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Abstract: Background and aim: Iron oxide nanoparticles (IONPs) can protect hearts from ischemia reperfusion (I/R) 
injuries. Long noncoding RNAs (LncRNAs) have been believed to play important roles in regulation of many biologi-
cal processes. The aim of our study was to investigate the lncRNA profile in I/R injury rat model following IONPs 
ferumoxytol administration. Methods: Models of I/R were induced by 30 min of ischemia followed by 24 hours of 
reperfusion in male Sprague-Dawley rats. The rats were randomized into three groups: sham group, I/R group, 
and ferumoxytol group. The profiles of lncRNAs and mRNAs were confirmed using Illumina RNA-Seq technology 
combining quantitative real-time PCR analysis. Results: Ferumoxytol leads to a significant reduction in the area of 
myocardial infarction. Iron deposition was observed around ischemic myocardial tissue by Prussian blue staining. 
Sequencing revealed the existence of a total of 19754 lncRNAs distributed in all chromosomes of the experimented 
rats. In ferumoxytol intra-myocardial injected heart, 433 lncRNAs were up-regulated, whereas 287 lncRNAs were 
down-regulated when compared with I/R injured hearts (fold-change >2.0). In I/R injury hearts, 419 lncRNAs were 
up-regulated, whereas 393 lncRNAs were down-regulated when compared with sham heart (fold-change >2.0). Top 
10 lncRNAs were selected for RT-qPCR validation. Based on cis-acting target genes prediction and mRNA-sequenc-
ing results, NONRNOT219022-Reg3b is likely to be the key lncRNA-mRNA pair. Conclusion: We identified a set of 
lncRNAs aberrantly expressed in myocardial I/R injury rats with ferumoxytol, shedding lights for further research of 
the mechanism of feurmoxytol in myocardial protection and proposing a potential therapeutic target for I/R injuries.
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Introduction

Coronary artery diseases have become one of 
the major causes of mortality and morbidity 
worldwide [1]. As the most successful thera-
peutic strategy, pharmacological or mechanical 
restoration of coronary blood flow has been 
established to be essential for preserving via-
ble cardiomyocytes after myocardial infarction 
[2]. Although reperfusion therapy is efficient in 
alleviating myocardial injuries, reperfusion 
itself is a double-edged sword which may also 
trigger a localized inflammatory response and 
regional oxidative burst that leads to cell dam-
age and even death. This pathophysiologic pro-

cess is defined as ischemia/reperfusion injury 
(I/R injury) [3].

Global genomic and transcriptomic analyses 
have identified that eukaryotic genomes are 
extensively transcribed into thousands of short 
and long noncoding RNAs (ncRNAs) [4]. Short 
ncRNAs, including microRNAs and siRNAs, have 
been well studied [5]. However, long ncRNAs 
(lncRNAs) represent a largely unexplored area 
of the transcriptome. LncRNAs are featured by 
lack of protein-coding sequence and contain 
more than 200 nucleotides [6]. LncRNAs can 
not only act as activators or inhibitors to regu-
late the expression of genes at the transcrip-
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tional level, but also can regulate genes at the 
post-transcriptional and post-translational level 
[7]. It is now becoming evident that lncRNAs 
participate in a multitude of processes that 
include chromatin modification, cell differentia-
tion and proliferation, transcription, translation 
and other important biological processes [8]. In 
addition, lncRNAs possess close relationships 
in diverse types of human diseases, including 
cardiovascular diseases [9]. It has been dem-
onstrated that drug administration can regulate 
levels of quite a few key lncRNAs to mediate 
pathophysiological process [10].

Iron oxide nanoparticles (IONPs) are generally 
considered as inert materials and have been 
extensively used in the fields of cancer treat-
ment and diagnosis [11, 12]. Recently, it has 
been reported that IONPs can mediate the cel-
lular gap junctional crosstalk to improve mes-
enchymal stem cells efficacy for myocardial 
infarction [13]. In the previous study, we found 
that IONPs can protect heart from ischemic 
reperfusion damage at the animal, tissue and 
cell level by maintaining the integrity of NPs but 
not surface charges or integrated molecules 
[14, 15].

So far, a few iron oxide nanomedicine have 
been used in the related research. While on the 
other hand, previous IONPs existed a host of 
problems, e.g. safety in vivo applications. 
Consequently, we chose ferumoxytol instead of 
ordinary IONPs in our research. Ferumoxytol is 
a kind of iron oxide nanomedicine, approved by 
USA Food and Drug Administration for treat-
ment of iron deficiency in clinic on 30 June 
2009, and also widely used as magnetic reso-
nance imaging agent in clinical trials. In this 
work, we explored the expression differences 
of lncRNA in I/R injury rat model following feru-
moxytol administration. We found that intra-
myocardial injection of ferumoxytol could pro-
tect rat heart from I/R injury. At the same time, 
after high-throughput RNA-sequencing detec-
tion with real-time PCR (RT-qPCR) validation, 
we found that NONRNOT219022 might be the 
key lncRNA in the cardio-protection of feru-
moxytol. GO and KEGG analyses were indica-
tive of biological functions related to NADP+-
dependent isocitrate dehydrogenase (IDP) 
activity and citrate cycle (TCA cycle). The results 
may provide a crucial foundation for future 
pharmacology research on the roles of lncRNAs 
in ferumoxytol cardio-protection.

Materials and methods

Experimental animals and reagents

Adult male Sprague-Dawley rats weighing 280-
320 g were purchased from the Animal Center 
of Jinling Hospital (Nanjing, China) and main-
tained for at least 1 week in a specific patho-
gen-free animal facility to allow adjustment to 
the environment. The animals were housed in 
groups of eight and maintained in controlled 
conditions of temperature (22 ± 2°C), humidity 
(60-70%) and under a 12-h-light-dark cycle 
(lights on 07:00 AM). Food and water were 
available ad libitum. All procedures were per-
formed in accordance with the guidelines of the 
National Research Council’s Guide for the 
Humane Care and Use of Laboratory Animals. 
Ferumoxytol were synthesized according to our 
previous work [16]. All procedures for the care 
and use of animals were performed in accor-
dance with the guidelines of the National 
Research Council’s Guide for the Humane Care 
and Use of Laboratory Animals.

In vivo myocardial I/R model

Rats were anesthetized by an intraperitoneal 
injection of 3 ml/kg 10% chloral hydrate. The 
rats were intubated and mechanically ventilat-
ed with room air using a rodent respirator (DV-
2000, Shanghai Jia Peng Technology Co., Ltd., 
China). A limb lead II electrocardiogram (ECG) 
was recorded. An oscilloscope electrocardio-
gram monitor was used to display the electro-
cardiogram continuously throughout the proce-
dure. A left thoracotomy was performed to 
expose the hearts. Ligation of the left anterior 
descending (LAD) artery was performed 2-3 
mm from its origin between the pulmonary 
artery conus and the left atrium using a 6-0 silk 
prolene suture. A small vinyl tube was placed 
on top of the vessel to form a snare for revers-
ible coronary occlusion. Myocardial cyanosis 
and ECG evidence of injury were used to con-
firm successful occlusion of the LAD artery. The 
heart was subjected to regional ischemia for 
30 min, followed by coronary reperfusion 
through release of the slipknot.

Experimental groups

A total of 48 rats were equally randomized to 
three groups: 1) sham group: rats were subject-
ed to the surgical procedures without coronary 
occlusion; 2) I/R group: 30-min coronary occlu-
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sion and followed by 24-h reperfusion, 30 μL 
dextran was injected around the pale areas 
(upper, center and lower with 10 μL in each 
area) 5 min before reperfusion; 3) I/R+ feru-
moxytol group: 0.5 mg/kg ferumoxytol diluted 
in 30 μL dextran was injected around the pale 
areas (upper, center and lower with 10 μL in 
each area) 5 min before reperfusion.

Measurement the size of myocardial infarction

Infarction size (n=4 in each group) was evalu-
ated by triphenyl tetrazolium chloride (TTC) 
staining as described previously [17]. Briefly, 
the heart was isolated, frozen and sectioned 
perpendicular to the long axis (1.5-mm thick) 
up to the area of ligation. The slices were incu-
bated in 1% TTC solution at 37°C for 20 min to 
visualize the infarcted area and transferred to 
10% neutral buffer formalin overnight at room 
temperature to stabilize the staining. The area 
stained red by TTC represented ischemic but 
viable tissue. The infarcted myocardium was 
not stained by TTC and was paler than the TTC-
stained area. The rates of infarct area (IA) were 
determined by computerized planimetry using 
Image Pro Plus software (Media Cybernetics, 
Rockville, MD, USA).

Measurements of LDH and CK-MB

After 24 hours of reperfusion, blood samples 
were collected from the right ventricle and cen-
trifuged at 3000× g for 10 min to isolate serum. 
Myocardial cellular damage was evaluated by 
measuring lactate dehydrogenase (LDH) and 
creatinine kinase MB (CK-MB) activity in plas-
ma using commercially available assay kits 
(Sigma-Aldrich).

of iron deposition. A digital microscope with a 
multi-functional image analysis system (Leica 
DM 750 + DFC 450C, Leica Microsystems, 
Wetzlar, Germany) was used to analyze each 
section at 400× magnification for determining 
the positive Prussian blue staining.

RNA extraction and purification

Myocardial tissue of rats (n=8 in each group) 
were collected after 24 h reperfusion for RNA 
sequencing. Total RNA was isolated using 
RNAiso Plus (TAKARA, Japan). Strand-specific 
libraries were prepared using the TruSeq® 
Stranded Total RNA Sample Preparation kit 
(Illumina, USA) following the manufacturer’s 
instructions. Briefly, ribosomal RNA was re- 
moved from total RNA using Ribo-Zero rRNA 
removal beads. Following purification, the 
mRNA is fragmented into small pieces using 
divalent cations under 94°C for 8 min. The 
cleaved RNA fragments are copied into first 
strand cDNA using reverse transcriptase and 
random primers. This is followed by second 
strand cDNA synthesis using DNA Polymerase I 
and RNase H. These cDNA fragments then go 
through an end repair process, the addition of a 
single ‘A’ base, and then ligation of the adapt-
ers. The products are then purified and enriched 
with PCR to create the final cDNA library. 
Purified libraries were quantified by Qubit® 2.0 
Fluorometer (Life Technologies, USA) and vali-
dated by Agilent 2100 bioanalyzer (Agilent 
Technologies, USA) to confirm the insert size 
and calculate the mole concentration. Cluster 
was generated by cBot with the library diluted 
to 10 pM and then were sequenced on the 
Illumina HiSeq 2500 (Illumina, USA). The library 

Table 1. RT-qPCR Primers for 10 lncRNAs and U6
Gene Forward primer Reverse primer
NONRATT214498 5’-AGGGAGACCGAGGGTTTGA-3’ 5’-AGGCCAGGTGGACCTTGTG-3’
NONRATT226056 5’-TCTGAGCACGCATTCCC-3’ 5’-ACAACCGACTGGCTGAAC-3’
NONRATT219023 5’-GCACCTCTTTACTTCATCC-3’ 5’-AAAGGGAAACAAGAATACC-3’
NONRATT211868 5’-CAAGGTGCTGAAGCAAGTGC-3’ 5’-CGCTCGAAGATGTCGTTCAC-3’
NONRATT202015 5’-GAAAGTCTCCCTCATCTACG-3’ 5’-CATTCCTCCTGAACCAAG-3’
NONRATT219951 5’-CTCCTTCTTGGGTCTACG-3’ 5’-TCACCACAGCGATAACAG-3’
NONRATT228656 5’-CCTGGCCTATGCCTCACA-3’ 5’-CCAACGGTAGTGCCTGCT-3’
NONRATT208813 5’-ACAAACACGGCTGTAGATT-3’ 5’-GGTTGAGTATGGGAAGGA-3’
NONRATT219022 5’-AGCCACCTTTCTTCCATTT-3’ 5’-CTACATTCCCTCCCAACC-3’
NONRATT200186 5’-AGCATTGTCCTGGAAGTCG-3’ 5’-TCTGAACCAAGAGCACCCT-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’

Histological observa-
tions

Myocardial tissues (n= 
4 in each group) were 
fixed in 4% paraformal-
dehyde solution for  
24 hours and embed-
ded in paraffin. Using 
a microtome, 5 μm-thi- 
ck serial sections were 
cut from the paraffin 
blocks. The heart sec-
tions were processed 
with Prussian blue sta- 
ining for observation 
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construction and sequencing was performed at 
Shanghai Biotechnology Corporation.

Data analysis for gene expression

Sequencing raw reads were preprocessed by 
filtering out rRNA reads, sequencing adapters, 
short-fragment reads and other low-quality 
reads. Tophat v2.0.9 [18] was used to map the 
cleaned reads to the Rat rn6 reference genome 
with two mismatches. After genome mapping, 
Cufflinks v2.1.1 [19] was run with a reference 
annotation to generate FPKM values for known 
gene models. Differentially expressed genes 
were identified using Cuffdiff [19]. The p-value 
significance threshold in multiple tests was set 
by the false discovery rate (FDR) [20, 21].

lncRNAs identification and expression analysis

Cufflinks was used to assemble reads into tran-
scripts. Putative lncRNAs were defined as novel 

transcripts set through the following filters: 
length ≥200 bp; number of exons ≥2; ORF≤300 
bp; have no or weak protein coding ability (CPC 
score <0 [22] & CNCI score <0 [23] & no signifi-
cant similarity with Pfam database [24]). Finally, 
to generate a unique set of lncRNAs, we used 
Cuff compare to integrate the RNA-seq derived 
lncRNAs with the known lncRNAs previously 
annotated by NONCODE v4. Differentially ex- 
pressed lncRNAs were selected for target pre-
diction. The genes transcribed within a 10 kb 
window upstream or downstream of lncRNAs 
were considered as cis-acting target genes. 
The trans-acting target genes were predicted 
using RNAplex software [25].

RT-qPCR

LncRNA expression was quantified by RT-qPCR 
with SYBR Green (Life Technologies, CarIsbad, 
CA) as the fluorescent reporter. Total RNA (1 μg) 

Figure 1. Effects of ferumoxytol on the area of 
myocardial infarction. A: Representative images 
of TTC staining of sections of the heart. The bar 
graph represents infarct size percentage as 
mean ± SE. #P<0.05 versus I/R group. B: Prus-
sian blue staining was applied to visualize the 
iron deposition around ischemia myocardial tis-
sue. C: Effects of ferumoxytol on serum levels of 
CK-MB and LDH. *P<0.05 versus sham group. 
#P<0.05 versus I/R group.
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was used to synthesize the first strand of cDNA 
using M-MLV Reverse Transcriptase (Life 
Technologies). The RT-qPCR was performed as 
previously described. Primers for 10 lncRNAs 
and U6 are listed in Table 1. The relative levels 
of target lncRNAs were calculated using the 
ΔΔCT method, and the data were normalized 
with U6.

Statistical analysis

For lncRNA expression by RNA-Seq, signifi-
cance levels were indicated as P<0.05 and 
greater than two-folds of change. Data obtained 
from RT-qPCR are presented as the means ± 
standard error (SE) and analyzed using a stu-
dent t-test in SPSS version 20.0 software 
(SPSS, Chicago, IL, USA).

Results

Myocardial infarction size

Representative images of the TTC staining for 
rats in each group were shown in Figure 1A. 

by BoHao Bio-tech (Shanghai, China) using 
sequencing technology. In total, we acquired 
194.7 million readings of 24.3 gigabase (Gb) of 
mRNA sequence. Sequencing revealed the 
existence of a total of 19754 lncRNAs that were 
ubiquitously distributed in all chromosomes 
including sex chromosomes of rats (Figure 2 
and Table S1). A lncRNA that FPKM>1 and at 
least a 2-fold up-regulation or 0.5-fold down-
regulation can be thought as a candidate 
lncRNA which may receive further validation. In 
ferumoxytol intra-myocardial injected heart, 
433 lncRNAs were up-regulated, whereas 287 
lncRNAs were down-regulated when compared 
with I/R injury heart (Table 2). In I/R injury 
heart, 419 lncRNAs were up-regulated, where-
as 393 lncRNAs were down-regulated when 
compared with sham heart (Table 2).

Validation of key lncRNA

To validate the result of sequencing, the top 10 
lncRNAs with both increased and decreased 
expression were selected for RT-qPCR (Table 

Figure 2. The genomic map of total lncRNAs in chromosomes of rats. The distribution of lncRNAs in chromosomes of 
sham group, I/R group and I/R+ ferumoxytol are marked in green, red and yellow, respectively. Sequencing revealed 
the existence of a total of 19754 lncRNAs in our study. The numbers and symbols represent chromosome numbers.

Table 2. Changes in lncRNAs
Fold change 2 5 10 Total

IONPs vs. I/R injury Up-regulated 376 51 6 433
Down-regulated 240 44 3 287

I/R injury vs. Sham Up-regulated 368 45 6 419
Down-regulated 336 55 2 393

Compared with rats in I/R group, feru-
moxytol administration led to a sig- 
nificant reduction in the area of myo-
cardial infarction induced by I/R injury 
(13.1 ± 3.7% vs. 33.6 ± 4.3%, P<0.05). 
Prussian blue staining was applied to 
visualize the iron deposition around 
ischemia myocardial tissue as shown in 
Figure 1B.

Serum levels of CK-MB and LDH were 
used as myocardial injury markers in 
our study. Both the plasma CK-MB and 
LDH levels were significantly increased 
in rats of the I/R group compared with 
those in the sham group. Consistently, 
ferumoxytol treatment reduced the  
levels of CK-MB and LDH as compar- 
ed with those in the rats of the I/R 
group (CK-MB: 2898.3 ± 722.1 U/L vs. 
4256.4 ± 532.6 U/L, LDH: 1322.6 ± 
264.3 U/L vs. 2346.3 ± 313.6 U/L, 
respectively; both P<0.05. Figure 1C).

Determination of lncRNA profile

LncRNA profile in the myocardial tissue 
of rats in each group was determined 

Table 3. Top 10 lncRNA with differential expression

lncRNA Fold change in 
sequencing

Fold change in  
RT-qPCR

IONPs vs. 
I/R injury

I/R injury 
vs. Sham

IONPs vs. 
I/R injury

I/R injury 
vs. Sham

NONRNOT214498 0.05 4.00 0.10 18.64
NONRNOT226056 0.07 16.50 0.59 1.87
NONRNOT202015 0.07 2.55 0.78 1.40
NONRNOT219951 0.10 7.44 0.32 1.63
NONRNOT228656 0.12 2.67 0.59 1.87
NONRNOT208813 10.56 0.66 2.02 0.62
NONRNOT200186 11.06 0.86 2.78 0.61
NONRNOT219022 11.81 0.80 10.79 0.42
NONRNOT219023 14.19 0.29 0.46 2.51
NONRNOT211868 49.12 0.11 0.82 2.03

http://www.ijcem.com/files/ijcem0057748suppltab.xls
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3). The results suggested two lncRNAs (NO- 
NRNOT214498 and NONRATT219022) that 
were strongly consistent with those of sequenc-
ing (Table 3). Based on cis-acting target genes 
prediction and mRNA-sequencing results, 
NONRNOT219022-Reg3b might be the key 
lncRNA-mRNA pair (Table 4). RT-qPCR inferred 
that expression levels of Reg3b in I/R heart 
were 0.11 and 0.34-fold down-regulated when 
compared with ferumoxytol heart and sham 
heart, respectively.

Gene ontology and KEGG analysis

Among the GO ontology analyses, the top 3 
terms included the following: IDP activity, 2-oxo-
glutarate metabolic process and voltage-gated 
potassium channel activity (Figure 3A). Based 
on the KEGG pathway analysis, the most 3 
enriched pathways were TCA cycle, glutathione 
metabolism and vascular smooth muscle con-
traction (Figure 3B).

Discussion

Ischemia reperfusion is a complex process with 
an army of factors, such as calcium overload 
and altered energy metabolism, which contrib-
ute to the final damage to the myocardium. 
Numerous interventions and agents have been 
identified as prophylaxis for cardiac I/R injuries, 
such as erythropoietin [26], omega-3 polyun-
saturated fatty acids [27], and adipokine nesfa-
tin-1 [28]. However, translation of these strate-
gies and agents to the clinical setting has been 
far from satisfying. In the previously study, we 
found IONPs could protect hearts from isch-
emia reperfusion injury in vivo as well as in vitro 
[14].

NPs are submicron-sized polymeric particles 
with a therapeutic agent absorbed onto their 
surface or within the matrix [29]. Direct intra-
muscular injection bone marrow cells [30] or 
growth factor [31] into the border zones of the 

infarct has been extensively investigated for 
reducing ischemia reperfusion injury. In this 
work, we reported for the first time that intra-
myocardial injection of IONPs (ferumoxytol) 
were safe and feasible. Prussian blue staining 
was applied to visualize the iron deposition 
around ischemia myocardial tissue.

At the same time, we explored the lncRNA  
profile in the ischemia/perfusion injury rat 
model following ferumoxytol treatment. High-
throughput RNA-sequencing detection revealed 
a total of 19754 lncRNAs in rat hearts. Four-
hundred and thirty-three lncRNAs were elevat-
ed, and 287 lncRNAs were reduced in feru-
moxytol heart compared with I/R injury heart. 
In I/R injury heart, 419 lncRNAs were up-regu-
lated, whereas 393 lncRNAs were down-regu-
lated when compared with sham heart. Ten of 
the dysregulated lncRNAs with most meaning-
ful change in expression fold were further vali-
dated by RT-qPCR assays. Based on target 
genes prediction and sequencing-PCR valida-
tion, we found that NONRNOT219022-Reg3b 
might be one of the key lncRNA-mRNA pairs in 
the cardiac-protection of ferumoxytol. Reg3b 
was originally discovered in a rat pancreatitis 
model [32] and was later found to promote 
wound repair [33] and neuronal regeneration 
[34]. Reg3b has been indicated to be an essen-
tial regulator of macrophage recruitment and 
expansion to the damaged ischemia myocardi-
um [35]. Resident macrophages contribute to 
local homeostatic processed by clearing dying 
cardiomyocytes and excess neutrophil, which 
lead to matrix degradation reduction and colla-
gen deposition promotion. Loss of Reg3b can 
lead to a large decrease in the number of mac-
rophages in the ischemic heart accompanied 
by increased ventricular dilatation and insuffi-
cient removal of neutrophils [35].

Zou et al. reported that NONRATT021972 ex- 
pression was significantly higher in the serum 

Table 4. Chromosomal location and gene ontology of two key LncRNA and their linked genes
LncRNA Chromosomal location Cis-target gene Trans-target gene
NONRNOT214498 Chr2:216941790-216950409 Col11a1 -

NONRATT219022 Chr4:109468916-109470508 Reg3a, LOC100361595, 
AC115202.1, Reg3b

Zfp84
Myo18a AABR07007905.1 AABR07027902.1 Asic1
Ctnna3
Cd86
Sdr9c7
Card6
LOC303448
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of myocardial infarction (MI) patients and stel-
late ganglia of rat model [36]. Treatment with 
NONRATT021972 siRNA in the rat model of MI 
could inhibit the up-regulation of P2X7 recep-
tors in the stellate ganglia and ameliorate myo-
cardial ischemic damage [36]. In this research, 
we did not found significant fluctuation of 
NONRATT021972 after I/R operation or feru-
moxytol administration. This might because 
that lncRNA profile of our work was evaluated 
from heart tissue in a I/R model but not stellate 
ganglia in a MI model.

GO terms describe the molecular actions of 
gene products, suggesting biological pro-
cessed, components, or structures in which 
individual genes and proteins are known to be 
involved. The enrichment of GO terms calculat-
ed based on the p value can be suggestive of 
the feasible functions of the gene involved. Our 
data revealed the biological process related to 
the energy metabolism and ion channel, such 
as IDP activity, 2-oxoglutarate metabolic pro-
cess and voltage-gated potassium channel 
activity. KEGG pathway analysis is widely used 
to gain insight into the underlying biology of dif-
ferentially expressed genes and proteins. 
According to our data, TCA cycle, glutathione 
metabolism and vascular smooth muscle con-
traction were the most significant pathway 
putatively affected by the differentially ex- 
pressed lncRNAs. As a member of isocitrate 
dehydrogenases that catalyze oxidative decar-
boxylation of isocitrate into α-ketoglutarate, 
IDP is responsible for fluctuation of NAPD+/
NADPH in cytoplasm. NADPH is an essential 
cofactor in the metabolism of glutathione (GSH) 
and thioredoxin, which plays a key role in the 
antioxidant system. It has been demonstrated 
that IDP is reduced under condition of I/R and 
changes of IDP activity may have a regulatory 
significance for the functioning of the myocar-
dial antioxidative system [37, 38].

To the best of our knowledge, this is the first 
research to demonstrate the lncRNA profile 
changes and related importance in myocardial 
I/R injury after ferumoxytol intra-myocardial 
administration. The results of our exploration 

may provide a foundation for future research 
on the roles of lncRNA in ferumoxytol cardio-
protection. How this regulation process oper-
ates at the epigenetic level needs to be further 
explored. Further research on the biological 
functions, molecular mechanisms and signal-
ing pathways of the lncRNA are deserved to elu-
cidate pharmacological mechanism of feru-
moxytol, a potential therapeutic targets of 
novelty for I/R injuries.
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