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Abstract: The aim of this study was to investigate the effect of PI3K/AKT signaling pathway in the activity of recom-
binant human angiotensin converting enzyme 2 (rhACE2) promoted the activity of endothelial nitric oxide synthase
(eNOS). The human umbilical vein endothelial cells (HUVEC) were cultured in vitro. Then treated with Ang Il (1x10°
mol/L) for 24 h. The rhACE2 (100 umol/L) was added and incubated for 5, 10, 15, 30, 60 min respectively which
was based on Ang Il intervention. The effect of rhACE2 on phosphorylation eNOS level was also observed in the pres-
ence of LY294002 (10 umol/L) (PIBK/AKT inhibitors). Griess reagent method was applied to measure NO contents
in cell culture supernatant, RT-PCR to detect the expression of eNOSmRNA in HUVEC, and Western blot to detect
the expression of eNOS and phosphorylated eNOS. In Ang Il intervention group, NO contents were significantly
lower than control group (P < 0.05). Through rhACE2 treatment, the NO contents in cell culture medium and the
expression level of phosphorylated eNOS were significantly higher than in Ang Il intervention group (P < 0.05), but
eNOSmRNA and non-phosphorylated eNOS protein expression level showed no significant difference (P > 0.05). Af-
ter HUVEC was intervened by PI3K/AKT pathway inhibitor LY294002, the expression level of phosphorylated eNOS
was significantly lower than that in the rhACE2 30 min treatment group (P < 0.05). rhACE2 may reduce the activity of
Ang Il inhibited endothelial cell eNOS, which can be blocked by PI3K/AKT pathway inhibitor LY294002, suggesting
PI3K/AKT signaling pathway plays an important role in rhACE2’s promotion of the activity of endothelial cell eNOS.
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Introduction According to basic researches, PI3K/AKT sig-
_ _ naling pathway is composed of serine/threo-
Recent studies show that ACE2 is closely relat- nine protein kinase in the PI3K family and its

ed to cardiovascular diseases. It generates car-
diovascular protective peptide Angl-7 by
degrading Ang Il to antagonize Ang, from raising
blood pressure, and promote atherosclerosis
and cardiac hypertrophy, fibrosis and other car-
diovascular toxic effects [1-6], through its
receptor Mas [7, 8]. Endothelial dysfunction is
an important start factor, which causes the
elevation of blood pressure, atherosclerosis,

downstream, and plays an important role in
inhibiting apoptosis and promoting cell prolifer-
ation. Gene mutation, PTEN deletion or
increased expression of growth factor recep-
tors can activate the PI3K signaling pathway.
The activated PISK signaling pathway phos-
phorylates the AKT, activated by the endothelial
nitric oxide synthase (eNOS) of the activated

cardiac dysfunction, etc. Endothelial NO syn- AKT phosphorylation, producing NO. eNOS
thase (eNOS) is the rate-limiting enzyme regu- activity is related to the phosphorylation of
lating NO synthesis in endothelial cells. Studies eNOS protein serine 1179, and PI3K/AKT sig-
have shown that rhACE2 can enhance eNOS naling pathway mediates this process [10-12].
activity [9], increase endothelial NO synthesis, Sampaio et al [13]. Found that in CHO which

but the mechanism is unclear. expresses Mas and in human aortic endothelial
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cells, Ang [1-7] stimulates eNOS phosphoryla-
tion, causing the generation of NO, through PI3-
kinase’s dependence on AKT phosphorylation.
Therefore, the new idea is whether ACE2
increases eNOS protein and further produces
NO though PISK/AKT pathway.

This study mainly observed the effect of PI3K/
AKT signaling pathway in the rhACE2 enhanced
eNOS activity in order to identify the mecha-
nism of rhACE2’s improvement of endothelial
function.

Materials and methods
Culture of HUVEC

RPMI-1640 medium (containing 10% fetal
bovine serum, 100 U/mL penicillin and 100 U/
mL streptomycin) (Sigma) was kept in incubator
at 37°C with 5% CO,. 0.25% trypsin was used
for digestion and passage.

Experimental groups

1) Control group: normal HUVEC (Sigma,
America) was cultured at 37°C in 5% CO,; 2)
Ang Il intervention group: based on the control
group, Ang Il (Sigma) (1x10°mol/L) was added
and incubated 24 h; 3) rhACE2 intervention
group: based on the Ang Il (1x10° mol/L) inter-
vention, rhACE2 (100 pmol/L) (Sigma) was
added and incubated for 5, 10, 15, 30, 60 min
respectively; 4) PISK/AKT signaling pathway
inhibitor LY294002 group: based on the Ang I
intervention, LY294002 (10 umol/L) (Sigma)
was added and incubated for 30 min, and then
rhACE2 (100 umol/L) was added and incubated
for 30 min. Cells and supernatant in each group
were collected.

Determination of NO

Using Griess reagent method, Nitrite content in
cell culture supernatant was measured to indi-
rectly reflect the content of NO. An equal vol-
ume of Griess reagent (1% sulfanilic acid, 0.1%
N-naphthyl ethylenediamine, 2.5% phosphoric
acid) was added to 50 ul culture supernatant
and incubated at room temperature for 10 min,
and automatic microplate reader was used to
measure absorbance (A) at 540 nm. The differ-
ent concentrations of standard samples were
abscissa and their corresponding A values the
vertical axis. The standard curve was drawn.
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Based on the A value of each group, NO content
was calculated.

Real-time quantitative PCR

Using Trizol reagent (Santa Cruz, America), the
total RNA of each group was extracted, and dis-
solved in water with 30 ul diethyl amide pyro-
phosphate (DEPC, RNA enzyme inhibitors). With
UV spectrophotometer, the values of A260 nm
and A280 nm were determined, the purity and
concentration of RNA were calculated, and the
A260 nm/A280 nm values were controlled
between 1.8 and 2.0. 500 pg total RNA was
taken, and according to the instructions of
RevertAidTM First stand cDNA Synthesis Kkit,
was then transcribed into cDNA. In accordance
with the instructions of Maxima Probe/ROX
qPCR Master Mix (2X), real-time quantitative
PCR amplification was performed. PCR primers
and probes were synthesized by Shanghai
Biological Engineering Technology Co. eNOS:
up stream primer, 5’-CGGCATCACCAGGAAGAA-
GA-3’; down stream primer: 5-CATGAGCGGCG-
GAGAT-3’, probe: FAM-TTTAAAGAAGTGGCCAA-
CGCCGTGAA-BHQ. The up stream primer of
B-actin, 5’AGCGGTTCCGATGCCCT3’, down stre-
am, primer: 5’AGAGGTCTTTACGGATGTCAACG3’,
probe: FAM-CCTTCCTTCTTGGGTATGGAATCCTG-
TG-BHQ1. The reaction conditions of real-time
quantitative PCR: predenaturation at 94°C 10
min, denaturation at 94°C 15 s, extension at
60°C 45 s, and circulation 40 times. C, (cycle
threshold) values were read. First, the differ-
ence between determined gene eNOS C, and
the internal control gene B-actin C of each
sample was calculated, and then “C, value dif-
ference of the samples in the normal control
group was distracted from the “C, value differ-
ence between the samples in each experimen-
tal group, using 2-44¢T,

Western blot

Cell lysate was used to crack cultured HUVEC to
determine protein concentration. 50 pg total
protein sample was separated by SDS-PAGE,
transferred to PVDF membranes, and closed
with 5% BSA for 4 h, 1:1000 diluted mouse-
derived eNOS monoclonal antibody (Santa
Cruz, America), eNOS phosphorylated monoclo-
nal antibody (Santa Cruz, America) and B-actin
monoclonal antibody (Santa Cruz, America)
were added, at 4°C overnight. Then the mem-
brane was washed, and 1:10000 diluted HRP-
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Figure 1. A. The effect of rhACE2 on the NO content of HUVEC cultured supernatant. 1: normal control group; 2: Ang
Il intervention group; 3: rhACE2 5 min group; 4: rhACE2 10 min group; 5: rhACE2 15 min group; 6: rhACE2 30 min
group; 7: rhACE2 60 min group. Compared with normal control group, 2P < 0.05; Compared with Ang Il intervention
group, °P < 0.05; n=6 in each group. B. The effect of rhACE2 on the relative expression of eNOS mRNA of each
group. 1: normal control group; 2: Ang Il intervention group; 3: rhACE2 5 min group; 4: rhACE2 10 min group; 5:
rhACE2 15 min group; 6: rhACE2 30 min group; 7: rhACE2 60 min group. Compared with normal control group, 2P <
0.05; n=6 in each group. C. The effect of rhACE2 on the relative expression of non-phosphorylated and phosphory-
lated eNOS protein of each group. 1: normal control group; 2: Ang Il intervention group; 3: rhACE2 5 min group; 4:
rhACE2 10 min group; 5: rhACE2 15 min group; 6: rhACE2 30 min group; 7: rhACE2 60 min group. Compared with
normal control group, 2P < 0.05; Compared with Ang Il intervention group, °P < 0.05; n=6 in each group. D. The effect
of inhibitor PA3K/AKT on the relative expression of phosphorylated eNOS protein of each group. 1: normal control
group; 2: Ang Il intervention group; 3: rhACE2 15 min group; 4: LY294002 group. Compared with normal control
group, P < 0.05; Compared with Ang Il intervention group, °P < 0.05; n=6 in each group; Compared with rhACE2
intervention group, °P < 0.05.

labeled goat anti-mouse secondary antibody comparison between two groups. P < 0.05 was
(Santa Cruz, America) was added and incubat- considered statistically significant.

ed 4 h, and then was scanned and analyzed

after ECL chemiluminescence coloration, using Results

gel imaging system. The expression level of
eNOS and phosphorylated eNOS protein was
represented by the semi-quantitative ratio of A
values and the corresponding 3-actin A value in

Levels of NO

NO content (3.495 + 0.362 nmol/L) in Ang I
intervention group was significantly lower than

each group. .

in the control group (11.513 + 0.392) (P <
Statistical analysis 0.05). And NO content in the cell culture medi-

um of rhACE2 subgroups were higher than in
Using SPSS17.0 statistical software, the analy- the Ang Il intervention group, P < 0.05. After
sis was performed. All data were expressed as rhACE2 incubation of each subgroup for 5, 10,
X+ s, ANOVA was adopted to make inter-group 15, 30, 60 min, NO levels were (5.823 + 0.310
comparisons, and t-test was applied to the nmol/L), (7.182 + 0.633 nmol/L), (9.532 +
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0.609 nmol/L), (10.398 + 0.508 nmol/L),
(8.502 £ 0.776 nmol/L), respectively, with the
level at 30 min the highest (Figure 1A).

ENOS mRNA expression

In normal control group, the relative expression
level of eNOS mRNA was set as 1, the relative
expression of eNOS mRNA in each group was
expressed as the ratio to it. In Ang Il interven-
tion group, the relative expression of eNOS
mRNA was lower than in the normal control
group (0.578 = 0.031), P < 0.05. The relative
expression levels of eNOS mRNA cells in each
rhACE2 subgroup (incubated 5, 10, 15, 30, 60
min) were (0.532 + 0.040), (0.602 + 0.040),
(0.613 £ 0.069), (0.593 + 0.050), and (0.585 +
0.055), respectively showing no significant dif-
ference, compared with Ang Il intervention
group, P > 0.05 (Figure 1B).

eNOS protein expression

In the normal control group, the relative expres-
sion of non-phosphorylated eNOS protein was
set as 1, and non-phosphorylated eNOS pro-
tein expression of each group was expressed
as the ratio to it. In Ang Il intervention group,
the relative expression of non-phosphorylated
eNOS protein (0.575 + 0.026) was significantly
lower than in the normal control group, P <
0.05. And the relative expressions of non-phos-
phorylated eNOS protein of the cells (incubated
5,10, 15, 30, 60 min) in each rhACE2 subgroup
were (0.603 + 0.019), (0.615 + 0.015), (0.613
+0.019), (0.623 £ 0.021), and (0.620 + 0.027),
respectively, but with no significant difference
compared with Ang Il intervention group, P >
0.05 (Figure 1C).

Similarly, the relative phosphorylation of eNOS
protein expression in the normal control group
was set as 1. The phosphorylated eNOS protein
expression in each group was expressed as the
ratio to it. In Ang Il intervention group, the rela-
tive the expression levels of phosphorylated
eNOS protein (0.483 + 0.031) were significant-
ly lower than in the normal control group, P <
0.05. And in each rhACE2 subgroup, the rela-
tive expression levels of phosphorylated eNOS
protein of cells were (0.822 + 0.023), (0.873 +
0.017), (0.903 + 0.031), (0.930 £ 0.033), and
(0.842 + 0.027), respectively, with no signifi-
cant increase, compared with Ang Il interven-
tion group, P < 0.05, among which, the relative
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expression level of rhACE2 30 min group was
highest (Figure 1C).

Expression of phosphorylated eNOS protein

In Ang Il intervention group, the relative expres-
sion levels of phosphorylated eNOS protein
(0.472 + 0.033) were significantly lower than in
the control group (the relative expression level
of phosphorylated eNOS protein of control
group was set as 1), P < 0.05. After incubation
with rhACE2 30 min, the relative expressions
(0.935 + 0.049) of phosphorylated eNOS pro-
tein were significantly higher than in Ang Il inter-
vention group, P < 0.05. But, with the addition
of PI3K/AKT pathway inhibitor LY294002, the
relative expressions 0.628 + 0.069) of phos-
phorylated eNOS protein decreased, signifi-
cantly lower than in rhACE2 intervention group,
P < 0.05 (Figure 1D).

Discussion

Studies confirmed that the RAS is the key com-
ponent in ACE2, which plays an important role.
ACE2 can degrade Ang ll, generate Ang [1-7],
and also hydrolyze Ang | to generate Ang [1-9],
which may further generate Ang [1-7] under the
action of the ACE. Current researches show
that like Ang [1-7], Ang [1-9] is also a cardiovas-
cular protective peptide, and AT2 receptor has
confirmed its specific receptor, Ang [1-9], com-
bined with AT2, plays a role in antagonizing the
cardiovascular toxic effects of AT1 mediated
Ang Il, such as contracting the blood vessels,
injuring vascular endothelial function, and pro-
moting atherosclerosis, myocardial hypertro-
phy and fibrosis [14, 15]. Besides, ACE2 can
also hydrolyze the peptides with vasoactive
effect in the other cardiovascular systems, e.g.,
apelin-13, neurotension peptides, bradykinin,
etc. These effects are involved in the control of
blood pressure, and the regulation of heart
function and vascular reactivity. ACE2 overex-
pression may reduce blood pressure elevation
induced by Ang Il [16], and recombinant human
ACE2 may inhibit Ang Il -induced blood pressure
elevation and improve ventricular function
[17-21].

In recent years, the effect of changes in endo-
thelial cell function on blood pressure elevation
and atherosclerosis is drawing more and more
attention. The most important characteristics
of vascular endothelial cell dysfunction are the
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synthesis and release of endogenous NO, and
the impairment of its active function. NO, as an
important cardiovascular regulating factor, is
able not only to expand blood vessels, but also
to inhibit the platelet adhesion and aggrega-
tion, the activation of leukocyte chemotaxis,
and the proliferation and migration of vascular
smooth muscle cells. It is an important protec-
tive factor for the cardiovascular system. With
endothelial dysfunction, NO reduction causes
vasoconstriction, platelet aggregation, smooth
muscle cell proliferation and leukocyte adhe-
sion, impairing vascular endothelial function
and promoting atherosclerosis and throm-
bosis.

In endothelial cells, eNOS is the rate-limiting
enzyme in NO synthesis and plays an important
role in regulating NO synthesis. The increase of
eNOS activity will lead to more endothelial NO
synthesis, and Ang Il, through its AT1 receptor,
inhibits the activity of endothelial cell eNOS,
thereby reducing NO synthesis. ACE2 gene
transfection may reverse the inhibitory effect of
phosphorylation of eNOS generated by Ang I
induced insulin in vascular endothelial cells,
accompanied with the significant increase of
NO levels, but its mechanism remains unclear.
The results of this study show: In Ang Il inter-
vention group, NO content was significantly
lower than in the control group, while in each
rhACE2 subgroup, NO content in the cell culture
medium was higher than in the Ang Il interven-
tion group, with the highest content in the 30
min group. eNOS mRNA expression detection
showed that in the Ang Il intervention group,
eNOS mRNA relative expression level is lower
than in the normal control group, and in each
rhACE2 subgroup, eNOS mRNA relative expres-
sion showed no significant difference, com-
pared with the Ang Il intervention group. In Ang
Il intervention group, non-phosphorylated
eNOS relative protein expression was signifi-
cantly lower than in the control group, while in
each rhACE2 subgroup, non-phosphorylated
eNOS protein relative expressions (incubated
5, 10, 15, 30, 60 min) showed no significant
difference, compared with the Ang Il interven-
tion group. These results suggest that after the
effect of rhACE2 on each subgroup 5, 10, 15,
30, 60 min, the Enos mRNA cell level of each
subgroup and non-phosphorylated eNOS pro-
tein levels do not increase. In Ang Il interven-
tion group, the relative expression levels of
phosphorylated eNOS protein were significantly
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lower than in the control group, while in each
rhACE2 subgroup, the relative expression lev-
els of phosphorylated eNOS protein were sig-
nificantly higher, compared with the Ang Il inter-
vention group, P < 0.05. The relative expression
level rhACE2 in the 30 min group was the high-
est. Added with PI3BK/AKT pathway inhibitor
LY294002, the relative expression levels of
phosphorylated eNOS protein were significantly
lower than in the rhACE2 intervention group, P
< 0.05.

The above results suggest that during the
effect of rhACE2 on Ang Il intervened HUVEC,
although the Enos mRNA cell level and non-
phosphorylated eNOS protein levels in each
group do not increase, rhACE2 can significantly
increase the release of endothelial NO. In this
process, rhACE2 increases eNOS activity
through increasing the phosphorylation of
1179 serine of eNOS protein, and this process
can be blocked by PI3K/AKT pathway specific
inhibitor LY294002, indicating PI3K/AKT sig-
naling pathway was involved, which shows
great significance in this process.
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