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Abstract. Ischemic reperfusion injury (IRI) contributes
to morbidity and mortality worldwide and results in a poor
outcome for patients suffering from myocardial infarction.
Ischemic post-conditioning (IPostC), consisting of one or
several brief periods of ischemia and reperfusion, generates
powerful protection against IRI. The mechanism of [PostC
initiation and development has previously been investigated,
however still remains to be fully elucidated. Notably, long
non-coding (Inc) RNAs have previously been demonstrated to
be important in cardiovascular diseases. However, there is little
information about the systematic analysis of IRI-associated
IncRNA expression signature. The present study used microar-
rays to analyze the IncRNA expression characters of ischemic
[Postc (corresponding to IRI), and demonstrated that 2,292
IncRNAs were observed to be upregulated and 1,848 IncRNAs
downregulated. Gene ontology (GO) and Pathway analysis
subsequently demonstrated that dysregulated IncRNAs
participated in various biological processes, which are upregu-
lated or downregulated in IPostC tissues. Finally, the present
study verified that AK144818, ENSMUST00000156637, ENS
MUSTO00000118342, ENSMUST00000118149, uc008ane.1,
ENSMUSTO00000164933, ENSMUST00000162347, ENS
MUSTO00000135945, and ENSMUST00000176338, ENS
MUST00000120587, ENDMUST00000155271, ENSMUS
T00000125121 and Uc008thl.1 were associated with the initia-
tion and development of [PostC. The present study may aid in
the understanding of the initiation and development mecha-
nisms of [PostC and provide novel and potential biomarkers
that may be used in the diagnosis or as therapeutic targets in
the treatment of IRI.
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Introduction

Ischemic heart disease is a leading cause of morbidity world-
wide (1). Coronary thrombosis induces ischemic heart disease,
and rapid reperfusion of the ischemic heart is currently
the primary therapeutic strategy to improve the survival
outcome of patients. However, restoration of cardiac circula-
tion is accompanied by cell damage and death, reperfusion
arrhythmias, myocardial stunning and vascular defects with
the no-reflow phenomena (2), which are involved in ischemic
reperfusion injury (IRI).

The mechanism underlying IRI initiation has previously
been studied, and it has been demonstrated that causes of
IRI include calcium overload, oxidative stress, mitochon-
drial dysfunction and activation of apoptotic and autophagy
pathways in ischemic reperfusion. Alterations in intracel-
lular calcium [Ca*']i regulation, including Ca*" release from
the sarcoplasmic reticulum, have been demonstrated to be
included in the cytosolic Ca** overload and cardiac dysfunc-
tion during IRI and heart failure (3-5). Recent studies suggest
that these mechanisms are interrelated and reactive oxygen
species (ROS) overproduction may increase abnormal
Ca" regulation by depressing sarcoplasmic reticulum Ca**
uptake and release activities (6,7). In turn, increased cytosol
calcium concentrations may induce ROS production (8,9).
Furthermore, oxidative stress, Ca’* overload, decreased ATP
levels and increased matrix pH induce the formation of a
large number of mitochondrial permeability transition pores
(mPTP) in the mitochondrial membrane. The mPTP open-
ings may result in matrix swelling, depolarization of the
mitochondrial membrane potential, decrease of ATP synthesis
and the release or activation of various pro-apoptotic proteins,
including cytochrome ¢ (10). These processes rapidly lead to
irreversible damage to the mitochondria and further necrosis
and apoptosis of cardiac myocytes (11,12).

In order to reduce the damage resulting from IRI, several
therapeutic strategies have been clinically performed,
including ischemic pre-conditioning (IPC) and ischemic
post-conditioning (IPostC). However, the attendant risks
accompanying repeated clamping and declamping of the aorta
have limited the clinical application of IPC. IPostC consists
of one or several brief periods of ischemia and reperfusion
and generates protection against IRI (13). The [PostC protocol
was previously demonstrated to reduce myocardial injury
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via a decrease in peri-operative troponin-T and creatine
kinase-myocardial b fraction release and fewer inotrope
requirements post-surgery. Therefore, in order to improve the
survival outcome of myocardial infarction patients, the mecha-
nism of IRI requires further comprehensive studies which may
lead to the identification of potential therapeutic targets.

Long non-coding RNAs (IncRNAs) are a group of RNAs
which are >200 nucleotides in length, with little translation
capacity, and the total quantity may reach ~410,000 (14-17).
The primary functions of IncRNAs include regulation of gene
methylation, transcriptional activation and conjugation with
mRNAs and miRNAs to affect translation progression (18-20).
IncRNAs exhibit sense overlapping, anti-sense, intronic,
divergent and intergenic associations with their adjacent
coding genes (21,22). Aberrant expression level of IncRNAs
is known to be associated with various malignant biological
processes including carcinogenesis, cell proliferation, apop-
tosis, migration, invasion and autophagy (23-26). Furthermore,
Archer et al (25) reported that IncRNAs may be used as novel
therapeutics in cardiovascular medicine. However, informa-
tion and specific mechanisms regarding the differentially
expressed IncRNAs between IRI and IPostC tissues remain
to be elucidated. The present study aimed to identify the
dysregulated IncRNAs present in [PostC (compared with IRI),
which may help to understand the initiation and development
mechanism underlying [PostC and determine any potential
biomarkers which may be of value in the future diagnosis or
therapeutic treatment of IRI.

Materials and methods

Animals and RNA extraction. All animal experimental
procedures were performed in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals and were approved by the Institutional Ethics
Committee of Nanjing Medical University (Nanjing, China).
All experiments were performed with age-matched male
C57BL6 mice (8-10 weeks; 24-28 g) were obtained from Model
Animal Institute of Nanjing University (Nanjing, China). The
mice were maintained at 22°C, humidity of 50% with 12-h
light/dark cycle. A total of 10 mice were used for the present
study and the treatment period of the model was 170 min. At
12 h prior to the experiment, the mice were without food and
water (27).

The Langendorff preparation (Radnoti LLC, Monovia,
CA, USA) was performed as previously described (26). Briefly,
following anesthetization with chloralic hydras (15 ml/kg), the
mouse hearts were isolated. The ascending aorta was cannu-
lated with a blunt needle. The heart was perfused at a constant
pressure of 100 cm H,0O with modified Krebs-Henseleit
buffer (in mM: 118 NaCl, 4.7 KCl, 1.2 MgSO,, 1.2 KH,PO,,
1.8 CaCl,, 25 NaHCO; and 11 glucose), which was maintained
at 37°C and bubbled continuously with a mixture of 95%
0, and 5% CO,. Global ischemia was induced by cessation
of perfusion, followed by reperfusion. Isolated hearts from
wild-type mice were exposed to IRI and IPostC. IRI samples
underwent 20 min equilibration, 30 min ischemia and 120 min
reperfusion. The IPostC samples were exposed to 20 min
equilibration, 30 min ischemia followed by 10 sec reperfusion
and 10 sec ischemia, over 3 cycles (Fig. 1). All the samples
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were immediately frozen in liquid nitrogen and stored at -80°C
prior to analysis. A total of two animal samples were randomly
selected for mouse IncRNA microarray analysis. Total RNA
was extracted from 2 IRI samples and 3 [PostC samples using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). The samples were quantified and quality
assessed using Nanodrop and Agilent 2100 Bioanalyzer
(Agilent Technologies, Inc., Santa Clara, CA, USA), respec-
tively. RNA quantity was measured by NanoDropND-1000.

Assessment of myocardial infarct size (IS). 1S was determined
as previously described (26). At the end of experiments, mouse
hearts were perfused with triphenyltetrazolium chloride for
1 min and then incubated with 1% triphenyltetrazolium chlo-
ride at 37°C for 15 min. Following freezing at -80°C, hearts
were transected into 5 sections with thickness of 2 mm (28).
Cardiac sections were incubated with 10% formalin for
30 min. All sides of each section were photographed, as repre-
sented in Fig. 2. Viable myocardium stained red and infarcted
tissue was white. The areas of red and white color in the left
ventricle (LV) and the muscle area of cardiac sections were
measured by computerized planimetry (ImageJ; National
Institutes of Health, Bethesda, MD, USA). Total LV infarct
weight was determined using the following equation: [(S,/C,
x W) + (S,/C, x W) + (S5,/C,x W) + (S5/C;5 x Ws) + (S,/C,
x W) + (S5/Cs x Ws)], where S was area of LV infarction for
the slice represented by the subscript, C was the muscle area
of the cardiac section and W was the weight of that respective
section. Total weight of viable myocardium in LV was calcu-
lated in a similar fashion. IS was calculated as a percentage
of LV as follows: IS/LV = total infarct weight/(total infarct
weight + total weight of viable myocardium) x100%.

Microarray analysis. Sample preparation and microarray
hybridization were performed by KangChen Bio-tech Inc.
(Shanghai, China). Briefly, RNA was purified from 1 ug
total RNA following removal of rRNA, using mRNA-ONLY
Eukaryotic mRNA Isolation kit (Epicentre; Illumina, Inc.,
San Diego, CA, USA). Then, each sample was amplified and
transcribed into fluorescent RNA along the entire length of
the transcripts without bias using a random priming method
as previously described (29). The labeled cRNAs were hybrid-
ized onto the Human LncRNA Array, version 2.0 (8660 K;
Arraystar Inc., Rockville, MD, USA). Subsequently, the arrays
were scanned by the Agilent Scanner G2505B and Agilent
Feature Extraction software (version 10.7.3.1) was utilized to
analyze acquired array images (Agilent Technologies, Inc.)
Quantile normalization and subsequent data processing were
carried out using the GeneSpring GX version 11.5.1 software
package (Agilent Technologies, Inc.). Differentially expressed
IncRNAs and mRNAs were identified via fold change filtering
(fold change >5.0), standard Student's t-test (P<0.05) and
multiple hypothesis testing [false discovery rate (FDR) <0.05].
P-values and FDR were calculated by Microsoft Excel and
MATLAB version 7.0 (MathWorks, Natick, MA, USA)
respectively. The microarray data was deposited in the NCBI
Gene Expression Omnibus (GEO) and the GEO accession
number is GSE55191 (www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSES5519 1). Pathway analysis and GO analysis were
applied to determine the roles of these differentially expressed
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Figure 1. Illustration of the experimental protocol. All hearts were subjected to 30 min global ischemia followed by 120 min reperfusion. The difference
between IRI and IpostC was the 10 sec reperfusion and 10 sec ischemia cycle repeated 3 times, followed by 30 min ischemia. IRI, ischemic reperfusion injury;

IPostC, ischemic post-conditioning; s, sec; min, minutes.
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Figure 2. Myocardial IS following IRI. (A) Cardiac sections of 1 repre-
sentative heart from each group. Isolated hearts from IRI and IPostC mice
were cut into 5 sections and stained with triphenyltetrazolium chloride.
(B) Analysis of IS with myocardial infarct area assessed by ImageJ software.
P<0.01; n=6-8/group. IRI, ischemic reperfusion injury; IPostC, ischemic
post-conditioning; IS, infarct size.

mRNAs in biological pathways or gene ontology (GO)
terms. Differentially regulated mRNAs were uploaded into
the Database for Annotation, Visualization and Integrated
Discovery (www.david.abcc.nciferf.gov/) to analyze the
enrichment of the coding genes, and the annotation summary
results are present on the webserver.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). Total RNA of heart tissues was isolated
with the RNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA).
A total of 1 ug of RNA from each sample was reverse tran-
scribed to cDNA using random hexamer primer with Thermo
Scientific™ RevertAid First-Strand ¢cDNA Synthesis kit
(Thermo Scientific Fisher, Inc.). Primers for each LncRNA
were designed according to Primer 3 (www.sourceforge.
net/projects/primer3/) online and checked with Basic Local
Alignment Search Tool (BLAST, http://www.ncbi.nlm.nih.
gov/BLAST/) of NCBI to ensure a unique amplification
product. Quantitative PCR was performed on an Applied

Biosystems ViiA™ 7 Dx (Thermo Fisher Scientific, Inc.) using
the SYBR-Green (Thermo Fisher Scientific, Inc.) method
according to the manufacturer's protocol. The PCR reaction
conditions were as follows: a denaturation step at 95°C for
10 min, followed by 40 cycles at 95°C for 15 sec and 60 for
1 min. Relative gene expression levels were quantified based
on the cycle threshold (Cq) values and normalized to the
internal control gene, (3-actin. All the primer sequences used
were shown in Table I. The 2424 (30) method was used to
comparatively quantify the levels of mRNA.

GO and pathway analysis. Differentially expressed
IncRNAs were identified by fold-change filtering (absolute
fold-change >2.0), standard Student's t-test (P<0.05) and
multiple hypothesis testing (FDR <0.05) (31). GO and
pathway analysis for differentially expressed IncRNAs
(antisense IncRNA, intronic IncRNA, enhancer IncRNA, and
lincRNAs) were used to identify the significantly enriched
biological terms and pathways. The exact function and mech-
anism of IncRNAs remain to be elucidated, however, previous
studies have demonstrated that mammalian IncRNAs are
preferentially located adjacent to genes with developmental
functions. Pathway and GO analyses were applied to deter-
mine the roles of these close coding genes in biological
pathways or GO terms. The GO is a controlled vocabulary
composed of >38,000 precise defined phrases called GO
terms that describe the molecular actions of gene products,
the biological processes in which those actions occur and the
cellular locations where they are present (32). Fisher's exact
test was used to determine if there was any further overlap
between the differentially expressed and the GO annotation
list, than expected. The p-value denotes the significance of
GO term enrichment in the differentially expressed genes.
The lower the P-value, the greater the significance of the
GO term (P-value <0.05 is recommended). Pathway analysis
is currently the primary choice for gaining insight into the
underlying biology of differentially expressed genes and
proteins, as it reduces complexity and has increased explana-
tory power (33). Pathway analysis is a functional analysis
mapping genes to Kyoto Encyclopedia of Genes and Genomes
pathways. The p-value (EASE-score, Fisher p-value or hyper-
geometric p-value) denotes the significance of the pathway
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Table I. Primers for reverse transcription-quantitative polymerase chain reaction of long non-coding RNAs.

Reverse (5'-3")

Forward (5'-3")

Location

Chromosome

Gene

Seqname

CATCAGTTCCCTCCATGCCC

CATCAGTTCCCTCCATGCCC
GCTGTGACCATGACCACTCA

Park1 Chr7+ 97842934-97912381

ENSMUSTO00000156637

GTTTCACCGCCCAGACAGTA
TGCCTTACTTCCAGTTGAGCA

87467678-87469058
94497031-94497608
14937842-14943077
103714548-103716697
104582038-104586347
85246850-85255465

Chrll+

GM11849

ENSMUSTO00000118342
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GGCCCTACATGCTTGGACAT
TTTCCCCCGTAACCATAGCG
CTTCCATGTGAACCCGGACA
TGTGGCCTGGAAGTCTTGTG

Chr4+

GM 12656

ENSMUST00000118149

Uc008ane.1

GAGGCTGGGTGTCTCAGATG
ATGCTGTACCATCACCCAGC

Chrl17-

AK004434
GM17142
My14

Chr12-

ENSMUST00000164933

AGACAGGGGGCAAGAGGTTA
TCCCTGGGGTGGGAACTTAT
TTCTCTGGCATTGTGCGTCT
TAACCCATCCCTTGTGGTGC

Chrll+
Chrl+

ENSMUSTO00000155271

GCACTCCTGCTGAGACAACT
CACCATGGTTCCTGGAATGC
CGCTTTTGGTCGTGGTGTTT
GCCATTCTGCATGTACCCCT

Gm16028

ENSMUSTO00000162347

AK144818

44526387-44529159

Chr4-

AK144818
Gm14260

MMP24

168986565-168987373

Chr2+

ENSMUST00000125121

GTACAGTCTTTGTGCGCGTG
CACCGGTAACGGGCTTATGA

155807023-155810379

Chr2+

ENSMUST00000135945

CAGAAATTGCGAGTGGCACC
GCTCAGGAGTCCCCTCAGTA

88890512-88891483

Chr15-

Gm20261

ENSMUST00000176338

GAGAGTCACCCATGCTAGGC
TGTTGGCTACCCGACCTCTA

22480630-22483043

Chr13+
Chr4

Vmnlr-ps106
AK076794

ENSMUST00000120587

Uc008thl.1

CATCACCTCAGTGCCTTGGT

64254232-64255469

associated with the conditions. P<0.05 was considered to
indicate a statistically significant difference.

Bioinformatics analysis. By using the UCSC genome browser
(www.genome.ucsc.edu/) and other databases, the sequences
of IncRNAs and their associated coding genes were obtained.
Numerous transcriptional regulatory elements exist in the
non-coding regions, which are difficult to distinguish just using
the primary sequences as a guide. The present study aimed to
map various epigenetic phenomena to aid in the identification
of non-coding regulatory elements. DNA methylation is essen-
tial for normal development and has been implicated in various
pathological conditions (34-36). Tri-methylation of lysine 4
(H3K4me3) and Tri-methylation of lysine 27 (H3K27me3)
occurs on the promoter region (37). H3K4me3 is catalyzed
by trithorax-group proteins and is associated with activation,
whereas H3K27me3 is catalyzed by polycomb-group proteins
and is associated with silencing (32,38). The present study used
the Broad H3 ChIPseq Track on the UCSC genome browser
(http://genome.ucsc.edu) for mapping chromatin state.

Statistical analysis. The data were analyzed using SPSS soft-
ware, version 13.0 (SPSS, Inc., Chicago, IL, USA). Differential
expression levels of IncRNAs were compared using an
independent-samples t-test, between two groups. Fisher's exact
test was used in GO and pathway analysis. All values are
expressed as the mean + standard deviation from at least three
independent experiments. P<0.05 was considered to indicate a
statistically significant difference.

Results

Infarct size of IR and IPostC. The authors previously demon-
strated that IPostC confers cardioprotection against IR injury
in isolated mouse hearts (10). In the present study, IS was
decreased in the IPostC samples, compared with IRI (Fig. 2),
which suggested that [PostC abolishes the harmful outcome
of IRIL.

Differential IncRNA expression characters between IR and
IPostC tissues. The present study detected the expression
levels of IncRNAs in 2 IR and 3 age-matched [PostC samples
via a high-throughput microarray technique. Based on the
results of the microarray, 2,292 IncRNAs were observed to
be upregulated and 1,848 downregulated in [PostC, compared
with IRI tissue (Fig. 3A and B), with fold-change filtering
(absolute fold-change >2.0), standard student t-test (P<0.05)
and multiple hypothesis testing (FDR <0.05). According to the
locational association of the nearby coding genes, these differ-
entially expressed IncRNAs primarily included 446 natural
antisense, 361 intronic antisense, 149 intron sense-overlapping,
1,679 intergenic, 1,356 exon sense-overlapping and 144 bidi-
rectional IncRNAs (Fig. 3C).

Discussion

Despite being the most effective means of limiting infarct
size, coronary reperfusion results in adverse effects and
induces additional damage to the myocardium. IRI contrib-
utes to morbidity and mortality worldwide and is currently
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Figure 3. Differential IncRNA expression characters between IRI and IPostC tissues. (C) The IncRNA microarray revealed differences of IncRNA expression
between IRI and IPostC via (A) hot-spot and (B) cluster mapping. Based on the locational association of the nearby coding genes, the differentially expressed
IncRNAs were classified into various types, including 446 natural antisense, 361 intronic antisense, 149 intron sense-overlapping, 1,679 intergenic, 1,356 exon
sense-overlapping and 144 bidirectional IncRNAs. IRI, ischemic reperfusion injury; IPostC, ischemic post-conditioning; IncRNAs, long non-coding RNAs.

of increasing interest to researchers. Numerous interventions
have been tested in human trials continuing on from posi-
tive results of animal studies. [PostC refers to the transient
ischemia/reperfusion cycle prior to reperfusion for cases of
myocardial ischemia. Zhao et al (3) confirmed that [PostC
improves ischemic perfusion in a canine acute ischemia and
reperfusion model. [PostC exhibits an important practical
application value and research regarding its effects is of
primary concern in the cardiovascular field. At present, the
exact protective effects of [PostC on myocardial reperfu-
sion and the associated molecular mechanism remains to be
elucidated.

The mortality rate of cardiovascular disease has not
been decreased, and increasing efforts have been made to
understand the link between heart disease and novel thera-
peutic targets, including non-coding RNAs. Of the multiple
categories of non-coding RNAs, IncRNAs have emerged as
novel therapeutics in cardiovascular medicine. LncRNAs are
endogenous RNAs that contain >200 nucleotides and regulate
gene expression. Various IncRNAs have recently been demon-
strated to be important in regulating the physiological behavior
of malignant cancers, including breast, pancreatic, gastric
and lung. Notably, IncRNAs have primarily been revealed to
regulate cancer cell viability, apoptosis, invasion and metas-
tasis (18-24). Various dysregulated IncRNAs between IR and

adjacent normal tissues have been identified (25), however,
information and mechanisms regarding the differentially
expressed IncRNAs between IR and IPostC tissue remains to
be elucidated. The present study aimed to improve the under-
standing of the IncRNA expression character in [PostC.

The results of microarray assay revealed the dysregulated
IncRNAs in [PostC compared with IR tissue (Fig. 3A and B),
including 466 natural antisense and 1,679 intergenic (Fig. 3C).
According to the locational association of the nearby coding
genes, differentially expressed IncRNAs primarily included
natural antisense, intronic antisense, intron sense-overlapping,
intergenic, exon sense-overlapping and bidirectional IncRNAs.
Previous studies have revealed that natural antisense and inter-
genic are more likely to regulate biological processes (17,39).
The data therefore suggested that the ameliorative effects
of TPostC were associated with the differentially expressed
IncRNAs. In order to predict the potential function of the
dysregulated IncRNAs, GO analysis was conducted. The
GO analyzed results indicated that these gene products
were primarily found in the extracellular space, extracel-
lular region, intracellular, intracellular part and intracellular
organelle (Fig. 4A). The genes were enriched in the biological
processes of immune system process, single-multicellular
organism process and response to stimulus (Fig. 4B) which
are associated to malignancy of the heart. The potential
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35

* “IR =IPC

Relative expression level

Figure 5. Validation of IPostC-associated IncRNAs. The expression levels
of dysregulated IncRNAs in IRI and IpostC tissues, with 12 IncRNAs
dysregulated in IpostC compared with IRI samples. Each experiment was
repeated in triplicate. "P<0.05 vs. IR. IRI, ischemic reperfusion injury. IR,
ischemic reperfusion; IPC, IPostC, ischemic post-conditioning; IncRNAs,
long non-coding RNAs.

functions were additionally classified into 10 categories via
analysis of the target gene pool (Fig. 4C), involving binding,
protein binding, ion binding, organic cycli compound
binding, heterocycli compound binding, catalytic activity,
nucleic acid binding, cation binding, metal ion binding, small

molecule binding. Notably, it was observed that the dysregu-
lated IncRNAs were able to be divided into two groups of
binding and ligase activity, suggesting they may exhibit
important roles in biological processes via regulation of the
cell skeleton. Furthermore, pathway analysis results revealed
that the dysregulated IncRNAs predominantly participated
in signaling pathways (Fig. 4D), including cytokine-cytokine
receptor interaction (mmu04060), malaria (mmu05144),
African trypanosomiasis (mmu05143), tumor necrosis
factor signaling pathway (mmu04668), rheumatoid arthritis
(mmu05323), chemokine signaling pathway (mmu04062),
carbon metabolism (mmu01200) and dilated cardiomyopathy
(mmu05414). Dilated cardiomyopathy, arrhythmogenic right
ventricular dysplasia, fanconi anemia and hypertrophic cardio-
myopathy have been studied in the initiation and development
of IR. It was observed that 500 dysregulated IncRNAs are
involved in dilated cardiomyopathy (25). It remains unknown
if an association is present between the development of dilated
cardiomyopathy and IPostC. The differentially expressed
IncRNAs partially indicated the molecular character in [PostC,
compared with the IR tissues, and these IncRNAs may act as
individual biomarkers for diagnosis, or therapeutic targets, for
clinical IR treatment in the future.

The expression levels of the dysregulated IncRNAs
were confirmed in the 3 TPostC samples and 3 IR samples.
The differentially expressed IncRNAs were selected as
described previously, and the RT-qPCR results demon-
strated that compared with IR tissues, AK144818, ENS
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MUSTO00000156637, ENSMUST00000118342, ENSMUS
T00000118149, Uc008ane.l, ENSMUST00000164933, ENS
MUST00000162347, ENSMUST00000135945, ENSMUS
T00000176338 and ENSMUST00000120587 were markedly
upregulated in IPostC tissues (Fig. 5). Conversely, ENSMUS
T00000125121, ENSMUSTO00000155271 and Uc008thl.1
were downregulated. ENSMUSTO00000176338 is a IncRNA
which targets the Gm20621 gene, ENSMUSTO00000156276
is an exon sense-overlapping IncRNA which targets Cd209f,
whereas all of the 8 upregulated are intergenic IncRNAs.

It has previously been demonstrated that intergenic and
antisense IncRNAs regulate cell activity in various types of
cancer (40-44), suggesting this as a potential function of the
8 upregulated IncRNAs in [PostC. LncRNAs may addition-
ally act as endogenous inhibitors to reverse the effects of
miRNAs (45,46).

In conclusion, dysregulated IncRNAs may therefore act as
novel biomarkers for diagnosis of IRI and potential targets for
the pharmacogenetic therapy of cardiovascular patients in the
future.
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