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Background: In this study, we explored the clinical significance of serum peroxisome prolif-
erator-activated receptor gamma co-activator 1 (PGC-1) alpha levels in diabetes mellitus with
myocardial infarction (DMMI) patients and investigated the possible mechanism.

Materials and Methods: Serum samples were obtained from patients with DMMI or normal
volunteer in Baoding First Center Hospital. C57BL/6 mice were induced by a single intraper-
itoneal (i.p.) injection of 100 mg/kg STZ (streptozocin) for in vivo model. Human myocardial
cell lines H9C2 cells were induced with high glucose medium (33 mmol/L glucose) for in vitro
model. Western blot was used to analyze the protein expressions in this study.

Results: Serum PGC-1 alpha levels were down-regulated in patients with DMMI. There was
negative correlation between serum PGC-1 alpha levels and glycated hemoglobin, blood
glucose or glucagon in DMMI patients. Recombination of PGC-1 alpha protein decreased the
levels of glycated hemoglobin, blood glucose and glucagon, and inhibited oxidative stress
and myocardial damage in mice of DMMI. Over-expression of PGC-1 alpha reduced reactive
oxygen species (ROS)-oxidative stress, while down-regulation of PGC-1 alpha promoted
ROS-oxidative stress via regulation of hemeoxygenase—1 (HO-1) expression in in vitro
model of DMMI. The inhibition of HO-1 expression attenuated the anti-oxidation effects
of PGC-1 alpha in vitro.

Conclusion: PGC-1 alpha attenuated ROS-oxidative stress in diabetic cardiomyopathy
model, and PGC-1 alpha served as a potential intervention to alleviate DMMI in clinical
applications.

Keywords: PGC-1 alpha, ROS, oxidative stress, diabetes mellitus with myocardial

infarction

Introduction

Diabetes mellitus is a common endocrine and metabolic disease characterized by
hyperglycemia in clinical practice." Hyperglycemia is caused by either defective
insulin secretion or impaired biological function, or both of them.? The persistent
high blood sugar in patients with diabetes mellitus would cause chronic damage and
dysfunction of various tissues, especially eyes, kidneys, heart, blood vessels and

nerves.” Among them, acute myocardial infarction is one of its complications.
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Acute myocardial infarction is characterized by myocar-
dial necrosis caused by acute and persistent coronary
ischemia and hypoxia, exerting a certain impact on the
quality of life and life safety of patients, especially in
elderly patients. Elderly patients have weak body, poor
immunity and are prone to combine multiple diseases,
thus, great attention should be paid to.

Recent studies have confirmed that enhanced oxidative
stress plays an important role in the pathogenesis and
development of diabetes mellitus.*” Myocardial ische-
mia/reperfusion can give rise to a large amount of ROS,
and ROS can cause peroxidation reaction in the lipid
bilayer of the biofilm, decreasing or even depriving its
activity, subsequently causing myocardial damage.® ROS
can also damage the mitochondrial membrane and further
initiate the activation of Caspase-3, which leads to the
damage of myocardial cells.’ Persistent hyperglycemia
can cause excessive production of mitochondrial ROS,
thereby affecting transcription and leading to systolic dys-
function. ROS can excessively reduce NO levels, causing
myocardial inflammation and endothelial dysfunction.'®

PGC-1a is a transcriptional co-activator with close asso-
ciation with the body’s energy metabolism, which plays an
important role in the body’s heat production, mitochondrial
synthesis, glucose and lipid metabolism, and skeletal muscle
fiber type conversion.'' PGC-la is mainly expressed in
tissues rich in mitochondria, such as brown fat, liver and
skeletal muscle.'” In recent years, PGC-lo. has become
a novel research target for the treatment of metabolic dis-
eases, including diabetes mellitus and obesity.'>'* In this
study, we explored that clinical significance of serum PGC-1
alpha levels in diabetes mellitus with myocardial infarction
(DMMI) patients and its possible mechanism.

Materials and Methods

Clinical Patients

Serum samples were obtained from patients with DMMI
(n = 30) or normal volunteer (n = 14) in Baoding First
Center Hospital (Baoding, China). Written informed con-
sent was obtained from all participants and the research
protocols were approved by the Ethics Committee of
Baoding First Center Hospital.

Quantitative RT-PCR

Total RNA was isolated from human serum samples or
cells samples using Trizol reagent (Thermo Fisher
Scientific) and the RNA purity was detected using

spectrophotometer. The synthesis of cDNA was performed
by the First Strand cDNA Synthesis Kit (Fermentas,
Thermo Fisher Scientific). The real-time PCR was carried
out on ABI 7500 Fast Real-Time PCR system (Applied
Biosystems, USA) by using SYBRGreen PCR Kit (Takara,
Dalian, China). These reactions were incubated at 95°C for
5 min, followed by 40 cycles of 95°C for 30 s, 60°C for
40 s, 72°C for 30 s. Relative quantitation of the gene
expression was normalized by B-actin mRNA level follow-
ing the 2-AACt method and relative to the control group.

Myocardial Function and Creatine
Kinase-MB Activity

Myocardial function was intermittently monitored by inva-
sive hemodynamic measurements. Left ventricular systolic
pressure (LVSP) and the maximal rates of the increase and
decrease in LVSP (+dp/dtmax) were monitored by an
electrophysiolograph (BioPAC). Arterial blood was col-
lected at the end of reperfusion to collect the serum
(2000 g x 10 min). Creatine kinase (CK) and Creatine
kinase-MB (CK-MB) were measured using CK kit and
CK-MB kits (Beyotime Biotechnology, China)

Experimental Animals

C57BL/6 mice (6—8 weeks) were purchased from Cavens
Lab Animal Co., Ltd. (Changzhou, China) and kept in
26 + 2°C a humidity of 6070% and a programmed
12 h light/12 h dark cycle. C57BL/6 mice were induced
by a single intraperitoneal (i.p.) injection of 100 mg/kg
STZ (Sigma-Aldrich). All animal procedures were in
accordance with the Principles of Laboratory Animal
Care of Baoding First Center Hospital and were approved
by the Committee of Baoding First Center Hospital for the
Use of Live Animals in Teaching and Research. Mice was
anesthetized using injection of pentobarbital sodium
(50 mg/kg). Heart was exposed and MI/R was achieved
by occluding the left anterior descending (LAD) coronary
artery for 45 min followed by reperfusion for 2 h.

Histopathology Examination

The left ventricle of heart samples was put in 10% for-
maldehyde solution for 24 h at room temperature and
dehydrated in ethanol gradient. Samples were embedded
in paraffin and cut down into slices (5 um). Slices were
stained with haematoxylin and eosin and observed under
a light Wetzlar,
Germany).

microscope (Leica Microsystems,
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Cell Culture and Small Interfering RNA

Transfection

Human myocardial cell lines H9C2 cells were purchased
from Shanghai Cell bank (Shanghai, China) and main-
tained in RPMI-1640 medium (Hyclone, Pittsburgh, PA,
USA), containing 10% fetal bovine serum (FBS, Hyclone,
Pittsburgh, PA, USA) at 37°C with 5% CO2. PGC-1 alpha,
si- PGC-1 alpha, PGC-1 alpha +siHO-1, si- PGC-1 alpha
+HO-1 and negative plasmids were synthesized by
Genepharm (Shanghai, China) and was transfected using
Lipofectamine 2000 (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s protocol. After
48 h of transfection, cell was induced with HG medium
(33 mmol/L glucose) for 24 h.

Western Blot

Cell samples and tissue samples were lysed with RIPA
buffer and the protein concentration was determined by
BCA assay reagent. Equal amounts of protein samples
(50 pg) were separated by SDS polyacrylamide gel elec-
trophoresis, and then transferred to PVDF membrane.
The membrane was incubated with the primary antibody:
PGC-1a, HO-1 and GAPDH overnight at 4°C and then
the secondary antibodies conjugated to horseradish per-
oxidase were added. Protein blank was visualized by
enhanced chemiluminescence (ECL) reagent and calcu-
lated with Image-ProPlus 6.0 software (Media
Cybernetics, Inc., Rockville, MD, USA).

ELISA KIT Analysis

Serum samples were collected at 1000g for 10 min and
used to measure MDA, SOD, CAT and GSH activity
levels. Cell samples were also collected at 1000g for
10 min and used to measure ROS production levels,
MDA, SOD, CAT and GSH activity levels. ROS produc-
tion levels, MDA, SOD, CAT and GSH activity ELISA
kits were purchased from Nanjing Jiancheng Biological
Engineering Research Institute Co. LTD (Nanjing, China).

Immunofluorescence Assay

Cell was fixed with 4% paraformaldehyde for 15 min at
room temperature and incubated with 0.2% TrisX100 in
TBST for 15 min at room temperature. Cell was incubated
with 5% BSA in TBST for | h at room temperature and
then incubated with HO-1 at 4°C overnight. Then, cell was
washed with PBS for 20 min and stained with 555- anti-
rabbit secondary antibody for 1 h at 37°C. Cell stained

with DAPI assay for 15 min at darkness and imaged by
fluorescence microscopy (Nikon Eclipse TE3000-U,
Japan).

Statistical Methods

Values are expressed as mean + SD using GraphPad Prism
(GraphPad Software, San Diego, CA, USA). A value of
p < 0.05 was considered to be significant. Two-way
repeated measures ANOVA with Tukey’s post hoc test or
Student’s t-tests were performed.

Results

Serum PGC-la Levels in Patients with
DMMI

As shown in Figure 1AC, serum PGC-la levels were
significantly decreased in DMMI patients. Meanwhile,
serum PGC-lo levels were inversely proportional to
serum CK-MB or CK levels in patients with DMMI
(Figure 1D and E).

PGC-la Prevented DMMI in Mice

The application of PGC-1a recombinant protein decreased
the serum levels of CK-MB and CK, inhibited cardiomyo-
cyte fibrosis, reduced the levels of LVEDD, LVESD and
LVFS and promoted LVEF levels in mice with DMMI
(Figure 2).

PGC-la Inhibited ROS-Induced Oxidative

Stress in vitro

To examine the mechanism of PGC-1a in DMMI, the expres-
sion of PGC-1a was up-regulated in vitro (Figure 3A). Over-
expression of PGC-1a attenuated ROS production levels and
MDA activity levels, and promoted the activity levels of
SOD, CAT and GSH in vitro (Figure 3BG). SiPGC-1a treat-
ment decrease the expression of PGC-1a, increased ROS
production and MDA activity levels, and reduced the activity
levels of SOD, CAT and GSH in vitro (Figure 3HN).

HO-1 Was an Important Target for the
Function of PGC-la in DMMI

Heat map and volcano figures were used to analyze targets
for the function of PGC-1a in DMMI (Figure 4A and B).
Consequently, HO-1 was an important target for the func-
tion of PGC-1a in DMMI (Figure 4C). Over-expression of
PGC-1la induced the protein expression of PGC-1a and
HO-1 in vitro (Figure 4DF). While down-regulation of
PGC-1a suppressed the protein expression of PGC-la
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Figure | Serum PGC-la levels in Diabetes mellitus with myocardial infarction patients. Heat map and refine results (A and B), serum PGC-la mRNA levels (C), serum
PGC-la levels were inversely proportional to serum CK-MB or CK levels in diabetes mellitus with myocardial infarction patients (D and E). Normal, normal volunteer
group; DMMI, Diabetes mellitus with myocardial infarction patients group. **p<0.01 versus normal volunteer group.

and HO-1 in vitro (Figure 4GI). Immunofluorescence
showed that over-expression of PGC-1a induced the pro-
tein expression of HO-1 in vitro (Figure 4J).

Regulation of HO-I Was Involved in the
Function of PGC-la in DMMI

We further confirmed the role of HO-1 in the function of
PGC-1a in DMMI. As a result, over-expression of HO-1
induced the protein expression of HO-1, reduced ROS
production levels and MDA activity levels, and increased
the activity level of SOD, CAT and GSH in in vitro
model following si-PGC-la (Figure 5). SiHO-1 sup-
pressed the protein expression of HO-1, increased ROS
production levels and MDA activity levels, and decreased
the activity level of SOD, CAT and GSH in in vitro
model following up-regulated expression of PGC-la
(Figure 6).

Discussion

Clinical studies have revealed that the incidence and mor-
tality of myocardial infarction in patients combined with
diabetes mellitus are much higher than those in patients
with simple myocardial infarction.'>'® Therefore, how to
protect ischemia/reperfusion injury in patients with dia-
betes mellitus has become a research hotspot.!” Relevant
experiments have confirmed that significant alterations in
cardiomyocytes, stroma, and microvessels can occur under
high blood glucose, leading to myocardial remodeling.'®
In the case of further progression of myocardial ischemia
and hypoxic infarction, there would be not only myocar-
dial cell apoptosis, necrosis and hypertrophy and ventricu-
lar hypertrophy, but also the destructed dynamic balance
between collagen synthesis and degradation of interstitial
interstitial composition and

fibers, resulting in the

amount changes, thereby further aggravating ventricular

submit your manuscript

4044

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Zhu et al

~ 200 (¢}
-
s (:j 2500
2 150 2 2000
3 @
H ]
z 10 - g 1500 o«
i‘; S 1000
E 50 E 500
& . , @ 0 N )
. DMMI DMMI+PGC-1a DMMI DMMI+PGC-1a
DMMI DMMI+PGC-1a
F 6.4
6.2
D°® E 6
. 100 ” T 58
80 £ 56 xx
T 4 b 9 54
E =~ 60 g 52
£ 3
a £ 2 s
o 2 w40 48
> > 46 s .
- 1 '] 20 :
DMMI DMMHPGC-1a
0 . ) 0
DMMI DMMIKPGC-1a DMMI DMMHPGC-1a G 60

LVFS (%)

DMMI

| . o
0

DMMI+PGC-1a

Figure 2 PGC-la prevented diabetes mellitus with myocardial infarction in mice. The protein structure of PGC-la (A), serum CK-MB (B), CK (C), LVESD (D), LVEF (E),
LVEDD (F), LVFS (G) levels. DMMI, DMMI mice group; DMMI+PGC-|a, DMMI mice with PGC-la group. *p<0.01 versus DMMI mice group.

BX

Negative

PGC-1a

PGC-1a

A.E 14 Bl. 12
8 12 - g 4
s 10 5 08
3 3 2
< S o
ER E 06
E 4 g 04
s
& 2 g 02
8 o L ]
s Negative PGC-1a Negative
D 40 160 -
= 3 140
€3 30 > T 120
28 2 28 100
8 g 2 S8 80
SE 15 Qo 60
Q=
€35 10 i 8L a
£ 2
£ 5 20
0 0
Negative PGC-1a Negative PGC-1a
§ 12 o 3
» ]
8 4 3 25
§ 08 § 2
< 08 = S 15
Z 04 2 1
E 5
s 02 @ 05
g o g o
. Neaative SiPGC-1a Neaative
K 100 - L 70
. 60
« £ 80 -
5% ZE 50
s
£5 60 2840
8o
<E é 530 -
=73 SE20
20 5
H 210
0 0
Negative SiPGC-1a Negative SiPGC-1a

w
8
3

AN
asa S

888838

' |
GSH activity
(Ulmg protein)

(Ulmg protein)
3
8

CAT activity

Negative

PGC-1a

@

| J-

SiPGC-1a
M 50
40
30
20

CAT activity
(Ulmg protein)

10

0
Negative

Negative

SiPGC-1a

GSH activity
(Uimg protein)

250
200
150
100

PGC-1a

120
100

Negative

Negative

sol - .
0

PGC-1a

80
60
40 b
20
0

SiPGC-1a
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remodeling, and ultimately causing severe heart failure
and even death.'”?° We initially found that serum PGC-
la levels in diabetes mellitus with myocardial infarction
patients demonstrated a significant decrease. Oropeza et al
showed that PGC-1 coactivators in B-cells regulate lipid
metabolism for insulin secretion coupled to fatty acids.?!
These results suggested that PGC-1a may be participated

in the pathogenesis of diabetes mellitus with myocardial
infarction.

Patients with diabetes mellitus have oxidative stress, and
the excessive ROS generated after reperfusion further aggra-
vates the oxidative stress, thereby causing enhanced myo-
cardial damage.””'%** In recent years, studies have shown
that MIRI combined with diabetes mellitus, reperfusion can
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lead to the release of a large amount of oxygen-free radicals, the body’s ability to clear oxygen-free radicals, and MDA
which decreases the antioxidant substances such as SOD and  can indirectly reflect the damage degree of tissues and
NO, and increases the oxidizing substances such as MDA in  cells.** The detection of ROS production, MDA content
the blood and myocardial tissue, thereby further aggravating and SOD, NO activity in the myocardial tissue to reflect
MIRI damage.”*** SOD activity can be utilized to evaluate  the body’s oxidative stress level have shown that APN can
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decrease the range of MIRI myocardial infarction and
reduce myocardial cell apoptosis in diabetes mellitus rats,
but also can enhance SOD and NO activity as well as
decrease MDA content and ROS production, suggesting
that APN has a protective effect on MIRI of diabetes melli-
tus rats.>* The cause is correlated with improving the
defense function of the antioxidant system, inhibiting oxida-
tive damage, and maintaining the body’s oxidant and anti-
oxidant balance.” In the present study, PGC-1a prevented
diabetes mellitus with myocardial infarction in mice and
over-expression of PGC-1a inhibited ROS-induced oxida-
tive stress in vitro model. Liang et al indicated that PGC-1
triggers autophagy and attenuates oxidative damage in
intestinal epithelial cells.”® These demonstrated that PGC-
la had good anti-oxidation activity in diabetes mellitus with
myocardial infarction.

HO-1 is an important antioxidant enzyme that plays
a critical role in protecting endogenously and exogenously
originated cells from harmful stimuli.?” On the one hand,
the antioxidant function of HO-1 is correlated with pre-
venting free heme from involving in the oxidation
reaction.”®* On the other hand, HO-1 and its enzymatic
hydrolysate bilirubin and CO, jointly exert antioxidant,
anti-inflammatory, inhibit apoptosis and vascular dilation,
improve tissue microcirculation, etc.>® The Nrf 2/HO-1
pathway is widely involved in the anti-oxidative stress
injury of tissues and organs, including heart, brain, liver,
kidney and nervous system, which is one of the most
important endogenous protection systems of the body.>'
The study results suggested that HO-1 was important
targets for the function of PGC-la in Diabetes mellitus
with myocardial infarction, indicating that the role of
PGC-1 alpha in the intervention of HIF-la/VEGF pathway
may be related to the regulation ROS-induced oxidative
stress in diabetes mellitus with myocardial infarction.
Singh et al showed that PGC-1 alpha increased mitochon-
drial viability and increased VO2 consumption in high fat-
induced obesity in mice by HO-1 levels.*® These results
showed that PGC-1 alpha is related to inhibiting is related
to inhibiting ROS-induced oxidative stress in diabetes
mellitus with myocardial infarction by HO-1 expression.

Conclusion

The study indicates that PGC-1a prevented diabetes mel-
litus with myocardial infarction and reduced relevant oxi-
dative stress. PGC-1a plays a key role in the maintenance
of diabetes mellitus with myocardial infarction and PGC-

lo may alleviate ROS-induced oxidative stress by activa-
tion of HO-1 signaling pathway.
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