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ORIGINAL RESEARCH

Shengjie Tongyu Decoction Regulates
Cardiomyocyte Autophagy Through Modulating
ROS-PI3K/Akt/mTOR Axis by LncRNA H19 in
Diabetic Cardiomyopathy

Sixuan Wang, MD; Jun Duan, MD; Jiangquan Liao, MD; Yan Wang, MD;
Xiang Xiao, MD; Lin Li, MD; Yi Liu, MD; Huan Gu, MD; Peng Yang, MD;
Dongliang Fu, MD; Jinhang Du, MD; Xianglun Li, MD; Mingjing Shao, MD

ABSTRACT

Context o Diabetic cardiomyopathy (DCM) is particularly
dangerous in diabetes mellitus (DM). The Shengjie Tongyu
decoction (SJTYD) is a well-known, traditional Chinese
medicinal formulation that practitioners use to treat myocardial
diseases in China; however, its role in DCM remain unclear.
Objective « The study intended to investigate: (1) SJTYD’s role in
the treatment of DCM and its underlying mechanisms, (2) the
association of autophagy with DCM, and (3) the involvement of
mammalian target of rapamycin (mTOR) signaling in the
regulation of DCM.

Design « The research team performed an animal study.
Setting o The study took place in the Department of
Endocrinology in the No. 2 ward—Traditional and
Complementary Medicine(TCM) of the China-Japan Friendship
Hospital in Beijing, China.

Animals « The animals were 60 C57/BL6 mice weighing 200-250 g.
Intervention « To determine the role of SJTYD in treating DCM,
the research team established a mouse model of DM using
streptozotocin (STZ). The team randomly divided the mice into
three groups with 20 mice each: (1) a negative control group,
which didn't receive injections of STZ or treatment with SJTYD;
(2) a model group, the Model group, which received injections of
STZ but didn’t receive treatment with SJTYD; and (3) an SJTYD
group, which received injections of STZ and treatment with
SJTYD.

Outcome Measures o The research team: (1) conducted a
differential analysis to identify the differentially expressed genes;
(2) performed deep sequencing of the long noncoding RNAs
(IncRNAs) expressed in cardiomyocytes from the control, Model,
and SJTYD groups; (3) performed a bioinformatics analysis;
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(4) used the ultrasonic and pathological, transmission electron
microscopy (TEM) test as well as a Western blot to evaluate
cardiac function, myocardial-injury areas, and autophagy in
vivo; (5) transfected primary cardiomyocytes treated them with
IncRNA H19 and SJTY 3-MA to establish SJTYD subgroups in
which the H19 protected against DCM and the 3-MA inhibited
autophagy; and (6) carried out immunofluorescence staining
and Western blot to test the phosphorylated levels of
phosphoinositide 3-kinase (PI3K)/ protein kinase B (AKT)/
mammalian target of rapamycin (mTOR) as well as autophagy
levels in vitro.

Results o The bioinformatics analysis indicated that SJTYD
significantly modulated IncRNA H19 as well as the mTOR
pathway. The vevo2100’s results indicated the SJTYD reversed
the cardiac-dysfunction parameters in DCM. The Masson’
staining, TEM, and Western blot demonstrated that the SJTYD
could suppress the myocardial-injury areas as well as the
numbers of autophagosomes and the expression proteins of
autophagy in vivo. The SJTYD promoted the phosphorylated-
levels of PI3K, AKT, and mTOR and decreased the levels of
autophagy proteins. LC3A-II and Beclin-1; IncRNA H19
amplified the SJTYD’s role; and 3-MA reversed those effects, as
tested using immunofluorescence and Western blot in primary
cardiomyocytes.

Conclusions ¢ The SJTYD can protect against diabetic
myocardial injury by inhibiting cardiomyocyte autophagy
through the activation of IncRNA H19, reactive oxygen species
(ROS), and the PI3K/Akt/mTOR signaling pathway. SJ/TYD may
be an effective strategy to ameliorate diabetic myocardial injuries.
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Diabetes mellitus (DM) is a major, worldwide health
problem that has a high mortality rate due to many severe
complications.! Among them, diabetic cardiomyopathy
(DCM) is particularly dangerous.>* DCM refers to damage to
myocardial structure and function resulting from DM, and
its significant features include ventricular hypertrophy,
myocardial fibrosis, ventricular dilation, and cardiomyocyte
damage or death, thus resulting in cardiac dysfunction and
progression to cardiac arrhythmia, heart failure, or even
cardiogenic death.*” Therefore, the importance of treatment
for DCM can’t be overstated.

Pathophysiological Mechanisms

At present, scientists consider oxidative stress, metabolic
abnormalities, and cell death to be DCM’s fundamental
pathophysiological mechanisms. Generally, metabolic
dysfunction that high glucose induces and that leads to
cardiomyocyte destruction is consistent with elevated
oxidative stress as well as cell apoptotic or death markers.®

Only with an improved understanding of DCM’s
mechanisms can researchers develop new therapies to reduce
the risk of disease progression. Therefore, it's urgent to
perform experimental studies on the control and therapeutic
targets of DCM.

Some studies have demonstrated that IncRNAs can play
a role in multiple physiological processes associated with the
pathophysiology of numerous cardiovascular disorders,
including DCM.*"" Long noncoding RNAs (IncRNAs) are
RNA transcripts that are >200 nucleotides in length and that
lack protein-coding potential.’® The H19 gene, which is
crucial in DCM, is a maternally expressed gene that encodes
IncRNA 19—a 2.3-kb non-coding RNA—and is conserved in
evolution."”"

Autophagy

Autophagy is a catabolic process that can degrade and
recycle cellular components and damaged organelles in
various diseases. It's a key metabolic process that protects
cellular homeostasis by eliminating many superfluous or
dysfunctional cellular elements in a lysosome-dependent
way.'*"” The dysregulation of autophagy can induce many
human disorders, such as cardiovascular diseases.'®"

Scientists generally consider oxidative stress to be an
important intracellular signal transducer for sustaining
autophagy. At an early stage, autophagy primarily behaves as
a pro-survival mechanism for cellular survival. However,
autophagy can contribute to cell-death processes when facing
sustained reactive oxygen species (ROS). Yun et al found that
the excessive production of ROS can cause oxidative damage
and cellular death,® which Mehrzadi et al and Muriach et al
found could occur under pathological conditions.”"*

A consensus exists that cardiomyocyte inflammation,
disorders of the mammalian target of rapamycin (mTOR)-
related signaling pathway, and myocardial-autophagy
imbalance can lead to cardiomyocyte damage and a decline
in cardiac function in the context of high glucose levels.”?

Two previous studies found thatactivation of phosphoinositide
3-kinase (PI3K), protein kinase B Akt, and mTOR can
suppress oxidative stress by elevating the expression of
nuclear respiratory factor (Nrf), the major inhibitor for ROS,
and inhibiting autophagy.*** The pro-survival kinases PI3K
and Akt can activate mTOR.>*%

In high-glucose or diabetic environments, ROS can
generate nicotinamide adenine dinucleotide phosphate
(NADPH) oxidases (NOX), such as NOX2 and NOX4, which
are indispensable for the recruitment of LC3B.*® This
facilitates conversion of LC3B-I to the conjugate LC3B-II 33
and activation of various autophagy-related (ATG) proteins,
such as Beclin-1, ATGS5, and ATG7,” and eventually results
in autophagy. Therefore, medical practitioners should use
anti-autophagy treatment for DCM.

Traditional Chinese Medicine (TCM)

In TCM, practitioners think that the basic pathogenesis
of cardiovascular disease is stagnation of qi and blood stasis
and homeostatic imbalance; therefore, clinicians often use
the method of promoting blood circulation and removing
blood stasis to help cure cardiovascular diseases.’*!

TCM’s Shengjie Tongyu decoction (SJTYD) consists of
Radix Astragali seu Hedysari, Radix Platycodonis, Radix
Bupleuri, Rhizoma Anemarrhenae, Fructus Corni, Rhizoma
Sparganii, Rhizoma Cimicifugae, and Herba Leonuri;
practitioners have used it to treat myocardial diseases for a
long time, and it has achieved significant efficacy in China.*

Three previous studies have shown that SJTYD can exert
anti-oxidant properties, which may be powerfully useful for
treating DCM.**> However, no research has occurred to
study the effects of SJTYD in treating DCM.

Current Study

The current study intended to investigate: (1) SJTYD’s
role in the treatment of DCM and its underlying mechanism,
(2) the association of autophagy with DCM, and (3) the
involvement of mammalian target of rapamycin (mTOR)
signaling in the regulation of DCM.

METHODS
Animals

The research team performed an animal study, which
took place in the Department of Endocrinology in the No. 2
ward—Traditional and Complementary Medicine(TCM) of
the China-Japan Friendship Hospital in Beijing, China.

The research team purchased C57/BL6 mice weighing
200-250 g from Beijing Haidian Xinglong Experimental
Animal Center (Beijing, China) and housed them for two
weeks under a 12-h light/dark cycle at room temperature,
providing them with an initial high-sugar, high-fat feed
before the study.Cardiomyocytes are taken after grouping.

The Laboratory Animal Ethical Committee of the China-
Japan Friendship Hospital reviewed and approved the
animal-use protocol for this study (No. zryhyy 61-22-04-05).
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Procedures

Drugs and reagents. The research team purchased the
SJITYD formulation from the Department of Traditional
Chinese Medicine at China-Japan Friendship Hospital. The
formulation comprised Radix Astragali seu Hedysari, Radix
Platycodonis, Radix Bupleuri, Rhizoma Cimicifugae, and
Herba Leonuri. The team mixed the herbal liquid with a Radix
Ginseng decoction and decocted it with water for 1.5 h.

DM Model. To determine the role of SJTYD in treating
DCM, the research team established a mouse model of DM as
Thomas et al previously described.’ The research team
randomly divided the mice into three groups with 20 mice
each: (1) a control group, which didn’t receive injections of
streptozotocin (STZ) or treatment with SJTYD; (2) a model
group, the Model group, which received injections of STZ but
didn’t receive treatment with SJTYD; and (3) an SJTYD group,
which received injections of STZ and treatment with SJTYD.

The team suspended the STZ from Sigma-Aldrich
(Shanghai, China) in a citrate buffer at pH 4.2, mitigated it
with 0.9% NaCl saline (Baxter, Shanghai, China), and dispensed
it intraperitoneally at a dose of 50 mg/kg/day. The team
injected the Model and SJTYD groups with STZ for 4 days and
collected fasting venous blood from each mouse to measure
the development of DM. A blood-glucose level of higher than
16 mM indicated DM, whereas a level less than 7 mM
indicated no DM.

The team: (1) administered SJTYD to the SJTYD group by
gavage daily for 4 weeks; (2) used Vevo2100 VisualSonics
(VisualSonics, Shanghai, China ) for testing the myocardial
functions of the mice; and (3) measured the left ventricular
(LV) pressure using a micromanometer-tipped catheter
(Millar, Texas, USA ) in the LV and then recorded the ejection
fraction (EF) and fraction shortening (FS), the left ventricular
systolic (LV Vol;s) and diastolic (LV Vol;d) volumes.

Cardiomyocyte culture. The research team: (1) isolated
ventricular myocytes from the mice , as Liu et al described
earlier'’; (2) briefly carried out a thoracotomy after deeply
anesthetizing and sacrificing the mice using intracardiac
perfusion with ketamine (90 mg/kg); (3) harvested the hearts
and crushed them in Hanks solution (Sigma-Aldrich,
Shanghai, China), a balanced salt solution that is free of Ca2+
and Mg2+; (4) incubated the tissues at 37°C in D-Hanks
solution containing 3 pM of Mito-SOX Red (Invitrogen,
Carlsbad, CA, USA).

The team then: (1) suspended the cells after centrifugation
in high-glucose Dulbeccos Modified Essential Medium
(Gibco, Paisley, UK), supplemented with 10% heat-inactivated
fetal calf serum, 12.5 mM sodium [N-(2-hydroxyethyl)
piperazine-N’-(2-ethanesulfonic acid)] (HEPES) with pH 7.3,
and 0.1 mM bromodeoxyuridine and (2) incubated the
cardiomyocytes at room temperature in a humidified chamber.

RNA extraction, library preparation, and sequencing.
The research team: (1) extracted total RNA from myocardial
tissues and cultured cardiomyocytes using TRIzol reagent
(Invitrogen,), according to the manufacturer’s instructions;
(2) verified total RNA integrity and purity using formaldehyde-

agarose-gel electrophoresis using equipment from Thermo
Fisher (Shanghai, China) and an OD260/280 ratio of >1.85;
(3) prepared the rRNA-depleted sequencing libraries from
total RNA using the Illumina TruSeq Stranded Total RNA
Gold (Ilumina,Santiago, California, USA); and (4) used a
quantity of total RNA, about 1 pg, as input material and
removed both cytoplasmic and mitochondrial rRNAs using a
Ribo-Zero Gold kit (Illumina, Santiago, California, USA).

The team then: (1) performed RNA purification, reverse
transcription, library construction, and sequencing using a kit
from Guangzhou RiboBio (Guangdong, China), according to
the manufacturer’s instructions (Illumina); (2) after library
construction, used the Qubit dsDNA HS Assay (Thermo
Fisher Scientific, Shanghai, China) to quantify the concentration
of the resulting sequencing libraries; (3) analyzed the size
distribution using an Agilent 2100 Bioanalyzer. (Agilent, Santa
Clara, California, USA); and (4) performed sequencing using
an Illumina system, following Illumina’s provided protocols for
2 x 150 paired-end sequencing, at RiboBio.

LncRNA-expression estimation and differential-
expression analysis. The research team: (1) trimmed raw
reads with Fastp, v0.2.2 (Hyplos, Shenzhen, China) to remove
adapter sequences and low-quality bases; (2) aligned the
clean reads to the referenced human genome GRCh37/hg19
with STAR, v2.4.2a (Illumina, Santiago, California, USA)%;
and (3) used RNA-Seq by Expectation-Maximization
(RSEM)* from Bioconda (USA) to estimate gene abundance
based on the uniquely mapped reads.

The team then: (1) used the genome research part of the
ENCyclopedia of DNA Elements (ENCODE) scale,
GENCODE, v19, to annotate mRNAs and IncRNAs in the
above process; and (2) used the edgeR package® (USA) to
identify differentially expressed genes (DEGs) and set the
screening criteria for DEGs to [log2(fold change)] >2 and an
adjusted P<.05.*

Functional enrichment analysis. The research team:
(1) subjected the identified differentially expressed IncRNAs/
messenger RNAs (mRNAs) of the control, Model, and
SJTYD groups to pathway analyses using Gene Ontology
(GO)* and the Kyoto Encyclopedia of Genes and Genomes
(KEGG)*" to identify the significant pathways associated
with differentially expressed IncRNAs and (2) conducted a
Fisher’s exact test (Cochran’s restriction) to select the
significant pathways. P<.05 indicated statistical significance.

Transfection and generation of stably transfected
cardiomyocyte lines. The research team: (1) purchased the
full-length, IncRNA H19, overexpression sequence si-H19
from GenePharma (Shanghai, China); (2) mixed the
transfection reagent Lipofectamine 3000 (Invitrogen) and
plasmids, including si-H19, and added them to cardiomyocytes
with the medium for 5 h, followed by transfection in a regular,
serum-containing medium for another day; and (3) collected
the cells for the detection of mRNA levels using a real-time
quantitative polymerase chain reaction (RT-qPCR).

RT-qPCR. The research team: (1) extracted total RNA
from heart tissues and cardiomyocytes using TRIzol reagent
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(Invitrogen); (2) synthesized complementary deoxyribose
nucleic acid (cDNA) using a RT-qPCR kit (Invitrogen),
according to the manufacturer’s instructions; (3) performed
the RT-qPCR using the SYBR Green Real-time PCR Master
Mix (Toyobo, Osaka, Japan) with a 7500 Fast Real-Time PCR
System (Applied Biosystems, Carlsbad, California, USA). The
primer sequences (5°-3’) were as follows: H19: 5’-TATCGGAC
TCCAGAGGGATT-3" and 5-GGCATACAGTGCACCA
AGTC-3’ The team calculated the relative expression level of
genes using the 2-AACT method.

Western blotting. The research team: (1) homogenized
the tissues in 0.1% sodium dodecyl sulfate (SDS) buffer,
which contained 0.05 M of sodium chloride (NaCl), 10 mM
of ethylenediaminetetraacetic acid (EDTA), 25 mM of
sodium HEPES, 10 mM of sodium orthovanadate (Na,VO,),
1 mM of dithiothreitol (DTT), 20% glycerol, and 1.0% Triton
X-100, supplemented with protease inhibitor cocktail
(Complete TM mini, Boehringer-Mannheim, (Mannheim,
Baden-Wurttemberg, Germany); (2) centrifuged the lysate at
12 000 rpm for 15 min and harvested the supernatant
containing the cytoplasmic proteins and measured them
using the RC DC Protein Assay Kit (Bio-Rad, Hercules, CA,
USA); (3) separated 50 ug of the extracted protein using
equipment for sodium dodecyl-sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) from Thermo Fisher (Shanghai,
China) and transferred it onto a polyvinylidene fluoride
(PVDF) membrane (Millipore, Bedford, MA, USA).

The team then: (1) blocked the membrane with 3%
bovine serum albumin (BSA) and phosphate-buffered saline
(PBS) for one h to reduce nonspecific antibody binding;
(2) incubated the membrane with the primary antibody Atg-
5, beclin-1, LC-3I1, p-PI3K, t-PI3K, p-AKT, t-AKT, p-mTOR,
LC3B and GAPDH(1:1000, Abcam, UK) at 1:100 in PBS for
12 h at room temperature; (3) incubated it again with Goat
anti-rabbit IgG H&L (HRP) pre-adsorbed secondary
antibody(1:5000, Abcam, UK) for 40 min at room
temperature; and (4) detected the signal using an enhanced
chemiluminescence (ECL) system (Amersham Biosciences,
Little Chalfont, UK) and exposed it to X-ray films.

Transmission electron microscopy (TEM). The
research team: (1) sliced sample tissues into three minor
sections, fixed them in 2.5% glutaraldehyde, then fixed them
in 1% osmium tetroxide, and embedded them in epoxy resin
overnight and (2) stained the sections with uranyl acetate for
30 min and lead citrate for 5 min and observed them under a
Philips CM120 model transmission electron microscope
(Philips, Amsterdam, Netherlands).

Masson’s staining. After fixing tissues in 10% buffered
formalin for at least 24 h at room temperature, the research
team embedded 4-mm sections in paraffin and then stained
them with Masson’s trichrome (MKbio, Shanghai, China) to
investigate the fibrotic changes.

Immunofluorescence. The research team: (1) plated
cells on coverslips in a 24-well plate; (2) fixed them with
paraformaldehyde for 15 min and permeated them with
PBST—0.1% Triton X-100 in D-PBSA—for 25 min; (2) after

blocking them with 5% normal goat serum for 40 min at
room temperature, incubated the cells overnight at 4°C
with phosphorylated (p)-mTOR Ser2448 primary antibodies
(Cell Signaling Technology, Boston,USA); and (3) observed
them under a fluorescent microscope, an Olympus BX51
(FULAI OPTICAL TECHNOLOGY, Shanghai,China ) and
analyzed the images with Image] software (NIH) (Bethesda,
Maryland, USA).

Outcome measures. The research team: (1) conducted a
differential analysis to identify the differentially expressed
genes; (2) performed deep sequencing of the long noncoding
RNAs (IncRNAs) expressed in cardiomyocytes from the
control, Model, and SJTYD groups; (3) performed a
bioinformatics analysis; (4) used the ultrasonic and pathological
TEM test as well as a Western blot to evaluate cardiac function,
myocardial-injury areas, and autophagy in vivo; (5) transfected
primary cardiomyocytes treated them with IncRNA H19 and
SJTY 3-MA to establish SJTYD subgroups in which the H19
protected against DCM and the 3-MA inhibited autophagy;
and (6) carried out immunofluorescence staining and Western
blot to test the phosphorylated levels of phosphoinositide
3-kinase (PI3K)/ protein kinase B (AKT)/ mammalian target
of rapamycin (mTOR) as well as autophagy levels in vitro.

Outcome Measures

Cardiac functions. The research team carried out
hemodynamic measurements to assess the cardiac systolic
and diastolic functions of the mice.

Myocardial injury. The research team examined the degree
of myocardial injury in each group, so that further investigation
of the effects of SJTYD in treating DCM could occur.

IncRNA H19 in cardiomyocytes. To obtain an intensive
understanding of the mechanism by which H19 protects against
DCM, the research team extracted RNA from the peripheral
blood of the Model and SJTYD groups, followed by RNA-seq
analysis. In consideration of the gene function in enriched
pathways, the research team selected IncRNA H19, an IncRNA
related to apoptosis and autophagy signaling pathways.

To explore the functional pathways that SJTYD
influences, the research team conducted pathway analyses
and compared the DCM and SJTYD groups. Considering the
enriched pathways and their roles in DCM, the team selected
the downregulated pathways for further investigation,
including autophagy, flavonoid glucuronidation, flavonoid
biosynthetic process, and endosomal transport. The team
chose autophagy-related pathways to explore the correlations
between SJTYD and cell death and DCM. In consideration of
gene function in enriched pathways, the team selected
IncRNA HI19, an IncRNA related to apoptosis and the
autophagy signaling pathway.

Suppression of cardiomyocyte autophagy. The research
team evaluated cardiomyocyte autophagy using 3-MA. The
team inspected autophagosomes using TEM and measured
the autophagy and associated protein-expression profiles.

PI3K/Akt/mTOR signaling pathway. To determine
whether H19 is involved in repressing cardiomyocyte
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Figure 1. SJTYD and Cardiac Functions in Diabetic Mice
Postintervention (N =24, 8 in each group). Figure 1A shows
representative, serial M-mode echocardiography in the
SJTYD, DM (model), and control groups. Hemodynamic
measurements revealed that the cardiac systolic and diastolic
functions improved in the SJTYD group. The quantitative
analysis in Figure 1B shows the SJTYD group’s LVEE, LVES,
LV Vol;s and LV Vol;d.
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P <.01, indicating that the SJTYD groups LVEF and LVFS
were significantly higher and its LV Vol;s and LV Vol;d were
significantly lower than those of the Model group
postintervention

Abbreviations: DM, diabetes mellitus; LVEE, left ventricular
ejection fraction; LVFS, left ventricular fraction shortening;
LV Volid, left ventricular diastolic volume; LV Vol;s, left
ventricular systolic volume; SJTYD, Shengjie Tongyu
decoction.

Figure 2. SJTYD and Relief of Myocardial Injury in Diabetic
Mice Postintervention (N =24, 8 in each group). Figure 2A
shows a photomicrograph of heart tissues stained with
modified Masson’s trichrome staining, 40x, which revealed
that the SJTYD group’s myocardial-injury area was smaller
than that of the DM (model) group. Figure 2B shows the
quantitative analysis of the SJTYD groups and DM (model)
group’s myocardial-injury areas. Scale bars: 500 pm. Data are
means + SDs.
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Abbreviations: SJTYD, Shengjie Tongyu decoction.

autophagy, the research team assessed expression of mTOR,
the primary regulator of autophagy. To further determine
whether the PI3K/Akt/mTOR signaling pathway is involved
in H19-induced cardiomyocyte autophagy, the team injected
3-methyladenine (3-MA), an autophagy inhibitor, into the
culture medium of cardiomyocytes.

Statistical Analysis

The research team analyzed the data use SPSS 20.00
software (IBM, New York, USA ). The team expressed
measurement data as means + standard deviations (SDs),
used Student’s ¢ test for comparison between groups, and
used an analysis of variance (ANOVA) for comparisons
between baseline and postintervention. P < .05 indicated
statistical significance.

RESULTS
Cardiac Functions

Ultrasound experiments (experiments with different
interventions at fixed time points) after four weeks of
continuous incubation. The SJTYD group’s cardiac functions
had improved postintervention (Figure 1A). For the
quantitative analysis, Figure 1B shows that the group’s left
ventricular ejection fraction (LVEF) and left ventricular

fraction shortening (LVFS) were significantly higher and its
left ventricular systolic volume (LV Vol;s) and left ventricular
diastolic volume (LV Vol;d) were significantly lower than
those of the Model group postintervention (all P<.05). These
results imply that SJTYD can improve cardiac functions in
diabetic mice.

Myocardial Injury

In Figure 2A, the photomicrograph of heart tissues
shows that postintervention the SJTYD groups myocardial-
injury area was smaller than that of the Model group,
suggesting that SJTYD can relieve myocardial injury in
diabetic mice. Moreover, the quantitative analysis in Figure
2B shows that postintervention the SJTYD group’s
myocardial-injury area was significantly smaller than that of
the Model group, indicating its protection against DCM
development (P<.05).

IncRNA H19 in Cardiomyocytes

The analysis found 105 differentially expressed IncRNAs
with a fold-change >2.0 and an adjusted P <.05, including 60
downregulated ones and 45 upregulated ones (Figure 3A). The
LncRNA H19 was significantly upregulated in DM. Figure 3B
shows that the IncRNA H19 in the Model and SJTYD groups
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Figure 3. RNA-seq Analysis: Protective Effect of H19 after
SJTYD Administration (N =24, 8 in each group). Figure 3A
shows the Volcano plot, which exhibited the differentially
expressed mRNAs/IncRNAs; Figure 3B shows the expression of
IncRNA-H19, according to the RT-qPCR; and Figure 3C shows
the LncRNA H19in cardiomyocytes after SJTYD administration.
Figure 3D shows the Kaplan-Meier survival analysis of the
expression of the relationship between IncRNA H19 and
survival rate. Figure 3E shows the functional enrichment
analyses (GO terms) of downregulated enriched pathways, and
Figure 3F shows the functional enrichment analyses (GO terms)
of upregulated enriched pathways. Figure 3G shows that H19
was positively associated with mTOR in the co-expression
analysis (P<.05). Data are expressed as means + SD.

A

P <.001, indicating that mice with a high expression of
IncRNA H19 had a significantly higher survival rate than
those with a low expression of IncRNA H19

Abbreviations: DM, diabetes mellitus; GO, Gene Ontology;
IncRNA H19, long noncoding RNAs; mRNAs, messenger
RNA; mTOR, mammalian target of rapamycin; RT-qPCR,
real-time quantitative polymerase chain reaction; SJTYD,
Shengjie Tongyu decoction.

Figure 4. H19 Gene and Suppression of Cardiomyocyte
Autophagy (N =24, 8 in each group). The image above is an
image magnified by 30000 times, and the image below is
magnified by 10000 times.Figure 4A shows the evaluation of
cardiomyocyte autophagy by observation of autophagosomes
using TEM. Figure 4B shows the detection of the expression
of autophagy-related proteins—LC3A-II, Beclin-1, and
ATG5—using Western blotting and quantitative analysis.
Scale bars: 500 pum.
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Abbreviations: ATG5, autophagy related 5; LC3-II,
Microtubule-associated protein 1A/1B-light chain 3-II;
SJTYD, Shengjie Tongyu decoction; TEM, transmission
electron microscopy

was significantly higher than that of the control group
postintervention (both P <.01). Figure 3C shows that the
SJTYD groups expression level of Inc RNA HI19 was
significantly higher in cardiomyocytes postintervention than
the control group’s was (P <.01). Moreover, Figure 3D shows
that that mice with a high expression of IncRNA H19 had a
significantly higher survival rate than those with a low
expression of IncRNA H19 (P<.001).

The analysis identified 19 downregulated pathways
(Figure 3E) and 38 upregulated pathways (Figure 3F). Figure
3G shows that H19 was significantly positively associated
with mTOR (P<.05).

Suppression of Cardiomyocyte Autophagy

The Model groups H19 expression in cardiomyocytes
was lower than that of the SJTYD group and was higher
following injection with H19. The SJTYD group’s autophagy

was repressed.The image above is an image magnified by
30000 times, and the image below is magnified by 10 000
times. (Figure 4A).

Western blotting and quantitative analysis (Figure 4B)
revealed that postintervention the SJTYD groups number of
autophagosomes was significantly lower than that of the
Model group (P <.05) and its expression of the autophagic
markers LC3A-II, Beclin-1, and ATG5 were significantly lower
than those of the Model group postintervention (P < .05),
signifying that H19 is involved in the suppression of
cardiomyocyte autophagy.

Hi PI3K/Akt/mTOR Signaling Pathway

The immunofluorescence staining showed that the
SJTYD + HI19 group’s expression of p-mTOR had increased
in the cardiomyocytes, suggesting that H19 can reinforce
mTOR recruitment in SJTYD (Figure 5A).
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Figure 5. H19 and High-glucose-induced Autophagy by
Regulating PI3K/Akt/mTOR Signaling Pathway (N =9, 3 in
each group). Figure 5A shows that immunofluorescence
revealed an increased expression of p-mTOR in cardiomyocytes
of neonatal mice in the SJTYD group. Figure 5B shows that the
activity of p-PI3K, p-Akt, and p-mTOR and the expression of
autophagy-related proteins— MAPILC3A-II (LC3A-II),
Beclin-1, and ATG5—as detected using Western blotting with
and without 3-MA. Scale bars: 20 um.
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*P < .01, indicating that the relative protein expressions of
p-mTOR, p-PI3K and p-Akt were significantly higher in the
cardiomyocytes of the SJTYD + H19 group than in the other
groups and were significantly lower for the SJTYD + H19 +
3-MA group than for the other groups

Abbreviations: Akt, protein kinase B; ATGS5, autophagy related
5; LC3A-II, Microtubule-associated protein 1A/1B-light chain
3-I; mTOR, mammalian target of rapamycin; PI3K,
phosphoinositide 3-kinase; SJTYD, Shengjie Tongyu decoction.

The Western blotting in Figure 5B shows that HI19
increased the activity of the p-pro-survival kinases p-PI3,
p-Akt, and p-mTOR in cardiomyocytes in response to
SJITYD + H19 (Figure 5B).

Furthermore, the quantitative analysis confirmed that
the relative protein expressions of p-mTOR, p-PI3K and
p-Akt were significantly higher in the cardiomyocytes of the
SJTYD + HI19 group than control group and SJTYD group
(P<.01), suggesting that mTOR is activated and positively
associated with H19-induced cardiomyocyte autophagy.

Interestingly, the 3-MA significantly reversed the
increases in mTOR, p-mTOR, p-PI3K, and p-Akt in
cardiomyocytes in the SJTYD + H19 group (Figure 5B),
indicating that H19 is involved in cardiomyocyte autophagy
that high glucose induces, by regulating the PI3K/Akt/mTOR
signaling pathway.

In addition, the quantitative analysis in Figure 5B shows
that the relative protein expressions of p-mTOR, p-PI3K, and
p-Akt were significantly lower in the SJTYD + H19 + 3-MA
group than in control group, SJTYD group and SJTYD + H19
group (P<.01). These results imply that mTOR is activated
and positively associated with H19, which is involved in the
autophagy that high glucose induces, by regulating the PI3K/
Akt/mTOR signaling pathway.

DISCUSSION

SJTYD is a kind of traditional Chinese medicine soup,
which has the effect of invigorating qi and raising yang,
activating blood circulation and removing stasis. In China, it
has been used to treat heart failure caused by a variety of
diseases, especially in the recovery period after myocardial
infarction.”®* On this basis, this study aims to explore the
pharmacodynamic effect of SJTYD on myocardial infarction,
explore its potential mechanism, and explore the potential
role of SJTYD in myocardial infarction by constructing a
mouse myocardial infarction model.

The ultrasound study found that SJTYD can ameliorate
cardiac systolic and diastolic dysfunction, indicating that
SJTYD may help to prevent DCM. Furthermore, Masson’s
staining revealed that the myocardial-injury area was
significantly larger in the Model group than in the SJTYD
group, suggesting the ability of SJTYD to relieve myocardial
injury in diabetic mice.

The current study also found that LncRNA HI19 was
significantly higher in the Model and SJTYD groups than in
the control group. Also, the SJTYD group’s expression level of
IncRNA H19 in cardiomyocytes was significantly higher than
that of the control group.

Moreover, the survival analysis found that the mice with
a high expression of IncRNA H19 had a higher survival rate
than those with a low expression of IncRNA H19. Pathway
analyses between DCM and SJTYD groups showed 19
downregulated pathways and 38 upregulated pathways and
co-expression analysis showed that H19 was significantly
positively associated with mTOR.

Autophagy means autophagy, which is the process by
which eukaryotic cells use lysosomes to degrade their own
cytoplasmic proteins and damaged organelles under the
regulation of autophagy-related genes. Autophagy prevents
cell damage, promotes cell survival in the event of nutrient
deficiencies, and responds to cytotoxic stimuli. Autophagy
includes basal autophagy under physiological conditions and
induced autophagy under stress conditions.”” SJTYD
improved cardiac function and cardiomyocyte structure,
signifying its powerful therapeutic effect. The SJTYD group’s
autophagy and the number of autophagosomes and
expression of the autophagic markers LC3A-II, Beclin-1, and
ATG7 were significantly lower than those of the Model
group, indicating the role of SJTYD in the suppression of
cardiomyocyte autophagy. The H19 increased mTOR activity
and the SJTYD group’s p-mTOR expression in cardiomyocytes
was significantly higher than that of the DCM group,
suggesting that mTOR is activated and positively associated
with H19-induced cardiomyocyte autophagy. The Western
blotting showed that H19 increased p-PI3K and p-Akt in
cardiomyocytes in the SJTYD group.

To further determine whether HI19-induced
cardiomyocyte autophagy involves the PI3K/Akt/mTOR
signaling pathway, the current research team injected 3-MA
into the culture medium of cardiomyocytes. Interestingly,
3-MA significantly reversed the H19-induced increases of
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mTOR, p-mTOR, p-PI3K and p-Akt, indicating that H19 is
involved in high glucose-induced autophagy by regulating
the PI3K/Akt/mTOR signaling pathway.However, in this
study, we lack studies on the effects of SJTYD on other
animal models of diabetes to verify its role.

CONCLUSIONS

The current study found that SJTYD can protect against
DCM by inhibiting cardiomyocyte autophagy through the
activation of IncRNA HI9, reactive oxygen species (ROS),
and the PI3K/Akt/mTOR signaling pathway. SJTYD may be
an effective strategy to ameliorate diabetic myocardial
injuries.
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