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Background: This study identified microRNAs (miRNAs) and mRNAs associated with Compound Longmaining (CLMN) treat-
ment of acute myocardial infarction (AMI). Our results provide a theoretical framework to guide AMI treatment
and improve myocardial injury.

Material/Methods: The myocardial tissues of the sham operation group (S), the model group (M), and the CLMN treatment group (T)
were obtained. The mRNA and miRNA expression profiles were identified using RNA-sequencing analysis.
The sequencing results were verified by quantitative real-time PCR (gRT-PCR). Bioinformatics was used to pre-
dict the function of differentially expressed genes (DEGs) and related signal transduction pathways. The target
genes of miRNAs were predicted by software analysis, and the relationship between miRNA and mRNA was
studied by network analysis.
Results: RNA-sequencing revealed 22 differentially expressed miRNAs (DEMs) and 76 DEGs in myocardial tissue. Six
DEMs and 9 DEGs were randomly selected for qRT-PCR validation, and corroborating results were obtained.
The results of Gene ontology (GO) showed that DEGs participated in different biological processes. Through
the combined analysis of miRNAs and mRNAs expression, it was confirmed that a single miRNA is involved in
the regulation of multiple genes, and also multiple miRNAs can target one gene.

Conclusions: The analysis based on the miRNA-mRNA network can not only help to elucidate the potential molecular mech-

anism of CLMN treatment of AMI, but can also help in identifying novel therapeutic targets.
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Background

ANIMAL STUDY

Material and Methods

Coronary or ischemic heart disease is the result of coronary
arterial atherosclerosis. The lesions caused by stenosis or ob-
struction can lead to ischemia, hypoxia, or necrosis. Acute
myocardial infarction (AMI) is a more serious variant of coro-
nary heart disease. AMI is a major cardiovascular disease that
can seriously endanger human health worldwide. It has be-
come one of the leading causes of death and disability in re-
cent years [1]. It can induce myocardial cell remodeling, apop-
tosis, hypertrophy, fibrosis, and, ultimately, heart failure [2].

The prescription of Compound Longmaining (CLMN) for the
treatment of coronary heart diseases was established and vali-
dated in the clinic by Professor Gen-yu Tao (Affiliated Hospital
of Shaanxi University of Traditional Chinese Medicine). It con-
sists of 4 traditional Chinese medicines (Puerariae lobatae
radix, Dioscoreae nipponicae rhizoma, Chuanxiong rhizoma, and
Propolis). Previous clinical studies have proved its efficacy for
the treatment of AMI [3]. However, the specific mechanism of
action of this formulation is still unclear. Therefore, it is im-
portant to explore the mechanism of action with respect to
coronary heart disease.

Recently, many studies have been performed to understand
AMI at the gene level. It is considered to be an extremely
complex physiological and pathological process. The occur-
rence and development of AMI is a multilevel regulatory pro-
cess happening at DNA, transcription, post-transcription, and
protein expression levels. MicroRNAs (miRNAs) are endoge-
nous regulatory RNA molecules that play an important role in
the pathogenesis of AMI. They participate in a complex net-
work of gene regulation through post-transcriptional nega-
tive regulation of the target RNA molecules and also in var-
ious pathophysiological processes with AMI and associated
complications [4,5]. This effect of miRNAs on mRNA is well-
known with respect to different physiological processes such
as development, immunity, and neuronal activity [6]. Much evi-
dence has also confirmed that small RNA-mediated RNA also
regulates various diseases [7,8]. Valuable information can be
obtained regarding the mechanism of CLMN action on AMI by
a detailed understanding of the expression profiles of the re-
lated mRNAs and miRNAs.

The present study used high-throughput sequencing tech-
niques to assess expression profiles of miRNAs and mRNA in
response to CLMN treatment of AMI. We assessed the corre-
lation among differentially expressed microRNAs (DEMs) and
genes (DEGs), and explored the regulatory role of mRNA and
miRNAs to identify novel therapeutic targets.

Animals

A total of 18 male BALB/c mice, weighing 22-28 g, were pur-
chased from the Animal Center of the Fourth Military Medical
University (Shaanxi, China). The mice were allowed to accli-
matize by keeping them under controlled humidity and tem-
perature for 7 days. The protocol was approved by the Animal
Ethics Committee of Shaanxi University of Chinese Medicine
(Shaanxi, China).

Preparation of CLMN decoction

The CLMN decoction was prepared following a previously re-
ported method [9]. Briefly, 48 g of each of the 4 traditional
Chinese medicines were decocted in water (1: 14, w/v) twice,
followed by condensation of the combined solution to 0.32 g/ml
crude drug.

Model preparation and drug administration

All the animals were divided into 3 groups. The AMI model was
established following a previously reported method [10,11].
Briefly, the process included opening the pericardium and vi-
sualizing the left anterior descending coronary artery. A nee-
dle was inserted and the artery was ligated with 8/0 monofil-
ament polypropylene suture 2 mm from the lower edge of the
left atrial appendage, leading to permanent ischemia of the
coronary artery below the ligation line. In the sham operation
group, needles were inserted into the left anterior descend-
ing branch of the coronary artery after thoracotomy, but they
were not ligated, and the other operation procedures were
similar to those used in the AMI model group. The animals in
both the sham and model groups were given normal saline.
The CLMN group was given CLMN decoction (6.24 g/kg/day).
Mice were observed for 3 weeks.

Sample collection

After 21 days of intragastric administration, mice were anes-
thetized and fresh heart specimens were collected. Each sam-
ple was divided into 2 parts for pathology and miRNA-seq,
mRNA-seq analysis, and qPCR.

Histological analysis

The myocardial tissues were fixed in 10% neutral formalde-
hyde solution for 24 h, then they were embedded, sliced, and
stained with hematoxylin-eosin (HE) and Masson Trichrome. All
samples were examined using an optical microscope (Olympus
Optical Co., Tokyo, Japan). Image Pro-Plus 6.0 (IPP 6.0) image
processing software was used to calculate the percentage of
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Table 1. qPCR reaction procedure.

Step Temperature (°C)
Initial denaturation 95
 Denatwaton o5
Annealng o
Extension 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 95
 Dissociaton o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 95
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Time Number of cycles

10 min 1
""""""""""" 5
""""""""""" s 4
""""""""""" 5s
""""""""""" 5s
"""""""""" tmin 1
""""""""""" 5

MI area (Infarction area percentage=myocardial infarction
area/left ventricular total area) in each group.

Small RNA sequencing

Total RNA was extracted from the myocardial tissues using
Trizol (Invitrogen). The RNA molecules 18-30 nucleotides in size
were enriched by polyacrylamide gel electrophoresis (PAGE).
The 3’adapters were added and the 36-44 nucleotide long
RNAs were enriched. The 5’adapters were also ligated to the
RNAs. The reverse transcription products were separated by
3.5% agarose gel electrophoresis. We selected the 140-160 bp
zone strip for cutting glue, and the gel recovery product is the
final library. lllumina HiSeqTM 2500 was sequenced by Gene
Denovo Biotechnology Co. (Guangzhou, China). DEMs was
screened by P value (<0.05) and fold change (>1.5).

mRNA sequencing

RNA was extracted using Trizol (Invitrogen). Magnetic beads
with Oligo (dT) were used to enrich the mRNA and to add frag-
mentation buffer to the obtained mRNA to make the fragment
become a short fragment, and then the first strand of cDNA
was synthesized by six-base random primer (random hexam-
ers) using the mRNA as the template. The second strand of
cDNA was synthesized by adding buffer, dNTPs, RNase H, and
DNA polymerase I. The second strand of cDNA was purified by
QiaQuick PCR kit and eluted with EB buffer. The end was re-
paired, base A was added, a sequencing junction was added,
and then the target fragment was recovered by agarose gel
electrophoresis. PCR amplification was carried out to complete
the preparation of the whole library. The constructed library
was sequenced with lllumina HiSeqTM 2500. DESeq software
was used to identify DEGs in pair-wise comparisons with fold
change (FC) >1.5 and false discovery rate (FDR) <0.25 [12,13].

Quantitative real-time PCR validation

To validate the expression profiles of the 6 miRNAs and 9
mRNAs obtained by miRNA-Seq and mRNA-Seq, gRT-PCR was

performed using U6 and [B-actin as references. The results
were calculated using the comparative Ct (22*Ct) method [14].
The gPCR reaction procedure is shown in Table 1. The gPCR
primer sequences are shown in Supplementary Tables 1 and 2.

Prediction of miRNA-targeted genes and construction of
miRNA-mRNA network

The DEMs were used to identify potential target genes
by searching the RNAhybrid (v2.1.2) +svm light (v6.01),
Miranda (v3.3a), and TargetScan (Version: 7.0) software.
The data providing details about the intersection of DEMs tar-
get genes and DEGs were obtained. Cytoscape 3.6.1 software
was used for network construction of miRNA-mRNA interaction.

GO Analysis and KEGG Pathway Analysis

The DEGs were input into Blast2GO (https://www.blast2go.
com/) and Blastall (http://www.kegg.jp/) software for Gene
Ontology (GO) analysis and Kyoto Encyclopedias of Genes and
Genomes (KEGG) pathway enrichment analysis, respectively.

Statistical analysis

All results are expressed as meanzstandard deviation. One-way
ANOVA was used to compare the results of multiple groups.
All statistical analysis was carried out by SPSS 19.0 software.
P value less than 0.05 indicates that there was a statistically
significant difference.

Results

Effect of CLMN on pathological changes

Masson trichrome staining results (Figure 1B, 1D) shown that
the myocardial cells in S group were neatly arranged and clear-
ly structured, with no proliferation of fibroblasts. The M group
revealed an obvious myocardial interstitial collagen deposi-
tion along with severe myocardial fibrosis. As compared to the
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Figure 1. HE staining and Masson staining were used to detect the effect of CLMN on cardiac histopathological changes in mice.
Representative sections (magnification: 400x). (A) HE staining. (B) Masson staining. (C) Inflammation scores of HE staining.
(D) Collagen volume fraction (=Collagen-positive blue area/Total tissue area). (E) Percentage of Ml area in each group of rats
(Percentage of infarction area=MI area/Left ventricular area).

M group, significant reduction in the proliferation of cardiac fi-
broblasts and in myocardial interstitial fibrosis was observed in
the T group. The HE staining suggests (Figure 1A, 1C) that the
myocardial cells in the S group had clear cross-striation, uni-
form staining, and orderly arrangement. However, the myo-
cardial tissue in the M group was seriously damaged, had un-
even staining, blurred cross-striation, disordered arrangement,
a large amount of cellular infiltration, and flaky necrosis, and
the cell nuclei were smaller. Overall, the inflammatory symptoms
were found to be largely alleviated in the T group. According to
Figure 1E, the area of Ml significantly decreased after the treat-
ment of CLMN.

This work is licensed under Creative Common Attribution-
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Identification of DEGs and DEMs

As shown in Figure 2B with respect to the S groups, a total
of 1811 genes (632 up- and 1179 down-regulated) and 139
miRNAs (61 up- and 78 down-regulated DEMs) were differen-
tially expressed in the M group. There were 175 DEGs (81 up
and 94 down-regulated) and 56 DEMs (23 up- and 33 down-
regulated) in the T group (Figure 3B). To further visualize the
differences in the gene and miRNA expression profiles among
these groups, a Venn map (Figures 2C, 3C) and heat map
(Figures 2A, 3A) were created using RNA-seq and miRNA-seq
data, showing that CLMN decoction regulates 76 DEGs (15 up-
and 61 down-regulated) and 22 DEMs (11 up- and 11 down-
regulated) in AMI. miRNA sequencing results are shown in
Supplementary Table 3. In the mRNA sequencing, the number
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Figure 2. Screening for differential mRNA expresion. (A) Heat map of the differential mRNA expression. (B) Volcanic map of the
differential mRNA expression. (C) Venn diagram of the differenial mRNA expression.
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Figure 3. Screening for differential miRNA expression. (A) Heat map of the differential miRNA expression. (B) Volcanic map of the
differenial miRNA expression. (C) Venn diagram of the differential miRNA expression.
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Figure 4. QPCR verification of DEGs and DEMs. (A) Q-PCR verification of selected DEGs. The relative expression levels of these

genes were normalized to B-actin. (B) The relative expression of 6 DEMs determined by quantitative real-time PCR
(gRT-PCR) analysis. The relative expression levels of miRNAs were normalized to U6 RNA. (* Significantly different from the
S group (p<0.05); * Significantly different from the M group (p<0.05). ## Significantly different from the S group (p<0.01);

** Significantly different from the M group (p<0.01).

of reads in each sample was also calculated (Supplementary
Table 4).

Validation of the sequencing data by quantitative RT-PCR

Quantitative RT-PCR (QRT-PCR) was used to verify the accura-
cy of transcriptome sequencing results. A total of 9 DEGs and
6 DEMs were selected based upon RNA-Seq and miRNA-seq
data. These included CNN1, LTBP2, ACE, SMOC1, SOST, FSTL1,
LOX, MMP-3, SCD4, mir-22-y, mir-495-y, mir-133-x, mir-144-y,
mir-136-y, and mir-3966-x. Findings of QRT-PCR were corrob-
orated by RNA-seq and miRNA-seq results (Figure 4).

GO analysis and KEGG pathway enrichment analysis were
performed for DEGs

In order to elucidate the correlation between the DEGs and ef-
fects of the CLMN treatment on AMI, GO and signal pathway
analysis were performed. Findings of the GO analysis showed
that 61 down-regulated genes have different biological func-
tions involved in regulation, single-organism process, cellular
process, binding, and catalytic activity (Figure 5, Supplementary
Table 5). KEGG signaling pathway analysis demonstrated
that 76 DEGs were distributed in the 42 pathways, including
Arachidonic acid metabolism, protein digestion and absorp-
tion, focal adhesion, ECM-receptor interaction, PI3K/Akt-, PPAR-,
and TNF-signaling pathway (Figure 6, Supplementary Table 6).

Target prediction and construction of a regulatory and
interaction network

A total of 8004 target genes were obtained from RNAhybrid
(v2.1.2) +svm_light (v6.01) software, Miranda (v3.3a), and
TargetScan (Version: 7.0) for 22 DEMs (Supplementary Table 7).

We screened 76 DEGs by RNA-seq. Numerous studies have con-
firmed that miRNAs can regulate the degradation of RNA or in-
hibit its translation. Therefore, the expression level of miRNAs
should be contrary to that of their target genes. Using this
regulation mechanism, we intersected the transcriptome dif-
ferential gene pool and the target gene pool of the difference
obtained by the sequencing of miRNAs and found the over-
lapping genes of the 2 pools. Then, we determined the down-
regulated differential target genes according to the up-regu-
lation of miRNAs and up-regulated differential target genes by
down-regulation of miRNAs. Relevance analysis showed that 9
of the 22 miRNAs were associated with differentially targeted
genes, of which 8 were up-regulated (mir-3966-x, mir-4510-x,
novel-m0002-5p, mir-144-y, mir-378d, mir-136-y, mir-22-y, and
mir-133-x), and 1 was down-regulated (mir-495-y). However,
because of the one-to-many, many-to-one relationship between
miRNAs and RNA targeting regulation, single miRNAs can tar-
get multiple genes, and multiple miRNAs can target one gene.
Therefore, not every gene targeted by up-regulated miRNAs is
under-expressed, and every gene targeted by down-regulat-
ed miRNAs is over-expressed. Ultimately, we found 18 down-
regulated genes (CST6, BACE2, WSCD2, FSTL1, P4HA3, CDH22,
LTBP2, GM14296, DBN1, SOST, SRPX2, COL8A2, SMOC1, LOX,
CNN1, COL4A3, ADAMTSS, and GDF6), and 2 up-regulated
genes (SCD4 and PAX9). We then constructed a miRNA-gene
interaction network based on the correlation between DEMs
and DEGs expression (Figure 7).

Discussion

AMI is a serious and life-threatening cardiovascular disease
that is associated with high morbidity, disability, and mortality.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




BuD. et al:

Integrative analysis of expression profiles of microRNASs...

>
(@]
>
wn
—
<
=
=
<

© Med Sci Monit, 2019; 25: 9028-9041

A

mUp
W Down

-II—II--.

fuanpe 1ayiodsuel)

£31A1398 3[N3|0W [RINYINIS

Ayapae saonpsuey buijeubis

Ayanoe 10328y uondinsuesy bulpuiq pre dRPNN
Joe[nbai uoiIuNy BNl

£yA12e JuRpRIROWIY)

Ayanoednhjere)

Buipuig

Ayande Juepixonuy

-lLII.lllllk.l\h.i‘l“lihﬁh

Hed 3sdeufs

asdeufs

yed 9)jauebiq

3||auehig

U3LN| P3sOPUI-URIGUIY
yed ueiquiayy

aueIquidy

X3|dwod Jejniajowoneyy
yed uoibal sepnjjadeixg
uoibai Jejn|jdes]
Juduoduwod Xuyew Jen|j3esxg
XLIJeW Je|n|[deix3

yed |19)

uomdun( 1)

152}

ssa204d wsjuebio-a|buig
buijeubis

sninwns 03 asuodsay

$59201d A1NpoIdaY
uonpnpoiday

ssa201d [ewsiuefio Jejnj RN
ss201d wsiuebio-pynyy

$59201d 2110qRIY

uo130W0307

uol3ezIe0]

$59201d Wa)sAs sunwiw|

yimoln

ssa201d e3uawdo|3na(
UoIEIYIX0)3(

ssa201d e|n||3)

s1sauaboiq 1o uoryeziuebio Juauodwod J13|n||3)
uoijehaibbe |3)

uoiye[nbai jedibojorg

uoisaype |edibojoig

Jo1neyag

Molecular function

Cellular component

._||| ‘|| b J]I| .]hj. o

Biological process

mUp
W Down

fynpe sayodsuely

AR 3NJ3j0W [RANIINAS

Ayne sdnpsuesy buijeubis

Ayane 103084 Uondidsuely buipuiq piedRPNN
101e[nbai uondUNy Je[NII|O

£yAne JURpRIROWAY)

Aunpenhjere)

bupuig

Ayaie yuepixonuy

J.I._u|1.___||.\_...

1ed asdeufs

asdeufs

led 3|jauebiq

3||puebiq

U3LUN| P3SOPUI-URIGUIN
Jed aueiquiayy

QueIqUd}

x3]dwio) Jejn3jowoneyy
1ed uoibai sejn|jde1xg
uolba1 Jejnjjaei)r3
JU3UOdU0) XIUJewW Je[n|[33eiix]
XLJBW Jejn|[2enx3

Jed [19)

uomdun( 1)

112

ss9201d wsjuebio-a|buls
buijeubig

snjnwiys 03 asuodsay

ss9201d an1pdNpoiday
uopnpoiday

ssa01d [ewsiuebio Jejn|dN
ssa201d wisiuebio-nnyy

ss9201d 1j0qeI

uo1joWw007]

uo13ez|[eX0]

ss201d Wa)sAs sunwiw|

Yimoln

ss3204d [eyuawdofanaq
uoIeIYIX033Q

ss3201d Je|n||3)

sisauabolq 1o uoryeziuebio Juauodwod J3|n||3)
uonebaibbe 13)

uone|nbai [eatbojorg

uoisaype [edbojoig

101ARYdg

48

35
24

s9uab Jo Jaquiny

12

0_

[
o
vy

14
0_

T T
~ o
< ~

s3uab Jo Jaquuny

Molecular function

Cellular component

Biological process

Figure 5. (A) S vs. M; (B) M vs. T. Gene ontology analysis of DEGs.

has protective effects on AMI[16]. In this study, we first used

AMI is considered not only a common clinical emergency

sequencing technology to screen DEMs and DEGs involved in

but also a public health problem that can endanger human

the treatment of AMI. Finally, the differentiated miRNAs-mRNA
regulatory network was constructed. Our findings have great

health [15] and it is imperative to find an effective treatment for
AMI. Previous studies have found that CLMN has protective ef-

fects on acute myocardial ischemia-hypoxia injury. In rats, it has

relevance in deciphering the molecular mechanism associat-

ed with CLMN treatment of AMI.

been shown to resist thrombosis, improve microcirculation, and
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A total of 76 DEGs were obtained in this study. GO functional
analysis of DEGs suggests these were mainly involved in bio-
logical regulation, single-organism process, cellular process,
binding, catalytic activity, and extracellular region. The KEGG
analysis revealed that the most significant enrichment path-
ways related to AMI were focal adhesion [17], PI3K-Akt signal-
ing pathway [18], PPAR signaling pathway [19], ECM-receptor
interaction [20], Arachidonic acid metabolism [21], and TNF
signaling pathway [22]. Overall, this analysis suggests that
the treatment of AMI by CLMN may operate through a variety
of cellular responses and multiple pathways.

The development of AMI is a complicated process that may be
regulated by multiple genes. In recent years, research interest
in miRNAs has grown. In this study, 22 DEMs were selected,
among which some miRNAs have been reported to play a role
in AMI. Studies have demonstrated that mir-22 can prevent
myocardial oxidative stress and can regulate cardiac apoptosis,
hypertrophy, fibrosis, and regeneration [23-26]. mir-378 can in-
hibit the MAPK signal transduction pathway and control myo-
cardial hypertrophy by acting on MAPK1, insulin-like growth
factor-1 receptor, growth factor receptor-binding protein-2,
and Ras kinase inhibitor-1 [27]. mir-133 inhibits myocardial
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fibrosis by reducing the connective tissue growth factor gene
and fibrin synthesis [28]. mir-144 analogues transfected into
rat H9C2 cardiomyocytes can reduce cell proliferation and in-
crease apoptotic rate by enhancing Caspase-3 activity [29],
suggesting its potential utility as a gene promoting cardio-
myocyte apoptosis. Studies have reported that mir-378 can
inhibit the expression of caspase-3, which can reduce cardio-
myocyte ischemic injury, suggesting its utility as a potential
therapy target [30].

Regulation of the miRNAs target genes is very important.
miRNAs degrade target genes at the post-transcriptional lev-
el and inhibit their expression [31]. According to the results of
combined analysis of mRNAs and miRNAs, a single miRNAs can
regulate multiple target genes, such as mir-3966-x, mir-4510-x,
novel-m0002-5p, mir-144-y, and mir-22-y. Bioinformatics anal-
ysis showed that a total of 9 miRNAs participated in the con-
struction of the miRNAs-mRNAs regulatory network. These
9 miRNAs had 20 target genes, including FSTL1, LOX, CNNT1,
ADAMTSS, LTBP2, and other genes closely related to AMI.
Studies have shown that myocardial ischemia and hypoxia
can induce the expression of FSTL1 and promote compensa-
tory vascular remodeling [32]. Li et al. [33] found that myo-
cardial ischemia/reperfusion injury can increase expression
of LOX-1 in the myocardium. The application of an antibody
antagonizing LOX-1 function can significantly reduce myocar-
dial injury and infarction size. Wagsater et al. demonstrated

Supplementary Data

Supplementary Table 1. MicroRNA gPCR Primer sequences.
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enhanced ADAMTS8 expression in carotid atherosclerotic and
unstable coronary plaques [34], and Gabrielsen et al. [35] found
significantly higher LTBP2 levels in patients with heart failure.

Conclusions

In this study, we established the expression profiles of DEMs
and DEGs in cardiac tissues. A single miRNA can regulate
multiple RNAs and a single RNA can be regulated by multi-
ple miRNAs. They interact to form a complex regulatory net-
work and play a role in the development of AMI. The findings
of our study provided a basis for the pathogenesis, clinical
treatment, and prognosis of CLMN in the treatment of AMI.
Our results also provide a theoretical basis for screening the
CLMN targets with respect to AMI and provide a platform for
the screening of markers.
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miRNA Forward primer (5’ to 3’)

mir-22-y CCGCTGCCAGTTGAAGAACTGT
C miksy AACAMACATGGTGCACTTCTTT
o miex AGCTGGTAAAATGGAACCAAATC
o miraay ATACAGTATAGATGATGTACT
 mieey AATCATCGTCTCAAATGAGTCT
~ mir396x  CAGCTGCCAGTTGCAGAACTGT
v  C(CICGCTICGGCAGCACA
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Supplementary Table 2. MRNA gPCR Primer sequences.

Gene Forward primer Reverse primer
ENSMUST00000001384 (CNN1) GGGTTACGGTTTGGGGAGAT TCAACTCAGTGCTTCCTTCGG
"""" ENSMUSTO0000163189 (LTBP2) ~ AGGCTGGGAGTGTGTTGATG ~ AGTGTCCTTCTTCTGCGTCG
"""" ENSMUSTO0000001964 (ACE) ~ GATGGAAGGGAGGTGGTGTG  GTGCGCTATCACCAAGTCCT
"""" ENSMUST00000110347 (SMOC1) ~ CGACTACTGCGACCTGAACA  GGTTTGTGCCTGCTCGTTTT
"""" ENSMUST00000001534 (SOST) ~ CCACCCACGGACACATTTCT ~ TATAACACTTGCGCCCTCCG
"""" ENSMUSTO0000114763 (FSTL) ~ CAATCGCTGTGTCTGTTCCTGT ~ TGTCTTCTCCTCCTCTGTGTGE
"""" ENSMUSTO0000171470 (LOX) ~ TGCCCGACCCCTACTACATCC ~ TCATAGTCTCTGACATCCGCCC
"""" ENSMUSTO0000034497 (MMP3) ~ TICTGGGCTATACGAGGGCA  CTTCTTCACGGTTGCAGGGA
"""" ENSMUST00000058856 (SCD4)  GCCGTGGCTTCTICTTCTCT  TCCAGGTTTTTGCCCTTCTC

Supplemenatry Table 3. Results of miRNA sequencing.

Samples Raw reads High quality 3’adapter null Insert null co::::r: aer:ts t:;?‘a:l;:‘t polyA Clean tags
S-1 1,2E+07 11328752 19137 27173 5684 2E+05 243 10698735
s2 13607 12828535 13474 o400 10583 6E+05 26 11656566
oS3 238407 20087613 31633 155393 16003 6E105 858 21255112
M 236407 22441987 24642 197003 5177 6E+05 775 21592758
M2 236407 22213738 30426 721194 156 7E005 M7 20666774
S OM3 13607 12178331 12577 55076 1370 05 %1 11452776
Tl LIEs07 11015425 10337 as158 6720 k105 22 10442059
T2 11Es07 10853289 12920 64226 s615 05 132 10169750
T3 24E407 23193093 26784 452692 28657 k106 793 20812146

Supplementary Table 4. The number of Reads in each sample was calculated.

Number of raw The number of reads from the The number of reads that
Samples reads Number of clean reads ribosomal database was not were uniquely matched to the
matched reference genome
S-1 6,7E+07 66509234 (98.96%) 66291658 (99.67%) 57055136 (86.07%)
”””” S2  SeEH07 54862438 (9884%) 54730308 (9976%) 47399155 (86.60%)
”””” S3  S9E07 58432720 (99.03%) 58208154 (9962%) 50873703 (87.40%)
””” M1 67E+07 65821074 (98.89%) 65581500 (99.64%) 55091422 (85.38%)
””” M2 7E07 68831828 (9899%) 68640354 (9972%) 58598325 (85.37%)
””” M3 69E:07 68291544 (99.04%) 68144732 (99.79%) 57229687 (83.98%)
”””” T1 6E+07 59226516 (99.03%) 59100606 (99.79%) 49819176 (8430%)
”””” T2 728407 70798226 (9898%) 70627160 (99.76%) 59133774 (8373%)
”””” T3 68E+07 66968094 (9896%) 66306616 (99.76%) 57421130 (85.95%)
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Supplementary Table 5. Gene ontology analyse of differentially expressed mRNAs.

Ontology Class Number of up genes Number of down genes
BP Developmental process 0 32
o Multicellular organismal process o s
8 Bioogcaladhesion I
B Biolgicalregulation o v
e Single-organism process o s
B Responsetostimulus I
e Detoxificaton S
o Cellaggregation o1
e Cellular component organizationor o e

biogenesis

Nucleic acid binding transcription

MF factor activity 0 !

MF Signal transducer activity 0 3
"""""""" «  edtraceluarmatix o 2
"""""""" «c  Extracelularregon o a
"""""""" cc  Extracelularregonpat o a3
"""""""" «c  Exacelularmatrixcomporest o 10
"""""""" cc  celljuncion o 3

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




BuD.etal:

Integrative analysis of expression profiles of microRNAs... AN IMAL STU DY

© Med Sci Monit, 2019; 25: 9028-9041

Supplementary Table 5 continued. Gene ontology analyse of differentially expressed mRNAs.

Ontology Class Number of up genes Number of down genes
cCc Organelle 0 39
"""""""" cc  synapsepat o 1
"""""""" cc  smapse 0o 1
"""""""" «C  Macromolecularcomplex o 1
"""""""" CC  Membraneencosedlumen o s
"""""""" «  Membane o .
"""""""" «c  omanelepat o 1
"""""""" «©«  ct 0 =
"""""""" «  celpat 0 . m
"""""""" «  Membanepat o 1

Supplemnatry Table 6. Pathway of DEGs.

NO Pathway ID Pathway P-value
1 ko04974 Protein digestion and absorption 0.000176
"""""" 2 ko04510  Focaladheson 000426
"""""" 3 ko04151  PBK-AKtsignalingpathway 0025648
"""""" 4 k0330  PPARsignalingpatway 0028982
"""""" s k04512 ECMreceptorinteraction 0032328
"""""" 6 k00590  Arachidonicacid metabolsm 0033014
"""""" 7 koo4668  TNFsignalingpathway 0047913
"""""" 8§ k04066  HIF-lsignalingpathway 0051143
"""""" 9 k04614  Reninangiotensinsystem 0060399
""""" 10 k00360  Phenylalanine metabolsm 0072662
""""" 11 k04270 Vascularsmooth muscle contraction 0074852
""""" 12 k04310  Wntsignalingpathway 0077677
""""" 13 k00340  Histidine metabolism 007873
""""" 14 k01040  Biosynthesis of unsaturated fatty acids 0084772
""""" 15 k00760 Nicotinate and nicotinamide metabolism 0099696
""""" 16 k00410  beta-Alanine metabolism 0102653
""""" 17 k00350  Tyrosinemetabolsm 0102
""""" 18 k00591  Linoleicacid metabolsm 0148718
""""" 19 k01212 Fattyacid metabolsm o171
""""" 20 ko040l5  Raplsignalingpathway 0171198
""""" 21 ko00330  Arginineand proline metabolism 0176351
""""" 22 k04014  Rassignalingpathway 0185342
""""" 23 ko00980  Metabolism of xenobiotics by cytochrome P40 0197837
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Supplemnatry Table 6 continued. Pathway of DEGs.

NO Pathway ID Pathway P-value

24 k000982 Drug metabolism-cytochrome P450 0.203125

42 ko04080 Neuroactive ligand-receptor interaction 0.665957

Supplementary Table 7. Differential miRNA target genes.
[Supplementary Table 7 available from the corresponding author on request.]
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