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Background: Hirschsprung's disease (HSCR) is a 
congenital gut motility disorder of infants, and if left 
untreated, it is fatal to the affected infants. This study aimed 
to identify key microRNAs (miRNAs), signaling pathways 
and genes involved in the pathogenesis of HSCR.

Methods: The miRNA microarray dataset GSE77296 
was downloaded. Nine colon tissue samples were available: 
six from HSCR patients and three matched control samples. 
Differentially expressed miRNAs (DEMs) were identified 
after data preprocessing. Target genes of the selected 
upregulated and downregulated DEMs were predicted. 
In addition, functional enrichment analyses for the 
selected DEMs and target genes were conducted. Finally, 
interaction networks between the DEMs and target genes 
were constructed.

Results: A total of 162 DEMs (73 upregulated and 
89 downregulated) were obtained. A total of 2511 DEM-
target gene pairs for the 40 selected DEMs were identifi ed, 
including 1645 pairs for the upregulated DEMs and 866 
pairs for the downregulated DEMs. The upregulated DEM 
miR-141-3p and down-regulated DEM miR-30a-3p were 
identifi ed as key miRNAs by Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment and network 
analyses. Besides, KEGG pathway enrichment analysis 
revealed that pathways in cancer and the mitogen-activated 
protein kinase (MAPK) signaling pathway were key 

pathways. The key genes frizzled class receptor 3 (FZD3) 
and docking protein 6 (DOK6) were obtained through the 
DEM-target gene interaction networks.

Conclusion: Two key miRNAs (miR-141-3p and miR-
30a-3p), the MAPK signaling pathway and two key genes 
(FZD3 and DOK6) were implicated in the pathogenesis of 
HSCR.

World J Pediatr 2017;13(5):489-495

Key words: differentially expressed microRNA;
                   docking protein 6;
                   frizzled class receptor 3;
                   Hirschsprung's disease;
                   mitogen-activated protein kinase  
                     signaling pathway

Introduction

Hirschsprung's disease (HSCR) is a congenital 
gut motility disorder of infants, presenting as 
bowel obstruction shortly after birth, and is 

characterized by a lack of ganglion cells in the distal 
gut; thus, biopsy of a bowel segment is the most 
common histochemical diagnostic approach.[1,2] If 
left untreated, HSCR can be fatal to affected infants 
exhibiting signs of intestinal obstruction. The current 
treatment option for HSCR is surgery. Although surgical 
outcomes are typically good, long-term prognosis 
remains challenging in most cases.[3] The incidence of 
HSCR is approximately 1 case per 5000 live births, but 
signifi cantly differs among races.

Recent genetic studies have shown interracial 
differences in frequencies of HSCR, which is caused 
by single or multiple gene mutations.[3-5] Several genes, 
signaling pathways and microRNAs (miRNAs) associated 
with HSCR have been widely studied over the past few 
decades. The proto-oncogene RET is reported to be a 
major gene in the pathogenesis of HSCR, as the successful 
colonization of enteric neural crest cells requires normal 
function of RET.[6-8] Moreover, RET-associated pathways 
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have been implicated in the pathogenesis of HSCR.[9] 
Recently, the slit homologue 2/roundabout homologue 
1-miR-218-1-RET/pleomorphic adenoma gene 1 (PLAG1) 
zinc finger pathway was also associated with HSCR.[10] 
The authors previously reported that RET and PLAG1 
were downregulated, while miR-218-1 was upregulated 
in HSCR patients, as compared with controls. In addition, 
miR-215 was downregulated in HSCR patients, and cell 
migration and proliferation were inhibited by the loss of 
miR-215 via the isoleucyl-tRNA synthetase 2-miR-215-
sialic acid binding immune globulin-like lectin 8 signaling 
pathway.[11] Recently, Li et al[9] identifi ed several miRNAs 
involved in RET-related pathways via microarray 
analysis of colon tissues of HSCR patients. However, 
no comprehensive bioinformatic analysis of miRNA 
expression patterns in colon tissues of HSCR patients 
has been reported so far.

We hypothesized that there may be more genes, 
miRNAs and pathways involved in HSCR. Therefore, 
the aim of the present study was to screen candidate 
miRNAs, target genes and pathways involved in HSCR 
development. To this end, differentially expressed 
miRNAs (DEMs) in HSCR patients were identified 
by screening the dataset GSE77296,[9] followed by 
prediction of target genes of DEMs. In addition, Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
and gene ontology (GO) term analyses were performed 
to identify key HSCR-related pathways. Subsequently, 
DEM-target gene interaction network analysis was 
conducted to screen key miRNAs and genes. The results 
of this study provide additional data to elucidate the 
mechanisms underlying HSCR development. Findings 
of this study may serve as biomarkers of HSCR.

Methods
Affymetrix microarray data
The miRNA expression profile dataset GSE77296[9] 

was downloaded from the Gene Expression Omnibus 
database (https://www.ncbi.nlm.nih.gov/geo/) based on 
the platform of the GPL18058 Exiqon miRCURY LNA 
miRNA array, 7th generation (Exiqon A/S, Vedbaek, 
Denmark). A total of nine human colon samples were 
available for analysis, including six stenotic colon 
segment samples collected from HSCR patients and 
three age-matched control colon tissues collected from 
patients with colorectal trauma or that undergoing 
anorectal colostomy. The HSCR patients were aged 13 
days to 4 years. All were diagnosed by barium enema 
and anorectic manometer evaluation before surgery 
and pathological analysis for definitive diagnosis. The 
raw data in txt files were preprocessed using the limma 
package[12] in R language (version 3.3.2) by performing 

format conversion, missing value addition, motor 
assessment scale background correction and quantiles 
data normalization.

DEM analysis
DEMs present in the HSCR group, but absent in the 
control group, were identified. Probability values (P) of 
enrichment significance were calculated using the non-
paired t test in the limma package and then adjusted 
using the Benjamini-Hochberg procedure. The cutoff 
thresholds were P<0.05 and |log2fold change (FC)| ≥1. 
Then, a heat map of DEMs was generated with the 
pheatmap package[13] in R language.

Prediction of target genes
Target genes of the top 20 upregulated and downregulated 
DEMs with high |log2FC| values were analyzed using 
the miRWalk2.0 archive[14] with an miRNA information 
retrieval system. The search criteria were as follows: 
minimum seed length of 7, P<0.05, and 3′-untranslated 
regions as input parameters. Target genes were selected 
from the following five commonly used databases: 
miRWalk (http://zmf.umm.uni-heidelberg.de/apps/zmf/
mirwalk/), miRDB (http://mirdb.org/), miRMap (http://
mirmap.ezlab.org/), RNA22 (https://cm.jefferson.edu/
rna22/) and Targetscan (http://www.targetscan.org/
vert_71/).

Pathway enrichment analysis
The KEGG pathway database (http://www.kegg.jp/)[15] is 
commonly used for systematic analysis of gene functions 
and GO analysis (http://www.geneontology.org/) is 
commonly used to study the functions of large-scale 
genomic andtranscriptomic data.[16] In the present study, 
KEGG pathways and GO-biological processes (BP) terms 
for the target genes of the selected DEMs were analyzed 
using the clusterprofiler package[17] in R language. The 
cutoff threshold was P<0.5.

Interaction network analysis
A DEM-target interaction network for the top 20 
upregulated and downregulated DEMs was constructed 
using Cytoscape software (version 3.2.0)[18] based on the 
predicted interaction pairs. The scores of nodes in the 
network were obtained using degree centrality.[19] Nodes 
with the highest degree in the DEM-target interaction 
network were considered as key DEMs and key target 
genes.

Results
Analysis of DEMs and target genes
A total of 1962 miRNAs (data not shown) were 
obtained after annotation, including 162 miRNAs 
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that were found to be differentially expressed: 73 
were upregulated and 89 downregulated. The top 20 
upregulated and downregulated DEMs with the highest 
|log2FC| values are listed in Table 1, which includes 
miR-142-3p, miR-142-5p, miR-4492 and miR-30a-
3p. The target genes of the 40 DEMs were predicted 
using miRWalk2.0. A total of 2511 DEM-target gene 
pairs for 25 DEMs were obtained, including 1645 
pairs for 16 upregulated DEMs and 866 pairs for nine 
downregulated DEMs. No target genes were identified 
for the remaining DEMs with the chosen search criteria.

Pathway enrichment analysis
KEGG pathway enrichment analysis was performed 
with the top 20 upregulated and downregulated DEMs. 

The results showed that three of the top 20 upregulated 
DEMs (miR-141-3p, miR-200a-3p and miR-345-
5p) were enriched in 12 KEGG pathways (Fig. 1A), 
which included ascorbate and aldarate metabolism, 
the hedgehog signaling pathway and mismatch repair. 
Four of the top 20 downregulated DEMs (miR-1228-
5p, miR-143-5p, miR-30a-3p and miR-3180) were 
enriched in six KEGG pathways (Fig. 1B), which 
included selenocompound metabolism, the Ras-
proximate-1 signaling pathway and the forkhead box O 
(FoxO) signaling pathway. KEGG pathway and GO-BP 
analyses were also performed for the target genes of the 
40 DEMs. KEGG pathways and GO-BP terms with the 10 
lowest P values are shown in Fig. 2. The target genes of the 
top 20 downregulated DEMs were significantly enriched 

Up-regulated DEMs Down-regulated DEMs
MiRNA Log2FC P value MiRNA Log2FC P value
Hsa-miR-142-3p 3.937 <0.001 Hsa-miR-4492 -2.832 0.0029
Hsa-miR-142-5p 2.848 <0.001 Hsa-miR-30a-3p -2.684 <0.001
Hsa-miR-488-5p 2.436 0.0016 Hsa-miR-3180 -2.659 <0.001
Hsa-miR-20b-5p 2.254 0.0208 Hsa-miR-2861 -2.401 0.0077
Hsa-miR-192-5p 2.204 <0.001 Hsa-miR-624-3p -2.294 0.0101
Hsa-miR-194-5p 2.131 <0.001 Hsa-miR-3187-5p -2.074 <0.001
Hsa-miR-200a-3p 2.131 <0.001 Hsa-miR-378i -2.038 0.0256
Hsa-miR-146b-5p 2.115 <0.001 Hsa-miR-143-5p -2.020 0.0034
Hsa-miR-345-5p 2.087 0.0190 Hsv1-miR-H17 -2.017 0.0069
Hsa-miR-451a 2.021 0.0010 Hsa-miR-1228-5p -1.885 0.0028
Hsa-miR-141-3p 1.976 0.0199 Hsa-miR-4734 -1.874 0.0015
Hsa-miR-4445-3p 1.976 0.0206 Hsa-miR-30c-1-3p -1.868 0.0063
Hsa-miR-215 1.962 0.0361 Hsa-miR-4488 -1.814 0.0380
Hsa-miR-4694-3p 1.894 0.0011 Hsa-let-7e-3p -1.798 <0.001
Hsa-miR-382-3p 1.891 0.0092 Hsa-miR-3141 -1.797 0.0094
Hsa-miR-190a 1.883 0.0067 Hsa-miR-3656 -1.768 0.0187
Hsa-miR-33a-5p 1.852 0.0097 Hsa-miR-4433-3p -1.755 0.0257
Hsa-miRPlus-C1100 1.845 0.0113 Hsa-miR-9-5p -1.742 0.0054
Hsa-miR-146a-5p 1.835 0.0042 Hsa-miR-5686 -1.740 0.0019
Hsa-miR-144-3p 1.834 0.0050 Hsa-miR-2277-5p -1.720 0.0178

Table 1. List of top 20 up-regulated and down-regulated DEMs

miRNA: microRNA; DEMs: differentially expressed miRNAs; FC: fold change.

Fig. 1. KEGG pathway enrichment analyses of differentially expressed miRNAs (DEMs). A: KEGG pathway enrichment analyses of upregulated 
DEMs; B: KEGG pathway enrichment analyses of downregulated DEMs. KEGG: the Kyoto Encyclopedia of Genes and Genomes; SNARE: 
soluble N-ethylmaleimide-sensitive factor attachment protein receptor; Rap1: Ras-proximate-1; FoxO: forkhead box O.
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in KEGG pathways, which included pathways in cancer 
and the mitogen-activated protein kinase (MAPK), Ras and 
FoxO signaling pathways. The target genes of the top 20 
upregulated DEMs were found to be enriched in KEGG 
pathways, which included pathways in cancer and the 
MAPK and FoxO signaling pathways (Fig. 2A). The GO-
BP terms for the target genes of the top 20 downregulated 
DEMs included protein phosphorylation, chemical synaptic 
transmission and homophilic cell adhesion via plasma 
membrane adhesion molecules. The GO-BP terms for 
the target genes of the top 20 upregulated DEMs were 
positively transcriptional regulated by the RNA polymerase 
II promoter, negatively transcriptional regulated by the 
RNA polymerase II promoter, and positively transcriptional 
regulated by the DNA template (Fig. 2B).

Interaction network analysis
DEM-target gene interaction networks were constructed. 
The upregulated DEM-target gene network included a 
total of 1193 nodes and 1638 interaction pairs, while 
the downregulated DEM-target gene network included 

Fig. 2. KEGG and GO enrichment analyses of target genes. A: KEGG pathway enrichment analyses of target genes of downregulated and 
upregulated DEMs; B: GO-BP terms of target genes of downregulated and upregulated DEMs. KEGG: the Kyoto Encyclopedia of Genes and 
Genomes; GO-BP: gene ontology-biological processes; miRNA: microRNA; FoxO: forkhead box O; MAPK: mitogen-activated protein kinase.
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MicroRNA Degree MicroRNA Degree
Up-regulated DEMs
  Hsa-miR-20b-5p 344 Hsa-miR-146b-5p 73
  Hsa-miR-141-3p 214 Hsa-miR-142-3p 57
  Hsa-miR-144-3p 214 Hsa-miR-345-5p 46
  Hsa-miR-200a-3p 200 Hsa-miR-190a-5p 37
  Hsa-miR-142-5p   95 Hsa-miR-488-5p 36
  Hsa-miR-33a-5p   91 Hsa-miR-192-5p 32
  Hsa-miR-146a-5p   85 Hsa-miR-215-5p 25
  Hsa-miR-194-5p   85 Hsa-miR-451a   4
Down-regulated DEMs
  Hsa-miR-30a-3p 274 Hsa-miR-143-5p 56
  Hsa-miR-9-5p 203 Hsa-miR-3180 16
  Hsa-miR-30c-1-3p 151 Hsa-miR-1228-5p   7
  Hsa-miR-2861   86 Hsa-miR-3656   2
  Hsa-miR-624-3p   70

Table 2. Node degrees of differentially expressed microRNAs (DEMs)

798 nodes and 865 interaction pairs. A high topology 
score means an important role of the node. The degrees 
of DEMs in the network are listed in Table 2. The 
upregulated DEM miR-20b-5p had the highest degree 
of 344 and the downregulated DEM miR-30a-3p had 
the highest degree of 274. As shown in Table 3, the top 
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Target genes of up-
regulated DEMs Degree Target genes of down-

regulated DEMs Degree

FZD3 8 DOK6 4
KIAA1244 6 CXCL9 3
QKI 6 FOXP4 3
SPOPL 6 HIPK2 3
GRSF1 5 MME 3
JAZF1 5 SLC26A2 3
LCOR 5 TEAD1 3
PPARA 5 ANKH 2
ZNF148 5 AR 2
BACH2 4 ATF1 2

Table 3. Node degrees of top 10 target genes

DEM: differentially expressed microRNA; FZD3: frizzled class 
receptor 3; KIAA1244: ARFGEF family member 3; QKI: QKI, 
KH domain containing RNA binding; SPOPL: speckle type BTB/
POZ protein like; GRSF1: G-rich RNA sequence binding factor 1; 
JAZF1: JAZF zinc fi nger 1; LCOR: ligand dependent nuclear receptor 
corepressor; PPARA: peroxisome proliferator activated receptor 
alpha; ZNF148: zinc finger protein 148; BACH2: BTB domain and 
CNC homolog 2; DOK6: docking protein 6; CXCL9: C-X-C motif 
chemokine ligand 9; FOXP4; forkhead box P4; HIPK2: homeodomain 
interacting protein kinase 2; MME: membrane metalloendopeptidase; 
SLC26A2: solute carrier family 26 member 2; TEAD1: TEA domain 
transcription factor 1; ANKH: ANKH inorganic pyrophosphate 
transport regulator; AR: androgen receptor; ATF1: activating 
transcription factor 1.

10 target genes with the highest scores included frizzled 
class receptor 3 (FZD3), ARFGEF family member 3 
(KIAA1244), docking protein 6 (DOK6), and C-X-C 
motif chemokine ligand 9 (CXCL9).

Discussion
Although HSCR is the most common congenital gut 
motility disorder in infants, its pathogenesis remains 
unclear. In this study, comprehensive bioinformatics 
analysis was conducted to identify alterations to miRNA 
expression profiles of HSCR patients. The results of 
this study indicated that two key miRNAs, miR-141-3p 
and miR-30a-3p, were involved in HSCR development. 
Besides, pathways in cancer and the MAPK signaling 
pathway were found to play important roles in HSCR. 
Moreover, FZD3 and DOK6 were identified as key 
genes that might participate in the pathogenesis of 
HSCR. Interestingly, these miRNAs and genes were 
newly identified to be associated with HSCR.

In this study, 73 miRNAs were significantly 
upregulated and 89 were significantly downregulated 
in HSCR patients, compared with the controls. 
Among these miRNAs, expression of miR-141-3p 
was significantly increased, while that of miR-30a-
3p was significantly decreased. In addition, these data 
showed that miR-141-3p was significantly enriched 
in seven KEGG pathways, which included ascorbate 
and aldarate metabolism and mismatch repair. Besides, 

the degree of miR-141-3p was the second highest 
in the DEM-target gene interaction network. miR-
141-3p, a member of the miR-200 family, is related 
to cell migration and proliferation.[20,21] Also, miR-
200a and miR-141 are associated with cell migration 
and proliferation in HSCR.[22,23] In addition, previous 
studies have demonstrated that upregulation of miR-
141-3 pinhibits the proliferation and differentiation 
of stromal (mesenchymal) stem cells in humans 
and neurogenesis of neural stem cells in rats.[24,25] 
Therefore, miR-141-3p might play a key role in HSCR 
development via disrupting the formation of enteric 
neural crest cells (ENCCs). The results of the present 
study showed that miR-30a-3p was the second most 
significantly downregulated DEM. In addition, miR-
30a-3p was significantly enriched in two KEGG 
pathways, including the FoxO signaling pathway, 
which is involved in cell survival and apoptosis of the 
retinal ganglion cell.[26] Moreover, the degree of miR-
30a-3p in the DEM-target gene interaction network was 
the highest among the downregulated DEMs. These 
results indicate that miR-30a-3p plays a role in HSCR 
development.

KEGG pathway enrichment analyses of the 
target genes of the selected DEMs were conducted, 
which revealed that both targets of upregulated and 
downregulated DEMs were significantly enriched in 
two common pathways, including pathways in cancer 
and the MAPK signaling pathway. These results were 
in accordance with the fi ndings of a previous study that 
pathways in cancer and the MAPK signaling pathway 
were involved in HSCR.[9] To date, numerous pathways 
have been implicated in human cancers, including 
the MAPK signaling pathway, which regulates 
proliferation, differentiation, apoptosis, and survival of 
cells in the nervous system.[27,28] Besides, the MAPK 
signaling pathway can be activated by RET, which is 
a major candidate gene responsible for HSCR and is 
required for the successful colonization of ENCCs in 
the embryonic gut.[6-9,29] Thus, the MAPK signaling 
pathway might play a key role in the pathogenesis of 
HSCR under RET regulation.

DEM-target gene interaction networks for the 
upregulated and downregulated DEMs identified a 
total of 1991 nodes and 2503 interaction pairs included 
in the conducted networks. These data indicated that 
FZD3 had the highest degree in the upregulated DEM 
network and the node DOK6 had the highest degree in the 
downregulated DEM network. Human FZD3, a member 
of the frizzled family located on chromosome 8p21,[30] is 
required for the formation of neural crest cells, which is 
regulated by the Wnt signaling pathway.[31] Besides, proper 
expression of FZD3 and FZD6 is of great importance 
for midbrain morphogenesis[32]. The expression level 
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of FZD3 was higher in aganglionic tissues than in 
normal tissues in HSCR patients.[33] Therefore, FZD3 
dysregulation may contribute to HSCR development. 
DOK6, a neuronal adapter protein that is a member of 
the DOK family of intracellular adaptors, is involved 
in the RET signaling pathway associated with neurite 
outgrowth.[34-36] Given the important position of DOK6 
in the DEM-target gene interaction network, DOK6 
may also be involved in HSCR development.

As a limitation to the present study, several 
miRNAs and genes were found to play roles in HSCR 
development, but the expression levels in colon tissues 
of HSCR patients as well as the regulatory relationships 
between miRNAs and downstream target genes were 
not detected. However, due to the lack of experimental 
materials (colon tissues of HSCR patient), these results 
should be further verifi ed.

In conclusion, these data revealed that miR-141-3p 
and miR-30a-3p are key miRNAs involved in HSCR and 
that miR-141-3p might act as a negative regulator for 
ENCC formation. Besides, the MAPK signaling pathway 
was indicated to play a vital role in RET-regulated HSCR 
pathogenesis. In addition, FZD3, which is regulated by 
the Wnt signaling pathway, and DOK6 were identified 
as key genes in the RET signaling pathway and might 
participate in the pathogenesis of HSCR.
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