell in-
growth and suppression of intimal thicken-
ing in a rat model of balloon-injured carotid
artery.
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