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Abstract
Background: Hirschsprung’s disease (HSCR), a congenital disorder characterized by spasticity and
narrowing of the distal colon, as well as abnormalities in peristalsis and defecation, is caused by a de�cit
of the enteric nervous system of the distal gut. Total colonic aganglionosis (TCA) is a rare type of HSCR.
This study aimed to �nd key microRNAs (miRNAs) and their associated genes from plasma-derived
exosomes, as potential biomarkers to study TCA pathogenesis.

Results: Plasma-derived exosomal miRNA sequencing of samples from 9 children with HSCR and 10
matched children without HSCR revealed that 62 miRNAs were differentially expressed in plasma-derived
exosomes, of which 31 were up-regulated and 31 were down-regulated. The target genes of DEM are
predicted from three common databases.There were 652 DEM target gene pairs for the 31 DEMs that
were up-regulated and 234 pairs for the 31 DEMs that were down-regulated. Furthermore, 4 DEMs: miR-
106b-5p, miR-205-5p, miR-375-3p and miR-34a-5p were differentially expressed between other HSCR
types and TCA.

Conclusions: Four key miRNAs (miR-106b-5p, miR-205-5p, miR-375-3p, and miR-34a-5p) and their
interacting four key genes AF4/FMR2 family member 4 (AFF4), myotubularin-related protein 9 gene
(MTMR9), POU domain class 2 transcription factor 1 (POU2F1), and WW-and-C2-domain-
containing(WWC2) may be involved in the pathogenesis of TCA.

Background
Hirschsprung's disease (HSCR), is a condition due to ganglion cells de�ciency at the end of the bowel,
which causes a delay of defecation and is fatal to newborns if not treated[1]. HSCR has a
remarkable prevalence of around 1 in 5000 people globally, and it is found to be connected to
gender and ethnicity[2]. HSCR is divided into three categories based on the length
of the aganglionosis: short segment (S-HSCR; 80% of incidents), long segment (L-HSCR; 15% of
incidents), and total colonic aganglionosis (TCA; 5% of incidents)[3]. HSCR is mainly treated by surgery,
and the standard surgical procedure used is transanal endorectal pull-through (TEPT) (54%)[4]. The
postoperative outcome depends on the extent of aganglionosis resection, so the prognosis of TCA is
typically poor[5].

TCA, a rare type of HSCR, has been de�ned as ganglionic hyperplasia extending from the anus to at least
but not more than 50 cm proximal of the ileocecal valve. TCA has been a particular problem area in the
spectrum of HSCR disease since its introduction by Porter and Weeks in 1915[6].In addition to the
symtpoms, incidence and diagnositic between TCA and other HSCR types, leading some to believe that
TCA and other HSCR types have distinct pathophysiological mechanisms[7, 8]. Although it shares
features with other forms of HSCR in terms of aganglionsis, some differences exist that have not yet
been explained[7].
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Exosomes are 30-100 nm diameter membrane-bounded extracellular vesicles originating from
endosomes. Both under normal and stressful conditions, almost all cell types can secrete exosomes[9].
Moreover, exosomes are found to carry various nucleic acids, such as mRNAs and noncoding RNA,
playing a crucial role in intercellular signal transduction, immunoregulation, and tumorigenesis[10].
Furthermore, exosomes are increasingly being evaluated as diagnostic and prognostic biomarkers for a
variety of diseases[11]. Studies have shown that exosome cargoes derived from several plasmas, such as
long non-coding RNAs(lncRNAs) and microRNAs(miRNAs), are dysregulated in HSCR[12, 13]. 

Consequently, the goal of this research study was to look for potential miRNAs in plasma-derived
exosomes and target genes implicated in HSCR pathogenesis. Differentially expressed miRNAs (DEMs)
analysis plasma-derived exosomes from HSCR patients was performed, and subsequently predicted the
target genes of DEMs. Due to the presence of TCA samples, the DEMs between HSCR and TCA were
compared to screen for TCA-speci�c altered miRNAs. Further, Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway terms and interaction network analysis were used to analyze associated miRNAs. This
research study provides additional data to get an insight into the mechanisms of TCA development and
attempt to search for potential miRNAs from plasma-derived exosomes that can serve as biomarkers for
TCA.

Results
DEMs and their target genes analysis

After annotation, 2883 miRNAs were found, 62 differentially expressed miRNAs were screened according
to the |log2 FC| and p-value criteria, of which 31 were down-regulated and 31 up-regulated, as shown in
Table 1 and Figure 1. MiRWalk was used for predicting the target genes of the 62 DEMs. Afterward, 884
DEMs target gene pairs corresponding to 36 DEMs were analyzed, of which 22 up-regulated DEMs had
651 pairs and 14 down-regulated DEMs had 233 pairs. While the remaining DEMs did not �nd the
identi�ed target genes according to the selected search criteria. KEGG pathway enrichment analysis was
carried out on up-regulated and down-regulated for all target genes. For up-regulated DEMs, the target
genes were found highly enriched in pathways related to cancer (Figure. 2), such as transcriptional
dysregulation in prostate cancer, pancreatic cancer, and bladder cancer. While, down-regulated DEMs had
less target gene enrichment, which presents a lower count and higher p-value. The enriched KEGG
pathways of the down-regulated DEMs included transcriptional dysregulation in cancer, adrenergic
signaling in cardiomyocytes, and the cAMP signaling pathway. 

Table 1. List of 62 up-regulated and down-regulated DEMs
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Up-regulated DEMs Down-regulated DEMs

miRNA Log2FC P value miRNA Log2FC P value

miR-205-5p 5.40 1.78E-28 miR-29a-3p -1.71 1.51E-17

miR-144-3p 2.10 2.89E-10 miR-30a-5p -1.83 1.76E-10

miR-16-5p_1 1.50 6.10E-08 miR-10395-3p -6.26 2.58E-10

miR-200c-3p 3.03 3.62E-06 miR-769-5p -3.28 1.66E-07

let-7d-3p 1.62 3.62E-05 miR-30a-3p -2.46 3.81E-07

miR-629-5p 1.58 4.64E-05 miR-378c -2.60 6.80E-07

miR-15b-3p 1.72 7.34E-05 miR-181a-3p -2.40 7.86E-07

miR-454-3p 1.13 8.26E-05 miR-10b-5p -2.15 3.49E-06

miR-22-3p 1.45 0.0001 miR-10a-5p -1.89 1.31E-05

miR-15b-5p 1.16 0.0002 miR-155-5p -1.26 1.36E-05

miR-337-5p 2.35 0.0004 miR-99a-5p -2.12 6.14E-05

miR-133a-3p_1 3.30 0.0006 miR-99b-5p -1.56 0.0001

miR-141-3p 2.02 0.0006 miR-127-3p -1.89 0.0001

miR-34a-5p 2.27 0.0012 miR-1-3p -2.27 0.0002

miR-106b-5p 1.54 0.0012 miR-146b-5p -1.03 0.0002

miR-223-3p 1.28 0.0013 miR-339-5p -1.29 0.0005

miR-134-5p 1.89 0.0013 miR-671-5p -3.46 0.0008

miR-484 1.03 0.0016 miR-181a-5p -2.01 0.0011

miR-324-5p 1.22 0.0063 miR-25-5p -2.36 0.0015

miR-199b-5p 1.44 0.0066 miR-139-3p -1.52 0.0019

miR-424-5p 1.08 0.0084 miR-100-5p -2.21 0.0020

miR-485-3p 1.79 0.0101 miR-221-5p -2.84 0.0029

miR-382-5p 1.27 0.0117 miR-92a-3p_1 -1.04 0.0035

miR-532-3p 1.25 0.0124 miR-30e-3p -1.20 0.0046

miR-196b-5p 1.04 0.0124 miR-181a-5p_1 -4.02 0.0047

miR-16-2-3p 1.57 0.0135 miR-204-5p -1.49 0.0059

miR-206 2.28 0.0138 miR-106b-3p -1.25 0.0105
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miR-18a-5p 1.24 0,0166 miR-181a-2-3p -1.39 0.0151

miR-375-3p 2.42 0.0297 miR-17-3p -1.51 0.0227

miR-503-5p 1.04 0.0316 miR-181b-5p_1 -1.65 0.0374

miR-421 1.34 0.0358 miR-150-3p -1.25 0.0430

 

Pathway enrichment analysis

One miRNA may have hundreds of target genes. Every single up-or down-regulated miRNA's target
genes were analyzed for enrichment. The target genes of 31 up-regulated DEMs and 31 down-
regulated DEMs were analyzed using the KEGG pathway database. KEGG pathways with the p-
values > .05 are shown in Figure. 3. We found that in upregulated DEMs, 14 were enriched in
proteoglycans in cancer, 11 in adherens junction, 11 in the cell cycle, 11 enriched in the hippo signaling
pathway, and 11 were enriched in lysine degradation (Figure. 3A). Whereas in down-regulated DEMs 10
were enriched in ECM-receptor interaction, 10 in Glioma and 9 were enriched in the hippo signaling
pathway (Figure. 3B). The pathway of fatty acid biosynthesis was enriched in both.

The expression of miRNA in TCA

TCA is the most serious type of HSCR. We analyzed the differences in miRNA expression between TCA
and other types of HSCR. A total of 12 miRNAs were identi�ed to be expressed differentially (Figure 4A);
among which 5 were up-regulated and 7 were down-regulated, and 4 of the 12 miRNAs were also
differentially expressed between HSCR and the healthy control (Figure 4B). miR-106b-5p and miR-375-3p
were highly expressed in other types of HSCR, while expressed at a lower extent in the control and TCA
groups. miR-34a-5p and miR-205-5p were mildly expressed in the control, moderately expressed in other
types of HSCR, and highly expressed in TCA (Figure 4B). These four miRNAs, particularly miR-205-5p and
miR-34a-5p may be the most likely key genes involved in Hirschsprung's disease.

Interaction network analysis

The interaction networks were constructed for the target genes of miR-106b-5p, miR-205-5p, and miR-34a-
5p, while the target genes of miR-375-3p did not meet the screening criteria. A total of 97 interaction pairs
were owned for miR-106b-5p and its target gene network and 11 interaction pairs were obtained for miR-
205b-5p and its target gene network. Whereas a total of 23 interaction pairs were owned for miR-34a-5p
and its target gene network, as shown in Figure 4C. The KEGG analysis revealed that the target of miR-
106b-5p was enriched in prion disease and that of miR-34a-5p was enriched in fatty acid biosynthesis.
The only gene shared by both miR-106b-5p and miR-34a-5p was beta 2 syntrophin (SNTB2). On the other
hand, if the target gene was supported by at least one database, the number of shared target genes were
increased. We found that four protein-coding genes can be shared by three miRNAs. The interactions:
miR-205-5p/AF4/FMR2 family member 4 (AFF4), miR-34a-5p/MTMR, miR-106b-5p/myotubularin-related



Page 6/16

protein 9 gene (MTMR9), and miR-34a-5p/ POU domain class 2 transcription factor 1(POU2F1) have been
con�rmed by experimental evidence.

Discussion
HSCR is a common congenital disease in infants, which is characterized by the disturbance of intestinal
motility[14]. However, there is no precise mechanism to explain the related pathophysiology of HSCR[15].
In this study, the differentially expressed miRNAs were screened out by comparing plasma-derived
exosomes of healthy groups and HSCR groups, using comprehensive bioinformatics analysis to
investigate the pathogenesis of HSCR. The results showed that 62 DEMs were screened in HSCR.
Moreover, by comparing the TCA group and the other HSCR types group, miR-106b-5p, miR-205-5p, miR-
375-3p, and miR-34a-5p were identi�ed as main miRNAs that may participate in the pathogenesis of
TCA. 

Among the 62 differentially expressed miRNAs in the HSCR group, 31 miRNAs showed up-regulation and
31 miRNAs showed down-regulation. Among them, miR-205-5p was signi�cantly up-regulated that was
signi�cantly enriched in nine KEGG pathways, including cell cycle and prostate cancer. In different
malignancies, miR-205-5p is a well-studied tumor suppressor miRNA that may trigger cell cycle arrest and
apoptosis, reducing tumor cell chemotolerance[16]. Previously, it was found that miR-205-5p inhibits the
proliferation of pulmonary artery smooth muscle cells by targeting MICAL2 that activates ERK1/2
signaling[17]. It is noteworthy in our study that the tendency of miR-205-5p expression was lower in the
control, moderately expressed in other types of HSCR, and highly expressed in TCA. MiR-34a-5p, another
miRNA that follows a similar tendency, has been demonstrated to impede cell migration, proliferation,
and invasion[18]. Therefore, miR-34a-5p and miR-205-5p may play a critical role in TCA formation by
disrupting the cell cycle or other cancer-related pathways.

The �ndings demonstrated that miR-106b-5p was signi�cantly decreased in the TCA group. In addition,
miR-106b-5p was also found to be signi�cantly enriched in the prion disease pathway, which promotes
proliferation and inhibits apoptosis by regulating BTG3[19]. The most intricate interacting network of
predicted targeted genes was found in the interaction network analysis of three miRNAs, suggesting that
miR-106b-5p may play a role in TCA development.

miR-205-5p and miR-106b-5p shared the four target genes: AFF4, MTMR9, POU2F1, and WW-and-C2-
domain-containing(WWC2). AFF4, a member of the super elongation complex, recruits other factors
through direct interactions with ELL proteins and the P-TEFb complex as a central scaffold[20].
The encoded protein MTMR9 has a double-helical motif that is similar to the SET interaction domain, and
it regulates cell proliferation[21]. In human herpes simplex virus (HSV) infection, the POU2F1 forms a
multiprotein-DNA complex with the viral trans-activator proteins HCFC1 and VP16[22]. It has the ability
to enhance viral gene transcription in the early stages. WWC2 is a meiotic and early mitotic cell division
regulator that controls the fate of mouse blastocyst cells[23]. The function of these genes reveals that the
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invasion of exogenous pathogens and abnormal cell differentiation may be one of the pathogenesis of
TCA.

Most of the prior research employed blood or colon tissue as samples for bioinformatics analysis and to
study the mechanism of miRNAs[24, 25]. However, we believe that the use of plasma-derived exosomes
for mechanistic studies has its unique advantages. The most important thing is to obtain miRNA from
blood samples, which can overcome the spatial heterogeneity and inaccessibility of tissue samples and
can detect the progression of HSCR in time, that is lower expression in normal children and moderately
expressed in other types of HSCR, and highly expressed in TCA. On the other hand, it has been reported
that miRNAs in exosomes are more stable than those in the blood due to the double-membrane structure
of exosomes[26]. However, due to the complex origin of miRNAs in blood, their variability will be higher
which will lead to statistical uncertainty[27]. In the future, we intend to conduct more functional research
and mechanism exploration of selected miRNAs and genes in human colon tissues and animal models.

Conclusion
our study identi�ed 62 DEMs (31 up-regulated, 31 down-regulated) by comparing the miRNAs contained
in plasma-derived exosomes sampled from children with HSCR and healthy children. Furthermore, we
innovatively compared the DEM and target gene prediction of common HSCR and TCA and identi�ed four
miRNAs that may be important in the pathophysiology of TCA.

Methods
Sample collection

This research study was in accordance with the Declaration of Helsinki, and approved by the Ethics
Committee of Jiaxing Maternal and Child Health Hospital A�liated to Jiaxing Universtiy. The approval
number is 2021(ethics)-88. Additionally, the parents/legally authorized representatives of each subject in
this study provided informed consents, including HSCR group and control group.The peripheral blood
samples from children with HSCR, admitted to Maternal and Child Health Hospital of Jiaxing from
September 2019 to July 2020, were collected. The Children without HSCR were also recruited in the
hospital. Before surgery, all of the patients with HSCR were diagnosed using a barium enema and
anorectal manometry. A suction rectal biopsy was taken prior to surgery to con�rm the diagnosis. HSCR
diagnoses were further con�rmed via pathology test after surgery[13]. Table 2 shows the basic
information of all the children. 19 human exosomes samples, including 9 samples from patients with
HSCR and 10 from normal children, were available for analysis. Three of the patient samples were
TCA. All the children from whom samples were taken were between the ages of 1 and 13 months.

Table 2. Sample information
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  Sample ID Gender Age at diagnosis (months)

Normal group Sample A1 Male 10

Sample A2 Male 11

Sample A3 Male 13

Sample A4 Male 9

Sample A5 Male 10

Sample A6 Male 12

Sample A7 Male 11

Sample A8 Male 11

Sample A9 Male 12

Sample A10 Male 8

HSCR group Sample B1※ Male 6

Sample B2※ Male 6

Sample B3 Female 5

Sample B4 Male 2

Sample B5 Female 2

Sample B6※ Male 3

Sample B7 Male 1

Sample B8 Male 11

Sample B9 Male 4

※: Total colonic aganglionosis

Extraction of exosomes by ultracentrifugation

The quick thawed samples were centrifuge at 2000 g and 37℃ for half an hour. The supernatant from
each sample was carefully transferred to the new centrifuge tube and centrifuged at 4℃ and 12000 g for
45 min. The supernatant was �ltered through a 0.45 µm membrane �lter for removing the large vesicle.
The �ltrate was collected and transferred to a new centrifuge tube, followed by centrifugation at 110000
g for 70 min at 4℃. The supernatant was removed and 10 mL of pre-cooled 1× PBS solution was added
and again centrifuged at 110000 g and 4℃ for 70 min. Finally, the supernatant was collected and 50 µL
pre-cooled 1×PBS solution and 350 µL of RNA lysate were added, to extract RNA from exosomes with
standard RNA extraction protocols.
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Data preprocessing and DEG screening

The pre-processed sequence data were compared to the hg38 human reference genome sequences from
the Ensemble website (http://ftp.ensembl.org/pub/release-104/fasta/homo_sapiens/dna/) using HISAT2
software[28]. Subsequently, to get the gene expression matrix of the samples, the expression count
number of each miRNA was determined using featureCounts software, and the FPKM level of each
miRNA was calculated using stringtie software. The R package DEseq2 was used to search DEGs
between the samples with HSCR and those without HSCR[29]. Differentially expressed miRNAs were
identi�ed using the criteria of p-value < .05 and |log2 fold change| >1[30].

Prediction of the target genes

The miRWalk repository and a retrieval system for miRNA information were used to evaluate the target
genes for all down-regulated and up-regulated DEMs with high |log2FC| values[31]. The search criterion
used the score of 1, p < .05, and 3′-untranslated regions as input parameters. The following three widely
used databases were used to �nd target genes: Targetscan[32], miRDB[33], and miRTarBase[34].

The target genes should be supported by all three databases. Based on the predicted interaction pairings,
the Cytospace software was used to construct a DEM-target interaction network for the 3 DEMs[35]. 

Pathway enrichment analysis

The KEGG pathway analysis database (http://www.kegg.jp/) is widely employed for the systematic
investigation of gene functions[36]. In the current study, the R package cluster pro�le was used to
evaluate KEGG pathways for the target genes for the chosen DEMs. The p < .05 was used as the cutoff
threshold.

Abbreviations
AFF4: AF4/FMR2 family member 4 

DEMs: differentially expressed miRNAs

HSCR: Hirschsprung's disease

KEGG: Kyoto Encyclopedia of Genes and Genomes

lncRNA: long non-coding RNA

miRNA: microRNA
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Declarations
Ethics approval and consent to participate

All the participants, samples, data and experimental protocols involved in our study have been performed
in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of Jiaxing
Maternal and Child Health Hospital A�liated to Jiaxing University (2021(ethics)-88). All informed
consents were provided by the parents/legally authorized representatives of the children participating in
the experiment, including the HSCR group and the control group.

Consent for publication

Not applicable

Availability of data and materials

The datasets generated and analysed during the current study are available in the Bioproject repository
(RPJNA801468; http://www.ncbi.nlm.nih.gov/bioproject/8014768).

Competing interests

The authors declare that they have no competing interests.

Funding

This work was supported by the Medical Health Science and Technology Project of Zhejiang Provincial
Health Commission (2022KY390; 2022RC271); Clinical Research Project of Health Industry of Shanghai
Municipal Health Commission (201940508); Research Fund for Lin He Academician New Medicine (No.
19331101); and The Natural Science Foundation of Zhejiang Province (China) (No. LY20C110003); 2021
Nantong City “Jianghai Talent Plan”.

Authors’ contributions

J. Chen designed and surpervised this study. L.Guo, Z.Ping and J.Zhang analyzed the data and made the
�gures. P.Wang, J.Wang and J.Liu collected the samples and made the tables . Z.Wu wrote and edited the
manuscript. All authors read and approved the �nal manuscript.

Acknowledgements



Page 11/16

Not applicable 

References
1. Heuckeroth, R.O.Hirschsprung disease - integrating basic science and clinical medicine to improve

outcomes.Nat Rev Gastroenterol Hepatol 2018; 15: p. 152-167.

2. Anderson, J.E., M.A. Vanover, P. Saadai, R.A. Stark, J.T. Stephenson, and S. Hirose.Epidemiology of
Hirschsprung disease in California from 1995 to 2013.Pediatr Surg Int 2018; 34: p. 1299-1303.

3. Tang, C.S., G. Cheng, M.T. So, B.H. Yip, X.P. Miao, E.H. Wong, et al.Genome-wide copy number
analysis uncovers a new HSCR gene: NRG3.PLoS Genet 2012; 8: p. e1002687.

4. Gunadi, G. Ivana, D.A. Mursalin, R.T. Pitaka, M.W. Zain, D.A. Puspitarani, et al.Functional outcomes of
patients with short-segment Hirschsprung disease after transanal endorectal pull-through.BMC
Gastroenterol 2021; 21: p. 85.

5. Laughlin, D.M., F. Friedmacher, and P. Puri.Total colonic aganglionosis: a systematic review and
meta-analysis of long-term clinical outcome.Pediatr Surg Int 2012; 28: p. 773-9.

�. Jasonni, V. and G. Martucciello.Total colonic aganglionosis.Semin Pediatr Surg 1998; 7: p. 174-80.

7. Moore, S.W.Total colonic aganglionosis and Hirschsprung's disease: a review.Pediatr Surg Int 2015;
31: p. 1-9.

�. Moore, S.W.Total colonic aganglionosis in Hirschsprung disease.Semin Pediatr Surg 2012; 21: p.
302-9.

9. Pant, S., H. Hilton, and M.E. Burczynski.The multifaceted exosome: biogenesis, role in normal and
aberrant cellular function, and frontiers for pharmacological and biomarker opportunities.Biochem
Pharmacol 2012; 83: p. 1484-94.

10. O'Brien, K., K. Breyne, S. Ughetto, L.C. Laurent, and X.O. Breake�eld.RNA delivery by extracellular
vesicles in mammalian cells and its applications.Nat Rev Mol Cell Biol 2020; 21: p. 585-606.

11. Nedaeinia, R., M. Manian, M.H. Jazayeri, M. Ranjbar, R. Salehi, M. Shari�, et al.Circulating exosomes
and exosomal microRNAs as biomarkers in gastrointestinal cancer.Cancer Gene Ther 2017; 24: p. 48-
56.

12. Du, C., H. Xie, R. Zang, Z. Shen, H. Li, P. Chen, et al.Apoptotic neuron-secreted HN12 inhibits cell
apoptosis in Hirschsprung's disease.Int J Nanomedicine 2016; 11: p. 5871-5881.

13. Lv, X., Y. Li, H. Li, L. Zhou, B. Wang, Z. Zhi, et al.Molecular function predictions and diagnostic value
analysis of plasma exosomal miRNAs in Hirschsprung's disease.Epigenomics 2020; 12: p. 409-422.

14. Butler Tjaden, N.E. and P.A. Trainor.The developmental etiology and pathogenesis of Hirschsprung
disease.Transl Res 2013; 162: p. 1-15.

15. Tian, J., C. Zeng, Z. Tian, Y. Lin, B. Wang, Y. Pan, et al.Downregulation of Protein Tyrosine
Phosphatase Receptor Type R Accounts for the Progression of Hirschsprung Disease.Front Mol
Neurosci 2019; 12: p. 92.



Page 12/16

1�. Pennati, M., A. Lopergolo, V. Profumo, M. De Cesare, S. Sbarra, R. Valdagni, et al.miR-205 impairs the
autophagic �ux and enhances cisplatin cytotoxicity in castration-resistant prostate cancer
cells.Biochem Pharmacol 2014; 87: p. 579-97.

17. Tao, W., W. Sun, H. Zhu, and J. Zhang.miR-205-5p suppresses pulmonary vascular smooth muscle
cell proliferation by targeting MICAL2-mediated Erk1/2 signaling.Microvasc Res 2019; 124: p. 43-50.

1�. Gao, Y., M. Yang, L. Wei, X. Liang, F. Wu, Y. Huang, et al.miR-34a-5p Inhibits Cell Proliferation,
Migration and Invasion Through Targeting JAG1/Notch1 Pathway in HPV-Infected Human Epidermal
Keratinocytes.Pathol Oncol Res 2020; 26: p. 1851-1859.

19. Wei, K., C. Pan, G. Yao, B. Liu, T. Ma, Y. Xia, et al.MiR-106b-5p Promotes Proliferation and Inhibits
Apoptosis by Regulating BTG3 in Non-Small Cell Lung Cancer.Cell Physiol Biochem 2017; 44: p.
1545-1558.

20. Lin, C., E.R. Smith, H. Takahashi, K.C. Lai, S. Martin-Brown, L. Florens, et al.AFF4, a component of the
ELL/P-TEFb elongation complex and a shared subunit of MLL chimeras, can link transcription
elongation to leukemia.Mol Cell 2010; 37: p. 429-37.

21. Mochizuki, Y. and P.W. Majerus.Characterization of myotubularin-related protein 7 and its binding
partner, myotubularin-related protein 9.Proc Natl Acad Sci U S A 2003; 100: p. 9768-73.

22. Wysocka, J. and W. Herr.The herpes simplex virus VP16-induced complex: the makings of a
regulatory switch.Trends Biochem Sci 2003; 28: p. 294-304.

23. Virnicchi, G., P. Bora, L. Gahurova, A. Šušor, and A.W. Bruce.Wwc2 Is a Novel Cell Division Regulator
During Preimplantation Mouse Embryo Lineage Formation and Oogenesis.Front Cell Dev Biol 2020;
8: p. 857.

24. Gao, Z.G., Q.J. Chen, M. Shao, Y.Z. Qian, L.F. Zhang, Y.B. Zhang, et al.Preliminary identi�cation of key
miRNAs, signaling pathways, and genes associated with Hirschsprung's disease by analysis of
tissue microRNA expression pro�les.World J Pediatr 2017; 13: p. 489-495.

25. Tang, W., H. Li, J. Tang, W. Wu, J. Qin, H. Lei, et al.Speci�c serum microRNA pro�le in the molecular
diagnosis of Hirschsprung's disease.J Cell Mol Med 2014; 18: p. 1580-7.

2�. Peng, X.X., R. Yu, X. Wu, S.Y. Wu, C. Pi, Z.H. Chen, et al.Correlation of plasma exosomal microRNAs
with the e�cacy of immunotherapy in EGFR / ALK wild-type advanced non-small cell lung cancer.J
Immunother Cancer 2020; 8: p.

27. Xie, J.X., X. Fan, C.A. Drummond, R. Majumder, Y. Xie, T. Chen, et al.MicroRNA pro�ling in kidney
disease: Plasma versus plasma-derived exosomes.Gene 2017; 627: p. 1-8.

2�. Kim, D., J.M. Paggi, C. Park, C. Bennett, and S.L. Salzberg.Graph-based genome alignment and
genotyping with HISAT2 and HISAT-genotype.Nat Biotechnol 2019; 37: p. 907-915.

29. Love, M.I., W. Huber, and S. Anders.Moderated estimation of fold change and dispersion for RNA-seq
data with DESeq2.Genome Biol 2014; 15: p. 550.

30. Zhang, L., H. Li, M. Yuan, D. Li, C. Sun, and G. Wang.Serum Exosomal MicroRNAs as Potential
Circulating Biomarkers for Endometriosis.Dis Markers 2020; 2020: p. 2456340.



Page 13/16

31. Sticht, C., C. De La Torre, A. Parveen, and N. Gretz.miRWalk: An online resource for prediction of
microRNA binding sites.PLoS One 2018; 13: p. e0206239.

32. McGeary, S.E., K.S. Lin, C.Y. Shi, T.M. Pham, N. Bisaria, G.M. Kelley, et al.The biochemical basis of
microRNA targeting e�cacy.Science 2019; 366: p.

33. Chen, Y. and X. Wang.miRDB: an online database for prediction of functional microRNA
targets.Nucleic Acids Res 2020; 48: p. D127-d131.

34. Rouillard, A.D., G.W. Gundersen, N.F. Fernandez, Z. Wang, C.D. Monteiro, M.G. McDermott, et al.The
harmonizome: a collection of processed datasets gathered to serve and mine knowledge about
genes and proteins.Database (Oxford) 2016; 2016: p.

35. Shannon, P., A. Markiel, O. Ozier, N.S. Baliga, J.T. Wang, D. Ramage, et al.Cytoscape: a software
environment for integrated models of biomolecular interaction networks.Genome Res 2003; 13: p.
2498-504.

3�. Kanehisa, M., M. Furumichi, Y. Sato, M. Ishiguro-Watanabe, and M. Tanabe.KEGG: integrating viruses
and cellular organisms.Nucleic Acids Res 2021; 49: p. D545-d551.

Figures

Figure 1
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62 differentially expressed miRNAs: A) Fold change and p-value of all the miRNAs. The non-signi�cant
miRNAs are marked with grey, up-regulated miRNAs are marked with red and down-regulated miRNAs are
marked with blue. B) tSNE cluster analysis of two groups. C) Heatmap of 62 differentially expressed
miRNAs. The red represents highly expressed while the blue represents the least expressed miRNAs.

Figure 2

KEGG pathway enrichment analyses of all the DEMs: A) KEGG pathway enrichment analyses of up-
regulated DEMs; B) KEGG pathway enrichment analyses of down-regulated DEMs.
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Figure 3

KEGG pathway enrichment analyses of each DEM: A) KEGG pathway enrichment analyses of up-
regulated DEMs); B) KEGG pathway enrichment analyses of down-regulated DEMs. 
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Figure 4

Differentially expressed miRNAs among different types of Hirschsprung's disease. A) Heatmap of 12
DEMs between TCA and other types of HSCR. B) Heatmap of 4 of the 12 DEMs that were differentially
expressed between TCA and other types of HSCR. C) Interaction network analysis of 3 miRNAs.


