
Received: Aug 6, 2021   Revised: Sep 16, 2021   Accepted: Sep 30, 2021   Published online Jan 2, 2022
Correspondence to: Xiaoqiang Liu     https://orcid.org/0000-0003-3524-6783
Department of Urology, Tianjin Medical University General Hospital, No. 154, Anshan Road, Heping District, Tianjin 300052, China. 
Tel: +86-17732531049, Fax: +86-60361614, E-mail: xiaoqiangliu1@163.com
*These authors contributed equally to this work as co-first authors.

Copyright © 2022 Korean Society for Sexual Medicine and Andrology

Identification of Key microRNAs in Diabetes 
Mellitus Erectile Dysfunction Rats with Stem 
Cell Therapy by Bioinformatic Analysis of Deep 
Sequencing Data

Jiaqi Kang1,* , Yuxuan Song2,3,* , Zhexin Zhang1 , Shangren Wang1 , Yi Lu1 , Xiaoqiang Liu1

1Department of Urology, Tianjin Medical University General Hospital, Tianjin, 2Department of Urology, Peking University People’s Hospital, 
3Biomedical Pioneering Innovation Center (BIOPIC), School of Life Sciences, Peking University, Beijing, China

Purpose:Purpose: Diabetes mellitus erectile dysfunction (DMED) is a common resulting complication of diabetes. Studies have shown 
mesenchymal stem cell (MSC)-based therapy was beneficial in alleviating erectile function of DMED rats. While the patho-
genesis of DMED and the mechanism MSCs actions are unclear.
Materials and Methods:Materials and Methods: We constructed a rat model of DMED with or without intracavernous injection of MSCs, and per-
formed microRNA (miRNA) sequencing of corpora cavernosa tissues.
Results:Results: We identified three overlapping differentially expressed miRNAs (rno-miR-1298, rno-miR-122-5p, and rno-
miR-6321) of the normal control group, DMED group, and DMED+MSCs group. We predicted 285 target genes of three 
miRNAs through RNAhybrid and miRanda database and constructed a miRNA-target gene network through Cytoscape. Next, 
we constructed protein-protein interaction networks through STRING database and identified the top 10 hub genes with 
highest connectivity scores. Five GO terms including cellular response to growth factor stimulus (GO:0071363), ossification 
(GO:0001503), response to steroid hormone (GO:0048545), angiogenesis (GO:0001525), positive regulation of apoptotic 
process (GO:0043065), and one Reactome pathway (Innate Immune System) were significantly enriched by 10 hub genes 
using the Metascape database. We selected the GSE2457 dataset to validate the expression of hub genes and found only the 
expression of B4galt1 was statistically different (p<0.001). B4galt1 was highly expressed in penile tissues of diabetic rats and 
would be negatively regulated by rno-miR-1298.
Conclusions:Conclusions: Three key miRNAs were identified in DMED rats with stem cell therapy and the miR-1298/B4GalT1 axis might 
exert function in stem cell therapy for ED.
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INTRODUCTION

Erectile dysfunction (ED), also referred to as “impo-
tence”, is defined as the inability to achieve and main-
tain an erection sufficient for acquiring satisfactory 
sexual performance [1]. More than 50% of men over 
40-year-old suffer from ED [2]. It has been proved that 
ED harms the quality of life and psychosocial health of 
patients and their partners [3,4]. Diabetes mellitus (DM) 
is recognized as an important risk factor that may 
cause ED. Similarly, ED affects nearly half of men who 
suffered from diabetes [5]. Among diabetics, ED tends 
to occur 10 to 15 years earlier and is more serious, asso-
ciated with poor response to treatment compared with 
non-diabetic patients [6]. Therefore, the study on diabe-
tes mellitus erectile function (DMED) should be given 
enough attention.

Although phosphodiesterase type 5 inhibitors is cur-
rently recommended as first-line treatment of ED, they 
cannot correct the underlying penile pathophysiology, 
such as vascular endothelial dysfunction secondary to 
DM, that is responsible for the ED [7]. As a novel meth-
od, stem cell therapy has been widely concerned for its 
potential in DMED treatment [8]. So far, multiple stem 
cells, including adipose tissue-derived stem cells [9], 
mesenchymal stem cells (MSCs) [10,11], embryonic stem 
cells [12], and urine-derived stem cells [13], were shown 
to be an effective strategy for DMED in rat models. 
With a variety of sources covering umbilical cord blood, 
adipose tissue, and bone marrow [14], MSCs are recog-
nized as an ideal candidate for the treatment of DMED 
due to their positive therapeutic effects in different 
types of ED [15,16]. Nevertheless, stem cell therapy for 
ED is still in the exploratory stage of development, and 
the mechanisms by which MSCs contribute to DMED 
are still not fully clarified.

MicroRNA (miRNA), a category of small non-coding 
RNA with 19 to 25 nucleotides, was initially identified 
in 1993 [17]. Increasing number of studies have shown 
that miRNAs participate in the development of many 
diseases such as cancer, cardiovascular events, and ED 
[18,19]. Wen et al [20] found that miR-205 contributed 
to the pathogenesis of DMED via down-regulating an-
drogen receptor expression. Thus, miR-205 might be a 
potential therapeutic target of DMED. On the other 
hand, miRNAs are involved in regulating the self-
renewal and pluripotency of stem cells. Liu et al [16] 
reported that miRNA-145 engineered MSCs effectively 

alleviated age-related ED, and transplantation of miR-
145-overexpressing MSCs would become a promising 
novel method for age-related ED therapy. Namely, 
miRNAs serve key roles in the pathogenesis and treat-
ment of ED.

As far as we know, there were few studies currently 
on the miRNA expression profiles of penis tissues in 
DMED treated with MSCs. The present study was per-
formed to identify differentially expressed miRNAs 
(DEMs) in corpora cavernosa tissues of DMED rats and 
analyze target genes and signaling pathways regulated 
by DEMs, to explore the mechanism by which stem 
cells exert their actions.

MATERIALS AND METHODS

1. Animal experiment

1) Animal procedures
All rats were male Sprague-Dawley rats aged 8 

weeks purchased from Beijing HFK Bioscience Co., Ltd 
(Beijing, China), with normal erectile function verified 
by mating tests. Rats were randomly selected into three 
groups, including normal control (NC), DEMD, and 
DMED+MSCs groups (ten rats per group, five rats per 
cage). The DMED group and the DMED+MSCs group 
were fed a high-fat diet, but rats in the NC group were 
fed a normal diet. Following eight weeks of dietary 
intervention, the DMED group and the DMED+MSCs 
group were intraperitoneally injected with a single 
dose of 30 mg/kg streptozotocin (Sigma, St. Louis, MO, 
USA). The NC group was injected with an equal vol-
ume of 0.1 mol/L citrate buffer without streptozotocin. 
Blood glucose concentrations were monitored three 
days after injection and rats were regarded as diabetic 
when the fasting blood glucose level was above 16.7 
mmol/L. Eight weeks after streptozotocin injection, 
Apomorphine (100 mg/kg) was employed to identify the 
ED rats based on the protocol of Heaton et al’s study [21]. 
Rats that developed ED in the DMED+MSCs group 
were injected with 100 µL phosphate-buffered saline 
(PBS) containing 1×106 human umbilical cord-derived 
MSCs (hUC-MSCs) into the corpus cavernosum, and 
rats in the DMED group were injected with 100 µL 
PBS alone. Unicell Life Technology Co., Ltd (Tianjin, 
China) provided hUC-MSCs for the study.
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2) Ethics statement
The procedures used and the care of animals were 

approved by Experimental Animal Ethics and Welfare 
Committee of Tianjin Medical University General Hos-
pital (approval No.IRB2021-DWFL-099).

2. Erectile function evaluation
Four weeks after stem cell treatment, erectile func-

tion was measured by electric stimulation of the cav-
ernous nerve as previously reported [22]. The stimulus 
parameters were 5 v, 15 Hz, 5 ms width, and a duration 
of 1 minute. The pressure was recorded and analyzed 
by the Medlab software (Nanjing, China). The erectile 
function was presented as the max intracavernous 
pressure (ICP) and the ratio of ICP/main arterial pres-
sure (ICP/MAP) to avoid the influence of blood pres-
sure variations.

3. RNA extraction, library preparation, and 
sequencing

Total RNA was isolated and purified using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) following the 
manufacturer’s procedure. The RNA amount and pu-
rity of each sample were quantified using NanoDrop 
2000 (Thermo Fisher Scientific, Waltham, MA, USA). 
Approximately 5 µg of total RNA was used to deplete 
ribosomal RNA according to the manuscript of the Ri-
bo-ZeroTM rRNA Removal Kit (Illumina, San Diego, CA, 
USA). Sequencing libraries were generated using the 
TruSeq RNA Sample Preparation Kit (Illumina). After 
that, we performed RT-PCR with Phusion High-Fidel-
ity DNA polymerase, Index (X) Primer, and Universal 
PCR primers. Ultimately, we purified the products 
using the AMPure XP system (Beckman Coulter, In-
dianapolis, IN, USA) and evaluated library quality by 
Agilent 2100 bioanalyzer (Agilent Technologies, Santa 
Clara, CA, USA). After purification and enrichment, 
the sequencing library was then sequenced on Illumina 
HiSeq 2500 platform (Illumina) by GENESKY Biotech-
nologies Inc. (Shanghai, China).

4. Processing of sequencing data
We assessed read quality using FastQC v0.10 soft-

ware (https://www.bioinformatics.babraham.ac.uk/proj-
ects/fastqc/). Low-quality reads and adaptor sequences 
were trimmed out through Trim Galore (https://www.
bioinformatics.babraham.ac.uk/projects/trim_galore/). 
Then, we mapped clean reads to the hg19 reference 

genome by Bowtie v1.1.2 to identify small RNA loci 
including miRNAs. After that, the known mature 
miRNA expression profile was generated using the 
miRDeep2 package (https://github.com/rajewsky-lab/
mirdeep2). Normalized reads were generated by the 
trimmed mean of M-values normalization. Counts for 
each miRNA were calculated by Reads Per Kilobase 
per Million mapped reads (RPKM). The processing of 
sequencing data was performed by GENESKY Bio-
technologies Inc.

5. Identification of differentially expressed 
miRNAs

The edgeR package was applied to identify the 
DEMs with the standard of |log(fold change)|>1 and 
adjusted p-value <0.05 [23]. We analyzed and generated 
DEMs by the comparisons between the DMED versus 
NC and DMED versus DMED+MSCs. Volcano plots 
and heatmaps were visualized with pheatmap and gg-
plot2 packages in R software. Subsequently, Venny2.1 
(https://bioinfogp.cnb.csic.es/tools/venny/index.html), 
one online tool, was employed to select overlapping dys-
regulated DEMs of the two comparisons.

6. Construction of the miRNA-target gene 
network

The bioinformatics databases including RNAhybrid 
(http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/) 
[24] and miRanda (http://www.microrna.org) [25] were 
applied for target gene prediction of the overlapping 
DEMs. Only genes that were predicted by both tools 
were considered target genes of those DEMs. The miR-
NA-target gene network was visualized by Cytoscape 
v3.7.1 software [26].

7. Construction of protein-protein interaction 
network

Based on the target genes predicted, the protein-
protein interaction (PPI) network was constructed 
through the Search Tool for the Retrieval of Interact-
ing Genes (STRING) database [27] and the visualiza-
tion was performed by Cytoscape v3.7.1. The cytoHubba 
plug-in was used to rank target genes and the MCODE 
plug-in was used to identify the significant modules 
(degree threshold: 2, k-core threshold: 2).

8. Functional enrichment analysis
To explain the biological processes (BPs) of target 
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genes, we performed Gene Ontology (GO) including BP, 
molecular function (MF), and cellular component (CC), 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis by the R package clusterProfiler 
(version 3.18.1) [28]. Metascape (https://metascape.org/
gp/index.html) [29] was applied to performed functional 
enrichment analysis of top 10 hub genes. Terms with 
a p-value <0.05 were recognized as statistically signifi-
cant.

9. Validation of hub genes by GEO dataset
We downloaded the GSE2457 dataset from the Gene 

Expression Omnibus (GEO) repository (https://www.
ncbi.nlm.nih.gov/geo/) to validate the expression of hub 
genes. The dataset compared the gene expression pro-
file of penile tissues in diabetic and control rats based 
on the platform of GPL341 (Affymetrix Rat Expression 
230A Array), in which 5 diabetic and 5 control tissues 
were selected [30]. Normalized expression data were 
log-transformed before analysis.

10. Statistical analysis
Quantitative data in this study were presented as 

mean±standard deviation. One-way ANOVA test was 
performed to make inter-group comparisons of para-
metric data. Comparisons of nonparametric data were 
performed through the Kruskal–Wallis test. We adopt-
ed GraphPad Prism 8.0 (GraphPad Software Inc., San 
Diego, CA, USA) to perform statistical analysis. Dif-
ferences of p-value <0.05 were considered statistically 
significant and all statistical tests were two-tailed.

RESULTS

The study flow chart was illustrated in Fig. 1. Basic 
parameters of rats such as body weight, fasting plasma 
glucose, and erectile function for each group were 
summarized in Table 1. The mean bodyweight of the 
DMED group was significantly lower than NC group 
(p<0.05), blood glucose was higher than that of the NC 
group (p<0.05), and Max ICP (p<0.05) and ICP/MAP 
(p<0.05) were significantly lower than NC group, which 
proved that the DMED rat model was successfully con-
structed. After stem cell therapy, the Max ICP (p<0.05) 
and ICP/MAP (p<0.05) of the DMED+MSCs group were 
significantly higher than the DMED group, but there 
was no significant change in body weight and fasting 
glucose. Representative images of MAP and ICP were 

shown in Fig. 2A, 2B.

1. Identification of DEMs
A total of 20 DEMs were screened in the comparison 

of the DMED group and the NC group, including 5 
downregulated miRNAs and 15 upregulated miRNAs 
(Fig. 3A, 3C). Among the comparison of the DMED 
group and DMED+MSCs group, we identified 24 DEMs 
including 20 downregulated miRNAs and 4 upregu-
lated miRNAs (Fig. 3B, 3D). The Venn analysis showed 
that three DEMs were overlapped among the two com-
parisons (Fig. 3E, 3F). Specifically, rno-miR-1298 was 
down-regulated, while rno-miR-122-5p and rno-miR-6321 
were up-regulated in DMED rat samples (Table 2).

2. The regulatory network of miRNA-mRNA
To better understand the downstream regulatory 

mechanism of DEMs, we predicted latent target genes 
of three overlapped miRNAs by making use of RNA-
hybrid and miRanda. We predicted 88 rno-miR-1298 
target genes, 99 rno-miR-122-5p target genes, and 98 
rno-miR-6321 target gene respectively. We displayed 
the miRNA-gene network in Fig. 4.

3. Functional enrichment analysis of target 
genes

To get a better insight into the biological function 
of DEMs, we performed GO and KEGG enrichment 
analysis on the 285 target genes of DEMs. As shown 
in Fig. 5A-5C, CC terms were mainly enriched in his-
tone deacetylase complex, sarcoplasmic reticulum, and 
integral component of mitochondrial outer membrane. 
BP analysis showed that target genes were enriched in 
response to cycloheximide, retrograde transport, endo-
some to Golgi, and activation of GTPase activity. MF 
terms including galactosyltransferase activity, UDP-
galactosyltransferase activity, and enzyme activa-
tor activity were enriched significantly. The KEGG 
pathway analysis revealed that target genes were 
particularly enriched in pathways of glycosphingolipid 
biosynthesis-lacto and neolacto series, necroptosis, and 
GnRH signaling pathway (Fig. 5D).

4. Construction of PPI network and 
identification of hub genes

As shown in Fig. 6, we constructed a PPI network 
to display the interaction of 285 target genes through 
the STRING database. Next, the top 10 hub genes with 
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the highest connectivity degree in the PPI network 
were identified through the cytoHubba, which were 
displayed in Fig. 7A and Table 3. Furthermore, we 
performed module analysis by the MCODE plugin and 
generated six clusters displayed in Fig. 7B.

5. Functional enrichment analysis of hub 
genes

Metascape was applied to perform enrichment analysis 
of 10 hub genes. As a result in Fig. 7C, 7D, we identified 
that five GO terms including cellular response to growth 
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Table 1. Basic parameters and erectile function of rats

Group NC DMED DMED+MSCs

Body weight (g) 444.3±33.0 256.0±29.1a 239.4±17.4a

Glucose levels (mmol/L) 5.29±0.70 24.9±4.3a 26.7±2.5a

Max ICP (mmHg) 81.2±3.67 47.60±2.39a 71.66±2.34b

MAP (mmHg) 120.35±10.30 110.24±9.35 109.29±9.86
ICP/MAP 0.67±0.03 0.43±0.02a 0.66±0.02b

The level of MAP, ICP, and ICP/MAP was measurement data, which was expressed as mean±SD.
NC: normal control, DMED: diabetes mellitus erectile dysfunction, MSC: mesenchymal stem cell, ICP: intracavernous pressure, MAP: main arterial 
pressure.
ap<0.05 versus NC group. bp<0.05 versus DMED group.
Data in each group were analyzed with oneway ANOVA.
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factor stimulus (GO:0071363), ossification (GO:0001503), 
response to steroid hormone (GO:0048545), angiogenesis 
(GO:0001525), positive regulation of apoptotic process 

(GO:0043065) and one Reactome pathway (Innate Im-
mune System) were significantly enriched (Table 4).
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6. Validation of hub genes by GEO database
Among the 10 hub genes, we identified 8 genes in-

cluding Ddx5, Mapk8, B4galt1, Bdnf, Cltc, Map3k7, 
Ankrd1, and Ctgf in the GSE2457 dataset. As shown in 
Fig. 8, only the expression of B4galt1 was statistically 
different (p<0.001). B4galt1 was highly expressed in pe-
nile tissues of diabetic rats.

DISCUSSION

Diabetes is regarded as a major risk factor for the 
onset of ED. However, the complex pathogenesis of 
DMED, involving multiple factors such as blood ves-
sels, nerves, endocrine, and metabolism, has not been 
fully elucidated. Therefore, we conducted the study to 
explore the miRNAs in DMED using high-throughput 
sequencing and bioinformatic methods. The present 

study revealed that rats with DMED showed higher 
blood glucose but lower bodyweight than the non-
diabetic groups, which reflected properly the general 
pathophysiology of diabetes. The erectile function of 
rats with DMED was significantly impaired accessed 
by the ICP experiment but improved after MSC trans-
plantation (Fig. 1). After that, we identified key DEMs 
and implemented a bioinformatic analysis to screen 
target genes closely related to DMED and stem cell 
treatment. We acquired DEMs between DMED versus 
NC group, and DMED versus DMED+MSCs group sep-
arately, and then got three DEMs overlapped among the 
two comparisons after taking the intersection. Namely, 
rno-miR-1298 expressional level was significantly de-
creased following DMED and upregulated with MSCs 
treatment. The expression of rno-miR-122-5p and rno-
miR-6321 upregulated in DMED increased following 

Table 2. Key miRNAs in differential expression

miRNA
DMED group vs. NC group DMED group vs. DMED+MSCs group

LogFC Adjusted p-value LogFC Adjusted p-value

rno-miR-1298 -5.480 0.002 -8.877 <0.001
rno-miR-122-5p 4.212 0.005 4.588 0.003
rno-miR-6321 8.715 0.001 7.077 0.002

DMED: diabetes mellitus erectile dysfunction, NC: normal control, MSC: mesenchymal stem cell.

miRNA

Targeted key gene

Targeted key gene

Fig. 4. The network of miRNA-target 
gene.
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MSCs intervention. The top 10 target genes including 
Ddx5, Rhoj, Mapk8, B4galt1, Bdnf, Cltc, Map3k7, Al-
dh3b1, Ankrd1, and Ctgf were screened according to 
the degree in the PPI network. Moreover, B4galt1 was 
equally high expressed in penile tissues of diabetic rats 
validated by the GSE2457 dataset. As a target gene of 
rno-miR-1298, B4galt1 would be negatively regulated 
by rno-miR-1298. Consequently, we speculated that the 
rno-miR-1298/B4galt1 axis might exert function in stem 
cell therapy for ED.

In recent years, miRNAs were reported to play roles 
in ED related to type 2 DM, aging, obesity, and cav-
ernous nerve injury (CNI). Pan reported DEMs in a 
murine model of DMED for the first time [31]. They 
found four key DEMs play crucial roles via regulating 
28 different genes. In particular, miR-18a or miR-206/
IGF-1 axis may become novel therapeutic targets for 
ED treatment. Barbery et al [32] identified miRNAs ex-
pressed in corpus cavernosum in a mouse model of diet-
induced ED but not explored the function of DEMs. 

Similarly, Bai et al [33] studied the miRNA expres-
sion of obese rats with ED compared with obese rats 
without ED. They found 68 DEMs and up-regulation 
of miR-328a might promote the onset of ED. Pan et al 
[34] found four upregulated miRNAs including miR-
1, miR-200a, miR-203, and miR-206 in the aging-related 
ED group and they interacted with 13 target genes to 
regulated PGE1/PKA and eNOS/NO/PKG pathways. 
Interestingly, miR-1 was also highly expressed in the 
DMED group in our study. Liu et al [35] detected ab-
normal miRNA expression in bilateral CNI-induced 
ED and validated four key miRNAs (miR-101a, miR-
138, miR-338, and miR-142) playing roles. Therefore, the 
roles of miRNAs for ED deserve further exploration.

As is well-known, miRNAs are usually highly con-
served so that studying the function of one miRNA in 
model organisms can help to reverse its function in hu-
man diseases. Previous studies emphasized that miR-
1298 was often low expressed and served a crucial role 
of an onco-suppressor gene in several types of cancer, 
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including gastric cancer [36], breast cancer [37], cervical 
cancer [38], and glioma [39]. In addition, Hu et al [40] 
found that miR-1298 was significantly down-regulated 
in arteriosclerosis obliterans (ASO) compared with nor-
mal arteries. Reduced levels of miR-1298 in atheroscle-
rotic arteries or vascular smooth muscle cells (VSMCs) 
increased Connexin 43 (Cx43) mRNA levels, unblocked 
Cx43 translation, and enhanced Cx43 protein levels. 
Augmented Cx43 expression fosters the switch of 
VSMC from the contractile to the synthetic state char-
acterized by enhanced proliferation, migration, and 
neointima formation. Their data demonstrated a spe-
cific role of the miR-1298/Cx43 pathway in regulating 
VSMC function, which provides an idea for studying 
the mechanism of miR-1298 in DMED.

MiR-122-5p is a particularly interesting miRNA pre-
dominantly expressed in the liver, accounting for 70% 
of total hepatic miRNAs [41]. Previously, the research 
of miR-122-5p mainly focused on liver diseases, such as 
liver fibrosis, non-alcoholic steatohepatitis, and hepa-
tocellular carcinoma [42,43]. Moreover, studies showed 
miR-122 participated in the pathogenesis of atheroscle-
rosis by regulating epithelial-mesenchymal transition 
[44,45]. Song et al [46] found that inhibition of miR-122-

5p prevented lipopolysaccharide-induced myocardial 
injury by inhibiting inflammation, oxidative stress, 
and apoptosis by targeting GIT1. In the present study, 
we observed miR-122-5p was increased in the DMED 
group. The pro-apoptotic effect of miR-122 may help to 
understand the pathogenesis of DMED.

Recently, the abnormal expression of B4GalT1 has 
been noted in several human tumors and it is associ-
ated with cancer cell proliferation, invasion, migration, 
and drug resistance. Wang et al’s work [47] showed 
that B4GalT1 expression in glioblastoma tumor tis-
sue was higher than in normal tissue and B4GalT1 
knockdown could increase apoptosis and autophagy of 
glioblastoma in vitro and in vivo. Zhang et al [13] found 
autophagy was impaired in DMED rats. According to 
this, we speculated that B4GalT1, which was highly 
expressed in DMED, may play a role in regulating 
autophagy. In addition, De Vitis et al [48] provided 
the first evidence that B4GalT1 was a stemness factor 
involving in the maintenance and propagation of lung 
cancer stem cells, which could become a new potential 
target of intervention. Furthermore, a latest research 
by Chen et al [49] suggested that elevated p65 activity 
transcriptionally up-regulated B4GALT1 expression to 

Fig. 6. Protein-protein interaction net-
work of target genes.
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Table 3. The basic imformation of 10 hub genes with the highest degrees by CytoHubba

Name Full name Ensembl ID Degree

Ddx5 DEAD-box helicase 5 ENSRNOG00000030680 7
Rhoj Ras homolog family member ENSRNOG00000021919 7
Mapk8 Mitogen-activated protein kinase 8 ENSRNOG00000020155 7
B4galt1 Beta-1,4-galactosyltransferase 1 ENSRNOG00000059461 6
Bdnf Brain-derived neurotrophic factor ENSRNOG00000047466 6
Cltc Clathrin heavy chain ENSRNOG00000004291 6
Map3k7 Mitogen activated protein kinase kinase kinase 7 ENSRNOG00000005724 5
Aldh3b1 Aldehyde dehydrogenase 3 family, member B1 ENSRNOG00000017512 5
Ankrd1 Ankyrin repeat domain 1 ENSRNOG00000018598 5
Ctgf Cellular communication network factor 2 ENSRNOG00000015036 5
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Fig. 7. Identification of hub genes from PPI and functional enrichment analysis through Metascape. (A) Ten hub genes identified by cytoHubba. (B) 
Six key clusters detected by MCODE. (C) The network of enrichment analysis across 10 hub genes, where nodes that share the same pathway are 
typically close to each other. (D) Bar plot of enrichment analysis across 10 hub genes, colored by p-values.
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enhance the N-linked glycosylation of CDK11, which 
in turn modulated cancer chemoresistance and cancer 
progression. Consequently, the roles B4GalT1 plays in 
DMED are deserved to study.

Although increasing evidence suggests that stem cell 
transplantation showed an effective contribution to the 
improvement of DMED, its mechanism has not been 
established clearly. Exosomes derived from MSCs were 
suggested to be beneficial to erectile function in DM 
rats [50]. Huo et al [51] found MSCs-derived exosomal 
miRNA-21-5p enhanced proliferation and reduced 
apoptosis of corpus cavernosum smooth muscle cells 
via downregulating PDCD4 to ameliorate ED in a rat 
model of DM. In this study, we also proved the positive 
effect of stem cells on DMED. In addition, we analyzed 

the miRNA expression profile of the corpus caverno-
sum after stem cell therapy, trying to help explore the 
mechanism of stem cell action, but this still requires 
further experiments.

Indeed, several limitations of our study should be 
addressed. Firstly, our experiments were conducted in 
normal animals, which cannot completely imitate the 
pathological changes of in vivo conditions. Secondly, we 
focused on miRNAs between DMED and normal rats 
at a certain time. However, some of these may vary 
during the progression of DMED, which results in 
missing crucial information. Thirdly, the miRNA-gene 
interaction was predicted through public databases, 
and the regulatory relationship should be validated by 
further experiments.

Table 4. Functional enrichment analysis of 10 hub genes through Metascape

Category ID Description p-value Count Symbols

GO biological processes GO:0071363 Cellular response to growth factor 
stimulus

2.67E-05 5 Bdnf, Ankrd1, Ccn2, Ddx5, Map3k7, Mapk8

GO biological processes GO:0001503 Ossification 5.66E-05 4 Ccn2, Mapk8, Ddx5, Map3k7, Rhoj, Cltc
GO biological processes GO:0048545 Response to steroid hormone 1.13E-04 4 Bdnf, Ccn2, Mapk8, Ddx5, Map3k7, B4galt1
GO biological processes GO:0001525 Angiogenesis 1.16E-04 4 B4galt1, Ccn2, Rhoj, Map3k7
GO biological processes GO:0043065 Positive regulation of apoptotic 

process
3.08E-04 4 B4galt1, Ankrd1, Ccn2, Mapk8, Map3k7

Reactome gene sets R-RNO-168249 Innate Immune System 4.93E-04 4 B4galt1, Mapk8, Aldh3b1, Map3k7
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Fig. 8. The mRNA expression of hub genes was determined from the GSE2457 dataset. (A) Ddx5. (B) Mapk8. (C) B4galt1. (D) Bdnf. (E) Cltc. (F) 
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CONCLUSIONS

Taken together, our study analyzed the miRNA ex-
pression profile in DMED rats with stem cell therapy 
for the first time. Of them, three key miRNAs (rno-
miR-1298, rno-miR-122-5p, and rno-miR-6321) were sig-
nificantly dysregulated. In addition, based on the nega-
tive regulatory relationship, the miR-1298/B4GalT1 
axis might exert function in stem cell therapy for ED. 
Further functional experimentation is needed to con-
firm these findings.
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