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Abstract. - OBJECTIVE: To investigate the
role of SIRT1 in ventricular remodeling after
myocardial infarction using ultrasound three-di-
mensional speckle tracking (3D-STI).

PATIENTS AND METHODS: Fifty-eight pa-
tients with acute myocardial infarction diag-
nosed in the Second Affiliated Hospital of Qiqi-
har Medical College from June 2015 to July 2017
were enrolled in the study. They were divided in-
to ventricular remodeling group and ventricular
non-remodeling group. Fifty-eight healthy peo-
ple underwent physical examination were con-
trols. 3D-STI was used to detect end-diastol-
ic ventricular septal thickness (LVST), end-di-
astolic left ventricular posterior wall thickness
(LVPWT), left ventricular end-diastolic volume
(LVEDV), left ventricular end-systolic volume
(LVESV), left ventricular ejection fraction (LVEF),
systolic peak radial strain (PRS). SIRT1 expres-
sion levels in peripheral blood samples of the
3 groups were measured. Rats with acute myo-
cardial infarction were treated with SIRT1 ago-
nist. After 4 weeks, LVEDV, LVESV, LVEF, stroke
volume (SV) were recorded by three-dimension-
al ultrasound; rat myocardial tissue protein was
extracted, and SIRT1 and TGF-B, a-SMA, Vimen-
tin and other fibrosis indicators were detected
to explore the effects of SIRT1 on ventricular re-
modeling and myocardial fibrosis.

RESULTS: At the time of initial diagnosis,
SIRT1 level in healthy group > non-ventricular
remodeling group > remodeling group (p<0.05);
at the return visit, SIRT1 levels in the remodel-
ing group and non-ventricular remodeling group
were significantly elevated (p<0.05), but that in
the remodeling group was significantly lower
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than that in the non-ventricular group (p<0.05).
The expression level of SIRT1 in H9¢c2 hypox-
ia-reperfusion cell model control group > SIRT
agonist treatment model group > model group.

CONCLUSIONS: In summary, SIRT1 in the pe-
ripheral blood is negatively correlated with the
degree of ventricular remodeling. The expres-
sion of SIRT1 in myocardial tissue is related to
the cardiac morphology expansion and relief of
reduced function in vivo after acute myocardi-
al infarction. Up-regulation of SIRT1 expression
in cell models can reduce cardiomyocyte apop-
tosis and inhibit cardiomyocyte fibrosis. SIRT1
has a good application prospect in predicting
and treating myocardial infarction and delaying
ventricular remodeling.

Key Words:
Three-dimensional speckle tracking, Myocardial in-
farction, Ventricular remodeling, SIRTI.

Introduction

Acute Myocardial Infarction (AMI) is a localized
myocardial ischemic necrosis caused by a sudden or
severe decrease in coronary blood supply. The typ-
ical clinical manifestation is sudden severe pain in
the precordium region or the back of the sternum,
which then radially spreads to the left shoulder, the
left arm or other positions. The main cause of myo-
cardial infarction is coronary artery atherosclerosis
caused by plaque occlusion. Other causes include
embolism, congenital malformation, and coronary
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artery spasm. According to the nature of the plaque,
it can be divided into stable and unstable plaques.
The former has a thick fibrous cap and a small lipid
core, so it is not easy to fall off; while the latter con-
tains a large number of macrophages, and the thin
fibrous cap and the large lipid core make it hard to
fall off and block the coronary artery. Most patients
with AMI show significant myocardial apoptosis,
accompanied by elevated levels of AMI diagnos-
tic molecular markers in peripheral blood'. After
the onset of AMI, the loss of contractile function of
the ischemic infarction causes poor coordination of
ventricular wall contraction and relaxation, reduced
blood emptying capacity, increased myocardial
preload, changes in the morphology and function
of myocardial cells and interstitial cells, disordered
myocardial cells, proliferate fibroblasts, thinner ven-
tricular septum and ventricular wall, and rounded
and enlarged overall shape of the heart. Remodel-
ing of the ventricle at the cellular and tissue levels
during myocardial hypoxia-reperfusion is one of the
important steps leading to pathological changes in
myocardial function®.

Three-dimensional speckle tracking imaging
(3D-STI) is an innovative technique for assessing
myocardial function based on speckle tracking
technology and three-dimensional echocardi-
ography®. The technique tracks the trajectory of
myocardial motion by identifying echogenic spots
on the myocardium, recording the position of the
spot in each frame of the image, and comparing
it with the first image to calculate the degree of
deformation of the myocardium in a particular re-
gion*. The advantage of 3D-STI over two-dimen-
sional speckle tracking imaging (2D-STI) is that
it can track the acoustic spots on the myocardium
in real time three-dimensional space, avoiding the
influence of the probe angle and making up for
the defects in “spot escape”. Therefore, accurate
and detailed depiction of the three-dimension-
al structural deformation of the intraventricular
membrane can be performed®.

Silent Information Regulator Factor 1 (SIRT1)
belongs to the sirtuin family and is a class III his-
tone deacetylase dependent on nicotinamide ade-
nine dinucleotide (NAD). Expressed in prokary-
otic and eukaryotes, it is involved in regulating cell
metabolism, inhibiting the release of inflammatory
factors, and regulating immune function®. SIRT1 is
highly expressed in the fetal rat heart, and most of
the SIRTI-deficient homozygous mice die shortly
after birth due to inhibition of embryonic devel-
opment during embryonic period; but there are no
special changes in heart structure and function on-

ly in mice with no SIRT1 expression in the heart’.
The latest findings suggest that SIRT1 protects the
heart during the progression of cardiovascular dis-
ease®’. Appropriate increase of the expression level
of SIRTI in adult rat heart can increase the toler-
ance of cardiomyocytes to cardiac dysfunction,
apoptosis and hypertrophy'. Appropriate up-reg-
ulation of cardiac SIRT1 expression may attenuate
ischemia-reperfusion injury, while a decrease in
SIRT1 expression may exacerbate injury''2.

Existing studies on the use of 3D-STI for ven-
tricular remodeling after myocardial infarction are
mainly in the field of clinical case analysis; there
is few research about the detection and analysis
of 3D-STI index in animal models, especially rat
models similar to human cardiovascular diseases.
This study evaluated the 3D-STI index of cardiac
structure and function in rats with acute myocar-
dial infarction, explored the effect of SIRT1 ago-
nist treatment on indicators, and compared trends
in 3D-STI and peripheral blood SIRT]1 test results
in model animals and clinical cases.

Ventricular remodeling after myocardial infarc-
tion is a continuous process involving myocardial
cell necrosis and disorder, fibroblast proliferation,
collagen fiber deposition and tissue replacement
at the molecular cell level. In view of the abili-
ty of SIRT1 to antagonize myocardial infarction
and ventricular remodeling in animal, we hypoth-
esized that SIRT1 may regulate the apoptosis of
cardiomyocytes under hypoxic and reperfusion
conditions at the cellular level and mimic fibrosis
under the regulation of neurohumoral regulation
in vivo. In this study, a hypoxic reperfusion and
fibrosis cell model was established to confirm this
point. The role of SIRT1 in ventricular remodeling
after acute myocardial infarction was analyzed,
and its mechanism at the overall level, cell level
and molecular level was investigated, by study-
ing changes in 3D-STI and serum SIRTI levels
in clinical trials after three months of initial visit
and treatment, and the changes of 3D-STI results
and SIRT1 protein expression in SIRT1 agonists
in rats with acute myocardial infarction.

Patients and Methods

Three-Dimensional Speckle Tracking
Detection

Subject information

A total of 58 patients with acute myocardial in-
farction in The Second Affiliated Hospital of Qig-
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ihar Medical College from June 2015 to July 2017
were enrolled, including 39 males and 19 females,
42-74 years old, with a mean age of (62.0 = 8.4). A
total of 58 healthy adults with physical examina-
tion at the same time were included as controls,
including 36 males and 22 females, 28-75 years
old, with a mean age of (50.5£8.1). There were no
significant differences in age and gender between
the two groups (p>0.05), but triglyceride (TG),
total cholesterol (TCH), high-density protein
cholesterol (HDL-C), low-density protein choles-
terol (LDL-C) in patients with acute myocardial
infarction were significantly higher than those in
healthy controls (p = 6.05x10°'%; p = 3.62x10°%; p
=1.04x107; p = 1.19x10°% p < 0.05).

Inclusion and exclusion criteria

Inclusion criteria for the observation group: pa-
tients with typical acute myocardial infarction symp-
toms, such as persistent chest pain, chest discomfort,
palpitations after exercise, chest tightness with un-
consciousness, multiple changes in electrocardio-
gram, and changes in myocardial necrosis markers.
Informed consent was obtained from all cases.

Exclusion criteria for the observation group:
patients with history of old myocardial infarction,
atrial fibrillation, severe valvular disease, severe
liver and kidney dysfunction and unstable vital
signs, artifacts due to the presence of metal for-
eign bodies or movements in the body; patients
or their families not informed or, after informing,
refused to be involved in the study.

Inclusion criteria for the control group: subjects
with no abnormalities in physical examination,
echocardiography, electrocardiogram, and chest
X-ray examination.

Exclusion criteria for the control group: sub-
jects with hypertension, hyperlipidemia, history
of cardiovascular and cerebrovascular diseases.

Ultrasound three-dimensional speckle track-
ing was performed within 24 hours and 3 months
after the diagnosis of acute myocardial infarc-
tion. The ultrasound three-dimensional speck-
le tracking technique was performed using the
PHILIPS-IE33 color Doppler ultrasound imag-
ing system produced by Philips, Eindhoven, The
Netherlands. The subjects were informed of the
test method and precautions before the S5-1 ul-
trasound probe was used. The patient was in su-
pine position or the left lateral position according
to the examination. The chest was fully exposed
to connect the electrocardiogram. Firstly, the
two-dimensional sonogram was used to explore
the left ventricular long axis, the aortic short axis,

the mitral valve broken axis, the papillary mus-
cle short axis, the apical four-chamber and the
five-chamber view. The size, shape and move-
ment of the ventricular wall were observed, then
went for the four-chamber view at the apex. Af-
ter the two-dimensional image of the lesion was
clearly displayed, switch to the three-dimensional
mode. Full Volume mode was selected to collect
the three-dimensional volume data of four con-
secutive cardiac cycles at the apex. Adjustments
on the parameters were made to select images that
met the diagnostic requirements for storage and
analysis, and real-time three-dimensional QLAB
post-processing software analysis was used to ob-
serve the cardiac structure using volume render-
ing (VR) and multiplanar recombination (MPR).

Image analysis and image post processing

Ultrasound and post-processing analysis was
performed by 3 senior imaging physicians (1
chief physician and 2 deputy chief physicians).
Ultrasound three-dimensional speckle tracking
technique was used to calculate left ventricular
end-diastolic volume (LVEDV), left ventricular
end-systolic volume (LVESV), left ventricular
output per volume (SV), ejection fraction (LVEF),
peak time (TTP). Finally, diagnostic analysis of
ultrasound three-dimensional speckle tracking
data in all cases was performed to assess the
probability of a patient’s ventricular remodeling
after acute myocardial infarction.

Peripheral blood biochemical indicators and
enzyme-linked immunosorbent assay (ELISA)
detection of SIRTI protein

In the observation group and the control group,
the next morning after fasting for 12 hours, 5 mL
of the elbow venous blood was taken on an empty
stomach. After the extraction, the blood sample
was transferred to an EDTA anticoagulant tube,
centrifuged at 3000 r/min for ten minutes, and the
supernatant was taken. The solution was stored in
a -80°C freezer. Direct detection of high-density
lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C), and enzyme col-
orimetric detection of total cholesterol (TCH) and
triacylglycerol (TG) were performed according
to the manufacturer’s recommended experimen-
tal methods. The content of SIRT1 in peripheral
blood samples was determined by ELISA.

Rat Model of Acute Myocardial Infarction
Forty-eight Specific Pathogen Free (SPF) SD
rats were numbered and randomly divided into
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blank control group, model group, sham opera-
tion group and SIRT1 agonist group, with 12 rats
in each group. Specific treatment: blank control
group: equal amount of intraperitoneal solvent
injection; model group: ligation of left anterior
descending coronary artery, equal dose of intra-
peritoneal injection; sham operation group: suture
wound after thoracotomy without ligation, equal
dose of intraperitoneal injection; SIRT1 agonist
group: ligation of left anterior descending coro-
nary artery, SRT1720 20 mg/(kg - d) intraperito-
neal injection. The specific method for preparing
rat model of acute myocardial infarction was as
follows: 30 minutes before anesthesia, morphine
hydrochloride (10 mg/kg) and atropine (0.1 mg/
kg) were subcutaneously injected, to respectively
reduce nervous system excitability and suppress
secretion; rats were anesthetized with ether and
placed on a cushion with thermostat to maintain
body temperature. When fully anesthetized, the
rat had no righting reflex, no response to eyelid
irritation, no response to pain; the muscles were
relaxed, and the breathing was smooth. Then, the
rat was fixed on the operating table and the chest
was opened from the left 3rd to 4th intercostal
space to expose the heart, and the left anterior de-
scending coronary artery was found between the
pulmonary artery cone and left atrium. The coro-
nary artery was immediately ligated with the Oth
wire, the heart was put back to the chest, and the
blood and gas were squeezed out from the chest
cavity. The chest cavity was immediately closed
to make sure that the chest opening time did
not exceed 30 s. After operation, buprenorphine
(0.05 mg/kg, ql2h) and meloxicam (5 mg/kg,
q24h) were injected subcutaneously for analge-
sia, and the rats were placed on a thermal cushion
in a quiet, constant temperature (27°C) in a dim
room, waiting for wake-up. After waking up, the
rats were placed in small cages alone to prevent
fighting. New padding was used, and the troughs
and drinking fountains in the cages were placed
in lower places for the rats to eat and drink. To
prevent postoperative infection in rats, 400,000 U
of penicillin per rat was injected for 1 week. In
the modeling operation, there were no deaths in
the control group (n=12) and the sham operation
group (n=12). In the model group (n=12), 2 died
during the operation due to arrhythmia; 1 died
after the operation due to heart failure. In SIRT
agonist-treated group (n=12), 2 rats died during
the operation due to arrhythmia. The remaining
animals were euthanized by carbon dioxide inha-
lation 4 weeks after surgery'?. Four weeks later,

the left ventricular end-diastolic diameter, left
ventricular end-systolic diameter, ejection frac-
tion (%), and stroke volume were recorded by
three-dimensional ultrasound to investigate the
effect of SIRT1 agonist on new function. Euthana-
sia was performed after modeling. The rats were
placed in a closed container for CO, inhalation for
10 minutes. If the rats did not move for 5 min-
utes, open the container. Touch the chest cavity
and there was no heartbeat; touch the eyeball and
there was no eyelid reflex, which means that the
euthanasia was successful. Then, the heart tissue
was taken and stored in liquid nitrogen. The total
RNA was extracted by TRIzol method. The fibro-
sis indexes such as SIRT1, TGF-B, a-SMA and Vi-
mentin were detected by fluorescence quantitative
polymerase chain reaction. The effect of SIRT1
on ventricular remodeling in myocardial fibrosis
was explored. This protocol has been submitted
to the ethics committee and approved.

Establishment of H9c2 Cardiomyocyte
Deoxygenation Reoxygenation Model
Cell culture: H9¢2 rat cardiomyocytes were pur-
chased from the cell bank of the Chinese Academy
of Sciences and cultured in high glucose Dulbec-
co’s Modified Eagle’s Medium (DMEM) contain-
ing 10% fetal calf serum and 100 U/mL penicillin
in an incubator with 5% CO, at 37°C. The medium
was cultured, and the culture solution was changed
every two days. The experiment was divided in-
to control group, model group and SIRT1 agonist
treatment model group. Control group: no special
treatment. Model group: after the cells covered 70-
80% of the medium, the medium was removed;
then the medium containing 100 pmol/L of co-
balt chloride was added for culture for 12 h; after
replacing the medium with normal medium, the
deoxygenation and reoxygenation cell model was
acquired. SIRT agonist treatment model group:
SRT1720 was added to the cell culture medium to
a concentration of 1 pmol/L; after pretreatment for
12 hours, it was treated according to the deoxygen-
ation /reoxygenation method of the model group.

Evaluation of cell survival using the
3-(4, 5)-dimethylthiahiazo(-z-y1)-3, 5-dl-
phenytetrazoliumromide (MTT) method
HO9c2 cells were first collected, and the cell sus-
pension was inoculated into a 96-well plate at a
density of 1 x 10* /well. Each group was inocu-
lated with 12 wells, and the average of each group
was taken as the final experimental result. After
the inoculated cells were routinely cultured for 24
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hours, they were grouped, modeled and treated
according to the above treatment methods, and
then the medium was discarded. 200 pL of medi-
um with a concentration of 10% and a concentra-
tion of 5 mg/ml MTT was added to each well. The
cells were cultured for 4 h in the dark; then the
medium was removed, and 200 pL of dimethyl
sulfoxide (DMSO) was added to each well. After
shaking for 10 minutes, the absorbance at 490 nm
was measured on a microplate reader. This exper-
iment was repeated three times.

Detection of SIRT1 expression
by Western blot

Each group of protein samples was extracted
with total protein extraction kit. The total protein
content was determined by bicinchoninic acid
(BCA) method, and the protein concentration of
each sample was adjusted. Then, 50 pg protein
was separated by electrophoresis and transferred
to polyvinylidene difluoride (PVDF) membrane.
After blocking for 2 h at room temperature, SIRT
primary antibody (1:1000; purchased from Abcam,
Cambridge, MA, USA; item number ab110304) and
B-actin primary antibody (1:2000; purchased from
APPLYGEN, Beijing, China, item number C1845)
were added and incubated overnight at 4°C. After
rinsing with Tris-Buffered Saline and Tween-20
(TBST), secondary antibody (1:5000; purchased
from Abcam, Cambridge, MA, USA; item num-
ber ab54481) was added and incubated for 2 h at
room temperature. After excessive antibodies were
washed away, the enhanced chemiluminescence
(ECL) chromogenic kit was used to develop. After
the color rendering results were scanned, the gray
scale of the bands was analyzed by Image-J soft-
ware, and the results were expressed as the ratio of
the gray scale of the bands and the band gray scale
of the internal reference B-actin.

Establishment of Angiotensin Il
(Angll)-Induced Rat H9c2 Cardiomyocyte
Fibrosis Model

The cell lines were routinely cultured and pas-
saged as described above. The cells were divided
into control group, model group and SIRT1 inhibi-
tor treatment model group. Control group: no spe-
cial treatment. Model group: after the cells covered
70-80% of the medium, the conventional medium
was removed, and the serum-free medium was
added for culture for 24 hours; then, Angll was
added to make the final concentration 10-° pmol/L
for culture for 24 hours. SIRT inhibitor treatment
model group: SIRT1 inhibitor sirtnol was added to

the model cell culture medium to a concentration
of 40 umol/L for treatment for 24 hours.

Expression of SIRT1 and Fibrotic Markers
TGF-f, a-SMA and Vimentin in the Model
Group, Control Group and SIRT Inhibitor
Treatment Model Group

According to the method described above, the
total protein of the control group, the model group
and the SIRT1 inhibitor model group was extract-
ed and subjected to Western blot analysis. The
final result was the band gray scale ratio of the
target protein and the internal reference.

Statistical Analysis

All the data obtained from the experiment were
recorded in SPSS 17.0 (SPSS, Chicago, IL, USA)
software for statistical analysis. The rate was com-
pared by y*-test. The test level was a=0.05, and the
difference was statistically significant if p<0.05.

Results

Comparison of Baseline Data Between
Observation Group and Control Group

There were no significant differences in age
and gender between the observation group and
the control group (p<0.05), but the differences
in triacylglycerol (TG), total cholesterol (TCH),
high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C)
were significantly different (Table I).

3D-STI Test Results

In this study, 3D-STI was performed at the first
visit and three months after treatment in the ob-
servation group (including the remodeling group
and the non-ventricular remodeling group), and the
results of the 3D-STI test of the healthy subjects
were used as controls. At the initial visit, LVEDV,
LVESV, LVEEF, and PRS in the non-reconstituted
group (p=0.024; p=0.016; p=0.007; p=0.0001) and
the reconstructed group (p=8.93x108; p =0.0003;
p=0.0004; p=1.59x10"1) were significantly different
from those in the healthy control group (p<0.05).
At 3 months’ follow-up, LVEDV, LVESYV, and PRS
were significantly different in the remodeling group
compared with those in the initial test (p=5.18x107,
p=5.65x10", p=0.016; p<0.05), while the difference
of LVST, LVPWT and LVSV was not significant
(p>0.05). The difference of LVESV in non-ventric-
ular remodeling group was significantly different
from that of the initial test (p=1.79x102*; p<0.05).
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Table I. Baseline data.

Gender Age TCH HDL-C LDL-C
(M/F) (year) (mmol/L)* (mmol/L)* (mmol/L)* (mmol/L)*
Observation 39/19 62.0+8.4 1.25+0.43 3.88+0.70 1.29+0.24 2.25+0.43
Control 36/22 50.5+8.1 2.24+0.98 5.42+1.49 1.01+0.20 2.78+0.65

"The difference between the observation group and the control group was significant, p<0.05
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Figure 1. Changes in 3D-STI indicators in the reconstituted and non-remodeled groups at the time of initial diagnosis and
after three months of treatment. A, 3D-STI indicators in the left ventricular remodeling group and non-ventricular group at the
first visit. B, 3D-STI index in the left ventricular remodeling group and non-ventricular remodeling group after three months
of follow-up. C, 3D-STI index in the left ventricular remodeling group at the time of initial diagnosis and three months return
visit. D, 3D-STI index in the non-ventricular remodeling group at the time of initial diagnosis and three months return visit.
*Significant changes between the initial diagnosis and after three months, p<0.05. **After three months, the difference between
the remodeling group and the non-ventricular remodeling group was significant, p<0.05

The difference of LVEDV, PRS, LVST and LVPWT
was not significant. At the follow-up after 3 months,
the LVESV and LVEDV were significantly differ-
ent between the remodeling group and the non-ven-
tricular remodeling group (p=6.76x10""1, p=0.026,
p<0.05), and the difference of PRS, LVST, LVPWT
was not significant (p >0.05) (Figure 1).

Peripheral Blood SIRT1 Protein Level
Detection

At the time of initial diagnosis, the SIRT1 in the re-
modeling group and the non-ventricular remodeling
group was significantly lower than that in the control

group (12.3+1.56 ng/mL) (p=5.72x10"%"; p=1.74x103;
p<0.05). The difference between the remodeling and
non-ventricular groups was significant (p=4.78x10-
77, p<0.05). At the return visit 3 months later, the
SIRTT1 in the remodeling group was significantly low-
er than that in the non-ventricular remodeling group
(p=0.007; p<0.05), (Figure 2).

3D-STI Results of SIRTT Agonist on
Cardiac Function in Rat Model of Acute
Myocardial Infarction

In all four 3D-STI parameters, there was no
significant difference between the blank control
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group and the sham operation group (p>0.05).
The LVEDV of the model group was significant-
ly higher than that of the blank control group
(p=3.59x10, p<0.05); LVEDV in the agonist-treat-
ed model group was significantly lower than that
in the model group (p=0.03, p<0.05); LVESV in
the model group was significantly higher than that
in the blank control group (p=0.0007, p<0.05),
the LVESV in agonist treatment model group was
significantly lower than that in the model group
(p=0.0004, p<0.05); the LVEF in the model group
was not significantly different from that in the
blank control group (p>0.05), but the LVEF in the
agonist-treated model group was significantly low-
er than that in the model group (p=0.02, p<0.05);
the SV of the model group was significantly high-
er than that of the blank control group (p=0.007,
p<0.05), and the SV of the agonist treatment model
group was significantly lower than that of the mod-
el group (p=0.03, p<0.05) (Figure 3)

SIRT1 Agonist Treatment of Myocardial
Protein Western Blot Results in a Rat
Model of Acute Myocardial Infarction

In the detection of all four proteins (TGF-p,
SIRT1, a-SMA, Vimentin), there was no signif-
icant difference between the blank control group
and the sham operation group (»>0.05). The ex-
pression of TGF-B in the model group was sig-
nificantly higher than that in the control group
(p=3.29x10"", p<0.05), and significantly low-
er than that in the SIRTI agonist-treated model

Figure 2. Peripheral blood SIRT1 levels in the
remodeling and non-ventricular remodeling group
at the initial diagnosis and at 3 months return visit.
VR: ventricular remodeling group. NVR: non-
ventricular remodeling group.

group (p=3.85x10"2, p<0.05); the expression lev-
el of SIRT1 in the model group was significantly
lower than that of the control group (p=2.07x101°,
p<0.05) and SIRT1 agonist treatment model group
(p=2.36x107, p<0.05); a-SMA expression level
in the model group was significantly higher than
that of the control group (p=1.18x10"%, p<0.05),
and significantly lower than that of SIRT1 agonist
treatment model group (p=1.90x10"2, p<0.05);
Vimentin expression in the model group was
significantly higher than that in control group
(p=1.70x107, p<0.05) and significantly lower than
that in the SIRT1 agonist treatment model group
(p= 112 x 107, p< 0.05) (Figure 4).

SIRT1 Activator Enhances Cell Viability in
Deoxygenation-Reoxygenation Model

According to the results of Western blot, the
SIRT expression level gray scale of the control
group was 1.254+0.08, and the SIRT expression
level gray scale of the deoxygenation-reoxygen-
ation model group was 0.60+£0.06, which was
significantly lower than that of the control group
(p<0.05). The expression level of SIRTI in the
SIRT1 activator treatment model group was
0.89+0.05, which was significantly higher than
that in the model group (p<0.05).

The results of MTT assay showed that the cell
viability of the control group was (0.779+£0.008),
and the cell viability of the deoxygenation-reoxy-
genation model group was (0.435+0.003), which
was significantly lower than that of the control
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Figure 3. LVEDYV, LVESYV, LVEEF, SV test results in the blank control group, sham operation group, model group and SIRT1
agonist treatment model group. A, LVEDYV test results of blank control group, sham operation group, model group and SIRT1
agonist treatment model group. B, LVESV test results of blank control group, sham operation group, model group and SIRT1
agonist treatment model group. C, LVEF test results of blank control group, sham operation group, model group and SIRT1
agonist treatment model group. D, SV test results of blank control group, sham operation group, model group and SIRT1 agonist

treatment model group.

group (p<0.05). The cell viability of the SIRT1 ac-
tivator treatment model group was (0.596+0.002),
which was significantly higher than that of the
model group (p<0.05) (Figure 5).

Effects of SIRT Inhibitor Treatment on
the Expression of SIRT1, TGF-fi, a-SMA
and Vimentin in the Fibrotic
Model Group

According to the results of Western blot, the
expression of SIRT1 in the fibrosis model group
(0.55+0.02) was significantly lower than that in
the control group (1.33+0.07) (p<0.05), while the
TGF-B (0.56+0.05), a-SMA (1.47+0.07) and Vi-
mentin (1.31£0.10) were significantly higher than

TGF-B (0.27+£0.03), a-SMA (0.61+0.02) and Vi-
mentin (0.58+0.08) in the control group (»<0.05).
In the SIRT inhibitor treatment group, SIRTI
(0.27+£0.04) was significantly lower than that in the
model group (p<0.05), while TGF-$ (0.82+0.04),
a-SMA (1.89£0.14) and Vimentin (1.65%) 0.16)
were significantly higher than those in the model
group (p<0.05), as shown in Figure 6.

Discussion
Silent Information Regulator Factor 1 (SIRT1)

is a class III histone deacetylation that is ubiqui-
tous in prokaryotes and eukaryotes and relies on
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nicotinamide adenine dinucleotide (NAD) En-
zymes; it belongs to the sirtuin protein family, has
the role of regulating cell metabolism, inhibiting
the release of inflammatory factors, and regulat-
ing immune function. SIRT1 can inhibit the ac-
tivity of inducing apoptosis by deacetylating the
P53 protein, thereby enhancing the adaptability
of cells to stress'. Dafl6 is related to the lon-
gevity of C. elegans mediated by SIRT1, FOXO
is a Daf16 homolog in mammals, and its family
includes FOXO1, FOX03, FOX0O4 and FOXO6,
which regulates the cell cycle, ROS generation,
DNA repair, apoptosis’®. SIRT1 can deacetylate
and modify FOXO to activate and generate anti-
oxidant substances such as MnSOD, etc., to im-
prove the resistance of cells to oxidative stress'c.
This study investigated the effects of SIRT1
on ventricular remodeling after myocardial in-
farction and the possible mechanisms from the

A Control Sham Model  SIRTI inhibitor
Tor-p | W S S e
SIRIL | (D —— B
a-SMA e -
Vimentin DI -
s F T T

B Western Blot results of rat heart tissue protein

Protein expression

clinical case level, animal model level and cell
model level. In clinical trials, there were no sig-
nificant differences in age and gender between
the observation group and the control group, but
the differences were significant in triacylglycerol
(TG), total cholesterol (TCH), high density lipo-
protein cholesterol (HDL-C), low density lipo-
protein cholesterol (LDL-C) and other indicators.
At the initial visit, there was no significant dif-
ference in 3D-STI between the remodeling group
and the non-ventricular remodeling group, but
the remodeling group was significantly different
from the observation group. After three months
of treatment, the LVEDV, LVESV and PRS of
the patients in the remodeling group changed sig-
nificantly compared with the baseline; LVESV
in non-ventricular remodeling group changed
significantly, and the indicators with signifi-
cant difference between remodeling group and

= TGF-B
mm SIRT1
= a-SMA
B3 Vimentin

Figure 4. Expression of myocardial protein
TGF-B, SIRT1, a-SMA, Vimentin in the blank
control group, sham operation group, model
group and SIRT1 agonist treatment group.
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Figure 5. SIRT1 expression and cell viability after treatment with SIRT1 activator in deoxygenation-reoxygenation model cells.

non-ventricular group were LVEDV and LVESV;
thus, LVEDV can be used as a predictor for left
ventricular remodeling. There was no significant
difference in 3D-STI between the remodeling
and non-ventricular remodeling patients at base-
line, but the SIRT1 level in the peripheral blood
was significantly different. At the return visit, the
SIRT1 levels in the peripheral blood of the re-
modeling and non-ventricular remodeling groups
were significantly decreased compared with base-
line data, and the level in remodeling group was
significantly lower than that in the non-ventricu-
lar remodeling group. It can be seen that peripher-
al blood SIRT1 is more sensitive than LVEDV as
a predictor of left ventricular remodeling, which
is suitable for early prediction. The combination
of SIRT1 and LVEDV can provide timely and ac-
curate prediction of left ventricular remodeling.
In the experiment of SIRT1 agonist-treated acute
myocardial infarction model rats, other indica-
tors except LVEF, namely LVEDV, LVESV, SV,
were significantly different from the blank con-
trol group, while LVEDV, LVESYV, LVEF, SV in
the SIRT1 agonist-treated group was significantly
different from those in the model group. It can be

seen that SIRTI has a significant positive effect
on ventricular remodeling and its 3D-STI detec-
tion index after acute myocardial infarction; this
is consistent with the protective effect of SIRT1
on myocardial protection proposed by previous
studies. At the same time, the conclusions of the
SIRT1 and 3D-STI detection indicators in the clin-
ical trials of this study were also verified. In the
HO9¢2 hypoxia-reperfusion cell model of rat car-
diomyocytes, after the treatment of SIRT agonist,
the expression of SIRT1 was the highest in the
control group, the SIRT agonist treatment model
group was the second lowest, and the model group
was the lowest. The cell viability was detected
by MTT assay, and cell viability was positively
correlated with SIRT1 expression. Increasing the
expression level of SIRT can effectively maintain
cell viability and reduce apoptosis; this is consis-
tent with the results that SIRT1 in the peripheral
blood of patients in the non-ventricular remodel-
ing group was significantly higher than that in the
remodeling group. It can be seen that SIRT1 may
become one of the targets for delaying ventricular
remodeling and improving the prognosis of pa-
tients with myocardial infarction, which is consis-
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tent with previous studies'™'®. In the angiotensin I1
(Angll)-induced fibrosis model established with
HO9c2 cells, SIRT1 expression was the highest in
the control group, followed by the model group,
and the SIRT inhibitor-treated model group was
the lowest. The fibrotic molecular marker a-SMA
and Vimentin were the highest in the SIRT in-
hibitor treatment group, followed by the model
group, the control group was the lowest. It can be
seen that in the process of fibrosis, SIRT1 can ef-
fectively reduce the expression of inflammatory
protein molecules and fibrotic molecular markers,
while the decrease of SIRTI level leads to in-
creased levels of inflammation and fibrosis, which
is also related to the results that peripheral blood
SIRT1 was significantly lower in the remodeling
group than that in the non-ventricular remodeling
group in clinical examination. Therefore, accord-
ing to the above experimental results, SIRT1 can
inhibit ventricular remodeling from both aspects
of reducing apoptosis and inhibiting fibrosis. Pre-
vious studies have also supported this view!'>,

Therefore, SIRT1 has a good application prospect
in predicting and treating myocardial infarction
delaying ventricular remodeling.

As anewly developed echocardiographic-based
diagnostic method, the principle of 3D-STI is
that the ultrasonic waves emitted by the probe
are reflected and scattered between the tissues
in the heart, resulting in the generation of spots
on the image. These spots can be displaced along
with myocardial motion and its trajectory can be
tracked and used to indicate myocardial activity?'.
3D-STI has many features superior to two-di-
mensional echocardiography, including tracking
the motion trajectory of the spot in a real-time
and three-dimensional manner, and independent
on the angle of incidence of the probe*. In view of
the three-dimensional nature of cardiac function,
3D-STI can capture and describe its position and
motion state more accurately in time and space,
and it is clinically more advantageous. Many pre-
vious studies have confirmed this view?”?. In
this study, 3D-STI was used to detect myocardi-
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Figure 6. Expression of SIRT1, TGF-B, a-SMA and Vimentin in the fibrosis model group after SIRT inhibitor treatment.
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al infarction patients, and LVEDV was selected
as a predictor of left ventricular remodeling af-
ter myocardial infarction. Myocardial infarction
(AMI) is an acute cause of death in cardiovascular
disease. Although the rapid development of treat-
ment in recent years has improved the short-term
prognosis of AMI, the risk of long-term prognosis
is still high. This is due to ventricular remodeling
and eventual development into heart failure (HF)
caused by AMI*. Ventricular remodeling occurs
after AMI; myocardial hypoxia and reperfusion in-
jury lead to myocardial necrosis and impaired exer-
cise and function, followed by a series of patholog-
ical changes occur in the cardiomyocytes and cy-
toplasmic components in vivo under the influence
of hemodynamics, inflammatory factors, immune
system, and neurohumoral regulation, including
cardiomyocyte hypertrophy, degeneration, necro-
sis, loose and disordered arrangement, increased
interstitial collagen content, fibroblast activation,
scar formation, thinning of myocardial tissue in
the infarct site, and compensatory thickening of the
myocardial tissue in the original site. The shape of
the heart is blunt, ventricular function is reduced
due to the overall expansion to compensate for
the infarction, and the decompensation period can
lead to heart failure and malignant arrhythmia®"2*,
The changes in cardiac geometry during remodel-
ing can be described by LVST, LVPWT, and PRS,
while functional changes can be described by
LVEF, and LVEDV and LVESYV reflect changes in
morphology and function®.

In this study, the baseline level of LVEDV
was not significantly different between the re-
modeling group and the non-ventricular remod-
eling group and was significantly higher than
the baseline level at the time of follow-up af-
ter three months, especially in the remodeling
group. Itis shown that compared with the change
of left ventricular septal thickness (LVST), left
ventricular posterior wall thickness (LVPWT)
and peak radial strain (PRS), the ventricular
dilatation develops fastest in a short time after
AMI. Compared with left ventricular ejection
fraction (LVEF) and left ventricular end-systol-
ic volume (LVESV) in the compensatory period
shortly after AMI, left ventricular end-diastolic
volume (LVEDV) is most significantly changed
due to the elongated deformation of myocardi-
al fibers and ventricular dilatation. Therefore,
LVEDV is suitable as an indicator for predicting
ventricular remodeling. In the process of myo-
cardial hypoxia-reperfusion injury and fibrosis,
SIRTI plays a role in inhibiting injury, apopto-

sis and fibrosis®®. SIRTI is a deacetylase wide-
ly distributed in mammalian cell membranes,
cytoplasm and nucleus, and plays an important
role in physiological and pathological processes
such as energy metabolism, aging, tumor, in-
flammation, deoxygenation reoxygenation?'-°.
In this study, it was found that SIRTI levels
in peripheral blood of patients with myocar-
dial infarction were inversely correlated with
the degree of ventricular remodeling, whereas
in the deoxygenation-reoxygenation model of
cardiomyocytes, high expression of SIRT1 in-
creased cell viability. In the cell fibrosis mod-
el, inhibition of SIRT1 expression leads to in-
creased levels of inflammatory molecules and
fibrotic markers and increased fibrosis; this is
consistent with experimental results in the clin-
ical trials in which the remodeling group has a
lower SIRT1 expression than the non-ventricu-
lar remodeling group, and also consistent with
the conclusions in previous studies’”®. Some
studies have found that in vivo experiments,
lower SIRT expression can exacerbate ventric-
ular remodeling and myocardial damage and fi-
brosis®**-*!, while using drugs to increase SIRT1
levels can reduce deoxygenation-reoxygenation
injury**, inhibit apoptosis*, promote autoph-
agy and delays remodeling**¢, thereby protect-
ing the heart*8.

Conclusions

In summary, this study found that 3D-STI can
effectively detect changes in cardiac structure
and function in patients with myocardial infarc-
tion, and the indicators of LVEDV and peripheral
blood SIRT1 content are suitable for early pre-
diction and screening of ventricular remodeling.
The novelties of this study are that the results of
3D-STI clinical trials and animal experiments
confirm each other, suggesting that among all
the indicators (LVST, LVPWT, LVEDV, LVESV,
LVEEF, PRS, SV), LVEDV is the most suitable in-
dicator for predicting ventricular remodeling. At
the cellular level, animal model level and clini-
cal level, it was confirmed that during myocardi-
al infarction and ventricular remodeling, SIRT1
inhibited myocardial cell apoptosis and fibrosis,
reduced inflammation, and delayed the process of
ventricular remodeling. It is proposed that SIRT1
may become a potential therapeutic target for im-
proving the prognosis of patients with myocardial
infarction.
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