Taylor & Francis
Taylor & Francis Group

Bioscience, Biotechnology, and Biochemistry

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tbbb20

Analysis of the differential expression profile of
miRNAs in myocardial tissues of rats with burn
injury

Jingdong Guo, Zhensen Zhu , Dongmei Zhang, Bo Chen, Ben Zou, Songying
Gao & Xiongxiang Zhu

To cite this article: Jingdong Guo , Zhensen Zhu , Dongmei Zhang , Bo Chen , Ben Zou,
Songying Gao & Xiongxiang Zhu (2020): Analysis of the differential expression profile of miRNAs
in myocardial tissues of rats with burn injury, Bioscience, Biotechnology, and Biochemistry, DOI:
10.1080/09168451.2020.1807901

To link to this article: https://doi.org/10.1080/09168451.2020.1807901

[
© 2020 The AUthor(S). Published by Informa h View supp|ementary material @
UK Limited, trading as Taylor & Francis

Group.
@ Published online: 31 Aug 2020. Submit your article to this journal
. . A
il Article views: 131 & View related articles &'

@ View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tbbb20


https://www.tandfonline.com/action/journalInformation?journalCode=tbbb20
https://www.tandfonline.com/loi/tbbb20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09168451.2020.1807901
https://doi.org/10.1080/09168451.2020.1807901
https://www.tandfonline.com/doi/suppl/10.1080/09168451.2020.1807901
https://www.tandfonline.com/doi/suppl/10.1080/09168451.2020.1807901
https://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/09168451.2020.1807901
https://www.tandfonline.com/doi/mlt/10.1080/09168451.2020.1807901
http://crossmark.crossref.org/dialog/?doi=10.1080/09168451.2020.1807901&domain=pdf&date_stamp=2020-08-31
http://crossmark.crossref.org/dialog/?doi=10.1080/09168451.2020.1807901&domain=pdf&date_stamp=2020-08-31

BIOSCIENCE, BIOTECHNOLOGY, AND BIOCHEMISTRY
https://doi.org/10.1080/09168451.2020.1807901

JS@A Taylor & Francis
e Taylor & Francis Group

8 OPEN ACCESS ) Check for updates

Analysis of the differential expression profile of miRNAs in myocardial tissues

of rats with burn injury

Jingdong Guo?®?, Zhensen Zhu**, Dongmei Zhang®®, Bo Chen®?, Ben Zou®*®, Songying Gao**

and Xiongxiang Zhu®?

aThe Department of Plastic and Burn Surgery, Shenzhen Hospital, Southern Medical University, Shenzhen, China; ®The Third School of

Clinical Medicine, Southern Medical University, Shenzhen, China

ABSTRACT

Fifteen percent third-degree burn rat model was used to identify miRNAs that are markers of
burn injury-induced myocardial damage. Cardiac tissues were evaluated to determine miRNA
profile sequencing. Pearson’s correlation analysis was used between miRNAs and injury mar-
kers. ROC curve analysis was used to estimate miRNA's sensitivity and specificity for the
diagnosis of myocardial damage caused by burn injury. The sequencing analysis revealed 23
differentially expressed miRNAs. Pearson’s correlation analysis revealed that rno-miR-190b-3p
and C5b9, rno-miR-341, rno-miR-344b-3p and Tnl, rno-miR-344b-3p and CK-MB were signifi-
cantly positively correlated, respectively. ROC curve analysis demonstrated that rno-miR-341,
rno-miR-344b-3p, and rno-miR-190b-3p exhibited high sensitivity and specificity for the diag-
nosis of myocardial damage caused by burn injury. In conclusion, our results suggest that rno-
miR-341, rno-miR-344b-3p, and rno-miR-190b-3p have the potential to be used as sensitive and
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specific biomarkers to diagnose myocardial damage caused by burn injury.

Approximately 40,000 hospitalizations and nearly
3,000 burn-related deaths caused by burn injuries
were reported in the United States in 2014 [1].
Hypermetabolic and hyperinflammatory states caused
by burn injuries are characterized by immune dys-
function, muscle protein catabolism, and organ failure
[2]. It has been shown that burn injuries induced
cardiac dysfunction, including increased cardiac
work, systolic dysfunction, tachycardia, and elevated
energy expenditure [3]. The human cardiac response
to burn trauma is characterized by the ebb and flow
phases [3]. After suffering from severe burn trauma,
patients experience depression of cardiac contractility,
which is referred to as the ebb phase. After 3 days,
patients enter the flow phase in which heart rate and
cardiac work remain elevated for more than a year [4].
Myocardial cells are damaged in this process, and it
will rapidly release substances including CK-MB,
LDH, Tnl, and so on. Because the content changes of
these substances can reflect the degree of myocardial
injury and have high myocardial specificity, they are
considered as markers of myocardial injury [5,6]. And
when myocardial cells necrosis, the C5b9 would be
a specific and sensitive marker [7].

MicroRNAs (miRNAs) are a type of endogenous
noncoding small RNAs with a length of about 19-23
nucleotides [8]. To regulate the expression of their
target genes at the post-transcriptional level, mature
miRNAs mainly suppress the translation of their

target mRNA by complementary base pairing [9].
miRNAs present in the fluids including urine, serum,
plasma, tear and amniotic fluid, and they can resistant
to harsh conditions [10]. miRNA also present in exo-
somes which can be taken up by neighboring or dis-
tant cells and subsequently modulate recipient cells
[11]. So miRNAs could be a marker of intervention
and diagnosis, such as hsa-miR-135a-5p, hsa-miR
-542-3, and hsa-miR-4491 maybe the intervention
and diagnosis marker of lung cancer via blood test
[9]. It has also shown that miRNA can bind to hun-
dreds of target mRNAs and play regulatory roles in
almost all mammalian pathological and physiological
activities. Furthermore, miRNAs are closely associated
with the occurrence and development of several dis-
eases [9]. Some miRNAs related to burn injuries, such
as miR-21 which can be affected by heat-induced
damage acts in response to the thermal stress by bind-
ing to Bcl-2 [12]. miR-29a play an important role in
tissue repair and healing of the wound by binding to
HEYL and FRS2 to protect the denatured dermis [13].
miR-378a-5p, is involved in wound repair by binding
fibroblast growth factor 7 [14]. In addition, some
miRNAs, such as miRNA-214 can protect myocardial
injury caused by sepsis [15]. let-7i-5p inhibits cardio-
myocyte proliferation and repairs heart function post
injury by targeting CCND2 and E2F2 [16]. However,
miRNAs associated with myocardial injury induced by
burn trauma have not yet been identified.
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Therefore, we established a rat model of burn injury
and used transcriptome sequencing to identify
miRNA markers of myocardial injury induced by
burn trauma. Then, quantitative real-time polymerase
chain reaction (qQRT-PCR) was used to investigate
differences in the miRNAs expression profile between
rats with a burn injury and healthy controls to predict
target genes and signaling pathways.

Materials and methods
Ethical statement

Animal studies were performed according to standard
procedures and experimental protocols and consent
procedures were approved by the Animal Ethical and
Welfare Committee of Guangzhou Forevergen
Medical Laboratory Animal Center (Guangdong,
China).

15% third-degree burn rat model

Sixteen male SPF rats (6—8 weeks old) with uniform
body mass were purchased from Guangdong
Experimental Animal Center and fed for 1 week.
The 16 rats were randomly divided into a control
group and a burn injury group, with 8 rats in each
group. The body weight of each rat was weighed,
and the burn area was calculated. Before the experi-
ment, SD rats were anesthetized by administering an
intraperitoneal injection of 10% chloral hydrate
(0.3 mL/100 g). Rats with prone position, the short
hairs were removed with 10% sodium sulfide to
expose the skin. Several scalded wounds were cre-
ated on the back of each rat in the burn injury
group, and the scalded head was set at a pressure
of 0.5 kg at 99°C in 35 s. After scalding, intraper-
itoneal injection of physiological saline with
30-40 mL/kg was given to prevent shock. The rats
were also treated with intramuscular buprenorphine
to reduce any associated pain after they recovered
from anesthesia. After 24 h, the rats were sacrificed,
and myocardial tissues from the whole heart of the
rats in each group were obtained and frozen at —80°
C, the skin was got and fixed in 4%
paraformaldehyde.

Hematoxylin-eosin (H&E)

The skin was tested according the manual of H&E kit
(Beyond, C0105M).

Enzyme-linked immunosorbent assay (ELISA)

The contents of terminal complement complex
(C5b9), creatine kinase-MB (CK-MB), lactate dehy-
drogenase (LDH), and troponin I (TnI) were

determined using an ELISA kit (C5b9: CUSABIO
Biotech, CSB-E08709r; CK-MB: Antibodies-online
Inc, USA, ABIN955837; LDH: Nanjing Jiancheng
Biology Engineering Institute, A020-2; Tnl: Abcam,
ab174263) according to the manual. Myocardial tis-
sues of the rats were obtained for the detection of
burn trauma. 100 mg of myocardial tissue was
grinned to powder under liquid nitrogen and then
1 mL phosphate buffer saline was added. The fluid
was centrifuged for 20 min, at 4°C, 5000 x g. The
supernatant was transferred to tube for further test.
One hundred microliters of the supernatant and
standards of different concentrations were added
into microplates and incubated at 37°C for 2 h. The
liquid of each well was removed, 100 pL of a biotin-
antibody (1X) was added, and then incubated for 1 h
at 37°C. The microplates were then washed four
times, and 100 pL of horseradish peroxidase-avidin
(1X) was added to each well for 1 h at 37°C. The cells
were washed five times, and 90 pL of TMB Substrate
was added to each well for 30 min. Then, 50 pL of
Stop Solution was added to each well to terminate the
reaction. Finally, the absorbance was measured using
a microplate reader.

Transcriptome sequencing and analysis of
differentially expressed miRNAs

RNA was extracted by the Trizol (Thermo) method
according to the manual. Transcriptome sequencing
was performed on an Illumina HiSeq2500 platform.
The raw data were cleaned by removing the adaptor
sequence, reads containing more than 50% bases with
a quality value <10, and reads containing >10%
unknown bases (N). Clean data were assembled by
Trinity software, and differentially expressed
miRNAs were obtained using the DESeq R package.
MiRNAs with false discovery rate <0.001 and showing
a 2-fold change were considered as significantly differ-
entially expressed miRNAs.

GO (gene ontology) and KEGG (Kyoto
encyclopedia of genes and genomes) enrichment
analysis

The GO knowledgebase is a tool to describe gene
and gene product attributes in any organism. The
GO project contains three parts: Biological Process
(BP), Cellular Component (CC), and Molecular
Function (MF). GO analysis was performed to deter-
mine the functions of differentially expressed
miRNAs. A P-value of <0.05 denoted the signifi-
cance of GO term enrichment in differentially
expressed miRNAs.

KEGG pathway analysis is a functional analysis that
involves mapping genes to biological pathways. The
pathway with a lower P-value is more significant.



A P-value of <0.05 was used to obtain the high-
frequency annotation of the gene set. A GO network
map and KEGG enrichment pathway were drawn by
the Database for Annotation, Visualization, and
Integrated Discovery (DAVID).

miRNA-mRNA interaction network analysis

To explore the interactions among the differentially
expressed miRNAs and mRNAs, miRNA-mRNA
interaction network analysis was performed using
miRWalk2.0 and visualized via Cytoscape.

Validation with qRT-PCR

cDNA synthesis was performed using Reverse
Transcriptase (Promega). qRT-PCR was per-
formed using the One-Step SYBR RT-RNA PCR
Kit. The expression of U6 was detected as
a reference. The relative expression of miRNA
was determined by the comparative delta CT
(272%CY method. Primer sequences are shown in
Supplementary Table 1.

Statistical analysis

All results were analyzed using SPSS 13.0 software.
The results were expressed as the mean + standard
deviation of three independent experiments.
Pearson’s analysis was used to assess associations
with myocardial damage factors. A ROC (Receiver
Operating Characteristic) curve was generated to
assess the relationship between differential miRNAs
and myocardial damage caused by burn injury.
A Student’s t-test was used to compare differences
between groups. A p-value of <0.05 was considered
as statistically significant.
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Figure 1. Effects of burn injury on the expression of C5b9, LDH,
Tnl, and CK-MB in rat myocardial tissues. (a). lll burn rat model
was validated by H&E staining of skin. (b). The expression levels
of C5b9, LDH, Tnl, and CK-MB in the burn injury group were
significantly upregulated.*p-value < 0.05, **p-value < 0.01.
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Results
Detection of myocardial injury markers

III burn rat model was validated by H&E staining of skin.
As shown in Figure 1(a), hair follicles, sweat glands, and
nerve endings were damaged in MOD group, which
indicated that IIT burn rat model was constructed suc-
cessfully. In order to determine whether myocardial
injury occurs in the 15% III burn rat model, we detected
the myocardial injury associated factors C5b9, CK-MB,
LDH, and Tnl. It was found that the levels of C5b9, CK-
MB, LDH, and Tnl were significantly upregulated in the
burn injury group compared with the control group
(Figure 1(b)). These results indicate that myocardial
injury was caused by the burn treatments.

Genome-wide analysis of miRNAs and
identification of differentially expressed miRNAs

We took three samples from the control group (NC2,
NC6, and NC7) and three from the burn group (MOD1,
MOD?2, and MOD6), which had relative larger difference
between control group and burn group in the content of
CK-MB and Tnl, for sequencing to determine the
miRNA expression profile in myocardial injury caused
by burn. Principle component analysis (PCA) (Figure 2
(a)) and cluster analysis (Figure 2(b)) demonstrated that
MOD6 was highly correlated with the NC group. After
removing MODS, the analysis of differentially expressed
miRNAs was performed. It was found that 23 miRNAs
were differentially expressed, of which 17 miRNAs were
significantly increased, and 6 miRNAs were significantly
decreased in the burn injury group (Figure 2(c,d),
Table 1).

mmmmmmmmmmmmmmm

Figure 2. miRNA profiles in myocardial tissues of the normal
group and burn injury group. PCA and cluster analyses were
used, and the MOD6 sample was removed. Differential expres-
sion analysis was then performed. The value of |log2(fold
change)| = 1 and p-value < 0.05 were used as standards.
A total of 23 differentially expressed miRNA were screened,
of which 6 were significantly downregulated, and 17 were
significantly upregulated in the burn injury group. (a). PCA
analysis. (b). Cluster analysis. c. Heatmap. d. Scatterplot.
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Table 1. Differentially expressed miRNAs in the normal group compared with the burn injury group.

miRNA NC MOD Fold Change log2(Fold Change) Up-Down-Regulation p-value
rno-miR-99a-3p 4.965 13.771 2.774 1.472 Up 0.014
rno-miR-582-5p 38.067 104.427 2.743 1.456 Up 0.011
rno-miR-551b-5p 5.259 10.967 2.085 1.06 Up 0.024
rno-miR-126b 10.85 3.06 0.282 -1.826 Down 0.034
rno-miR-344b-3p 1.84 5.358 2912 1.542 Up 0.003
rno-miR-122-3p 10.996 2297 2.089 1.063 Up 0.02
rno-miR-421-5p 5.341 11.733 2.197 1.135 Up 0.027
rmo-miR-369-3p 480.761 3736.991 7.773 2.958 Up 0.001
rno-miR-181d-3p 3.774 9.695 2.569 1.361 Up 0.012
rno-miR-341 18.438 45.62 2474 1.307 Up 0.046
rno-miR-154-3p 24 5.358 0.223 -2.163 Down 0.013
rno-miR-503-3p 34.748 176.664 5.084 2.346 Up 0.024
rno-miR-505-3p 0.92 4332 4.709 2.235 Up 0.035
rno-miR-190b-3p 17.739 50.546 2.849 1.511 Up 0.003
rno-miR-450b-3p 17.478 42.315 2421 1.276 Up 0.028
rno-miR-295-5p 43.715 16.816 0.385 -1.378 Down 0.032
rno-miR-667-5p 40.943 153.602 3.752 1.908 Up 0.004
rno-miR-1912-3p 13.692 6.37 0.465 -1.104 Down 0.036
rno-miR-19a-5p 4432 1.783 0.402 -1.314 Down 0.027
rno-miR-3596b 2.864 12.229 4.269 2.094 Up 0.01
rno-miR-3551-5p 11.018 22.704 2.061 1.043 Up 0.032
rno-miR-879-5p 12.179 142.237 11.679 3.546 Up 0.001
rno-miR-9b-5p 4.286 1.527 0.356 —1.489 Down 0.021

Enriched GO terms of differentially expressed
miRNAs

miRNAs usually recognize their target mRNAs by
forming a protein-RNA complex through an incom-
plete complementary base pairing of miRNAs and
target mRNAs to block translation of the gene. We
used miRNA target gene prediction software to iden-
tify miRNA target genes and performed GO and
KEGG analysis on these target genes. They were
enriched in the BP category, including metabolic pro-
cess, cellular metabolic process, organic substance
metabolic process, primary metabolic process, single-
organism, biological regulation, macromolecule meta-
bolic process, cellular macromolecule metabolic pro-
cess, and the regulation of biological process. They
were also enriched in the CC category, including
intracellular, cell, cell part, intracellular part, organelle,
membrane-bounded organelle, intracellular organelle,
intracellular membrane-bounded organelle, cyto-
plasm, and cytoplasmic part. Lastly, they were
enriched in the MF category, including binding, pro-
tein binding, heterocyclic compound binding, organic
cyclic compound binding, ion binding, metal ion
binding, cation binding, catalytic activity, transferase
activity, and nucleic acid binding (Figure 3(a)). In
general, the target mRNA of differentially expressed
miRNAs were major enriched in BP category and CC
category, in which metabolic process is the most
important.

Enrichment analysis of the top 15 KEGG pathways

Similar to GO analysis, we used miRNA target gene
prediction software to predict miRNA target genes
and performed KEGG analysis on these target genes.

Pathway enrichment analysis based on KEGG was
performed through DAVID, and the pathways with
P < 0.05 were selected. The top 15 KEGG pathways
included PI3K-AKT, MAPK, Wnt, and Rapl1 signaling
pathways (Figure 3(b)). Of note, most of these path-
ways are related to myocardial injury.

miRNA-mRNA interaction analysis

miRNAs play various kinds of roles by interacting
with their target mRNAs. miRNAs with more neigh-
boring proteins are considered more important in
BPs. The mRNAs that were enriched in the first 15
KEGG pathways and corresponding miRNAs were
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Figure 3. GO and KEGG enrichment analyses of differentially
expressed miRNAs in the normal group compared with the
burn injury group. Target mRNA of differentially expressed
miRNAs were major enriched in BP category and CC category,
in which metabolic process is the most important, and miRNA
target genes are mainly enriched in PI3K/AKT, MAPK, Wnt,
Rap1, and other signal pathways related to myocardial injury.
(a). GO enrichment analysis. (b). KEGG enrichment analysis.



Figure 4. miRNA-mRNA interaction network of differentially
expressed miRNAs in the normal group compared with the
burn injury group. The miRNA-mRNA interaction network was
constructed by targeting genes in 15 signaling pathways
mapped by KEGG, and only 18 differentially expressed
miRNA were selected in the network regulatory map. Red
indicated the up-regulated miRNAs green indicated the down-
regulated miRNAs, pink indicated the target mRNA.

selected to construct an interaction network. Only 18
miRNAs were found in the regulatory network, which
was generated using miRWalk2.0 (Figure 4), the other
5 miRNAs and its target mRNAs were shown in
Supplementary Table 2.

Validation of candidate miRNAs and correlation
analysis

According to the screening results by transcriptome
sequencing, QRT-PCR was performed to verify the differ-
ential expression of miRNAs. It was found that rno-miR
-667-5p, rno-miR-190b-3p, rno-miR-154-3p, rno-miR
-341, rno-miR-99a-3p, rno-miR-344b-3p, rno-miR-122-
3p, and rno-miR-879-5p were significantly upregulated
in the burn injury group (Figure 5(a)). Of note, the
expression level of rno-miR-154-3p in qRT-PCR was
opposite to the trend shown by transcriptome sequen-
cing. The results obtained for the other miRNAs were
similar to the trends identified by transcriptome
sequencing.

Furthermore, Pearson’s analysis was used to investi-
gate the relationship between C5b9, Tnl, CK-MB, LDH,
and miRNAs that showed similar changes to those
observed with transcriptome sequencing. The results
revealed that rno-miR-190b-3p was significantly posi-
tively correlated with C5b9, rno-miR-341 and rno-miR
-344b-3p were significantly positively correlated with
Tnl, and rno-miR-344b-3p was significantly positively
correlated with CK-MB, while there are no miRNAs
correlated with LDH (Figure 5(b)). Then, ROC curve
analysis was used to identify biomarkers, and we found
that the area under the curve of rno-miR-341, rno-miR
-344b-3p, and rno-miR-190b-3p was 0.891, 0.875, and
0.891, respectively (P-values < 0.05), indicating that these
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Figure 5. Validation of candidate miRNAs and correlation analy-
sis. gRT-PCR of differentially expressed miRNAs in the tissues of
normal group compared with the tissue of burn injury group.
Pearson’s analysis was used to identify the correlation between
miRNAs and C5b9, LDH, Tnl, and CK-MB. Finally, through ROC
curve analysis, the sensitivity of miRNAs related to C5b9, Tnl, and
CK-MB was evaluated as indicators of burn injury. (a). gRT-PCR
identified the differentially expressed miRNAs in the burn injury
group compared with the normal group. (b). Pearson’s analysis.
¢. ROC curves.

three miRNAs exhibit high sensitivity and specificity for
diagnosing myocardial injury caused by burns (Figure
5(c)).

Discussion

Severe burn injury often leads to multi-organ dysfunc-
tion [3]. It has been reported that progressive cardiac
dysfunction after burn trauma occurs, and several
animal models of burn injury have been described
[3,17]. Animal burn injury models have been used to
deepen our understanding of burn injury at the mole-
cular level and identify key factors of post-injury car-
diac dysfunction [3]. Several mRNAs involved in burn
injury have been found, but the mechanism of burn
injury induced by cardiac dysfunction remains
unknown. miRNAs are a type of non-coding small
RNAs that have been used as biomarkers to diagnose
or stage burn injury caused by cardiac dysfunction
[18,19]. miR-21, miR-29a, and miR-378a-5p are
involved in wound repair, whereas miR-495 inhibits
inflammation, differentiation, and extracellular matrix
accumulation of cardiac fibroblasts [18-21]. In this
study, we identified 23 differentially expressed
miRNAs in the burn injury group compared with the
normal control group. The differentially expressed
miRNAs are mainly involved in PI3K-AKT, MAPK,
Wnt, and Rapl signaling pathways, which are asso-
ciated with cardiac dysfunction. The PI3K-AKT path-
way regulates oxidative stress and cardiac dysfunction
in Takotsubo syndrome [22]. Diabetes-induced car-
diac dysfunction was associated with attenuation of
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the inflammatory response and suppression of the
MAPK signaling pathway [23]. Cardiac dysfunction
could be induced by transverse aortic constriction
through inhibiting the Wnt pathway in mice [24].
Abnormal Rapl signaling is also associated with car-
diac dysfunction [25]. C5b9, LDH, Tnl, and CK-MB
are important burn injury-induced myocardial infarc-
tion markers, and their diagnostic utility in patients
with myocardial infarctions has been established
[26,27].

miR-190b, which can be detected in tissues and
blood in human, is an oncogene that promotes tumor-
igenesis in several cancers through the regulation of
genes, such as Bcl-2, PTEN, and IGF-1 [28-30]. miR-
190b promotes cell proliferation, invasion, and migra-
tion but decreases cell apoptosis [30]. It has been
demonstrated that the expression of miR-190b was
dramatically decreased after burn injury [31]. Ectopic
expression of miR-190b in myoblast cells inhibited the
expression of PHLPP1 and FoxO3a and suppressed
cell autophagy by downregulating LC3 and Beclin-1
expression [31]. In our study, the expression of miR-
190b was increased in the burn injury group, which
may be caused by detection at different degrees of
burn injury. miR-190b was also predicted targets
Agpat3 and Adcyaplrl in Figure 4, it is indicated
that miR-190b maybe regulate Agpat3 and
Adcyaplrl in the process of cardiac dysfunction,
which will need further study. And Pearson’s analysis
revealed a significant association of miR-190b expres-
sion and C5b9. Therefore, miR-190b may provide
a new target for diagnosis and therapy. miR-341
belongs to the miR-341~3072 cluster, which encodes
83 miRNAs. It was identified by deep-sequencing that
pri-miR-341 is a key target of the TGF-p signaling
pathway [32]. The miR-341~3072 cluster is also regu-
lated by Smad2/3-FoxH1 in the early development of
embryos [32]. The function of miR-341 has been
reported in cancer and neuropathic pain, whereas its
role in burn injury is not well understood [33]. In our
study, we first demonstrated that miR-341 is upregu-
lated in burn injury-induced cardiac dysfunction. Tnl
plays an essential role in diastolic function regulation,
and its aberrant expression may lead to cardiac dia-
stolic dysfunction, which is a common characteristic
of cardiovascular disorders [26]. The levels of miR-341
are closely associated with Tnl expression, which indi-
cates the key function of miR-341 in burn injury-
induced cardiac dysfunction.

miR-344 was first identified in 2004 in rat cortical
neurons [34]. miR-344 contains 19 mature sequences
and is expressed during mouse brain development
[35,36]. A high throughput microarray study revealed
that miR-344 inhibited adipogenesis via the Wnt signal-
ing pathway [37]. In cells, miR-344-inhibited cell differ-
entiation by targeting the Wnt pathway [38]. In addition,
miR-344 was implicated in acute respiratory distress

syndrome  and  Huntington’s  disease  [39].
A downstream target of miR-344b is Olig2 [40]. The
cardiac expression of miR-344b is affected by sensory
neuropathy, but the mechanism is unclear [41]. In our
study, we first identified the aberrantly high expression of
miR-344b in burn injury-induced cardiac dysfunction.
Furthermore, the level of miR-344b was significantly
related to the expression of Tnl and CK-MB.

In addition, we performed ROC analysis of miR-
190b, miR-341, and miR-344b and found that all of
these miRNAs were statistically significant. These
results indicated that miR-190b, miR-341, and miR-
344b exhibit high sensitivity and specificity for diag-
nosing myocardial dysfunction caused by burn injury.

In conclusion, our study shows that miR-190b, miR-
341, and miR-344b are upregulated in the heart tissues of
burn injury rats. These miRNAs are significantly asso-
ciated with myocardial damage biomarkers, which reveal
their high sensitivity and specificity for the diagnosis of
cardiac dysfunction. Therefore, these results identify
potential biomarkers and new drug targets of myocardial
dysfunction caused by burn injury.
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