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Abstract: Background: The erythropoietin helix B surface peptide (HBSP) has been shown to have neuroprotective
and repair-damaging myocardium effects similar to erythropoietin (EPO). However, the protective mechanism of
HBSP on cardiomyocyte hypoxia-reoxygenation (H/R) injury is not clear. Methods: H9C2 cells were pretreated with
HBSP and subjected to hypoxia/reoxygenation (H/R), changes in cell function, autophagy and apoptosis were as-
sessed, respectively. Cells were transfected with miR-21 mimic and miR-NC, and the relative expression of miR-21
and Atg12 were detected by gRT-PCR. The target role of miR-21 and Atg12 was evaluated by dual-luciferase reporter.
After transfected with si-Atg12 and si-NC, western blot was used to assess autophagy and apoptosis proteins, flow
cytometry assay was used to detect apoptosis rate. Results: We found the expression of miR-21 was significantly
down-regulated, accompanied by remarkably activated of autophagy and apoptosis in HOC2 cells during H/R injury.
Pleasantly, HBSP pretreatment has a similar effect as transfection of miR-21 mimic, which is to evidently inhibit
autophagy and apoptosis by up-regulating miR-21 expression. Moreover, Bioinformatics analysis and luciferase
reporter assay revealed that Atg12 was directly bond to miR-21. To further understand whether Atg12 is involved in
the process of miR-21 regulating autophagy, si-Atg12 and si-NC were transfected into H9C2 cell, the results showed
that knockdown of Atg12 enhances the inhibition autophagy and apoptosis effect of HBSP. Conclusion: These re-
sults demonstrate that HBSP inhibits myocardial H/R injury induced by autophagy over-activation and apoptosis via
miR-21/Atg12 axis.
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Introduction

Acute myocardial infraction (AMI) is one of the
most important reasons of human death [1].
Early effective reperfusion therapy including
thrombolysis and percutaneous coronary inter-
vention can significantly reduce myocardial
infraction area and improve cardiac function,
and has become crucial treatment AMI [2, 3].
Despite recovery of blood supply by reperfu-
sion, severe arrhythmia, endothelial dysfunc-
tion, stunned myocardium, apoptosis and over-
activation of autophagy abolish the benefits of
reperfusion [4]. Altered autophagy has been
observed in ischemic heart disease, cardiac
hypertrophy and heart failure in response to
pathological stimuli [5]. Although some studies
indicate that cell death caused by excessive

activation of autophagy is the important reason
of reperfusion injury, there is no effect treat-
ment for autophagy-related reperfusion injury
[6].

Erythropoietin (EPO) is a glycoprotein hormone
secreted by kidney that promotes hematopoie-
sis. Recent years, experiments have proved
that EPO has protective effect in myocardial
infraction, MIRI and heart failure models, but
adverse reaction such as thrombosis and hy-
pertension limit its clinical application [7]. Ery-
thropoietin helix B surface peptide (HBSP) is a
peptide derived from the waterborne surface of
helix B in the tertiary structure of the EPO mol-
ecule, which preserves the tissue protective
effect of EPO and removes the erythropoiesis
effect [8]. Several studies have been demon-
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strated that HBSP significantly reduced myo-
cardial infraction area and MIRI through anti-
apoptosis, anti-inflammatory and anti-oxidative
stress [9, 10]. In mice liver I/R model, HBSP pro-
tected hepatic I/R injury via regulating autopha-
gy by targeting mTOR [7].

microRNAs (miRNAs) are act as negative regu-
lators of gene expression by pairing with sites
in the 3’-UTR regions of mRNAs of protein-cod-
ing genes. Many studies have revealed that
mMiRNAs are involved in cardiac muscle contrac-
tion, conducting electrical signals, heart growth
and pathogenesis of MIRI [11]. miR-21 has
many studies on the pathogenesis and progres-
sion of various tumors [12]. Evidence from Xing
et al demonstrated that gastrodin exerts the
protective effect of hypoxia-induced H9c2 cell
injury through activating PTEN/PI3K/AKT and
NF-kB pathways via up-regulating miR-21 [13].
However, it remains unclear whether miR-21
could influence autophagy during I/R in cardio-
myocytes.

In this study, we constructed H/R cardiomyo-
cytes model to mimic MIRI in vitro and observe
the effect of HBSP on autophagy and apoptosis
in H/R induced H9C2 cell. Meanwhile, we ex-
plored the possibly regulatory mechanism of
HBSP through investigating the target relation-
ship between miR-21 and Atg12.

Materials and methods
Cell culture and treatment

Rat ventricular H9¢c2 cell line purchased from
Chinese Academy of Sciences were cultured in
DMEM medium (Gibco) containing 10% fetal
bovine serum (Hyclone), supplemented with
100 U/ml penicillin and 100 g/ml streptomycin
(Hyclone), and incubation under an atmosphere
of 5% CO, and 95% air at 37°C. For cell H/R
model, cells were incubated in a hypoxic plastic
chamber filled with a mixture of 95% N, and 5%
CO, and replaced the media with fresh 1.5 g/L
glucose DMEM without serum for 6 h at 37°C.
After that, cells were incubated in 95% air with
normal media for 6 h reoxygenation [14]. HBSP
was synthesized at Shanghai Ketai Biotechno-
logy and dissolved in sterile saline to 1 yg/ml
as mother solution. Before H/R treatment, cells
were pretreated by HBSP (5 ng/ml) to observe
its protective effects.
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Cell transfection

The miR-21 negative control (NC), miR-21
mimic, si-Atg12 and si-NC were synthesized
from GenePharma Co., Ltd (Shanghai, China).
The sequences were as follow: miR-21 sense:
5-CUUAGUGUUCAGACUAGGUGUUC-3’, miR-21
antisense: 5-ACAGACUAGUCUGAACACUGUUGG-
3’, miR-NC sense: 5-UUCUCCGAACGUGUCAC-
GUTT-3’, miR-NC antisense: 5-ACGAUACACG-
UUCGGAGAATT-3'. The rat Atg12 RNAI target
sequence is 5-CCAAGCGCGTGTCTGAAAC-3', a
scramble form was used as a control (5'-AGC-
CGTGCACTGCACTAGC-3’). Then, the cells were
transfected with Lipofectamine® 3000 (Invitro-
gen, Thermo Fisher Scientifc, Inc.) according to
the manufacturer’s protocol. The medium was
replaced for 6-8 h after transfection, and the
cells were collected for further experiments
after 48 h of transfection.

Cytotoxicity assays

Cell viability was assessed with cell count kit-8
(CCK-8, Dojindo, Japan) according to the manu-
facturer’s instructions. After treatment com-
pleted, 10 ul of CCK-8 solution were added in
each well and incubated for 2 h. Absorbance
values were obtained with an enzyme-mark-
analyser (Bio-Rad, USA) at a wavelength of 450
nm. Cardiomyocyte cytotoxicity was evaluated
by detecting the release of lactate dehydroge-
nase (LDH) from the cells. After cells exposure
completed, cell supernatant was collected and
LDH activity was determined by enzyme-mark-
analyser (Bio-Rad, USA).

Flow cytometry

The apoptotic ratio of cells was performed by
Annexin-V/PI double staining (Keygen, Nanjing,
China). Cells were collected and washed twice
by cold D-Hanks solution (Keygen, Nanjing,
China) and then suspend with 100 pl binding
buffer. 5 yl Annexin V-FITC solution and 10 pl PI
solution were added and incubated 15 min at
room temperature. Subsequently, 400 pl bind-
ing buffer was added and the apoptotic ratio of
cells was detected using a flow cytometer
(Becton, USA) with an excitation wavelength of
488 nm.

TUNEL assay

TUNEL cell death detection kit was purchased
from Roche (Germany) to detect cell apoptosis
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death ratio. Briefly, cells were cultured in glass
coverslips and fixed with 4% paraformaldehyde
for 15 min. After washed by PBS, cells were per-
meabilized in 0.1% Triton X-100 solution and
stained with reaction mixture at 37°C for 60
min. Next, cells were cultured with DAPI (Solar-
bio, Beijing) for 10 min. The images were cap-
tured by fluorescence microscope (Nikon, Ja-
pan) and apoptosis rate were calculated from
five fields in each group.

Fluorescence microscopy

HO9C2 cell was transfected pcDNA3.1-GFP-LC3
plasmid and then treated as indicated. The
plasmid pcDNA3.1-GFP-LC3 was extracted ac-
cording to the instructions of the plasmid mini-
pre2p purification kit (Beyotime, Jiangsu, China).
Cells were washed with PBS and fixed with 4%
paraformaldehyde. All cell images were visual-
ized using a laser scanning microscope (Nikon,
Japan). Cells with diffuse cytoplasmic GFP-LC3
staining were regarded as non-autophagic
cells, those with more intense GFP-LC3 puncta
were considered autophagic cells. A minimum
of 50 cells were scored for each condition.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was isolated from cells. Quantitative
real-time PCR was performed with an ABI 7500
Fast Real Time PCR system (Applied Biosys-
tems, USA) using a reverse transcript kit (Ta-
kara, Dalian) and SYBR Green Master Mix kit
(Takara, Dalian) according to the manufactur-
er’s instructions. Reverse transcription reac-
tion conditions were processed at 42°C for 15
min, followed by 3 min at 95°C. The thermal
cycling conditions were processed at 95°C pre-
denaturation, followed by 40 cycles (95°C for
15 s; 60°C for 30 s; 72°C for 60 s). Relative
quantification was determined by normalization
to UB. The primers are shown in Table S1. All
the qRT-PCR expression experiments were per-
formed in triplicates to ensure the reproduci-
bility. The relative gene expression was calcu-
lated using 224t method.

Luciferase reporter assay

The wild type and mutant sequences of Agt12-
3'UTR were synthesized and each sequence
was ligated to a pmiR-report plasmid. 293T cell
were seeded into 96-well plates with transfec-
tion mixture. The luciferase activity was detect-
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ed by Dual-Glo Luciferase Assay System (Pro-
mega, Madison, WI, USA). The Renilla lucifer-
ase plasmid was used as an internal control for
determining transfection efficiency.

Western blotting

Total protein was extracted using Lysis buffer
(Solarbio, Beijing) and protein quantification
was performed using BCA assay (Solarbio,
Beijing). 10 ug proteins were loaded on SDS-
PAGE and protein was transferred onto polyvi-
nylidene difluoride (PVDF) membranes. The
membranes were blocked with 0.1% TBST with
5% defatted milk for 2 h at room temperature.
The membranes were incubated with primary
antibodies at 4°C overnight, then washed and
incubated with secondary antibodies for 1.5 h
at room temperature. Antibodies against LC3B
(2775, 1:1000), P62 (39749, 1:1000), Atg5 (12-
994, 1:1000), Atg12 (4180, 1:1000), cleaved
caspase 3 (9661, 1:1000) and GAPDH (5174,
1:1000) were purchased from Cell Signaling
Technology, Inc (USA). The detection protein
bands were performed by an enhanced chemi-
luminescence (ECL) for western blotting kit
(Millipore, USA). GAPDH was used as an inter-
nal control. Relative expression levels were cal-
culated using Image J software (NIH, Bethesda,
MD, USA).

Statistical analysis

Statistical analysis was performed with SPSS
20.0 software (SPSS, Inc., Chicago, USA). All da-
ta are expressed as the mean = SD. The data
were analyzed using two independent sample
t-tests or one-way analysis of variance. All P-
values < 0.05 were considered statistically sig-
nificant.

Results

HBSP pretreatment alleviates cardiomyocyte
H/R injury

To investigate the protective effect of HBSP on
cardiomyocytes H/R injury, the optimal dose of
HBSP was screened using CCK-8 assay and
LDH activity assay. As shown in Figure 1A and
1B, 5 ng/ml and 10 ng/ml HBSP pretreatment
significantly reduced cell injuries, especially 5
ng/ml. To observe the formation of autophago-
some, we transferred the constructed GFP-LC3
fusion fluorescent protein into H9C2 cells. The
results showed that the fluorescent spots in the
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Figure 1. HBSP pretreatment alleviates cardiomyocytes H/R injury. A. Cells were treated with different concentration
of HBSP and cell viability was detected using CCK-8 kit. B. Cells were cultured with HBSP and the supernatant was
collected to detect LDH activity. C. The relative expression of LC3B performed by Western blot. D. Cells were pre-
treated with HBSP, and then infected with GFP-LC3. Representative photos were shown in the upward side and cells
with GFP-LC3 puncta were qualified in the downward. E. Representative images and quantitative of apoptosis was
performed by TUNEL assay. F. Western blot analysis of cleaved caspase 3 after treated with HBSP. Data represent
the mean + SD. *P < 0.05, **P < 0.01 vs. Control group. #P < 0.05, ##P < 0.01 vs. H/R group.

H/R group significantly increased, but decrea-
sed in the HBSP group, indicating that HBSP
inhibits the accumulation of autophagosome
induced by H/R (Figure 1C). Western blot analy-
sis indicated that HBSP retreatment obviously
decrease the expression of LC3IlI/LC3I ratio
(Figure 1D). Moreover, TUNEL assay indicated
that 5 ng/ml HBSP obviously inhibits apoptosis
(Figure 1E). The elevated apoptosis protein
cleaved caspase 3 was significantly reduced in
H/R group when pretreated with 5 ng/ml HBSP
(Figure 1F).

HBSP reduces autophagy and apoptosis via
up-regulating miR-21

As shown in Figure 2A, gRT-PCR analysis indi-
cated that miR-21 was lowly expressed in H/R
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group. However, miR-21 level was obviously el-
evated in HBSP pretreatment group and miR-
21 mimic transfection group, suggesting that
HBSP play a role in promoting miR-21 expres-
sion (Figure 2B). Then, CCK-8 assay was per-
formed and the results indicated that the ele-
vated of miR-21 induced by HBSP significantly
recovered cell viability (Figure 2C). The accumu-
lation of GFP-LC3 puncta is an important indi-
cator of increased autophagy and autophago-
some. The cumulative green fluorescent spots
were observed in the H/R group (miR-NC), and
fluorescent spots were significantly reduced
after HBSP pretreatment (Figure 2D). In addi-
tion, HBSP reduced H/R induced up-regulation
of LC3Il/LC3I expression (Figure 2E) and en-
hanced the anti-apoptotic effect of miR-21
(Figure 2F, 2G), indicating an essential role of
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Figure 2. HBSP affects cell autophagy and apoptosis by regulating miR-21. A. Relative expression of miR-21 in H9C2
cell was detected by qRT-PCR. B. Cells were transfected with miR-NC or miR-21 mimic and the expression of miR-21
was detected by gRT-PCR. C. CCK-8 was performed when cells transfected with miR-NC or miR-21 mimic. D. HBSP
pretreatment and miR-21 mimic transfection inhibits fluorescence puncta accumulations of GFP-LC3. E, F. Repre-
sentative Western blot and quantitative evaluation of LC3B and cleaved caspase 3. G. Representative images and
quantitative of induction of apoptosis performed by flow cytometry analysis after HBSP pretreatment and miR-21
mimic transfection. Data represent the mean + SD. *P < 0.05, **P < 0.01 vs. Control or H/R (miR-NC). #P < 0.05

vs. H/R+HBSP (miR-NC).

miR-21 in reducing the excessive activation of
autophagy and apoptosis of cardiomyocytes by
HBSP.

miR-21 directly targets Atg12

Based on the effect of miR-21 mimic on reduc-
ing LC3 aggregation, we used bioinformatics
tool to screen the candidate autophagy related
targets. Atg12 was stand out for its essential
role in autophagosome membrane formation
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by forming a complex with Atgb [15]. Bioinfor-
matics analysis (TargetScan, http://www.tar-
getscan.org/vert_71/) showed that the 3'-UTR
of Atgl2 contains putative binding sites for
miR-21 (Figure 3A). The Dual luciferase report-
er verified that the transcriptional activity of
wild-type Atgl12 3’-UTR was inhibited by miR-
21, indicating the direct regulation of miR-21
on Atgl2 (Figure 3B). In addition, qRT-PCR
results indicated that Atg12 and Atgb mRNAs
were significantly elevated in H/R group (Figure

Am J Transl Res 2019;11(4):2422-2430
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Figure 3. miR-21 directly targets Atg12. A. Bioinformatics analysis was performed to predict the putative binding
site of between Atg12 and miR-21. B. The target relationship between miR-21 and Atg12 was confirmed by Dual
luciferase reporter assay. C, D. Relative expression of Atg12 and Atgh was determined by qRT-PCR. E, F. Cells were
transfected with miR-NC or miR-21 mimic, the expression of Atg12 and Atg5 were detected by qRT-PCR. G. Western
blot analysis of Atg12 expression. Data represent the mean + SD. *P < 0.05, **P < 0.01 vs. Control, #P < 0.05 vs.

miR-NC.

3C, 3D), but their expression were obviously
depressed after transfected with miR-21 mimic
(Figure 3E, 3F). Western blot further confirmed
that miR-21 was directly targets Atg12 (Figure
3G).

HBSP attenuates accumulation of autophagy
and apoptosis by regulating miR-21/Atg12
axis

Next, we wondered whether Atg12 is the res-
ponder of HBSP regulating miR-21 on autopha-
gy and apoptosis. We transfected H9C2 cell
with siRNA against Atg12 (si-Atg12-1, si-Atg12-
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2 and si-Atg12-3) and detect expression levels
of Atg12 using gqRT-PCR (Figure 4A). According
the results, Atg12-3 was selected for subse-
quent experiments due to higher transfection
efficiency. As shown in Figure 4B, HBSP pre-
treatment strengthened the silence effect of
Atg12. Besides, the pretreatment of HBSP sig-
nificantly reduced Atg12 expression, Atgb-Atg-
12 complex formation, LC3II/LC3I ratio and P-
62 expression, further confirming the inhibited
autophagy in H9C2 cells (Figure 4C). The re-
sults of flow cytometry assay and western blot
also demonstrated that knockdown of Atgl2
suppresses apoptosis, and HBSP treatment

Am J Transl Res 2019;11(4):2422-2430



Hbsp modulates mir21/atgl12 axis alleviates cardiomyocyte h/r injury

A - B
8
w
S
s
3
o~
<
@
2
s
&
N
& 9 o o
& & O O O
d e e
c si-NC si-Atg12
HR HIR+HBSP HR H/R+HBSP
Algl2 TR waE e 19 kd
Atg5-Atg12 R e SR & 55 kg
LOIU o s e i
LC3ll . _ - | 15kd
- — . —
P62

TN e - W 1
CAPDH st st st S 36 L

D . H/R . H/R+HBSP
si-NC =% %y
3
o3 3 40
3 I -
Annexin V FITC g
" 2
3 h e
- . o
(] 2 2
i _ o a
si-Atg12 = az E'

0% 10! 102

L T T 10° 10! 10t
Annan ¥ FITG

v e
Annexcn ¥V FITC

c
© 154
2 3 HIR
e == H/R +HBSP
c
x 1.0+
X 1.0
- *
2
< 0.5 ek
2 dok
2
K}
g 0.0-
si-NC si-Atg12
1.5+ 1.5-
= HR
I =3 HIR
T - CHIR FHESE: 2 = HR +HBSP
2 1.04 < 40l
< -
[&] N
8 z :
2 0.54 *k < 0.5+ ekl
< *k “2’, ok
_EEP |
0.0 T —— 0.0 T T
si-NC si-Atg12 si-NC si-Atg12
1.5+
= HR 54
= HR +HBSP = HR
- 44 - H/R+HBSP ekl
1.0 -
< g 3 *
= . %
@ * g ]
S 0.5 o 3
14
si-NC si-Atg12 si-NC si-Atg12
E si-NC si-Alg12
HR H/R+HBSP HIR HR+HBSP
cleaved "
caspase 3 MR SR LN 17 kd

si-NC

GAPDH [ SIS S s 36 kd

-
@«

=3 HIR

=3 HIR = H/R +HBSP
== H/R +HBSP

-
(=]

o
«

cleaved caspase 3/GAPDH
o
o

si-NC

si-Atg12 si-Atg12

Figure 4. Knockdown of Atg12 enhances the inhibition autophagy and apoptosis effect of HBSP. A. The transfection
efficiency of Atg12 was determined by qRT-PCR. B. Cells were transfected with si-NC or si-Atg12 to detect the mRNA
level of Atg12. C. HBSP pretreatment enhances the effect of knockout Atg12 on the expression of autophagy pro-
teins Atg12, Atgb-Atg12, LC3B and P62. D. Cell apoptosis was assessed by flow cytometry assay and the experiment
was repeated three times for the calculation of apoptosis rate. E. Cleaved caspase 3 was detected using Western
blot. Data represent the mean + SD. *P < 0.05, **P < 0.01 vs. Control or H/R (si-NC). #P < 0.05 vs. si-NC or H/

R+HBSP (si-NC).

enhances the anti-apoptotic effect of si-Atg12
(Figure 4D). The above results indicate that
HBSP pretreatment attenuates autophagy and
apoptosis induced by cardiomyocyte H/R injury
via regulating miR-21/Atg12 axis.

Discussion

The verification of the interaction between ther-
apeutic drugs and miRNAs provides new sight
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for the mechanism of action of potential drugs.
As a newly developed derivative of EPO, HBSP
preserves the tissue protective effect of EPO
with none of its adverse reaction. Liu et al [9]
demonstrated that HBSP preconditioning sig-
nificantly reducing infract size and myocardial
apoptosis and improving cardiac function after
MIRI. In mice hepatic I/R model, HBSP was con-
firmed enhance autophagy and reduce apop-
tosis against hepatic I/R injury [7]. However,
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whether HBSP can regulate miRNA expression
to affect the fate of cardiomyocytes has not
been reported. Our results firstly reported the
protective effect of erythropoietin derivative
HBSP against myocardial H/R injury by regulat-
ing miR-21/Atg12 axis.

Current study indicates that autophagy can be
a double-edged sword in the process of I/R
[16]. Although ATP generation and cellular
homeostasis can mitigate I/R injury in ischemia
phase, the underlying mechanism of autophagy
caused cell death during reperfusion is still
unclear. In this study, H9C2 cell was treated
with H/R to simulate I/R injury, and the results
showed that the cell survival rate was signifi-
cantly decreased, the ratio of LC3Il/LC3I and
apoptosis rate were increased, indicating that
the autophagy was activated to cause cell da-
mage.

MiRNA-mediated autophagy-related gene ex-
pression and signaling pathways play impor-
tant role in the pathophysiological process of
MIRI [17]. Hu et al showed that Fibroblast gr-
owth factor 21 protects myocardial I/R injury by
inhibiting autophagy related gene Angpt2 ex-
pression and up-regulating miR-145 level [17].
Overexpression of miR-204 promoted the pro-
tective effect against myocardial H/R injury via
regulating Atgb-mediated autophagy [18]. miR-
21 is highly expressed in the adult heart and
plays a crucial role in regulating the biological
function of myocardial tissue, including apopto-
sis and autophagy [19]. Overexpression of miR-
21 inhibits autophagic activity and decreases
apoptosis in H9C2 cell during H/R injury, and
these function are mediated by Akt/mTOR pa-
thway [20]. We showed the expression of miR-
21 in H/R group was significantly down-regulat-
ed, accompanied by the accumulation of auto-
phagosome and the increase of apoptosis, wh-
ereas cells transfected with miR-21 mimic sig-
nificantly inhibited autophagosome formation
and apoptosis. These observations are consis-
tent with the reported role of miR-21 in MIRI.

The Atg12 ubiquitin-like coupled binding sys-
tem is one of two unique ubiquitin-like systems
for autophagy. Atg12 and Atgb bind by covalent
bond under the action of E1-Atg7 and E2-Atg10,
respectively, and then bind to the N-terminus of
Atg16L to form the large protein complex [21,
22]. Atg12 and Atgb are essential proteins that
form autophagosome and are involved in the
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interaction crosstalk of autophagy and apopto-
sis. We used bioinformatics analysis to predict
that Atg12 is a target gene for miR-21. More-
over, qRT-PCR and western blot and luciferase
reporter assay verified that miR-21 inhibits the
expression of Atg12 by pairing with the 3’'UTR
region of the Atg12. To further understand whe-
ther Atg12 is involved in the process of miR-21
regulating autophagy, we transfected si-Atg12
into HOC2 cell and the results showed that the
expression of autophagy related proteins and
apoptosis rate were all reduced. It was found
that Atg12 is not only required for caspase acti-
vation under a series of different apoptotic
stimuli, but also promotes apoptosis by binding
BCL-2, a BH3-like domain of Mcl-1 [23]. In this
study, we found that the elevated expression of
Atg12 in H/R group is accompanied by a signifi-
cantly increased of cleaved caspase 3, which
may be one of the mechanisms of increased
autophagy and apoptosis induced by I/R in-
jury.

In summary, our study demonstrated that HBSP
pretreatment significantly attenuates myocar-
dial H/R-induced autophagy activation and
apoptosis increased by modulating the miR-21/
Atg12 axis, providing a therapeutic basis for
HBSP treatment of MIRI.
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Table S1. Sequence of primers used for RT-PCR

RNA name Sequence

ue Forward 5’-CTCGCTTCGGCAGCACA-3’
Reverse 5’-AACGCTTCACGAATTTGCGT-3’

miR-21 Forward 5’-GCCGCTAGCTTATCAGACTGATGT-3’
Reverse 5’-GTGCAGGGTCCGAGGT-3’

Atg12 Forward 5’-CTTAAACTGGTGGCCTCGGA-3’
Reverse 5-TTTCTGGCTCATCCCCATGC-3’

Atgb Forward
Reverse

5-ACCTCGGTTTGGCTTTGGTT-3’
5’-ACCACACATCTCGAAGCACA-3’




