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Global pathway view analysis of microRNA
clusters in myasthenia gravis
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Abstract. The significant roles of microRNAs (miRNAs)
in the pathogenesis of myasthenia gravis (MG) have been
observed in numerous previous studies. The impact of miRNA
clusters on immunity has been demonstrated in previous years;
however, the regulation of miRNA clusters in MG remains to
be elucidated. In the present study, 245 MG risk genes were
collected and 99 MG risk pathways enriched by these genes
were identified. A catalog of 126 MG risk miRNAs was
then created; the MG risk miRNAs were located on each
chromosome and a miRNA cluster was defined as a number
of miRNAs with a relative distance of <6 kb on the same
sub-band, same band, same region and same chromosome.
Furthermore, enrichment analyses were performed using the
target genes of the MG risk miRNA clusters, and a number
of risk pathways of each miRNA clusters were identified. As
a result, 15 significant miRNA clusters associated with MG
were identified. Additionally, the most significant pathways of
the miRNA clusters were identified to be enriched on chro-
mosomes 9, 19 and 22, characterized by immunity, infection
and carcinoma, suggesting that the mechanism of MG may be
associated with certain abnormalities of miRNA clusters on
chromosomes 9, 19 and 22. The present study provides novel
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insight into a global pathway view of miRNA clusters in the
pathogenesis of MG.

Introduction

Myasthenia gravis (MG) is an acquired neuromuscular auto-
immune disease characterized by fluctuating muscle weakness
and fatigue (1). The primary cause of MG is acetylcholine
receptor antibodies, which destroy acetylcholine receptors
on the posterior synaptic membrane of the neuromuscular
junction with the involvement of cellular immunity and the
complement system, so that it is not able to produce enough
endplate potential, thereby causing the onset of the disease (2).

In previous years, a number of risk genes of MG have
been identified, including circulating interleukin (IL)-17A,
which was identified to be increased in patients with MG
compared with normal controls, and increases of IL-17A were
associated with general muscle weakness (3). Tumor necrosis
factor-a. (TNF-a) is considered to be one of the most important
cytokines in the pathogenesis of autoimmune MG, and the
inhibition of TNF-a may have significant clinical efficacy for
MG (4). Furthermore, chemokine CC motif receptor (CCR)9
and CCR7 have been demonstrated to be abnormally expressed
at different thymocyte stages of MG, and the overexpression of
CCR9 and CCR7 in CD4-CD8-double negative thymocytes
is associated with abnormal intrathymic T-cell differentia-
tion in patients with MG (5). These observations suggest an
increasing number of genes are crucial in the pathogenesis of
MG. However, the majority of previous studies investigating
MG risk genes have focused on only one or a few genes in
cell lines without global analysis. Searches for a number of
MG risk genes were performed in our previous studies (6,7),
however, the risk genes identified previously were not suffi-
ciently comprehensive. The global pathway analysis of MG
risk genes in the present study may assist in further character-
izing the pathogenesis of MG.

Previous studies have demonstrated that microRNAs
(miRNAs/miRs) are increasingly important in the pathogenesis
of MG, and their aberrant expression may contribute towards
the specific mechanism of MG. For example, miR-20b may
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inhibit nuclear factor of activated T cells (NFAT) signaling
via the repression of NFATS and expression of calmodulin
binding transcription activator 1 in thymoma-associated myas-
thenia gravis (TAMG) (8). The expression of the forkhead box
(fox) p3 gene was modulated by miR-125a-5p, which is likely
to be involved in the pathogenesis of TAMG (9). The abnormal
expression of miR-15a facilitates pro-inflammatory cytokine
production, at least in part by regulating the expression of
C-X-C motif chemokine 10 (CXCL10), thereby contributing
toward the immune response in MG (10). However, the
potential mechanisms of miRNA in MG remain to be fully
elucidated.

Certain previous studies have demonstrated that the patho-
genesis of certain immune-associated diseases is associated
with miRNA clusters on chromosomes. miRNAs are distributed
across diverse genomic locations; although certain miRNAs are
isolated, ~50% are frequently physically clustered on the human
genome to permit co-regulation, termed miRNA clusters (11).
For example, the miR-106a-363 cluster encodes six miRNAs
on the X chromosome, which include miR-18b, miR-106a and
miR-363-3p, that were demonstrated to be involved in T-helper
17 cell differentiation, which further illustrates the associa-
tion between the miR-106-363 cluster and immune-associated
diseases (12,13). The mirn23a gene is located on murine chro-
mosome 8 and codes for three pre-miRNAs, miR-23a, miR-24-2
and miR-27a (14). The miR-23a-27a-24-2 miRNA cluster is
an inhibitor of B cell development, and bone morphogenetic
protein/mothers against decapentaplegic and Akt/FOXO1
signaling is critical for mirn23a-mediated immune cell regula-
tion (14). However, there has been no overall investigation of
miRNA clusters in MG. Furthermore, MG-associated miRNA
clusters may have important regulated pathways that can clarify
the mechanism of MG.

The present study identified the risk pathways regulated by
MG risk genes and MG risk miRNAs. Subsequently, each MG
risk miRNA on each chromosome was located and 15 signifi-
cant miRNA clusters associated with MG were identified.
The risk pathways of each of the 15 miRNA clusters were
identified, which can further assist in elucidating the potential
mechanism of miRNA clusters in MG at the post-transcrip-
tional regulation level.

Materials and methods

Human MG risk gene data. Human MG risk gene data
was acquired using the following two approaches: i) Gene
information was obtained by searching certain current
databases, including DisGeNET (http://www.disgenet.
org/web/DisGeNET/menu) (15) and Online Mendelian
Inheritance in Man (http://www.omim.org/) (16); and ii) using
the protocols published in our previous studies (6,7), the gene
was notably differentially expressed in more than five MG
samples using dependable biological laboratorial techniques,
and 9,514 items were browsed by manually collecting literature
using the terms [myasthenia gravis (MeSH Terms) and English
(Language)] and the species ‘Homo sapiens’ published prior to
March 1st, 2017 on the PubMed database (https://www.ncbi.
nlm.nih.gov/pubmed); the eligible genes were selected. An
update was made to the previous catalog of 162 MG risk genes
described in our previous study (7) to 245.
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Human MG risk miRNA data, miRNA location data and
miRNA target data. Human miRNA information was acquired
from miRBase (http:/www.mirbase.org/) (17) and the miRNA
location information was obtained from NCBI-GENE database
(https:/www.ncbi.nlm.nih.gov/gene/) (18). MG risk miRNAs
were additionally gathered in two ways. To begin with, litera-
ture published prior to March 1st, 2017 was manually searched
using the protocols described in our previous study (7); the
keywords ‘miRNA’ and ‘myasthenia gravis’ or ‘microRNA’
and ‘myasthenia gravis’ or ‘miR’ and ‘myasthenia gravis’ were
searched in PubMed. Additionally, MG risk miRNAs were down-
loaded from The Nervous System Disease NcRNAome Atlas
database (http://www.bio-bigdata.net/nsdna/) (19). Validated
human miRNA target data was obtained from the miRTarBase
(http:/mirtarbase.mbc.nctu.edu.tw/php/index.php) (20).

Functional enrichment analysis of MG risk genes. Pathway
data were obtained from the Kyoto Encyclopedia of Genes
and Genomes (KEGG) database (https://www.genome.
jp/kegg/) (21) to dissect numerous specific MG risk pathways.
In order to identify the MG risk pathways in which MG risk
genes were enriched, KEGG pathway enrichment analysis
was conducted by applying functional annotation tools in
the Database for Annotation, Visualization, and Integrated
Discovery (DAVID) (https://david.ncifcrf.gov/) (22). The
significance level of KEGG pathway enrichment was calculated
using a cut-off of P<0.05. Gene Ontology (GO) annotation (23)
was additionally performed using DAVID for the MG risk gene
catalog. A GO term was considered significantly enriched if it
had a false discovery rate (FDR) value <0.05.

Calculation of miRNA distances on chromosomes and
definition of miRNA clusters. The location information of all
acquired MG risk miRNAs on chromosomes were obtained
using the NCBI-GENE database (https://www.ncbi.nlm.nih.
gov/gene/) (18) to obtain the detailed location of each miRNA,
in addition to their starting and ending points. Subsequently,
neighboring miRNAs on the same chromosome, same long
arm or short arm, same region, same band and even the same
sub-band were selected, and the distances between these adja-
cent miRNAs were calculated. Therefore, a miRNA cluster
was defined as a number of miRNAs with a relative distance of
<6 kb on the same sub-band, same band, same region and same
chromosome.

Functional enrichment analysis of MG risk miRNA clusters.
Enrichment analyses were performed using DAVID with the
target genes of miRNAs on each MG risk miRNA cluster that
had been defined. The significance level of KEGG pathway
enrichment was calculated using a cut-off of P<0.05. However,
the GO enrichment was considered to be significant using a
cut-off of FDR <0.01.

Results

Update of the MG risk gene catalog and identification of
key risk pathways of human MG risk genes. In our previous
study (7), a catalog of 162 MG risk genes was created and 45
MG risk pathways were identified (P<0.05). Using our previous
study, the catalog of MG risk genes was updated and a new
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Figure 1. Risk pathways of human MG. (A) Wayne diagram of the comparison of pathways in two studies. Blue represents the 99 MG risk pathways (P<0.05)
identified in the present study; red represents the 45 MG risk pathways identified in our previous study [Ref (7)]. (B) Top 10 MG risk pathways of MG risk genes
with Kyoto Encyclopedia of Genes and Genomes enrichment (P<0.05). (C) Dissection of the top MG risk pathway (hsa05330: Allograft rejection). Proteins
coded by MG risk genes are indicated with a yellow background. MG, myasthenia gravis.

catalog of 245 MG risk genes, which had been confirmed by
the experiments, was created. Of all 245 genes, 131 risk genes
were collected manually from the literature and 114 risk genes
were downloaded from public databases. In view of these
MG risk genes, 99 MG risk pathways (P<0.05) were identi-
fied using KEGG enrichment analysis in DAVID. The same
P-value (P<0.05) was selected as that used in the previous
study (7). Compared with the previous study (7), 83 addi-
tional MG risk genes were excavated and 44 additional MG
risk pathways were newly identified. A Wayne diagram was
constructed to clarify the association between pathways that
were identified in the present study and our previous study. As
presented in Fig. 1A, it was demonstrated that the pathways
that were enriched in our previous study were all included in
the 99 MG risk pathways identified in the present study. This
was considered an update to our previous findings.

The novel identified top 10 significantly enriched pathways
in the present study are presented in Fig. 1B. It was demon-
strated that five of the top 10 pathways were associated with
‘human disease: Immune disease’ in the KEGG database,
further illustrating the association between MG and autoim-
munity. It was additionally identified that hsa05330 (allograft
rejection) was the most significantly enriched pathway through
KEGG enrichment analysis. A total of eight MG risk genes

were involved in this pathway and important in MG, as
presented in Fig. 1C.

In addition, functional enrichment analysis of these MG
risk genes was performed and 119 GO analysis entries (FDR
<0.05) were obtained, including 92 biological processes (BPs),
11 molecular functions (MFs) and 16 cellular components
(CCs). The top three significant BPs were immune response,
inflammatory response and T cell co-stimulation, further illus-
trating the fundamental characteristics of immunity on MG.

Construction of the MG risk miRNA dataset and its distri-
bution on chromosomes. A catalog of 126 miRNAs was
constructed and the positions of each MG risk miRNA on
23 chromosomes were located by searching information on
the mirBase database (17) and NCBI-GENE database (18).
The distribution of these 126 MG risk miRNAs in 23 pairs
of chromosomes is presented in Table I. The distribution of
MG risk miRNAs on 23 chromosomes was plotted according
to the chromosome distribution and the position of each
miRNA on the chromosomes, as presented in Fig. 2. It was
demonstrated that the majority of miRNAs are distributed in
the X chromosome, and chromosomes 17, 19, 1, 3, 7, 9 and
22, and the number of miRNAs on the X chromosome was
the largest, with 16 miRNAs on this chromosome. However,
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Table I. Distribution of 126 MG risk miRNAs on 23 chromosomes.

Chromosome MG risk miRNAs
1 hsa-miR-320b-1, hsa-miR-197-3p, hsa-miR-30e-5p, hsa-miR-34a-5p, hsa-miR-92b-3p, hsa-miR-199a-3p,
hsa-miR-181b-5p, hsa-miR-29b-3p, hsa-miR-29¢-3p, hsa-miR-664a-5p, hsa-miR-320b-2
2 hsa-miR-933, hsa-miR-375, hsa-miR-149-5p
hsa-let-7g-5p, hsa-miR-191-3p, hsa-miR-564, hsa-miR-425-5p, hsa-miR-26a-5p, hsa-miR-563,
hsa-miR-885-5p, hsa-miR-15b-5p, hsa-miR-16-5p
4 hsa-miR-574-3p
5 hsa-miR-584-5p, hsa-miR-145-5p, hsa-miR-146a-5p
6 hsa-miR-30a-5p, hsa-miR-548a-3p
7 hsa-miR-25-3p, hsa-miR-93-5p, hsa-miR-106b-5p, hsa-miR-106b-3p, hsa-miR-129-1-3p, hsa-miR-183-5p,
hsa-miR-29a-3p, hsa-miR-29b-3p
8 hsa-miR-486-5p, hsa-miR-320a, hsa-miR-548a-3p, hsa-miR-1234-3p
9 hsa-let-7a-5p, hsa-let-7f-5p, hsa-let-7f-1-3p, hsa-let-7d-5p, hsa-miR-24-3p, hsa-miR-181a-2-3p,
hsa-miR-181b-5p, hsa-miR-602
10 hsa-miR-107
11 hsa-miR-129-2-3p, hsa-miR-210-3p, hsa-miR-1237-3p, hsa-miR-192-5p, hsa-miR-139-5p, hsa-miR-125b-5p,
hsa-let-7a-5p
12 hsa-miR-200c-3p, hsa-miR-1228-3p, hsa-miR-26a-5p, hsa-let-7i-5p, hsa-miR-548c-3p, hsa-miR-331-3p
13 hsa-miR-320d, hsa-miR-16-5p, hsa-miR-15a-5p, hsa-miR-17-5p, hsa-miR-20a-5p, hsa-miR-92a-3p,
hsa-miR-1267
14 hsa-miR-1260a, hsa-miR-342-3p, hsa-miR-345-5p, hsa-miR-665, hsa-miR-494-3p
15 hsa-miR-629-5p
16 hsa-miR-365a-3p, hsa-miR-1225-5p, hsa-miR-940, hsa-miR-140-5p, hsa-miR-140-3p
17 hsa-miR-33b-3p, hsa-miR-324-3p, hsa-miR-22-5p, hsa-miR-144-3p, hsa-miR-144-5p, hsa-miR-193a-3p,
hsa-miR-193a-5p, hsa-miR-423-3p, hsa-miR-451a, hsa-miR-10a-5p, hsa-miR-142-3p, hsa-miR-142-5p,
hsa-miR-21-5p, hsa-miR-634, hsa-miR-338-3p
18 hsa-miR-1539, hsa-miR-122-5p
19 hsa-miR-24-3p, hsa-miR-27a-3p, hsa-miR-23a-3p, hsa-miR-181c-5p, hsa-miR-1470, hsa-miR-1238-3p,
hsa-miR-199a-3p, hsa-miR-150-5p, hsa-let-7e-5p, hsa-miR-125a-3p, hsa-miR-125a-5p, hsa-miR-523-3p,
hsa-miR-520d-5p, hsa-miR-518d-3p
20 hsa-miR-1825, hsa-miR-296-5p
21 hsa-let-7c-5p, hsa-miR-125b-5p, hsa-miR-155-5p
22 hsa-miR-185-5p, hsa-miR-130b-3p, hsa-miR-1281, hsa-miR-1249-3p, hsa-let-7a-3p, hsa-let-7a-5p,
hsa-let-7b-5p, hsa-let-7b-3p
X hsa-let-7f-5p, hsa-miR-188-5p, hsa-miR-362-5p, hsa-miR-500a-3p, hsa-miR-532-5p, hsa-miR-221-3p,

hsa-miR-421, hsa-miR-652-3p, hsa-miR-766-3p, hsa-miR-18b-3p, hsa-miR-20b-5p, hsa-miR-363-3p,
hsa-miR-92a-3p, hsa-miR-424-5p, hsa-miR-320d, hsa-miR-505-5p

MG, myasthenia gravis; miRNA/miR, microRNA.

no MG risk miRNAs were identified to be distributed on the
Y chromosome, suggesting that the incidence of MG-related
diseases is higher in females compared with males. This
result is consistent with the majority of the reported
proportions of males to females in immunological disease
distribution (24-26).

Furthermore, neighboring miRNAs, which are on the
same chromosome, same long arm or short arm, same
region, same band and same sub-band were selected, and the
distances between these adjacent miRNAs were calculated.
Subsequently, a miRNA cluster was defined as a number of
adjacent miRNAs with a relative distance of <6 kb. As a result,

15 miRNA clusters were identified; these are listed in Table I1
and these clusters are marked in red in Fig. 2.

KEGG enrichment analysis of each MG risk miRNA cluster on
23 chromosomes. Human MG risk miRNA target genes were
obtained from miRTarBase (20). Enrichment analyses were
subsequently performed using the target genes of each miRNA
contained in 15 MG risk miRNA clusters on each chromo-
some. For example, there are two clusters on chromosome
3: Cluster miR-191-3p-425-5p and cluster miR-16-5p-15b-5p.
Subsequently, KEGG enrichment analysis with the target
genes of the four MG risk miRNAs contained in miRNA
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Figure 2. Distribution of MG risk miRNAs on 23 chromosomes. The miRNA clusters are indicated in red. MG, myasthenia gravis; miRNA/miR, microRNA;

chr, chromosome.

clusters was performed. A cut-off of P<0.05 was considered
to indicate a statistically significant difference. Therefore,
numerous significant pathways on chromosome 3 were identi-
fied, and a classification of the enriched pathways was made
through KEGG maps. According to the aforementioned steps,
the remaining clusters underwent the same enrichment anal-
ysis. The results of the KEGG enrichment analysis (P<0.05)
are presented in Fig. 3.

In addition, the meaningful pathways (P<0.05) enriched by
MG risk miRNA clusters and the 99 risk pathways (P<0.05)
enriched by MG risk genes in the aforementioned results were
intersected, and the pathways marked in red when enriched in
the two sets of results. The majority of the identified pathways
belonged to the following categories: ‘Environmental informa-
tion processing-signal transduction’; ‘Human disease-cancer’;
‘Human diseases-infectious diseases’; ‘Organismal
systems-endocrine system’; and ‘Organismal systems-immune
system’ in the KEGG database; this suggests that, in addition to
the immune system, cancerous pathways, infectious pathways
and endocrine pathways can also be used to regulate miRNA
clusters and thus functionally characterize MG. The results
additionally suggested that the most significant pathways are

enriched on chromosomes 9, 19 and 22, indicating that the
mechanism of MG may be associated with certain abnormali-
ties of chromosomes 9, 19 and 22.

Pathway hsa05210 (colorectal cancer): A pathway regulated
by the majority of MG risk miRNA clusters. A transverse
comparison of the pathways of KEGG enrichment analysis
(P<0.05) was subsequently made using the target genes of
each MG risk miRNA cluster. The results demonstrated that
pathway hsa05210 (colorectal cancer) was regulated by the
majority of miRNA clusters (eight miRNA clusters, including
22 miRNAs). hsa05210 (colorectal cancer) was additionally a
significant pathway that was enriched by the aforementioned
MGrrisk genes. The miRNA clusters that regulated the hsa05210
(colorectal cancer) pathway are identified in Table III. The
hsa05120 (colorectal cancer) pathway is presented in Fig. 4.
The target genes of these eight miRNA clusters are marked
in yellow, and the miRNAs that regulate the target genes are
marked in red, additionally presented in Fig. 4.

Through analysis, among all the target genes of the
eight miRNA clusters that regulated the hsa05120 pathway,
transforming growth factor 1 (TGFBI1), caspase 3 (CASP3),
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Table II. Details of the 15 miRNA clusters identified with a
distance of <6 kb on genomes.
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Table ITII. miRNA clusters regulating the hsa05210 (colorectal
cancer) pathway.

Chromosome miRNAs within each cluster Chromosome miRNA clusters

1 hsa-miR-29b-3p, hsa-miR-29¢-3p 3 hsa-miR-16-5p, hsa-miR-15b-5p

3 hsa-miR-191-3p, hsa-miR-425-5p 9 hsa-let-7d-5p, hsa-let-7f-5p, hsa-let-7f-1-3p,

3 hsa-miR-16-5p, hsa-miR-15b-5p hsa-let-7a-5p

7 hsa-miR-106b-3p, hsa-miR-106b-5p, 13 hsa-miR-15a-5p, hsa-miR-16-5p
hsa-miR-93-5p, hsa-miR-25-3p 13 hsa-miR-92a-3p, hsa-miR-20a-5p,

7 hsa-miR-29b-3p, hsa-miR-29a-3p hsa-miR-17-5p

9 hsa-let-7d-5p, hsa-let-7f-5p, hsa-let-7f-1-3p, 17 hsa-miR-144-3p, hsa-miR-144-5p,
hsa-let-7a-5p hsa-miR-451a

9 hsa-miR-181b-5p, hsa-miR-181a-2-3p 19 hsa-miR-125a-3p, hsa-miR-125a-5p,

13 hsa-miR-15a-5p, hsa-miR-16-5p hsa-let-7e-5p

13 hsa-miR-92a-3p, hsa-miR-20a-5p, 22 hsa-let-7b-3p, hsa-let-7b-5p, hsa-let-7a-3p,
hsa-miR-17-5p hsa-let-7a-5p

17 hsa-miR-144-3p, hsa-miR-144-5p, X hsa-miR-92a-3p, hsa-miR-363-3p,
hsa-miR-451a hsa-miR-20b-5p, hsa-miR-18b-3p

19 hsa-miR-23a-3p, hsa-miR-27a-3p,
hsa-miR-24-3p miRNA/miR, microRNA.

19 hsa-miR-125a-3p, hsa-miR-125a-5p,
hsa-let-7e-5p

22 hsa-let-7b-3p, hsa-let-7b-5p, hsa-let-7a-3p, . . .
hsa-let-7a-5p were assoc1at.ed Wlth ‘Organismal systems nervous S}fstem’,

% hsa-miR-532-5p, hsa-miR-500a-3p as presented.m Fig. 5. These results. were consmtept with the

. ’ . ’ results described for the KEGG enrichment analysis of target

hsa-miR-362-5p, hsa-miR-188-5p genes of miRNA clusters on 23 chromosomes.

X hsa-miR-92a-3p, hsa-miR-363-3p,

hsa-miR-20b-5p, hsa-miR-18b-3p

miRNA/miR, microRNA.

KRAS, MYC and B-cell lymphoma 2 (BCL2), were MG risk
genes. TGFBI1 (27,28), CASP3 (29), KRAS (30), MYC (31) and
BCL2 (32) have all been demonstrated to be associated with
miRNA clusters. Overall, hsa05210 (colorectal cancer) may be
a key pathway connecting miRNA clusters with MG.

KEGG enrichment analysis of two MG risk miRNA clusters
on the X chromosome. As the X chromosome was identified to
have the largest number of MG risk miRNAs and is significant
in autoimmune diseases, the two miRNA clusters on the X chro-
mosome: Hsa-miR-532-5p, hsa-miR-500a-3p, hsa-miR-362-5p,
hsa-miR-188-5p and hsa-miR-92a-3p, hsa-miR-363-3p,
hsa-miR-20b-5p, hsa-miR-18b-3p, were analyzed. A separate
KEGG enrichment analysis (P<0.05) was performed for the
target genes of these two miRNA clusters on the X chromo-
some; as a result, 36 pathways were significantly enriched
(P<0.05). Classification of these pathways was performed
through the KEGG database. The results demonstrated that
eight pathways were associated with ‘Environmental infor-
mation processing-signal transduction’, nine were associated
with ‘Human diseases-cancers’, four were associated with
‘Human diseases-infectious diseases’, four were associated
with ‘Organismal systems-endocrine system’, two were asso-
ciated with ‘Organismal systems-immune system’, and two

GO enrichment analysis of each MG risk miRNA cluster on
23 chromosomes. In addition to KEGG analysis, functional
enrichment analysis using the target genes of 15 MG risk
miRNA clusters on each chromosome was performed, and a
total of 74 GO_BP terms were obtained (FDR <0.01). However,
with the exception of chromosomes 9, 17, 19 and 22, no
enriched pathways were identified on the other chromosomes.
Subsequently, these entries were classified and divided into the
following categories: ‘Apoptotic process’, ‘cell adhesion’, ‘cell
cycle’, ‘cell differentiation’, ‘cell migration’, ‘cell proliferation’,
‘cellular response’, ‘material phosphorylation’, ‘physiological
response’, ‘reproduction and expression of genetic material’,
‘signal transduction’ and ‘tissue development’. These results
are summarized in Fig. 6. The results of GO_BP enrichment
were additionally concentrated on chromosomes 9, 19 and 22.
Combined with the results of KEGG enrichment analysis,
these results indicated that the pathogenesis of MG may be
closely associated with chromosomes 9, 19 and 22.

Discussion

MG is a neuromuscular autoimmune disease; however, the
specific mechanism of MG remains to be fully elucidated.
The analysis of MG risk miRNA clusters and their regulation
of relevant pathways may assist in elucidating their potential
involvement in the pathogenesis of MG. However, at present,
there are few studies on miRNA clusters and pathways of MG.
In the present study, global analysis of MG-associated miRNA
clusters and their potential mechanism was performed based
on the enrichment analysis of MG risk genes and miRNAs.
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MG risk genes were collected and the MG risk pathways
enriched by these genes were identified. Among the top 10
pathways enriched by the MG risk genes, it was identified that
the majority of these pathways were associated with immunity
when searching the KEGG database. The MG risk miRNAs
were subsequently obtained and each of the 126 MG risk
miRNAs from each chromosome were located; 15 miRNA
clusters were identified to be significantly associated with
MG. In addition, enrichment analysis was performed using the
target genes of the 15 MG risk miRNA clusters with a distance
of <6 kb on each chromosome. Furthermore, a number of risk
pathways of each of the 15 miRNA clusters were identified
and the most significant pathways were demonstrated to be
enriched on chromosomes 9, 19 and 22. This suggests that the
mechanism of MG may be associated with certain abnormali-
ties of chromosomes 9, 19 and 22.

The top 10 pathways identified using the data of MG
risk genes provides an overview of the pathogenesis of MG.
Among the top 10 MG risk pathways, five were associated
with immunity and three were revealed to be associated with
‘Human diseases: Infectious diseases’, suggesting that micro-
organism infection may be involved in the pathogenesis of
MG, providing novel insight into MG. For example, an active
Epstein-Barr virus (EBV) infection in the thymus of patients
with MG has been reported previously, suggesting that EBV
may contribute towards the onset or maintenance of the auto-
immune response by targeting toll-like receptor (TLR)7 and
TLRO in the intrathymic pathogenesis of MG (33). Through
pathway analysis, 99 significant pathways were identified that
characterized MG in different aspects. The most significant
pathway identified was hsa05330 (allograft rejection). MG has
been reported as a rare complication of chronic graft-vs.-host
disease (GVHD) following allogeneic hematopoietic stem cell
transplantation in several case reports (34-36), which is consis-
tent with the results of the present study in which hsa05330
(allograft rejection) had the most significant association with
MG.

miRNA clusters are a novel concept and indicates that
miRNAs are clustered on the human genome to permit
co-regulation. miRNA clusters have the ability to regulate
more biological pathways than normal miRNAs, as one cluster
often contains several miRNAs that have the same biological
function. The present study located each MG risk miRNA on
each chromosome and identified 15 significant miRNA clus-
ters, with distances <6 kb, associated with MG. Among the
15 miRNA clusters, at least five miRNA clusters were identi-
fied that have been reported to be associated with immunity,
including the miR-25-93-106b cluster (37), which comprises
hsa-miR-106b-3p, hsa-miR-106b-5p, hsa-miR-93-5p and
hsa-miR-25-3p on chromosome 7; the let-7 family cluster (38),
comprising hsa-let-7d-5p, hsa-let-7f-5p, hsa-let-7f-1-3p
and hsa-let-7a-5p on chromosome 9; the miR-17-92
cluster (39-42), comprising hsa-miR-92a-3p, hsa-miR-20a-5p
and hsa-miR-17-5p on chromosome 13; the miR-23a-27a-24-2
cluster (14,43-45),comprising hsa-miR-23a-3p,hsa-miR-27a-3p
and hsa-miR-24-3p on chromosome 19; and the miR-106a-363
cluster (12,13), comprising hsa-miR-92a-3p, hsa-miR-363-3p,
hsa-miR-20b-5p and hsa-miR-18b-3p on the X chromosome.

The present study identified numerous examples associated
with miRNA clusters that may regulate the immune system.

MOLECULAR MEDICINE REPORTS 19: 2350-2360, 2019

The miR-25-93-106b cluster has been demonstrated to regulate
tumor metastasis and immune evasion via the modulation of
CXCLI12 and programmed death ligand 1 (37). The miR-17-92
cluster is critical in early B cell development and T cell
differentiation (46,47), and its functions involve autoimmune
disorders, including GVHD and leukemia (39), experimental
autoimmune encephalomyelitis (41), chronic infections (48)
and cancer (49). The mirn23a gene, which encodes miR-23a,
-24-2 and -27a, transforms into the mirn23a cluster and is also
central to T cell differentiation (44); however, antagonizes
B cell development (45) unlike the miR-17-92 cluster. The
mirn23a cluster was previously reported to be involved in the
pathogenesis of immune-associated diseases, including hema-
topoiesis (14), CKD-induced muscle atrophy (50), leukemia (51)
and a number of types of carcinoma (52). These results further
support the potential association between miRNA clusters
and immunity, and even the mechanism of MG. Additionally,
10 miRNA clusters that have not been reported previously
were identified through the global analysis of MG risk miRNA
clusters in the present study. These novel identified clusters
may provide novel insight into future experimental studies of
miRNA clusters in MG and immune-associated diseases.

In conclusion, the present study created a catalog of
MG risk genes and miRNAs, acquired MG risk pathways,
located each MG risk miRNA on each chromosome, obtained
15 significant miRNA clusters associated with MG, and identi-
fied the risk pathways of each of the 15 miRNA clusters. This
involved the integration of a number of single miRNA studies
into a global study of miRNA clusters in MG. As the number
of studies on high-throughput data continues to increase, the
results of the present study provide supporting evidence and
offer novel insight for further investigations on miRNA clus-
ters in the pathogenesis of MG.
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