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Abstract: Objective: To investigate the mechanism of factor-alpha-related protein 9 (CTRP9) in mitigating the vascu-
lar endothelial cell (VEC) injury in patients with hypertensive heart disease (HHD) by the phosphatidylinositol 3-ki-
nase (PI3K)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR) axis. Methods: 43 patients with HHD
admitted to our hospital from February 2018 to February 2019 were included in the study group, and another 39
healthy controls from the same period were the reference group. The total protein of transfected VECs was detected
by western blotting, and the proliferation rate of the VECs was determined by Cell Counting Kit-8 (CCK-8). The levels
of CTRP9, high sensitivity C-reactive protein (hs-CRP), thrombomodulin (TM), and von Willebrand factor (VWF) were
detected by ELISA. The mechanism of CTRP9 in alleviating VEC injury in HHD patients by inhibiting the PI3K/Akt/
mTOR axis was analyzed. Results: The two groups did not differ in terms of their general data (P>0.05). The CTRP9
level in the study group was higher than in the reference group (P<0.001). Study group had higher levels of endo-
thelin-1 (ET-1), hs-CRP, TM, vVWF (P<0.001), and markedly lower phospho-PI3K (p-PI3K) and phospho-protein kinase
B (p-AKT) protein levels (P<0.05). Compared to the reference group, the proliferation capacity of trophoblast cells
in the study group was sharply decreased (P<0.05). The study group had lower phosphorylation levels of PI3K, Akt,
and mTOR proteins than the reference group (P<0.05). Phosphorylation of Akt occurred at 15 min and reached its
peak at 30 min. A drastically reduced invasion capacity of VECs was observed in the study group compared to the
reference group (P<0.05). Conclusions: CTRP9 mitigates VEC injury in patients with HHD by inhibiting the PI3K/Akt/
mTOR axis.
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Introduction [3]. C1q/TNF-related protein 9 (CTRP9), an
endogenous cardiovascular protective factor,
is essential to immune, blood, energy metabo-

lism, and cardiovascular protection systems.

Hypertensive heart disease (HHD) impairs the
structure and function of the heart. It is charac-

terized by dyspnea and fatigue after exercise,
and is usually triggered by hypertension. To
date, HHD can be controlled and alleviated only
by drugs, as a radical treatment has not yet
been found [1, 2]. Mutations in some compo-
nents of the PI3K/Akt/mTOR signaling pathway
can induce cell transformation, proliferation,
and migration. Previous studies have shown
that the expression of effector molecules in the
PI3K/Akt/mTOR axis is higher during episodes
than that in remission in patients with HHD,
suggesting a key role of the PI3K/Akt/mTOR
axis in the occurrence and progression of HHD

Clinical studies have found that CTRP9 exerts
multiple protective effects on systemic circula-
tion arteries, including the ability to promote
nitric oxide (NO) production, as well as anti-ath-
erosclerosis and anti-inflammatory effects [4].
Moreover, CTRP9 plays a role in inhibiting
vascular inflammation and leukocyte adhesion
induced by perivascular cytokines [5-7]. The
above effects of CTRP9 suggest its promising
application prospect in the treatment of cardio-
vascular and cerebrovascular diseases. How-
ever, the mechanism of the inhibitory effect of
CTRP9 on the PI3K/Akt/mTOR axis to mitigate
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vascular endothelial cell (VEC) injury in HHD
patients has hitherto not been reported. Accor-
dingly, the present study analyzes the effect of
CTRP9 on VEC injury in patients with HHD by
inhibiting the PI3K/Akt/mTOR axis, aiming to
further provide a clinical basis for future treat-
ment. The innovation of this research lies in the
inhibition of signal pathways to achieve dam-
age repair, which provides a basis for future
targeted therapy or immunotherapy.

Materials and methods
General data

Forty-three patients with HHD admitted to our
hospital from January 2019 to January 2020
were included as a study group, and 39 heal-
thy controls from the medical examination cen-
ter during the same period were selected as
the reference group. Inclusion criteria: (1). The
classification of hypertension was levels 1 and
2. (2). Doppler echocardiography showed left
ventricular hypertrophy with hypodiastolic left
ventricular function (restricted left ventricular
filling and decreased E/A ratio). Exclusion crite-
ria: Patients who had cardiac insufficiency such
as cardiomyopathy and coronary heart disease.
This study was reviewed and approved by the
internal Medical Ethics Committee (No. 2018-
09-12), and all the participants signed an
informed consent.

Methods

ELISA: Fasting elbow venous blood (3 mL) was
collected from both groups in the early morn-
ing. Then the blood samples were added to 2%
and 3.2% 2 mL of sodium citrate respectively
and oscillated evenly. After centrifugation, the
supernatant was collected and placed in the
refrigerator at -20°C for later analysis. The lev-
els of CTRP9, high sensitivity C-reactive pro-
tein (hs-CRP), thrombomodulin (TM), and von
Willebrand factor (vWF) were detected by ELISA
with the ELISA kits (Shanghai Renjie Biotech-
nology Co., Ltd., China) and DR-3508 micro-
plate reader (Wuxi Hiwell-Diatek Instruments
Co., Ltd, China). All operations were in strict
accordance with the instructions.

Western blotting: Western blotting was used to
detect the total proteins extracted from the
VECs and transfected cells. BCA protein quan-
titative kit (R21250, Shanghai yuanye Bio-
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Technology Co., Ltd, China) was adopted to
quantify the total protein. First, the proteins
were added to 4X protein loading buffer in pro-
portion, denatured at 95°C for 5 min, and
stored in a refrigerator at -20°C. Then, the
polyvinylidene fluoride (PVDF) membrane was
rinsed with 3% tris buffered saline tween (TB-
ST) 3 times, 5 min each time, and sealed with
the BSA blocking buffer for 2 hours of incuba-
tion at room temperature. After the PVDF was
rinsed, primary and second antibodies were
dropwise added in sequence for incubation [8,
9]. The freshly prepared electrochemilumin-
escence (ECL) solution (Shanghai yuanye Bio-
Technology Co., Ltd, R21240) was added to the
surface of the PVDF membrane for image col-
lection and analysis. For protein quantification,
the relative optical density (OD) value was used
to represent the protein expression, and gly-
ceraldehyde 3-phosphate dehydrogenase (GA-
PDH) was used as the internal reference. This
experiment was repeated at least 3 times.
Western blotting was used to test the expres-
sion of proteins related to the p-PI3K/p-Akt
pathway.

The phosphorylation levels of apoptosis-relat-
ed proteins PI3K/Akt were analyzed by Wes-
tern blotting. After rinsing, the cells were thor-
oughly lysed with a cell lysate containing pro-
tease inhibitors. After centrifugation, the su-
pernatant was collected and heated to boiling
for 10 min. Then, an appropriate amount was
processed for gel electrophoresis and subse-
quently transferred to the PVDF membrane.
Then, rabbit anti-Bax, B cell CLL/lymphoma-2
(Bcl-2), phosphorylated Akt, total Akt, and
mouse anti-GAPDH antibodies were added for
overnight incubation at 4°C. The dilution rate
of the primary antibodies was all 1:1000, and
of the secondary antibody was 1:2000 (Shang-
hai Beyotime Biotechnology Co., Ltd., China).
The next day, it was rinsed 3 times with 0.05%
TBST, and HRP labeled goat anti-rabbit or goat
anti-mouse antibodies were then added. Fi-
nally, the ECL substrate was used for develop-
ment to present the observation image.

CCK-8 assay: The proliferation rate of VECs was
measured by a CCK-8 assay. Cells in the loga-
rithmic growth phase were seeded into a
96-well plate at a specification of 4x10/well
after being processed with 0.25% trypsin. Each
well was then cultured with high-glucose Dul-
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Table 1. Comparison of general data in the two groups

Category Study group (n=43) Reference group (n=39) X2/t P
Gender 0.003 0.957
Male 24 (55.81) 22 (56.41)
Female 19 (44.19) 17 (43.59)
Mean age (year) 53.95+4.52 54.24+4.39 0.294 0.764
Mean BMI (kg/m?) 21.17+2.56 21.23+2.62 0.105 0.917
Average height (cm) 168.27+9.26 168.38+9.04 0.054 0.957
Education
College 11 (25.58%) 13 (33.33%) 0.594 0.441
High School 18 (41.86%) 15 (38.46%) 0.098 0.754
Primary School 14 (32.56%) 11 (28.21%) 0.183 0.669
Residence 0.000 0.991
Urban 21 (53.85%) 19 (48.72%)
Rural Area 22 (56.41%) 20 (51.28%)
= Study group OD-study group OD)/reference group OD, the
Em Reference group cell proliferation rate of each group was calcu-
. lated and analyzed. Each group was set with 5
replicate wells, and the experiment was repeat-
ed 3 times independently.
400

300

200+

100+

Ctrp9 level values ( ng/mL)

T
Reference group

Study group

Figure 1. Comparison of CTRP9 level between two
groups (xxsd). Note: CTRP9 level in the study group
was (319.52+42.33) ng/mL, and that of the refer-
ence group was (247.46+38.56) ng/mL; A Signifi-
cant difference in CTRP9 level between two groups
(*P<0.05).

becco’s modified eagle medium (DMEM/HG,
200 pL) with 10% fetal bovine serum (FBS),
and the original culture medium was discard-
ed when the cell fusion reached 70-80%. When
incubated in a constant temperature incubator
(87°C) with 5% CO, and saturated humidity for
12, 24, 36, and 48 hours, CCK8 reagent (10
ML) was added to each well. The culture plate
was then shaken slightly and placed in the cell
incubator for 2 hours. The 96-well plate was
oscillated for 2-5 min. The OD value was de-
tected at 490 nm with a microplate reader.
According to the formula (reference group
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Transwell cell invasion assay: Transwell cell
invasion assay: the matrigel was dissolved at
4°C, diluted in the proportion of 1:5 in DMEM/
HG medium without FBS, and then placed in
the incubator for 4 hours until the matrigel
solidified. Cells at the logarithmic phase were
collected and starved in DMEM/HG containing
1% FBS for 24 hours. Then the cells were
digested by 0.25% trypsin and suspended in
DEME/HG without FBS to a density of 4x10/
mL. The lower chamber was added 500 pL
DMEM/HG containing 10% FBS. Each group
was set in triplicate and placed in a constant
temperature incubator of 37°C with 5% CO, for
48 hours. Then the upper chamber was with-
drawn and rinsed with PBS twice, and wet cot-
ton swabs were used to wipe out cells that
failed to infiltrate the matrigel in the upper
chamber. Subsequently, the cells were fixed
with absolute alcohol for 15 min and then dried
at room temperature [10, 11], followed by 30
min of staining with 0.1% crystal violet at room
temperature. After 2 times of PBS washing, the
number of transmembrane cells was observed
under an inverted microscope, and 5 fields
were randomly selected from each group for
counting.

Statistical analysis

The experimental data were statistically ana-
lyzed by SPSS 20.0 and visualized by GraphPad
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Table 2. Comparison of vascular endothelial cell injury-

related markers between the two groups (x£s)

(0.31+£0.06) (24 h), (0.45+0.12) (26 h),
(0.53+0.06) (48 h), while that in the

reference group was (0.23+0.05) (12

Group n hs-CRP (mg/L) TM (u/L) VvWF (IU/dL)
Study group 43 21.38+1.36 5.62+0.48 92.73+7.92
Reference group 39 8.41+1.48 2.31+0.35 67.4316.72
t 42.314 36.537
P 0.001 0.002

h), (0.34+0.07) (24 h), (0.53+0.11) (26
h), (0.79+0.05) (48 h). Results of the
CCK-8 assay demonstrated that com-
pared to the reference group, the tro-
phoblast proliferation ability in the

Prism 7 (GraphPad Software, San Diego, USA).
The count data, analyzed by the x? test, were
represented by [n (%)]. The measurement data
were expressed as (xxsd), analyzed by a t-test.
The difference was considered significant when
a p-value was less than 0.05.

Results
Comparison between general data

There were no significant differences in gen-
der ratio, average age, mean BMI, average
height, education, and residence between the
two groups (P>0.05), which were comparable
(Table 1).

Comparison of CTRP9

The CTRP9 level in the study group was
(319.52+42.33) ng/mL, and that of the refer-
ence group was (247.46+38.56) ng/mL (P<
0.001; Figure 1).

Comparison of VEC injury

Significantly higher ET-1, hs-CRP, TM, and vVWF
levels were determined in the study group as
compared to the reference group (P<0.05;
Table 2).

Comparison of p-PI3K and p-Akt expression
levels

Relative protein expression levels of p-PI3K
and p-AKT in the study group were (0.43+0.09)
and (0.47+0.08), respectively; while those in
the reference group were (1.64+0.28) and
(1.46+0.24), respectively. The differences in
p-PI3K and p-Akt between the two groups we-
re significant (P<0.05; Figure 2).

Effect of CTRP9 on the proliferation of trans-
fected VECs

The amount (time point) of the proliferation of
VECs in the study group was (0.21+0.08) (12 h),
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study group was decreased (P<0.05),

which indicated a significant inhibitory
effect of CTRP9 on the proliferation of VECs
(Figure 3).

Effect of CTRP9 on the PI3K/Akt/mTOR axis in
patients with HHD

Protein relative expression levels of PI3K, AKT,
and mTOR in the study group were 1.53+0.06,
1.50+0.04, and 2.06+0.54, respectively; while
those in the reference group were 0.64+0.28,
0.4640.24, and 1.07+0.44, respectively. The
differences in relative protein expression of
PI3K, Akt, and mTOR between two groups we-
re significant (P<0.05). According to the results
of western blotting, the study group yielded
lower phosphorylation levels of PI3K, Akt, and
mTOR proteins in comparison to those in the
reference group (P<0.05), indicating that CT-
RP9 inhibitors could block the PI3K/Akt/mTOR
signaling pathway (Figure 4).

Effect of CTRP9 on the invasion of VECs

Average cell number of the study group
(102.63+5.36) was lower than (200.63+7.36)
respectively; the difference in VEC invasion
between groups was significant (P<0.05). The
results of Transwell assay suggested that the
invasion of VEC in the study group was inferior
to that in the reference group (P<0.05; Figure
5A-C).

Discussion

Clinical studies have confirmed that CTRP9 is
crucial in the anti-inflammatory response, myo-
cardial protection, inhibition of vascular remod-
eling after intimal injury, and protection of vas-
cular endothelium [12, 13]. Prior studies [14]
have pointed out the effect of CTRP9 on in-
creasing the stability of carotid atherosclerotic
plaque and reducing the expression of intercel-
lular adhesion molecule (ICAM)-1, thus inhibit-
ing cytokine-induced leukocyte adhesion and
vascular inflammation. PI3K is a lipase that can
phosphorylate the third hydroxyl group of phos-
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Figure 2. Comparison of p-PI3K and p-Akt expression levels between two groups (xts). Note: Relative protein expres-
sion levels of p-PI3K, and p-AKT in the study group were 0.43+0.09 and 0.47+0.08, respectively; while those in the
reference group were 1.64+0.28 and 1.46+0.24, respectively. A difference was found in p-PI3K between the two
groups (t=5.818, *P=0.028), as well as in p-Akt (t=5.534, **P<0.01).
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Figure 3. Effect of CTRP9 on the proliferation of
transfected vascular endothelial cells (xxsd). The
proliferation ability of cells in the two groups changed
at 12 h, 24 h, 26 h and 48 h. Note: The amount (time
point) of the proliferation of vascular endothelial cells
in study group was 0.21+0.08 (12 h), 0.31+0.06 (24
h), 0.45+0.12 (26 h), 0.53+0.06 (48 h), while that in
reference group was 0.23+0.05 (12 h), 0.34+0.07
(24 h), 0.53+0.11 (26 h), and 0.79+0.05 (48 h). A
significant difference in the proliferation of transfect-
ed vascular endothelial cells between the two groups
(t=4.708, *P=0.042).

phatidylinositol and is commonly involved in
insulin signal transduction, glucose metabo-
lism, and cell growth [15, 16]. Akt is a serine
protein kinase that mainly participates in insu-
lin-mediated glucose uptake, as well as inva-
sion and metastasis of tumor cells. Previous
studies have stated that the regulation of ce-
Il proliferation, differentiation, apoptosis, and
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glucose transport was supported by the PI3K/
Akt pathway which is able to modulate the pro-
liferation and apoptosis of pancreatic cancer
cells [17, 18]. Excessive activation of the PI3K/
Akt pathway is related to tumor pathology. The
mTOR, an atypical serine kinase, can promote
RNA transcription and act as an integrator of
various input signals to regulate lipid synthesis,
glucose metabolism, apoptosis process, and
growth of tumor cells [19, 20]. Aberrant expres-
sion of the PIBK/Akt/mTOR signaling pathway
was detected in cancer cells of patients with
gastric cancer [21]. The immunohistochemical
method also found that the expression level of
p-Akt in gastric cancer tissues was higher than
that in paracancerous tissues. Similar results
of the expression level of mMRNA in gastric can-
cer were detected according to RT-PCR analy-
sis. Hence, the PIBK/Akt/mTOR signaling path-
way is abnormally activated in gastric cancer
tissues, through which targeted inhibitors of
various molecules can exert anti-tumor effects.

The occurrence, development, invasion, and
metastasis of tumor cells have been proven to
be closely related to the abnormal activation of
some intracellular signaling pathways. The cor-
relation of various signaling pathways with the
occurrence and development of vascular endo-
thelial cell (VEC) injury has therefore become
a focus of clinical research. The PI3K/Akt/
mTOR signaling pathway is expressed in VECs
of patients with HHD and participates in the
regulation. The activation of this signaling path-
way can improve the production of angiogenic

Am J Transl Res 2022;14(9):6596-6603
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Figure 4. Effect of CTRP9 on the PI3K/Akt/mTOR signaling pathway. Comparison of the relative expression of PI3K,
Akt, and mTOR proteins between the two groups. Note: Relative protein expression levels of PI3K, AKT, and mTOR in
the study group were 1.53+0.06, 1.50+£0.04, and 2.06+0.54, respectively; while those in the reference group were
0.64+0.28, 0.46+0.24, and 1.07+0.44, respectively.

E’;*’ signaling pathway and VECs
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Figure 5. Effect of CTRP9 on vascular endothelial cell invasion and compari- HHD after the inhibition of

son of vascular endothelial cell invasion between the two groups (x+sd). (A) PI3K/Akt/mTOR axis by CTR-
Cell invasion experiment in the study group. (B) Cell invasion experiment in . . .
the reference group. (C) Graph of cell invasion data in the two groups. Note: P9, the limitation lies in the
Magnification ratio of (A and B) is x200. The horizontal axis of (C) repre- absence of further explorati-
sents the study group and reference group from left to right, and the ver- on on drug targets. In future
tical axis represents the average cell number. In the study group this was studies, the number of rese-
102.63+5.36, which is lower than 200.63+7.36 in the reference group

(t=4.786, *P=0.041). arch cases will be expanded,

the follow-up time will be ex-
tended, and further targeted
factors such as VEGF, which can relieve the VEC research on drug targets will be carried out
injury. Therefore, the correlation between this to obtain more convincing and comprehensive
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data. Therefore, it is of great significance for
the medical community to improve understand-
ing of the mTOR feedback mechanism and to
study the molecular mechanism of VEC injury
related signal pathways in patients with HHD,
so as to provide a new direction for clinical ther-
apeutic drugs [24, 25].

Conclusion

CTRP9 mitigates VEC injury in patients with
HHD by inhibiting the PI3K/Akt/mTOR axis.
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