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Abstract

Objective Severd studies have indicated that miR-15a, miR-15b and miR-16 may be the important regulators of apoptosis. Since
attenuate gpoptosis could protect myocardium and reduce infarction size, the present study was aimed to find out whether these miRNAs
participate in regulating myocardial ischemiareperfusion (I/R) injury. Methods Apoptosisin mice hearts subjected to I/R was detected by
TUNEL assay in vivo, while flow cytometry andysis followed by Annexin V/PI double stain in vitro was used to detect apoptosisin cultured
cardiomyocytes which were subjected to hypoxialreoxygenation (H/R). Tagman real-time quantitative PCR was used to confirm whether
miR-15a/15b/16 were involved in the regulation of cardiac I/R and H/R. Results Compared to thase of the contrdls, I/R or H/R induced
gpoptosis of cardiomyocytes was sgnificantly increased both in vivo (24.4% + 9.4% vs. 2.2% + 1.9%, P < 0.01, n=5) and in vitro (14.12% +
0.92% vs. 2.22% =+ 0.08%). The expression of miR-15a and miR-15b, but not miR-16, was increased in the mice I/R mode, and the results
were consistent in the H/R model. Conclusions  Our data indicate miR-15 and miR-15b are up-regulated in response to cardiac I/R injury,
therefore, down-regulation of miR-15a/b may be a promising strategy to reduce myocardia apoptosisinduced by cardiac I/R injury.
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1 Introduction

mMiRNAS a subset of small non-coding single-strand RNAs
approximately 22 nucleatides (nt) long, have emerged as a
group of important regulators of gene expresson at the
post-transcriptional level. The action of mature miRNAs
rely on the miRNA-induced silencing complex (miRISC), in
which miRNA recognize target mRNA by binding to the
complementary sequence of 3¢ untrandated region of the
target.” MiRISC promote target mMRNA encoded protein
down-regulation by ether degrade or repress the trandation
of mRNA.F!

Recent studies have suggested miRNAS are involved in
the regulation of myocardial ischemia reperfusion (I/R)
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injury.®” Cardiac stress including myocardia reperfusion
injury could induce atered expresson of miRNASs, and
studies usng miRNAS arrays or real-time quantitative PCR
have consgently found that the miR-15 family are up-
regulated in myocardia ischemia and heart failure® The
miR-15 family members indude miR-15a, miR-15b, miR-16,
miR-195, miR-424 and miR-497.°? One study showed
that miR-195 was up-regulated during cardiac hypertrophy,
an overexpression of which could result in pathologica
cardiac growth and heart failure in transgenic mice™ But
the exact function of other members of the family is Hill
unclear.

Cardiomyocytes are conventionaly thought to be terminaly
differentiated with limited regenerate capacity; the amount
of acute and chronic cel loss after myocardial infarction is
the key factor that affects cardiac function and patient
prognoss. Reperfuson may induce more cdl apoptoss,
which is detrimental for cardiac function recovery.'>™
Research involving tumor cells suggest miR-15a, miR-15b,
and miR-16 regulate apoptods by post-transcriptionaly down-
regulating Bd-2 protein.***# |n the present study, we tested
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the hypothesesthat miR-15a, miR-15b, miR-16 may play arde
in myocardia reperfuson injury by regulating apoptosis.

2 Mehods

2.1 I/Rinjury mode in mice

Thirty male mice (Kunming, eight to ten weeks) were
randomly divided into control group and I/R group, then
anesthetized intramuscularly with 2% sodium pentobarbital.
| schemia was achieved by using a 7.0 prolene suture around
the left anterior descending coronary artery (LAD) and tied
with a dipknot for 30 min, after which the knot was relaxed
and the heart was alowed reperfuson for 24 hours. After
reperfusion, mice were sacrificed and hearts were harvested
for RNA isolation and TUNEL assay (Roche, Germany).
The same procedure was performed on control hearts
without tying the suture.

2.2 TUNEL assay

The determination of cdl apoptoss was performed using
TUNEL assay according to manufacturer’s instruction.
Briefly, the cardiac tissue from infarct border zones was
sectioned at 50 um thickness and dained. The ratio of
apoptotic (green) nucdle vs totd nude (blue) was cdculated
and compared with the contral group.

2.3 Isolation and culture of neonatal rat car diomyocytes

The hearts from Sprague-Dawley rats born within 24
hours were minced and digested with trypsin. The primary
neonatd rat cardiomyocytes were cultured in DMEM containing
10% neonatal bovine serum (NBS) and gentamicin. After
synchronization, the medium was replaced with DMEM
free of NBS before the cdls were exposed to hypoxia,
which was induced by placing the culture dishes into a
hypoxic incubator filled with 95% N, and 5% CO, at 37°C.
After 6 hours hypoxia, the dishes were transferred to a nor-
maxic incubetor for 24 hours reoxygenation. All the cdl experi-
ments were repeated for three times™®

2.4 Cdl viability assessment

Trypan blue staining was used to determine cdl death
with the number of Trypan blue-positive and Trypan blue-
negative cells counted by hemocytometer under microscope

2.5 Flow cytometry analyss of cell apoptosis by labeled
AnnexinV /Pl

After hypoxialreoxygenation (H/R), (1~5) x 10° primary
neonatal cardiomyocytes were collected and washed with
phosphate buffer solution (PBS), the cdlls were resuspended
in binding buffer fdlowed by AnnexinV-FITC and propiduim
iodide (PI) double-gtain according to the manufacturer’s
ingruction, and then the samples were examined by a flow
cytometer (BD, USA).

2.6 Isolation of total RNA and real-time PCR

Total RNA was isolated from mice heart tissues or
cultured cdls using Trizal (Invitrogen, USA) according to
the manufacturer’s indructions. The concentration of extracted
RNA was quantified by UV spectrophatometer, the Axsy/Azgn
needs to be about 1.8~2.0. Then redl-time PCR was used to
guantify the expresson of miR-15a, miR-15b, miR-16 with
specific Tagman assays (Applied Biosystems, USA) and
Tagman universal maser mix (Applied Biosysems USA).
Briefly, we congtructed 15 pL reversetranscript system with
10 ng total RNA, and red-time PCR system of 10 plL,
containing eight uL Tagman Universdl PCR master mix,
one micralitre Tagman assay and one micralitre RT product.
The 2 2°°T rdative quantification method was applied, and
U6 served asinternal reference. The 2 *“ indicates the fold
change in gene expression rdative to the untrested contral,
the unatlm dISpIaya:I as AACT= (CT'Ta'm_ CT,UG)I/R o HR —

(Cr Target— Cr.06) contral, >

2.7 Animal care

All animal experiments were approved by the animal
research ethics committee of the Chinese PLA Generd
Hospital, Beijing, China

2.8 Satidical analyss

Quantitative data are presented as mean + SE. Statidtical
significance was determined using student t test for two
group comparisons. P < 0.05 was consdered as datigtically
significant.

3 Reaults

Themice I/R modd was successfully made by temporary
occluson of the LAD coronary artery for 30 min while
monitoring with ECG; the ST segment devation could be
observed in lead 1I. After 24-h reperfusion, triphenyltetra-
zolium chloride (TTC) and Evans blue double stain was
performed to evaluate the extent of infarction area, the I/R
group exhibited significant infarction area (I/R infarction
size, 21.38 + 2.22%, n = 5) whereas control group showed
no infarction. Representative phatos of both control group
and I/R group are shown in Figure 1A.

To further investigate the injury induced by 1/R in vivo,
TUNEL assay was performed to detect the apoptotic cdls.
As digplayed in Figure 1B, TUNEL assay showed the
proportion of apoptotic cdls were sgnificantly increased in
I/R group compared with control group (24.4% =+ 9.4% vs.
2.2%+ 1.9%, P < 0.01, n =5). FHgure 2 shows that the neonata
cardiomyocytes subjected to H/R presented dgnificant cdl
desth, and flow cytometry andyss confirmed that the cell
death is mainly contributed by apoptosis (14.12% + 0.92%
VS 2.22% =+ 0.08%, P < 0.05 compared with control, n = 3),
(Figure 2B).
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Figure 1. Myocardid infarction induced by I/R through ocdusion of LAD. Mice I/R models were established by occluding the LAD
coronary artery for 30-min and followed by 24-h reperfusion. (A): middle transverse section of the heart stained with TTC and Evans blue
(white-gray area represents area of necrosis, blue area represents norma perfusion zone, brick-red area represents ischemic zone); (B): the
surgery protocals for I/R group and control group; (C): TUNEL assay was performed in infarct border zone (blue-positive indicates al the
nudei, green-positive indicate apoptotic nudei, © 400); (D), the proportion of apoptatic cells (24.4% + 9.4% vs. 2.2% + 1.9% , compared
with sham group, P < 0.01, n =5). I/R: ischemiareperfusion; LAD: |eft anterior descending coronary artery.
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Figure2. H/Rinduced cdl apoptossand deeth. (A): cdll viahility detected by trypan blue (the percentage of trypan blue-negative cells n=23); (B):
cells were labded by AnnexinV -FITC and Pl (upper right represent late phrase apoptotic cells, lower right represent early phrase apoptatic cells,
upper |eft represent necratic cdls, lower left represent normd cdls); (C): the percentage of lower right region cdls plus upper right region cdls,
H/R induced sgnificant increase of cdl apoptos's compared with contral (P < 0.01, n = 3). H/R: hypoxiareoxygenation; PI: propiduimiodide.
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To further explore the molecular mechanism of myocardia
I/R injury, we performed red-time quantitative PCR anayses
to invedtigate whether miR-15a, miR-15b and miR-16 were
involved in I/R or H/R. As shown in Figure 3A and B, we
found the miR-15a and miR-15b expression levels were
increased in the mice I/R modd and cardiomyocytes
exposed to H/R in vitro (P < 0.05). The MiR-16 expresson
had no significant difference between I/R or H/R in the
contral group, both in vivo and in vitro.
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Figure 3. Quantitative, rea-time PCR (Tagman) displaying

miR-15a, miR-15b, miR-16 fold change in mice I/R model group
(A), and in cardiomyocytes H/R mode group (B) compared with
control (normalized to UB), repectively, “P < 0.05.

4 Discussion

Cardiomyocytes are cdls with limited regenerative
capacity, and ther viability is very important for the
maintenance of the heart function. In myocardial I/R injury,
cardiomyocytes undergo apoptosis on a large scale. These
apoptotic cel desths account for the acute cdl loss in the
infarct area and the chronic cdl loss in the infarct border
zone. TUNEL data from this study revedled apoptosis was
dramatically increased in hearts subjected to I/R. The data
of Annexin-V/Pl labeling flow cytometry aso revealed
apoptoss was increased in the cultured cardiomyocytes
subjected to H/R. Our findings are consistent with previous
experimental and dlinica studies™**?

Over the padt decade, there were many gudies investigating
the functions of miRNAs, showing some of these RNAs
particpatein regulating cardiovascular disease Some miRNAS
are up-regulated in response to I/R, as diglayed by our
results, while I/R could induce dynamic expression changes
of miR-15a and miR-15b. Also, our results indicated that
cardiomyocytes exposed to hypoxia lead to smilar change.
These data suggest that miR-15a and miR-15b may play an
important role during I/R injury. Accumulating evidence
strongly suggests the miR-15 family has a relationship with
apoptoss. In rat activated hepatic gdlate cedls, miR-15b
and miR-16 were decreased and were found to be rdated to
apoptosis by targeting Bal-2..

Previous sudies have found that the mitochondrial
permeability transtion (mPTP) opening would lead to the
collapse of the membrane potential and the efflux of pro-
apoptoss factors is particularly important if myocardial 1/R
injury happened on the moment of blood flow restore®?,
Whereas mPTP is regulated mainly by Bcl-2 family, and
especidly Bd-2/Bax is a crucid factor for mitochondrial
apoptotic pathway by controlling mitochondrial membrane
integrity.®.

Since both miR-15a and miR-15b are the upstream
regulators of Bd-2, miR-15a and miR-15b are up-regulated
in myocardial I/R injury, miR-15a and miR-15b may regulate
mitochondria apoptatic pathway by targeting Bdl-2. It is
suggested that the knockdown of miR-15a and miR-15b
could be atherapeutic srategy for myocardial I/R injury.

4.1 Sudy limitation

The limitation of the current study is that we haven’t
directly investigated the effect of miR-15a and miR-15b on
apoptods of cardiomyocytes and the downstream signaling
transduction through over expresson or down expression,
although the studies in tumor cdls have provided evidence
that miR-15a and miR-15b have an intimate reationship
with apoptoss. In the future, we will attempt to verify the
role of miR-15a and miR-15b in myocardia I/R induced
apoptos s and the sgnaling pathway.

4.2 Concluson

Both miR-15a and miR-15b are related to myocardia 1/R
injury, and these RNAs may play an essentid role in
apoptoss by targeting Bcl-2 and caspase signaling pathway.
The down-regulation of miR-15a/b may be a promising
strategy to reduce myocardia apoptosis induced by cardiac
I/Rinjury.

http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology



32 LiuLF et al. MiR-15a/b: regulators of I/R injury

References 12 Prech M, Marszdek A, Schroder J, et al. Apoptosis as a

1 Batel DP. MicroRNAS: genomics, biogenesis, mechanism, med1a"|i§m.for thg elimination of cardiomyocytes after acute
and fundtion, Cell 2004: 116: 281297, myocardid infarction. AmJ Cardiol 2010; 105: 1240-1245.

2 Yi R, QinY, Macara IG, & al. Exportin-5 mediates the 13 Ibanez B, Fuster V, Jmenez-Borreguero J, e al. Letha
nudear export of pre-microRNAs and short hairpin RNAs. myocardial reperfusion injury: A necessary evil?Int J Cardiol
Genes Dev 2003; 17: 30113016, 2011;151: 3-11

3 Hutvagner G, Mdachlan J, Pasquinelli AE, et al. A cellular 14 Gottlieb RA, Burleson KO, Kloner RA, et al. Reperfusion
function for the RNA-interference enzyme Dicer in the injury induces apoptosis in rabbit cardiomyocytes. J Clin
maturation of the let-7 smal tempora RNA. Science 2001; Invest 1994; 94: 1621-1628.

293: 834-838. 15 Brenner C, Kroemer G. Apoptosis. Mitochondria-the death

4 Bartd DP. MicroRNAs: target recognition and regulatory signal integrators. Science 2000; 289: 1150-1151.
functions. Cell 2009; 136: 215-233. 16 Cimmino A, Calin GA, Fabbri M, et al. miR-15 and miR-16

5 VdendaSanchez MA, Liu J, Hannon GJ, & al. Contra of induce apoptosis by targeting BCL2. Proc Natl Acad Soi USA
trandation and MRNA degradation by miRNAs and SRNAs. 2005: 102: 1394413949,

Genes Dev 2006; 20: 515-524. _ 17 Guo CJ, Pan Q, Li DG, & al. miR-15b and miR-16 are

6 Smal E M, Frost RJ, Olson EN. MicroRNAs add a new implicated in ativation of the rat hepatic stellate cell: An
dimension to cardiovascular disease. Circulation 2010; 121: ] .

1022-1032. essentia rolefor apoptosis. J Hepatol 2009; 50: 766-778.

7 Condordli G, Latronico MV, Dorn GN. microRNAS in heart 18 Xial, Zhang D, Du R, & &. miR-15b and miR-16 modulate
disease: putative novel therapeutic targets? Eur Heart J 2010; multidrug resistance by targeting BCL2 in human gastric
31: 649-658. cancer cells. Int J Cancer 2008; 123: 372-379.

8 Latronico MV, Catalucd D, Condorelli G. Emerging role of 19 Li Y, Ge X, Liu X. The cardioprotective effect of post-
microRNAs in cardiovascular biology. Circ Res 2007; 101: conditioning is mediated by ARC through inhibiting mito-
1225-1236. chondrid gpoptatic pathway. Apoptosis 2009; 14: 164-172.

9 vanRoojj E, Sutherland LB, Thatcher JE, et al. Dysregulation 20 Schmittgen TD, Livak KJ. Analyzing real-time PCR data by
of microRNAs after myocardia infarction reveals a roe of the comparative C(T) method. Nat Protoc 2008; 3; 11011108,
miR-29 in cardiac fibrosis. Proc Natl Acad Sci USA 2008; 105: 21 KuwanaT, Newmeyer DD. Bd-2-family proteins and the role
1302713032 . . . of mitochondria in apoptosis. Curr Opin Cdl Biol 2003; 15:

10 Roy S Khanna S, Hussain SR, & al. MicroRNA expression 691699
in response to murine myocardia infarction: miR-21 regulates i ) ) ) )
filbroblast metalloprotesse2 via a0 and tensin homalogue 22 Green DR, Reed JC. Mitochondria and apoptosis. Science
Cardiovasc Res 2009; 82: 21-29. 1998; 281: 1309-1312.

11 vanRoojj E, Sutherland L B, Liu N, et al. A signature pattern 23 OlaM S, Nawaz M, Ahsan H. Role of Bd-2 family proteins

of sressresponsve microRNAsthat can evoke cardiac hypertrophy
and heart falure Proc Natl Acad So USA 2006; 103: 18255-18260.

and caspases in the regulation of apoptosis. Mol Cdl Biochem
2011; 351: 41-58.

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



