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Effect of valsartan on ACAT-1 and PPAR-y expression
in intima with carotid artery endothelial balloon
injury in rabbit
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Abstract: Objective: To study the effect of valsartan on ACAT-1 and PPAR-y expression after vascular endothelial bal-
loon injury in intimal hyperplasia process. Methods: 24 male New Zealand white rabbits were randomly divided into
three groups with 8 in each group. Control group: rabbits were fed with normal diet; Balloon injury group: rabbits
were fed with 0.5% cholesterol, 5% lard rabbit feed; balloon injury + valsartan group, rabbits were fed with 0.5%
cholesterol, 5% lard rabbit feed added with 10 mg/(kg.d) valsartan gavage. RT-PCR and Western blotting method
were used to detect the carotid ACAT-1, PPAR-y mRNA and protein expression after 8 weeks of feeding. Results: In
carotid artery balloon injury group, vascular smooth muscle cells (VSMC) proliferation and intimal hyperplasia were
significantly higher 14 d after endothelial injury. In 14 days valsartan treatment group VSMC proliferation and inti-
mal hyperplasia were lighter than the surgery group. Compared with the control group, ACAT-1, PPAR-y mRNA and
protein were significantly increased in balloon injury group and valsartan group (P < 0.01 or P < 0.05); the expres-
sion of ACAT-1 mRNA and protein were significantly lower in valsartan group and balloon injury group (P < 0.01 or P
< 0.05). The expression of PPAR-y mRNA and protein in valsartan group expression was significantly higher than that
in the balloon injury group (P < 0.05). The expression level of ACAT-1 and PPAR-y mRNA in balloon injury group and
valsartan group showed negative correlation (P < 0.05). Conclusion: The expression of ACAT-1, PPAR-y mRNA and
protein content were significantly increased in intimal hyperplasia process after vascular endothelial balloon injury.
The effect of valsartan suppressed intimal hyperplasia correlated with the expression of down-regulated ACAT-1 and
up-regulated PPAR-y.
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Introduction Studies confirmed that hyperlipidemia caused
atherosclerosis was a risk factor for balloon
Stroke is a common cerebrovascular disease, dilatation and stenting restenosis [7, 8].
which is the third largest fatal disease with a

high morbidity worldwide [1, 2]. The annual inci- Peroxisome proliferator activated receptor-

dence rate of adult cerebrovascular disease is
about 150-200/100000 [3, 4]. Ischemic cere-
brovascular disease accounts for about 75%-
85% [4]. Of these, about 20% to 25% of cases
with carotid stenosis were closely related to the
extracranial carotid artery disease. For the
treatment of carotid artery stenosis, there are a
variety of treatment techniques and methods,
such as medication conservative treatment,
intracranial-extracranial arterial anastomosis,
carotid endarterectomy (CEA), and carotid
artery stenting (CAS) [5, 6]. Restenosis problem
is an important clinical issue need to be solved.

gamma (PPAR-y) is a nuclear receptor super-
family member, which played an important role
in metabolism of glucose, lipid and lipoprotein
[9, 10]. Recent studies have shown that PPARy
were involved in the formation and develop-
ment of arterial vascular inflammation and ath-
erosclerosis [11, 12]. PPARy activation may act
directly on the vascular wall, which had a pro-
tective effect on the vessel wall.

Angiotensin Il (Ang Il) is the main effective fac-
tors for renin-angiotensin system, which can
induce inflammation, promote the transfer of
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low-density lipoprotein oxidation, produce oxy-
gen free radicals and fibrinolytic function, pro-
mote apoptosis, and the formation of AS plaque
[13, 14]. Recent studies have found that PPARy
activation can suppress Ang Il signal transduc-
tion at various levels thereby inhibiting its AS
effects and protecting blood vessels [16, 17].
Although some studies have shown that Ang Il
receptor antagonists can reduce in-stent reste-
nosis, but the mechanism did not fully under-
stand [18, 19].

This study was designed to investigate the
effect of Ang Il receptor antagonist-Valsartan
on ACAT-1 and PPAR-y expression in rabbits’
intima with carotid artery endothelial balloon
injury in order to provide the basis for revealing
the mechanism of in-stent restenosis.

Materials and methods
Experimental animals and grouping

24 male New Zealand white rabbits, weighing
(2.12+0.6) kg, were housed separately and
observed after a week (The ambient tempera-
ture was about 25°C, 7 percents humidity, and
maintained with ventilation). They were ran-
domly divided into three groups, with 8 in each
group. (1) in the control group (sham group):
They were fed with ordinary food; (2) balloon
injury group: They were fed with 0.5% choles-
terol, 5% lard rabbit feed; (3) Balloon injury +
Valerian group, they were fed with 0.5% choles-
terol, 5% lard rabbit feed adding 10 mg/(kg.d)
valsartan by gavage. The total daily-intake food
was about 120 g, with single cage feeding and
free drinking water for eight weeks.

Preparation of balloon injury model

One week after the administration, 3% sodium
pentobarbital 1 ml/Kg was used for ear vein
anesthesia. Slit the skin and subcutaneous tis-
sue at midline of neck, and dissect the right
carotid artery and right external carotid artery.
100 u/Kg heparin was given at the ear vein.
Ligation was done at right external carotid
artery distal end. Line up the proximal end, and
then cut a small hole with ophthalmology scis-
sors at the right external carotid artery. 3.0 x
20 mm PTCA balloon catheter was retrogradely
inserted into right carotid artery for about 5 cm
at the right external carotid artery incision.
Saline with 8 atmospheres to fill balloon dilata-
tion pull back artery incision. Repeat this pro-
cess three times. Pull out the inserted catheter
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and then ligate the right external carotid artery.
Inject 800,000 units penicillin from intramus-
cular after surgery for three days to prevent
from infection.

Sample collection

At the end of the 8" week, rabbits were anes-
thetized by 3% pentobarbital sodium (30 mg/
kg), and a few milliliters of blood were drawn
from the ear vein for conventional biochemical
lipid test. Under anesthesia, partial fragment of
the right carotid artery was collected and epi-
cardial adipose tissue was removed, and then
it was fixed in 10% neutral formalin, stained by
HE, and embedded by paraffin. The remaining
vessel was stored at -70°C.

ACAT-1 and PPAR-y expression detected by im-
munohistochemistry in each group

SABC method was used for immunohistochemi-
cal detection. Specific steps were as follows:
the slices were dewaxed, hydrated, and washed
with PBS (5 min x 2); Samples were incubated
with fresh PBS configured 3% H,0, at room
temperature for 5 min, then washed three
times with distilled water; microwave antigen
retrieval was performed with citrate buffer for
15 min and PBS washing was performed for 5
min; 5% BSA was dropped at room temperature
for 20 min of blocking; ACAT-1 polyclonal anti-
body (PPARYy polyclonal antibody) was dropped
at 4°C overnight, and then rewarming at 37°C
for 45 min and PBS washing (3 x 2 min) were
performed; After incubated by biotinylated goat
anti-rabbit 1gG at 37°C for 20 min, samples
were washed with PBS for four times, 5 min
each time; then samples were incubated with
SABC reagent at 20°C-37°C for 20 min, and
washed with PBS again (5 min x 4); DAB color,
washing with distilled water, hematoxylin re-
staining, dehydration, transparent, sheet-seal-
ing and microscopic examination were per-
formed in order; After a standard gradation cor-
rection for HPIAS2000 image analyzer, five
horizons (x 400) were randomly selected to
measure ACAT-1 and PPARy mean optical den-
sity values.

RT-PCR detection for the ACAT-1 and PPAR-y
MRNA expression in rabbit atherosclerotic vas-
cular tissue

Total RNA was extracted using Trizol Kkit
(Invitrgoen, Shanghai, China), in accordance
with the instructions. 0D260/0D280 between
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Table 1. Sequences of primers

tion with quantified and adjusted

Concentration

protein concentration was mixed

Sequences of primers of primers  10dUCtS with 2 x protein electrophoresis
PPARy 5'-GGCTTCCACTATGGAGGTCATGC-3' 10 pmol/ul 663 bp sample buffer in equal amount
5. GAGGACCCCGTCTTTATTCATCA-3' and boiled for 5 min. 5% stacking
) ) :

ACAT-1 5-CAGAGCAGGGAAAGATTTTCG-3' 10 pmol/ul 540 bp gel and 7.5% SDS-PAGE line was
5 TGGTTGACTGTGGGTATTGGA-3' used for separating gel electro-
horesis; the sample volume (50

GAPDH 5’-TCACCATCTTCCAGGAGCGA-3’ 10 pmol/ul 293 bp P P (

5’-CACAATGCCGAAGTGGTCGT-3’

pMg) was equal in each lane.
Electrophoretic bands were trans-

Control

Valsartan .=« = -
group

ASgroup me S e —ee i o o

Figure 1. Pathological changes of rabbit aorta under
light microscope in each group (HE staining x 100).

1.8 and 2.0 was considered as qualified RNA.
cDNA was synthesized by reverse transcription
according to the instructions provided by
reverse transcription kit (TakaRa). The primer
sequences were shown in Table 1.

PCR reaction conditions were as follows: 94°C
denaturation for 5 min; 94°C for 1 min, 59°C
for 1 min, 72°C for 1 min, a total of 35 cycles;
72°C extension for 7 min. After gel electropho-
resis, gel imaging scan and analysis were per-
formed; average optical density ratios of ACAT-1
and GAPDH bands, PPAR-y and GAPDH bands
were calculated to represent the ACAT-1 and
PPAR-y mRNA levels.

Western blotting detection

The arterial tissue was cut into pieces in an ice
bath, lysed by lysis buffer and homogenized
with a glass homogenizer; after centrifugation,
the supernatant was collected and protein con-
centration of the supernatant was measured
using the Bradford method. The extract solu-
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ferred to NC membrane by elec-
trotransfering method. After blocking non-spe-
cific NC membrane antigen, primary antibody
(1: 100 diluted ACAT-1 and PPAR-y polyclonal
antibody, Santa Cruz Biotechnology Company)
and secondary antibody (1:2000 diluted sheep
anti-rabbit HRP-1gG, Wuhan Boster Company)
were sequentially added for incubation.
Development and exposure were performed
with ECL kit (PIERCE Co.) according to the pre-
scribed method; KODAK gel image analysis sys-
tem was used for result analysis. After detec-
tion, the membrane was reclosed for 10 min,
and incubated in clearing buffer for 30 min,
and washed twice with TBST. After re-sealing
overnight, the detection of internal reference
B-actin (Santa Cruz, CA, USA) was performed as
above. Relative expression levels of ACAT-1 and
PPAR-y protein were represented with the opti-
cal density ratio of their specific binding band
and the B-actin binding band.

Statistical analysis

Statistical software package SPSS 17.0 was
used for analysis. Measurement data were pre-
sented as mean * standard deviation; differ-
ences between two groups were compared
using t test; the relationship between two vari-
ables was analyzed using linear correlation
analysis; P < 0.05 was considered statistically
significant.

Results
Histology manifestation in each group

As shown in Figure 1, in the balloon injury
group, at 14 d after rabbit carotid artery endo-
thelial injury, vascular smooth muscle cells
(VSMC) proliferation and intimal hyperplasia
were significantly higher than that in control
group. In valsartan group, after treatment for
14 days, the degrees of VSMC proliferation and
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Control
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Figure 2. ACAT-1 and PPAR-y immunohistochemistry in each group (SABC, x 200).

Table 2. Average optical density values of
ACAT-1 protein expression by immunohisto-
chemistry in each group

Group n ACAT-1 PPARy

Control 8 0.04+0.02 0.01+0.01
Valsartan group 8 0.23+0.13 0.3610.05
AS group 8 0.49+0.11 0.15+0.04

intimal hyperplasia were lighter than those in
the surgery group.

Immunohistochemical detection of ACAT-1 and
PPAR-y

As shown in Figure 2 and Table 2, in the control
group, none or weak ACAT-1 expression was
found in carotid intima or cytoplasm of smooth
muscle cells, while ACAT-1 expression was sig-
nificantly increased in balloon injury group com-
pared with the control group (P < 0.05); and
compared with balloon injury group, ACAT-1
expression was reduced in valsartan group (P <
0.05). Little PPARy expression was found in the
control group; PPARy expression increased in
balloon injury group, but it was significantly
lower than that in valsartan group (P < 0.05).
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Effect of valsartan on ACAT 1 and PPAR-y
MRNA expression in rabbit carotid artery

ACAT-1ImRNA expression in balloon injury group
was significantly increased compared with the
control group (P < 0.05); compared with balloon
injury group, ACAT-1ImRNA expression was sig-
nificantly lower in valsartan group (P < 0.05).
PPARy mRNA expression in balloon injury group
was significantly higher than that in the control
group (P < 0.05), while that in valsartan group
was significantly increased compared with bal-
loon injury group (P < 0.05), shown in Figure 3
and Table 3.

Western blotting results

ACAT-1 expression in balloon injury group and
valsartan group was significantly higher than
that in control group; ACAT-1 expression in val-
sartan group was significantly lower than that in
the balloon injury group. Compared with the
control group, PPARy expression levels were
significantly increased in balloon injury group
and valsartan group (all P < 0.05); compared
with balloon injury group, PPARY expression lev-
els in valsartan group were significantly higher
(P < 0.05), shown in Figure 4 and Table 4.
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Figure 3. ACAT-1 and PPAR-y mRNA expression in
each group.

Table 3. Average optical density ratio of ACAT-
1mRNA and PPARy mRNA in each group

Group n ACAT-1 PPARy

Control 8 0.14+0.06 0.24+0.12
Valsartan group 8 0.4940.14 1.81+0.21
AS group 8 0.88+0.22 1.14+0.13

Correlation between ACAT-1 and PPARy mRNA
expression levels

There was no significant correlation between
ACAT-1 expression and PPAR-y expression in
control group (r = 0.31, P > 0.05), but there was
a significant negative correlation between them
in the balloon injury group (r =-0.56, P < 0.05)
and Valsartan intervention group (r =-0.76, P <
0.05).

Discussions

ACAT is the unique intracellular enzyme catalyz-
ing the esterification of cholesterol and long-
chain fatty acid to form cholesterol ester. There
are two ACAT genes in mammals; foot ACAT-1 is
absolutely predominant in monocyte macro-
phages, while foot ACAT-2 only distributes in
liver and small intestine. ACAT-1 activity is
abnormally increased in the monocyte-macro-
phage cells, which contributes to a large depo-
sition of intracellular cholesterol ester and the
formation of foam cells [20]. There is higher
ACAT-1 expression [21] in mononuclear macro-
phage cells of the human atherosclerotic
plaque. Experiments have confirmed that in the
differentiation of monocytes into macrophages,
ACAT-1 activity and expression level both had a
significant increase, which still remained at a
high level when transforming into foam cells.

5531

ACAT-1
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Figure 4. ACAT-1 and PPAR-y protein expression in
each group.

Table 4. ACAT-1 in each group and the
average optical density ratio PPARy protein
expression

Group n ACAT-1 PPARy

Control 8 0.40+0.13 0.33+0.10
Valsartan group 8 6.92+2.20 1.88+0.20
AS group 8 10.40+1.12 1.22+0.11

PPAR-y is primarily found in adipose tissue and
it is also expressed in AS lesion. Chinetti et al
[22] and Marx et al. [23] suggested that in
human local atherosclerotic lesions, PPAR-y
MRNA mainly distributed in macrophage-rich
sites; no PPAR-y expression had been found in
smooth muscle, endothelial cells, normal vas-
cular tissue and undifferentiated monocytes,
but PPAR-y was positive in differentiated mac-
rophages. A series of cellular and sub-cellular
studies have shown that cholesterol and
25-oxycholesterol not only were ACAT-1 sub-
strates, but also promoted ACAT-1 expression.
Chinetti et al [22] have confirmed that PPAR-y
induced ACAT-1 gene expression to mediate
the outflow of cholesterol in macrophages
and macrophage-derived foam cells, thereby
reducing the synthesis of cholesterol esters.
Theoretically, PPAR-y activation may reduce cir-
culating TG levels and clear TG-rich lipoproteins
by inducing lipolysis (activating the expression
of LPL in fat cells), thus affecting free fatty
acids, cholesterol and TG levels in blood circu-
lation to affect ACAT-1 activity and expression
levels.

At present, the damage repair process and ath-
erosclerosis process are regarded as inflam-
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matory processes, so that inflammation plays
an important role in the formation of athero-
sclerosis. The balloon inflation triggered the
acute inflammatory reaction in damage repair.
After racking plaque, large amounts of tissue
factors were released and thrombin was acti-
vated, so that platelets were activated and
large amounts of active substances and inflam-
matory factors were released, leading to the
migration and intimal invasion of more neutro-
phils and mononuclear cells and the formation
of macrophages cells; lipid transformed into
foam cells in phagocytic lesions. This study
suggested that in balloon injury group, PPAR-y
and ACAT-1 expression significantly increased
compared with the control group; the expres-
sion of PPAR-y in valsartan group further
increased compared with balloon injury group,
while ACAT-1 expression significantly decreased,
indicating that valsartan upregulated PPAR-y
expression and down-regulated ACAT-1 expres-
sion. Further analysis showed that in valsartan
group and balloon injury group, PPAR-y expres-
sion had a significant negative correlation with
ACAT-1 mRNA expression, suggesting that
PPAR-y could down-regulate ACAT-1 expression;
and the increased PPAR-y mRNA in balloon inju-
ry group may be the body’s adaptive response.
In addition, this experiment conducted the bal-
loon inflation injury study on the basis of high-
fat diet and confirmed that ACAT-1 expression
was significantly increased, which was consis-
tent with the previous reports; on the other
hand, many ACAT-1 inhibitors can prevent the
formation of foam cells directly to slow AS pro-
gression [24]. These results suggested that
increases in ACAT-1 played an important role in
macrophage differentiation, foam cell forma-
tion and AS progression.

In conclusion, our study showed that in the pro-
cess of intimal hyperplasia after vascular endo-
thelial injury, ACAT-1, PPAR-y mRNA and protein
content increased significantly; inhibitive effect
of valsartan on intimal hyperplasia was related
with the down-regulation of ACAT-1 expression
and up-regulation of PPAR-y expression.
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