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ABSTRACT

We observe the expression levels of apoptotic cells, Bcl-2/Bax and caspase-9 on abdominal aorta of spontaneously
hypertensive rats (SHRs) to investigate impact and mechanisms of angiotensin converting enzyme inhibitory peptide
LAP in apoptosis of vascular smooth muscle cell. A total of 20 male SHRs were studied to detect apoptotic cells and
the expression of apoptosis-related proteins (Bcl-2, Bax, caspase-9). The index of apoptotic cells in LAP group was
significantly lower compared to the control group. The expression of Bcl-2 in the LAP group was significantly higher
than the control group. However, the levels of Bax and caspase-9 expression in the LAP group were significantly
lower compared to the control group. The apoptosis index was negatively correlated with Bcl-2 and positively
correlated with Bax/caspase-9. Similarly, the inflammation markers in LAP group were significantly lower than
those in the control group. The expression of Ang II was significantly decreased after treating with LAP in the
abdominal arteries. Angiotensin- converting- enzyme inhibition peptide LAP inhibited apoptosis of vascular smooth
muscle cells through up-regulation of Bcl-2 and down-regulation of Bax and caspase-9 in SHRs.
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INTRODUCTION

Essential hypertension is an important cause and risk factor of
cardiovascular and cerebrovascular diseases. It can affect the
structure and function of important organs and seriously impact
human health. With the development of the studies related to
cardiovascular diseases, vascular remodelling has recently been
proposed to be one of the most important mechanisms. Vascular
remodelling with adaptive changes of hemodynamic or humoral
factors is the pathophysiological basis of complications of
hypertension. The major pathological manifestations in vascular
remodelling were imbalance between cell proliferation, apoptosis of
vascular smooth muscle cells and deposition of extracellular matrix
[1]. These are important pathological changes of hypertension,
and results in a continued deterioration in the structural basis of
hypertension. The vascular structure remodelling including the
regression of vascular hypertrophy is now being considered as a key
therapeutic target in an effort to reduce mortality and morbidity
associated with high blood pressure [2]. The Renin-angiotensin
system (RAS) is one of the important factors in causing vascular
remodelling. Angiotensin II, a component of the renin-angiotensin-

aldosterone system, has been reported to be associated with the
pathophysiology of vascular remodelling in hypertensive patients.
Recently, several studies confirmed that a high level of Angiotensin
11 in local tissue would lead to an imbalance between apoptosis and
proliferation of vascular smooth muscle cells, which may be one
of the mechanisms of hypertensive vascular remodelling [3-5]. At
present, many researchers have focused on the dietary prevention
of development of hypertension. They have a particular interest in
the biological activity of peptides and proteins derived from nature.
ACE inhibitory peptides have been shown to inhibit ACE but they
have small side effects. The ACE inhibitory peptide LAP which
was purified Leu-Arg-Pro-Val-Ala-Ala from bovine lactoferrin (bLf)
possesses several physiological functions. A previous study suggested
that peptide LAP possesses antihypertensive activity and improves
vascular remodelling [5]. But it is unclear if it really affects apoptosis
of smooth muscle cells in the vascular remodelling process or not.
The molecular mechanism associated with apoptosis of smooth
muscle cells in the vascular remodelling process remains relatively
unexplored. Therefore, the effects and molecular mechanisms of
peptide LAP upon apoptosis in the vascular remodelling process
were investigated in this study.
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MATERIALS AND METHODS

Animal experiments

A cohort study of spontaneous hypertensive rats (SHRs) aged >
10 weeks, with a body weight of 220-240 g, was obtained from
the Animal Centre of second Military Medical University. SHRs,
an animal model of genetic hypertension that allows us to study
essential hypertension, were maintained in an air-conditioned
room (25 + 1°C) and kept on a 12-hour light/12-hour dark cycle
(lights on at 06:00 h). Food and water were available ad libitum.
All animal procedures were performed according to the Guide for
the Care and Use of Laboratory Animals of the National Institutes
of Health as well as the guidelines of the Animal Welfare Act
[5,6]. The rats were randomized to one of two groups: control
group and the experimental group. In each group, the same
dose of LAP (experimental group) or saline (control group) was
intraperitoneally injected into SHRs at weeks 0, 4, 8, 10, and 12
(total 5 times). The desired concentration of LAP was 50 Hg per
rat. In the beginning and at the end of the experiment, 0.3 - 0.5 ml
of blood was collected by cardiac puncture sampling technique to
assess serum Interleukin-6 (IL-6) and tumour necrosis factor alpha

(TNF-0.) levels [6].

Abdominal aortic media measurement: Serial transverse abdominal
aorta sections cut from each paraffin block , stained with HE,
were subjected to media morphometry assessment. The media
thickness was determined by measuring 4 regions of a section
divided by a cross and recorded in micrometers under a regular
microscope (Olympus, Japan) (x 100-400). Photos were taken and
were analyzed with a computer-aided image analysis system (LEICA

QWin V3) [6].

Apoptoticcellswere observed by TUNEL method: After quenching
endogenous peroxidase, serial sections of the transverse abdominal
aorta were incubated with fluorescein-12-dUTP and immersed in
propidium iodide. Sections in each group with stochastic choice
were then viewed under a fluorescence microscope. The percentage
of TUNELpositive cells in each section was assessed in five
randomly selected fields.

Serum inflammatory biomarker assessment

ELISA enabled simultaneous detection of IL-6 and TNF-a using an
MSD Sector Imager 2400 reader.

Bcl-2/Bax, caspase-9 and Ang Il expression analysis

Equal amounts of total protein from SHR vascular homogenates
were separated by Sodium Dodecyl Sulphate Polyacrylamide Gel
Electrophoresis (SDS-PAGE). After transferring,

were blocked with blocking buffer for 1 h at room temperature.

membranes

Membranes were then incubated with mouse anti-mouse Anti-
Ang II antibodies overnight at 4°C, followed by incubation with
horseradish peroxidase-labeled secondary antibodies for 2 h.
Finally, signals were detected by enhanced chemiluminescence.

Statistical analysis

All the measurement data is represented by means + SD and data
obtained were analyzed using t-test and Pearson correlation with
SPSS software 13.0. Differences were considered significant if
p<0.05.
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RESULT

Abdominal aortic media

At the end of the experiment, the vascular media thickness in the
LAP group decreased. The difference between the LAP group and
control group is significant (Figure 1A-C).

The changes of apoptotic ratio on abdominal aortic walls

Apoptotic ratio of abdominal aortic walls in LAP group showed a
significant difference compared to the control group. There was a
significant decrease in apoptotic cells in the LAP group (Figure 1B
and C).

The expression of Bcl-2/Bax and Caspase-9

The positive cells including Bcl-2 in LAP group were significantly
higher whereas Bax and Caspase-9 in LAP group were significantly
lower than the ones in the control group (Figure 2A and B).

The correlation analysis of apoptotic index and Bcl-2/Bax
and caspase9

The correlation analysis between APOI and Bcl-2/Bax, Caspase-9
demonstrated that APOI was negatively correlated to Bcl-2, but
positively correlated to Bax. APOI and Caspase-9 showed a positive
correlation Figure 2B and C.

Serum biomarker assessment

In samples collected from the periphery, TNF-0. and IL-6 were
significantly different between the two groups. The inflammation
markers in LAP group were significantly lower than those in the
control group Figure 3.

The expression of Ang II in abdominal aortic wall

To assess the possible mechanisms of inflammation-induced
vascular fibrosis, we evaluated the effects of inflammation on the
protein expression of Ang II in the arteries. At the vascular level,
the expression of these proteins were assessed by Western Blotting
Analysis shown in Figure 4A. The results demonstrated that the
expression of Ang Il was significantly decreased after treating with
LAP in the abdominal arteries Figure 4B.

DISCUSSION

Growth, apoptosis, inflammation, and fibrosis contribute to
vascular remodelling in hypertension. Apoptosis has been reported
in hypertension to be both increased and decreased in different
tissues, including blood vessels [5,7]. In recent years, the apoptotic
process has emerged as an important mechanism of cardiovascular
remodelling. Vascular smooth muscle cell (VSMC) within vessel
walls can both divide and undergo apoptosis throughout the life.
In diseased tissues, additional factors are present both locally, such
as inflammatory cytokines, inflammatory cells, and so on. These
factors substantially alter the normal balance of proliferation and
apoptosis. Apoptosis of blood vessels may contribute to vascular
remodelling [8]. Inflammation which may be low grade could play
an important role in triggering apoptosis in hypertension. The
findings in our studies showed that TNF- o in sample collected
from the periphery were significantly different between the two
groups. The level of inflammatory cytokines in the LAP group
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Figure 1: The changes of apoptotic ratio on abdominal aortic walls.
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A) The intima-media thickness of the abdominal aortic wall. The two groups on the abdominal aortic wall, stained with HE, observed under light

microscopy to measure intima-media thickness (x200).

B) Apoptotic ratio of abdominal aortic walls. Two sets of abdominal aortic wall, apoptosis cells were detected under fluorescence microscopy with green

for positive cells (x50).

C) Comparison of two groups on abdominal aortic intima-media thickness and APOI (mean+SDln = 10) (p value <0.01).
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Figure 2: The expression of Bcl-2/Bax and Caspase-9.
A) The expression of apoptotic protein in abdominal aortic smooth muscle cells.

B) Comparison of correlation in APOI (A % p<0.01, @%p<0.01, 4%k p<0.01).

C) Comparison of Bcl-2, Bax, Caspase-9 between LAP group and control group (Mean+SD, OD % n = 10) (% Ap <0.001, € p< 0.05).

] Biomol Res Ther, Vol. 8 Iss. 1 No. 178
ISSN: 2167-7956

0,869
o812
~*“Bcl-2A
1 1.2 Baxe
Caspase-9 ¥
& -0,764

0.752+0.0375

038



Yi Shen, et al.

2.3:0.6

IL-6 &
1.240.7

TNF-o %

1.940.8

o
-
~

3

OPEN 8ACCESS Freely available online

5.810.8

4 5 6 7

B CONTROL ®LAP

IL-6 4

o
~

23106

3

5.840.8

4 5 6 7

B CONTROL mLAP

Figure 3: Comparison of TNF-q, IL-6 between LAP group and control group in Peripheral Serum Samples (unit: pg/mL n = 10) (¢p < 0.001, Ap <0.05).
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Figure 4: The expression of Ang Il in abdominal aortic wall.
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A) Representative immunoblots of protein lysates from abdominal arteries with an antibody against Ang II. f-actin was used as an internal control.

B) Values of the average expression for Ang II calculated in each experimental group. (Ang II (%): control group: 0.536 = 0.0796 VS LAP group:
0.32320.0653). The bars represent the mean+SD of 10 animals in each group. The statistical significance of differences between groups was assessed by

t test (p <0.01).

was significantly lower than those in the control group. The result
indicated that the effect of LAP was anti-apoptosis through the
inhibition of inflammation. The regulation of apoptosis can be
simplified into two major pathways. The first pathway is apoptosis
via membrane death receptors of the tumor necrosis receptor (TNF)
family. The second pathway is via mitochondrial amplification.
Bcl-2 family members that promote cell survival include Bcl-2 and
the long form of Bcl-X, whereas Bax and Bad function to promote
apoptosis. Numerous studies have examined the role of Bcl-2
family proteins in controlling vascular cell viability. Bax expression
was elevated in VSMCs where high frequencies of apoptosis were
observed. In SHR arteries, the Bax/Bcl-2 ratio was reduced, which
suggested decreased apoptosis [9]. Vascular remodelling and vessel
] Biomol Res Ther, Vol. 8 Iss. 1 No. 178
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regression are associated with down-regulation of Bax expression
in VSMCs [7,10-14]. Apoptosis is a complex, caspase-mediated
protease cascade reaction process. Caspase-9 is located upstream of
the caspase cascade. The apoptotic starting signal in mitochondria,
ultimately induces caspase-9 to activate self-catalytic activity, which
further activates downstream caspases and caspase-3. Differential
proteolysis of the caspase-3 protease zymogen into two or caspase-3
activates caspase-3, and results in further cutting in the type of
substrate that causes the protease cascade cutting cascade. This
ultimately causes apoptosis [1,6,12,13]. A series of studies have
provided convincing evidences suggesting that Ang II induces the
apoptosis of VSMCs. VSMCs within vessel wall can both divide

and undergo apoptosis throughout one’s life. Ang II can induce
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apoptosis of VSMCs by acting via AT1 receptors. Inhibiting
apoptosis with ACEI decreases Ang II receptor stimulation due
to the inhibition of Ang II formation. Together with apoptosis,
proliferation and migration of VSMC, these are vital in the
pathogenesis of vascular remodeling. In animal models, ACE
inhibitors have been demonstrated to ameliorate organ damage
by diminishing the inflammatory response, cell proliferation and
fibrosis. Despite the widespread use of these agents in clinical
practice, they have some side effects. Therefore, development of
the safer ACE inhibitors has been a major focus within scientific
research recently. Thus, studies should focus on the ACE inhibitory
peptides derived from food proteins. ACE inhibitory peptides
from nature can inhibit ACE with greater safety, also diminishing
side effects, etc. Moreover, some of them have been shown to
possess antihypertensive activity against established hypertension
in animals or in humans. Lactoferrin (Lf), an iron-binding
glycoprotein of the transferrin family, exists in many biologic fluids
including milk, saliva, tears, mucous fluid and blood. Lf consists
of a single polypeptide chain having a molecular mass of about 80
kDa. A study by Ming showed that ACE inhibitory peptide LAP
purified from bLf possessed antihypertensive activity and improved
vascular remodeling [6]. Currently, we found that LAP decreased
VSMC apoptosis, which was evidenced by an increase in the Bcl-2
to Bax ratio, an accumulation of TUNEL-positive nuclei, as well
as a decrease in SMC number and vascular DNA content. Our
results demonstrated that treatment with LAP within this critical
period prevented the effects of Ang Il on aortic remodeling, which
includes reduced caspase-9-like enzymatic activity, SMC depletion
and aortic mass reduction. At the end of the experimental
intervention, immunohistochemistry detection of Bcl-2/Bax and
caspase-9 expression in the abdominal aorta of SHRs showed
up-regulated Bcl-2 while Caspase-9 and Bax were down-regulated
compared to the control group. There were significant differences
in observed apoptotic cells by the TUNEL method. The apoptotic
index in the LAP group was significantly lower compared to the
control group.

CONCLUSION

The data from our studies confirmed that hypertensive vascular
remodeling can be improved by inhibition of vascular smooth
muscle apoptosis. Angiotensin-converting enzyme inhibitory
peptide LAP can reduce Ang II and then up-regulate Bcl-2, while
also down-regulating the expression of Bax and caspase-9 to inhibit
apoptosis. Those findings indicated that Angiotensin-converting
enzyme inhibitory peptide LAP may improve vascular remodeling
through inhibiting apoptosis to protect the target organ from
damage caused by hypertension.

LIMITATION

In this study, the experimental period was short. Although results
are promising, Experimental period should be longer to explain
the long-term effects of Angiotensin-converting enzyme inhibitory
peptide LAP on vascular structures for more intensive studies in
the future.
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