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Abstract: Hirschsprung disease (HSCR) is a neurocristopathy defined by intestinal aganglionosis
due to alterations during the development of the Enteric Nervous System (ENS). A wide spectrum of
molecules involved in different signaling pathways and mechanisms have been described in HSCR
onset. Among them, epigenetic mechanisms are gaining increasing relevance. In an effort to better
understand the epigenetic basis of HSCR, we have performed an analysis for the identification of
long non-coding RNAs (IncRNAs) by qRT-PCR in enteric precursor cells (EPCs) from controls and
HSCR patients. We aimed to test the presence of a set IncRNAs among 84 IncRNAs in human EPCs,
which were previously related with crucial cellular processes for ENS development, as well as to
identify the possible differences between HSCR patients and controls. As a result, we have determined
a set of IncRNAs with positive expression in human EPCs that were screened for mutations using the
exome data from our cohort of HSCR patients to identify possible variants related to this pathology.
Interestingly, we identified three IncRNAs with different levels of their transcripts (SOCS2-AS,
MEG3 and NEAT1T) between HSCR patients and controls. We propose such IncRNAs as possible
regulatory elements implicated in the onset of HSCR as well as potential biomarkers of this pathology.

Keywords: gastrointestinal tract; Hirschsprung disease; enteric nervous system; stem cells;
neural crest cells; enteric precursor cells; epigenetic mechanisms; long noncoding RNA

1. Introduction

Hirschsprung disease (HSCR:OMIM 142623), or congenital megacolon, is the most common
neurocristopathy in humans, and it is considered a rare disease with an incidence of ~1/5000 live
births [1]. HSCR is characterized by the absence of the enteric ganglia due to a failure in proliferation,
survival, migration and/or differentiation of the enteric neural crest cells (ENCCs) avoiding the
colonization of the distal intestine [2]. Up to 5-20% of cases have been described to be familial with
either an autosomal dominant or recessive pattern of inheritance, though most of cases are sporadic,
showing a complex inheritance pattern with low, sex-dependent penetrance and variable expression.
HSCR mainly appears as isolated forms (70%), and the remaining cases (30%) present with other clinical
manifestations (syndromic HSCR). Based on the length of the affected region, different phenotypes have
been established: short-segment (S-HSCR), where aganglionosis is limited up to the upper sigmoid
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colon, and long-segment (L-HSCR), when the aganglionosis exceeds the splenic flexure, including the
total colonic aganglionosis (TCA) and total intestinal aganglionosis (TIA) forms [3].

For most isolated and sporadic forms, a complex genetic basis has been proposed, where the
presence of several genetic variants acting in an additive or multiplicative manner leads to the
disease [4]. The RET proto-oncogene (OMIM 164761) is the main gene associated with HSCR [5-7],
although there are many other genes related to the disease, among which most are involved in the
development of the Enteric Nervous System (ENS) [8].

The development of ENS is a process highly regulated by a large number of molecules,
signaling pathways and different mechanisms. As a consequence, ENS formation requires an exhaustive
control at those different levels, and alterations at any of them may result in the onset of HSCR.
In this sense, the epigenetic mechanisms play an important role on the establishment of the specific
gene expression patterns in many biological processes, constituting an emerging research area in the
study of ENS development and specifically in HSCR [9].

Epigenetic processes are defined as “the structural adaptation of chromosomal regions so as to
register, signal or perpetuate altered activity state” [10]. Changes at this level are mainly stable but,
although they are transmitted along generations, the relevant influence of the environment has also been
shown [11]. Among the different epigenetic mechanisms (DNA methylation, histone modifications,
polycomb repression, ATP-dependent chromatin remodeling, non-coding RNA) [10,12-15], this study
is focused on the analysis on non-coding RNA, specifically long non-coding RNAs (IncRNAs).
LncRNAs are transcripts with a length greater than 200 nucleotides and carry out a crucial regulatory
role on gene expression at different levels (epigenetic, transcriptional, translational, post-transcriptional
and post-translational) in many biological processes through different mechanisms (interacting with
mRNA, DNA, protein and miRNA) [13,16]. These molecules have been widely related to different
pathologies, especially in cancer, and in this case it is worth noting those that affect the nervous system,
as is the case of the ENS that results in the appearance and progression of HSCR. These molecules
have acquired an important role as biomarkers in this pathology, hence the interest in studying
them [9,17-20].

Enteric precursor cells (EPCs) isolated from human postnatal intestinal tissue is a robust tool for
studying the development of ENS. These cells grow in clusters known as neurosphere-like bodies
(NLBs) and include stem cells with their progeny derived from the neural crest. It has been described
that the EPCs contained in the NLBs can be transplanted into the aganglionic intestine to restore their
contractile properties [21,22]. In addition, in previous studies we validated EPC cultures for the study
of the ENS and HSCR through different methodological approaches [23,24]. Therefore, the use of
human EPCs is a “more physiological” tool than cell lines and a better system than gut tissue to study
the regulatory mechanisms and implicated molecules during embryonic ENS development.

It would be worthy to note that the current tests for the diagnosis of HSCR have both advantages
and disadvantages in availability, technique difficulty, radiation exposure and invasiveness [25].
In this sense, new diagnostic tools, such as the use of biomarkers, are being developed to try to solve
such inconvenience, IncRNAs being one of the molecules analyzed in HSCR context [26].

In this study, unlike other previous assays, we have used EPCs from HSCR patients and controls
for the first time to perform an analysis by qRT-PCR of a set of 84 IncRNAs, in order to identify new
IncRNAs associated with ENS development and to evaluate their potential role in this pathology.

2. Results

2.1. LncRNA in Human EPCs

From the 84 IncRNAs analyzed with the Human Cell Development & Differentiation RT2 IncRNA
PCR Array, 13 of them (DANCR, GAS5, IPW, HOTAIRM1, MEG3, NEAT1, NR2F1-AS1, NCBP2-AS2,
OIP5- AS1, SNHGS, TUG1, ZFAS1, SOCS2-AS1) showed a presence of their transcripts (Figure 1)
in human EPCs (Table 1). Except for MEG3, all the remaining IncRNAs had not been previously
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described to be associated to HSCR. This result led us to consider that these 13 IncRNAs could play a

role in ENS formation and therefore in HSCR.
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Figure 1. Long non-coding RNAs (LncRNAs) significantly present in human enteric precursor cells

(EPCs). Representative heat map of the qRT-PCR experiments in human EPCs. The heat map shows

the positive (red) or negative (blue) expression levels of IncRNA in human EPCs. Arrow and asterisk

indicate the 13 IncRNA with a statistically significant presence. The color scale represents the ACt plus,

shown on the right side. Cycle threshold (Ct) = 34.
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Table 1. LncRNAs identified in human EPCs.
LncRNA Function Associated Diseases Bibliography
DANCR Negatn./e regu.latlor of Bone Disease and Osteoporosis. [27-30]
cell differentiation
Cellular growth arrest and Inflammatory Bowel Disease and
GAS5 . . . . [31-34]
apoptosis/Embryonic development Autoimmune Disease.
Role in the imprinting -
IPW process/Differentiation Prader-Willi SyndrF) me and [35,36]
Chromosomal Disease.
and development
HOTAIRM1 Cell-fate programming Leukemia and Par}creatlc [37-39]
and reprogramming Ductal Adenocarcinoma.
Cell-fate programming and
reprogramming/Mesenchymal stem Hirschsprung disease,
MEG3 cells and osteoblast Kagami-Ogata Syndrome and [40-43]
differentiation/Skeletal Functionless Pituitary Adenoma.
muscle development
Transcribed from the multiple
endocrine neoplasia locus/Skeletal Dengue Disease and
NEAT1 muscle development/Embryonic Relapsing-Remitting [44-49]
stem cell pluripotency and Multiple Sclerosis.
differentiation/Neurogenesis
Promoted cell proliferation and Rhabdomyosarcoma and
NR2F1-AS1 migration/Embryonic development Hepatocellular Carcinoma. [50-521
OIP5-AS1 Mamt:funs cell proliferation in . Hepatoblastoma and Glioma. [53-56]
embryonic stem cells/Neurogenesis
Epstein—Barr Virus-Associated
SNHGS8 miCillglar:‘ /lg\Ir ov:th arrlldi Gastric Carcinoma and Malignant [57-59]
gratiof/neurogeness Pleural Mesothelioma.
Epigenetic regulation of
tr?ﬁiﬁzorghzgigﬁl r?tfé:;:;on Intrahepatic Cholangiocarcinoma
TUuG1 POy ) Tep and Relapsing-Remitting [60-63]
complex/Embryonic stem cell . .
. Multiple Sclerosis.
pluripotency and
differentiation/Neurogenesis
. L Breast Ductal Carcinoma and
ZFAS1 Differentiation and development Rheumatoid Arthritis. [64-66]
SOCS2-AS1 Neurogenesis Prostate Cancer. [67-69]
NCBP2-AS2 Embryonic development Lung cancer and Osteoporosis [70-72]

2.2. LncRNAs with Differential Leves in EPCs from HSCR Patients

Among the 13 IncRNAs identified in the human EPCs (controls), we wanted to look for possible
alterations at their transcript levels in the EPCs from HSCR patients (HSCR-EPCs). With this aim,
we performed a comparative qRT-PCR analysis between EPCs from HSCR patients and controls.
Three of them showed a different profile between HSCR patients and controls (SOCS2-AS1, MEG3 and

NEATT) (Figure 2).

2.3. Identification of IncRNA Variants in the Exomes from HSCR Patients

To evaluate the involvement of these molecules in HSCR by alternative mechanisms other than
their expression level, the search of potential pathogenic sequence variants was performed in the
IncRNAs expressed in EPCs, through the analysis of the Whole Exome Sequencing (WES) data from
56 HSCR patients from our cohort. As a result, a group of rare variants with minor allele frequency
(MAF) <0.01 in MEG3, NEAT1 and ZFAS1 was identified in four different unrelated patients (Table 2).

The remaining variants are available under request.
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Figure 2. LncRNAs with different transcript levels in Hirschsprung disease enteric precursor cells
(HSCR-EPCs). (A) The Heat map represents the differential transcript levels of the IncRNA in
HSCR-EPCs, the upregulation (red) and downregulation (blue) are shown. The color scale indicates the
ACt plus, shown on the right side. Ct = 34. (B) Graphics show the percentages of transcript level of each
IncRNA (SOC2-AS1, MEG3 and NEAT1) in EPCs from HSCR patients and controls. * p value < 0.05,
** p value < 0.01 and *** p value < 0.001.
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Table 2. Sequence variants (MAF < 0.01) determined in IncRNAs identified in human EPCs.

6 of 13

Variants in Other

Patient ID Genes RefSeq Variants (Genomic Location) Variants (Gene Location) rs Phenotype HSCR-Genes
8079 MEG3 NR_002766.1 chrl4: g.101324644C > T n.1242-2384C > T rs11624207 S.HSCR -
ZFAS1 NR_003604.2 chr20: g. 47905844 A > C n.*47A > C (downstream) - -
chr20: ¢.1050-176_1050-174del ATA
ZFAS1,KCNBI1 XM_001716063.1 T . - NTF3 (NM_002527)
4217 g.47956681_47956683del ATA (intergenic) S-HSCR 226G > A (rs540320780)
MEG3 NR_002766.2 chrl4: g.101302678G>T n.1183 + 41G >T (intronic) 15147149937
chril: EDNRB: (NM_000115)
. * *, : _
16987 NEAT 1 NR_002802.1 ¢.65211817_65211818insG n.*4662_*4663insG (513[6160((]32;6}"7)
chr20: 1050-182_1050-174del
4678 ZFAS1,KCNB1 XM_001716063.1 2.47956675_47956683del « y N rs530512526 S-HSCR -

ATAATAATA

ATAATAATA (intergenic)
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3. Discussion

Much evidence suggests a relationship between IncRNAs and HSCR, all based on the comparative
expression assays of specific IncRNAs in bowel tissue from HSCR patients and controls [73-78]. In our
study we have performed a differential gRT-PCR assay in the EPCs from HSCR patients and controls,
which has allowed us to identify new IncRNAs as potential regulatory elements implicated in ENS
development and HSCR onset.

Among the 13 identified IncRNAs in human EPCs, 10 of them (DANCR, GAS5, IPW, HOTAIRM]1,
NR2F1-AS1, NCBP2-AS2, OIP5-AS1, SNHGS8, TUGI1 and ZFAS1) did not show differential levels
in the HSCR-EPCs. Despite this fact, most of them have been related to crucial cellular processes
for ENS formation (proliferation, survival, migration and differentiation) [27,31,35,50,53,57,60,64].
Inaddition, TUG1 is a IncRNA that binds to Polycomb Repressive Complex 1 and 2 (PRC 1 and 2) [62,63].
In this sense, AEBP2 and EED are components of PCR2, and both proteins have been related to HSCR.
The heterozygous Aebp2 mutant mice showed HSCR-like phenotype, while EED was observed to be
upregulated in HSCR patients [79,80]. Taking all this information into account, such IncRNAs might
be considered as regulatory elements in ENS development and could be implicated in the onset of
HSCR, although additional studies are needed to demonstrate this hypothesis.

More interestingly, SOCS2-AS1, MEG3 and NEAT1 showed different transcript levels between
EPCs from HSCR patients and controls. Particularly, SOCS2-AS1 was significantly downregulated in
HSCR patients. This IncRNA has been described in relation with prostate cancer and retinal Miiller
cell immune responses and has also been identified as a biomarker in coronary artery disease [67-69].
In this sense, SOCS2-AS1 would be a good candidate for further consideration as a gene related to the
onset of HSCR and, therefore, of great interest to continue investigating in this line.

Regarding MEG3 (significantly upregulated in our study), it has already been described as
a potentially related IncRNA with HSCR. In contrast with our results, in another study it was
downregulated in gut tissue from HSCR patients, although it was not specified if authors used
ganglionic or aganglionic tissues [40]. In our study we have used HSCR-EPCs from the ganglionic gut
region of HSCR patients, which could explain such different outcomes.

In addition, we have identified two variants n.1242-2384C > T (rs11624207) and n.1183 + 41G > T
(rs147149937) in MEG3 in two different S-HSCR patients. Both patients also carried variants in specific
regions (downstream and intergenic) of another identified IncRNA in human EPCs, ZFAS1 (n.*47A > C
and c.1050-176_1050-174del ATA respectively). Moreover, a variant was previously located in one of
these patients in a HSCR-related gene, NTF3 (c.226G > A; G76R) [81]. These variants alone do not
justify the HSCR phenotype, but our results (different transcript levels/sequence variants) may point
out the implication of MEG3 in ENS development and the onset of HSCR.

Finally, NEAT1 was upregulated in our study, and a previously not described variant
(n.*4662_*4663insG) was identified in its sequence in one S-HSCR patient. This patient carries another
variant in a HSCR-related gene, EDNRB (c.466C > T; P156S) [82]. Specifically, this IncRNA has been
widely related with cancer and, to a lesser extent, with neurogenesis [45]. This process, which involves
the generation of neurons, is essential for the correct formation of ganglions during ENS development.
Therefore, all this evidence leads us to suggest that NEAT1 may have a role in the HSCR context.

In summary, we report here the presence of a set of IncRNAs in human EPCs, as well as propose the
possible role of two of them (SOX2-AS1 and NEAT1) in the initiation of HSCR. Furthermore, our results
support the involvement of MEG3 in this pathology. Numerous studies about IncRNAs as biomarkers
for the molecular diagnosis of different human diseases can be found in the existing bibliography.
In this sense, SOCS2-AS1 and NEAT1 may serve as new biomarkers for molecular diagnosis in this
pathology, as well as MEG3 previously related with HSCR. It is interesting to highlight that this study
has contributed to the knowledge of the epigenetic basis of HSCR and has again shown the important
role that epigenetic regulators play in the development of ENS and the initiation of HSCR.
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4. Material and Methods

4.1. Enteric Precursor Cells Culture Obtained from Human

Enteric precursor cells were extracted from human postnatal tissues of the ganglionic gut region
from 16 sporadic, non-related patients diagnosed with HSCR (2 L-HSCR, 13 S-HSCR, 1 TCA; 12 male,
4 female) as well as from 5 controls (3 male, 2 female) who were patients without ENS alteration,
and the gut resection was necessary (anorectal malformations). The isolation of EPCs from both types
of patients was performed following the protocol established by Ruiz-Ferrer et al. [23]. Human EPCs
were cultured as neurosphere-like bodies. From all the human participants or their guardians,
written informed consent for surgery, clinical and molecular genetic studies was obtained. The Ethics
Committee for Research of the University Hospital Virgen del Rocio, Seville, Spain, approved
this study (Project identification code: 1509-N-16 (December 2015), 2149-N-19 (December 2019)
and 20191220134633-1 (October 2019, which complies with the tenets of the declaration of Helsinki.

4.2. Analysis of IncRNA Expression in Human EPCs

The qRT-PCR assay was used to quantify the expression level of the IncRNAs from human EPCs.
RNA was isolated and cDNA was synthesized using tMACS mRNA Isolation Kit and pfMACS cDNA
Synthesis Kit in a thermo MAKSTM Separator (MACS Miltenyi Biotech, Bergisch Gladbach, Germany)
and RNAeasy Micro kit and RT? First Strand kit (Qiagen, Dusseldorf Germany). Expression study was
performed on RT? IncRNA PCR Array Human Cell Development & Differentiation using individual
assays of the selected IncRNAs (Qiagen, Dusseldorf, Germany)) in an Applied Biosystems 7900HT
and 7500HT systems respectively (Life Technologies, USA) with Sybr green method. Data analysis
was carried out using the RQ Manager Software (Life Technologies, New York, NY, USA). ACTB or
GAPDH was used as endogenous control. Following the software recommendations, the upper limit
of the cycle threshold (Ct) was set to 34. We considered positive expression exclusively when Ct values
were lower than such value.

4.3. Analysis of IncRNA Coding Sequence in HSCR Patients

The sequence of IncRNAs expressed in human EPCs was analyzed in the exomes from 56 HSCR
patients (39 sporadic and 17 familial cases) for the identification of variants related to this pathology [83].
The resulting variants in relation with HSCR (Single Nucleotide Variants, SNVs, and short insertions
or deletions, Indels) were annotated using Annovar (hgl9 Refgene) (http://wannovar.wglab.org/index.
php). The MAF value of the variants was searched in a Spanish population variant server web page
(CIBERER Spanish Variant Server, CSVS, publicly available http://csvs.babelomics.org/) [84].

4.4. Statistical Analysis

Expression data are presented as the mean + SEM (Standard Error Mean) of values obtained from
at least three experiments. Comparisons between values of expression level obtained in EPCs from
controls and HSCR patients were analyzed using the Student’s t test. Differences were considered
significant when p value < 0.05.
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Abbreviations

LncRNA Long non-coding RNA

ENS Enteric Nervous System

EPCs Enteric Precursor Cells

HSCR Hirschsprung disease

L-HSCR Long-segment HSCR

S-HSCR Short-segment HSCR

TCA Total Colonic Aganglionosis

TIA Total Intestinal Aganglionosis

ENCCs Enteric Neural Crest Cells

PRC Polycomb Repressive Complex

qRT-PCR Quantitative real-time PCR

mRNA Messenger RNA

Ct Cycle Threshold

ACt Plus Delta Ct Plus global control mean

WES Whole Exome Sequencing

MAF Minor Allele Frequency

SNVs Single Nucleotide Variants

Indels Short Insertions or Deletions

References

1. Badner, J.A.; Sieber, WK.; Garver, K.L.; Chakravarti, A. A genetic study of Hirschsprung disease. Am. J.
Hum. Genet. 1990, 46, 568-580. [PubMed]

2. Lake, J.I.; Heuckeroth, R.O. Enteric nervous system development: Migration, differentiation, and disease.
Am. |. Physiol. Gastrointest. Liver Physiol. 2013, 305, G1-G24. [CrossRef] [PubMed]

3. Amiel, J.; Sproat-Emison, E.; Garcia-Barcelo, M.; Lantieri, F; Burzynski, G.; Borrego, S.; Pelet, A.; Arnold, S.;
Miao, X.; Griseri, P; et al. Hirschsprung disease, associated syndromes and genetics: A review. . Med. Genet.
2008, 45, 1-14. [CrossRef] [PubMed]

4. Heuckeroth, R.O.; Schafer, K.H. Gene-environment interactions and the enteric nervous system:
Neural plasticity and Hirschsprung disease prevention. Dev. Biol. 2016, 417, 188-197. [CrossRef]

5. Schuchardt, A.; D’Agati, V.; Larsson-Blomberg, L.; Costantini, F; Pachnis, V. Defects in the kidney and enteric
nervous system of mice lacking the tyrosine kinase receptor Ret. Nature 1994, 367, 380-383. [CrossRef]

6. Emison, E.S.; Garcia-Barcelo, M.; Grice, E.A.; Lantieri, F.; Amiel, J.; Burzynski, G.; Fernandez, R.M.; Hao, L.;
Kashuk, C.; West, K.; et al. Differential contributions of rare and common, coding and noncoding Ret
mutations to multifactorial Hirschsprung disease liability. Am. J. Hum. Genet. 2010, 87, 60-74. [CrossRef]

7. Kashuk, C.S,; Stone, E.A ; Grice, E.A.; Portnoy, M.E.; Green, E.D.; Sidow, A.; Chakravarti, A.; McCallion, A.S.
Phenotype-genotype correlation in Hirschsprung disease is illuminated by comparative analysis of the RET
protein sequence. Proc. Natl. Acad. Sci. USA 2005, 102, 8949-8954. [CrossRef]

8.  Luzon-Toro, B.; Villalba-Benito, L.; Torroglosa, A.; Fernandez, R.M.; Antinolo, G.; Borrego, S. What is new
about the genetic background of Hirschsprung disease? Clin. Genet. 2019, 97, 114-124. [CrossRef]

9.  Torroglosa, A.; Villalba-Benito, L.; Luzon-Toro, B.; Fernandez, R.M.; Antinolo, G.; Borrego, S. Epigenetic
Mechanisms in Hirschsprung Disease. Int. J. Mol. Sci. 2019, 20, 3123. [CrossRef]

10. Bird, A. DNA methylation patterns and epigenetic memory. Genes Dev. 2002, 16, 6-21. [CrossRef]

11. Calvanese, V.; Lara, E.; Fraga, M.E. Epigenetic code and self-identity. Adv. Exp. Med. Biol. 2012, 738, 236-255.
[PubMed]

12.  Berger, S.L. The complex language of chromatin regulation during transcription. Nature 2007, 447, 407—412.
[CrossRef] [PubMed]

13. Cao, ]J. The functional role of long non-coding RNAs and epigenetics. Biol. Proced. Online 2014, 16, 11.

[CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/2309705
http://dx.doi.org/10.1152/ajpgi.00452.2012
http://www.ncbi.nlm.nih.gov/pubmed/23639815
http://dx.doi.org/10.1136/jmg.2007.053959
http://www.ncbi.nlm.nih.gov/pubmed/17965226
http://dx.doi.org/10.1016/j.ydbio.2016.03.017
http://dx.doi.org/10.1038/367380a0
http://dx.doi.org/10.1016/j.ajhg.2010.06.007
http://dx.doi.org/10.1073/pnas.0503259102
http://dx.doi.org/10.1111/cge.13615
http://dx.doi.org/10.3390/ijms20133123
http://dx.doi.org/10.1101/gad.947102
http://www.ncbi.nlm.nih.gov/pubmed/22399383
http://dx.doi.org/10.1038/nature05915
http://www.ncbi.nlm.nih.gov/pubmed/17522673
http://dx.doi.org/10.1186/1480-9222-16-11
http://www.ncbi.nlm.nih.gov/pubmed/25276098

Int. J. Mol. Sci. 2020, 21, 5534 10 0of 13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Muchardt, C.; Yaniv, M. When the SWI/SNF complex remodels... the cell cycle. Oncogene 2001, 20, 3067-3075.
[CrossRef]

van der Velden, Y.U.; Wang, L.; Querol Cano, L.; Haramis, A.P. The polycomb group protein ringlb/rnf2 is
specifically required for craniofacial development. PLoS ONE 2013, 8, €73997. [CrossRef]

Zhang, X.; Wang, W.; Zhu, W.; Dong, J.; Cheng, Y.; Yin, Z.; Shen, F. Mechanisms and Functions of Long
Non-Coding RNAs at Multiple Regulatory Levels. Int. . Mol. Sci. 2019, 20, 5573. [CrossRef]

Rogers, ].M. Search for the missing Incs: Gene regulatory networks in neural crest development and long
non-coding RNA biomarkers of Hirschsprung’s disease. Neurogastroenterol. Motil. 2016, 28, 161-166.
[CrossRef]

Niu, X.; Xu, Y.; Gao, N.; Li, A. Weighted Gene Coexpression Network Analysis Reveals the Critical IncRNAs
and mRNAs in Development of Hirschsprung’s Disease. J. Comput. Biol. 2020, 27, 1115-1129. [CrossRef]
Cholewa-Waclaw, J.; Bird, A.; von Schimmelmann, M.; Schaefer, A.; Yu, H.; Song, H.; Madabhushi, R.;
Tsai, L.H. The Role of Epigenetic Mechanisms in the Regulation of Gene Expression in the Nervous System.
J. Neurosci. Off. ]. Soc. Neurosci. 2016, 36, 11427-11434.

Chandra Gupta, S.; Nandan Tripathi, Y. Potential of long non-coding RNAs in cancer patients:
From biomarkers to therapeutic targets. Int. J. Cancer 2017, 140, 1955-1967. [CrossRef]

Lindley, R M.; Hawcutt, D.B.; Connell, M.G.; Edgar, D.H.; Kenny, S.E. Properties of secondary and tertiary
human enteric nervous system neurospheres. . Pediatric Surg. 2009, 44, 1249-1255. [CrossRef] [PubMed]
Rauch, U.; Hansgen, A.; Hagl, C.; Holland-Cunz, S.; Schéfer, K.H. Isolation and cultivation of neuronal
precursor cells from the developing human enteric nervous system as a tool for cell therapy in dysganglionosis.
Int. J. Colorectal Dis. 2006, 21, 554-559. [CrossRef] [PubMed]

Ruiz-Ferrer, M.; Torroglosa, A.; Nunez-Torres, R.; de Agustin, J.C.; Antinolo, G.; Borrego, S. Expression of
PROKR1 and PROKR2 in human enteric neural precursor cells and identification of sequence variants
suggest a role in HSCR. PLoS ONE 2011, 6, €23475. [CrossRef] [PubMed]

Torroglosa, A.; Villalba-Benito, L.; Fernandez, RM.; Moya-Jimenez, M.].; Antinolo, G.; Borrego, S.
Dnmt3b knock-down in enteric precursors reveals a possible mechanism by which this de novo
methyltransferase is involved in the enteric nervous system development and the onset of Hirschsprung
disease. Oncotarget 2017, 8, 106443-106453. [CrossRef] [PubMed]

de Lorijn, F; Kremer, L.C.; Reitsma, J.B.; Benninga, M. A. Diagnostic tests in Hirschsprung disease: A systematic
review. J. Pediatric Gastroenterol. Nutr. 2006, 42, 496-505. [CrossRef] [PubMed]

Sparber, P; Filatova, A.; Khantemirova, M.; Skoblov, M. The role of long non-coding RNAs in the pathogenesis
of hereditary diseases. BMC Med. Genom. 2019, 12, 42. [CrossRef] [PubMed]

Zhang, L.; Yang, C.; Chen, S.; Wang, G.; Shi, B.; Tao, X.; Zhou, L.; Zhao, ]. Long Noncoding RNA DANCR Is a
Positive Regulator of Proliferation and Chondrogenic Differentiation in Human Synovium-Derived Stem
Cells. DNA Cell Biol. 2017, 36, 136-142. [CrossRef]

Peng, S.; Cao, L.; He, S.; Zhong, Y.; Ma, H.; Zhang, Y.; Shuai, C. An Overview of Long Noncoding RNAs
Involved in Bone Regeneration from Mesenchymal Stem Cells. Stem Cells Int. 2018, 2018, 8273648. [CrossRef]
Zhang, J.; Tao, Z.; Wang, Y. Long non-coding RNA DANCR regulates the proliferation and osteogenic
differentiation of human bone-derived marrow mesenchymal stem cells via the p38 MAPK pathway. Int. J.
Mol. Med. 2018, 41, 213-219. [CrossRef]

Tong, X.; Gu, P.C.; Xu, S.Z; Lin, X.J. Long non-coding RNA-DANCR in human circulating monocytes:
A potential biomarker associated with postmenopausal osteoporosis. Biosci. Biotechnol. Biochem. 2015, 79,
732-737. [CrossRef]

Coccia, E.M.; Cicala, C.; Charlesworth, A.; Ciccarelli, C.; Rossi, G.B.; Philipson, L.; Sorrentino, V. Regulation
and expression of a growth arrest-specific gene (gas5) during growth, differentiation, and development.
Mol. Cell. Biol. 1992, 12, 3514-3521. [CrossRef] [PubMed]

Caldwell, K.K.; Hafez, A.; Solomon, E.; Cunningham, M.; Allan, A.M. Arsenic exposure during embryonic
development alters the expression of the long noncoding RNA growth arrest specific-5 (Gas5) in a
sex-dependent manner. Neurotoxicol. Teratol. 2018, 66, 102-112. [CrossRef]

Lucafo, M.; Pugnetti, L.; Bramuzzo, M.; Curci, D.; Di Silvestre, A.; Marcuzzi, A.; Bergamo, A.; Martelossi, S.;
Villanacci, V.; Bozzola, A.; et al. Long Non-Coding RNA GAS5 and Intestinal MMP2 and MMP9 Expression:
A Translational Study in Pediatric Patients with IBD. Int. ]. Mol. Sci. 2019, 20, 5280. [CrossRef]


http://dx.doi.org/10.1038/sj.onc.1204331
http://dx.doi.org/10.1371/journal.pone.0073997
http://dx.doi.org/10.3390/ijms20225573
http://dx.doi.org/10.1111/nmo.12776
http://dx.doi.org/10.1089/cmb.2019.0261
http://dx.doi.org/10.1002/ijc.30546
http://dx.doi.org/10.1016/j.jpedsurg.2009.02.048
http://www.ncbi.nlm.nih.gov/pubmed/19524749
http://dx.doi.org/10.1007/s00384-005-0051-z
http://www.ncbi.nlm.nih.gov/pubmed/16267668
http://dx.doi.org/10.1371/journal.pone.0023475
http://www.ncbi.nlm.nih.gov/pubmed/21858136
http://dx.doi.org/10.18632/oncotarget.22473
http://www.ncbi.nlm.nih.gov/pubmed/29290961
http://dx.doi.org/10.1097/01.mpg.0000214164.90939.92
http://www.ncbi.nlm.nih.gov/pubmed/16707970
http://dx.doi.org/10.1186/s12920-019-0487-6
http://www.ncbi.nlm.nih.gov/pubmed/30871545
http://dx.doi.org/10.1089/dna.2016.3544
http://dx.doi.org/10.1155/2018/8273648
http://dx.doi.org/10.3892/ijmm.2017.3215
http://dx.doi.org/10.1080/09168451.2014.998617
http://dx.doi.org/10.1128/MCB.12.8.3514
http://www.ncbi.nlm.nih.gov/pubmed/1630459
http://dx.doi.org/10.1016/j.ntt.2017.11.003
http://dx.doi.org/10.3390/ijms20215280

Int. J. Mol. Sci. 2020, 21, 5534 110f13

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Mayama, T.; Marr, A.K.; Kino, T. Differential Expression of Glucocorticoid Receptor Noncoding RNA
Repressor Gas5 in Autoimmune and Inflammatory Diseases. Horm. Metab. Res. 2016, 48, 550-557. [CrossRef]
[PubMed]

Park, SW.; Kim, J.; Park, ]J.L.; Ko, J.Y,; Im, 1.; Do, H.S.; Kim, H.; Tran, N.T.; Lee, S.H.; Kim, Y.S.; et al.
Variable allelic expression of imprinted genes in human pluripotent stem cells during differentiation into
specialized cell types in vitro. Biochem. Biophys. Res. Commun. 2014, 446, 493-498. [CrossRef] [PubMed]
Wevrick, R.; Kerns, J.A.; Francke, U. Identification of a novel paternally expressed gene in the Prader-Willi
syndrome region. Hum. Mol. Genet. 1994, 3, 1877-1882. [CrossRef]

Diaz-Beya, M.; Brunet, S.; Nomdedéu, J.; Pratcorona, M.; Cordeiro, A.; Gallardo, D.; Escoda, L.; Tormo, M.;
Heras, I; Ribera, ].M.; et al. The lincRNA HOTAIRM], located in the HOXA genomic region, is expressed in
acute myeloid leukemia, impacts prognosis in patients in the intermediate-risk cytogenetic category, and is
associated with a distinctive microRNA signature. Oncotarget 2015, 6, 31613-31627. [CrossRef]

Rea, J.; Menci, V.; Tollis, P.; Santini, T.; Armaos, A.; Garone, M.G.; Iberite, F.; Cipriano, A.; Tartaglia, G.G.;
Rosa, A.; et al. HOTAIRM1 regulates neuronal differentiation by modulating NEUROGENIN 2 and the
downstream neurogenic cascade. Cell Death Dis. 2020, 11, 527. [CrossRef]

Luo, Y;; He, Y; Ye, X;; Song, J.; Wang, Q.; Li, Y.; Xie, X. High Expression of Long Noncoding RNA HOTAIRM1
is Associated with the Proliferation and Migration in Pancreatic Ductal Adenocarcinoma. Pathol. Oncol.
Res. POR 2019, 25, 1567-1577. [CrossRef]

Li, H,; Li, B.; Zhu, D.; Xie, H.; Du, C;; Xia, Y.; Tang, W. Downregulation of IncRNA MEG3 and miR-770-5p
inhibit cell migration and proliferation in Hirschsprung’s disease. Oncotarget 2017, 8, 69722-69730. [CrossRef]
Wang, Q.; Li, Y,; Zhang, Y.; Ma, L.; Lin, L.; Meng, J.; Jiang, L.; Wang, L.; Zhou, P; Zhang, Y. LncRNA
MEGS3 inhibited osteogenic differentiation of bone marrow mesenchymal stem cells from postmenopausal
osteoporosis by targeting miR-133a-3p. Biomed. Pharmacother. 2017, 89, 1178-1186. [CrossRef] [PubMed]
Butchart, L.C.; Fox, A.; Shavlakadze, T.; Grounds, M.D. The long and short of non-coding RNAs during
post-natal growth and differentiation of skeletal muscles: Focus on IncRNA and miRNAs. Differ. Res.
Biol. Divers. 2016, 92, 237-248. [CrossRef] [PubMed]

Ogata, T.; Kagami, M. Kagami-Ogata syndrome: A clinically recognizable upd(14)pat and related disorder
affecting the chromosome 14q32.2 imprinted region. J. Hum. Genet. 2016, 61, 87-94. [CrossRef] [PubMed]
Yu, X; Li, Z.; Zheng, H.; Chan, M.T.; Wu, W.K. NEAT1: A novel cancer-related long non-coding RNA.
Cell Prolif. 2017, 50, €12329. [CrossRef] [PubMed]

Yan, P; Su, Z.; Zhang, Z.; Gao, T. LncRNA NEAT1 enhances the resistance of anaplastic thyroid carcinoma
cells to cisplatin by sponging miR-9-5p and regulating SPAG9 expression. Int. . Oncol. 2019, 55, 988-1002.
[CrossRef]

Wang, S.; Zuo, H.; Jin, J.; Lv, W,; Xu, Z.; Fan, Y.; Zhang, ].; Zuo, B. Long noncoding RNA Neatl modulates
myogenesis by recruiting Ezh2. Cell Death Dis. 2019, 10, 505. [CrossRef]

Modic, M.; Grosch, M.; Rot, G.; Schirge, S.; Lepko, T.; Yamazaki, T.; Lee, E.C.Y.; Rusha, E.; Shaposhnikov, D.;
Palo, M; et al. Cross-Regulation between TDP-43 and Paraspeckles Promotes Pluripotency-Differentiation
Transition. Mol. Cell 2019, 74, 951-965. [CrossRef]

Pandey, A.D.; Goswami, S.; Shukla, S.; Das, S.; Ghosal, S.; Pal, M.; Bandyopadhyay, B.; Ramachandran, V.;
Basu, N.; Sood, V.; et al. Correlation of altered expression of a long non-coding RNA, NEAT1, in peripheral
blood mononuclear cells with dengue disease progression. J. Infect. 2017, 75, 541-554. [CrossRef]
Dastmalchi, R.; Ghafouri-Fard, S.; Omrani, M.D.; Mazdeh, M.; Sayad, A.; Taheri, M. Dysregulation of long
non-coding RNA profile in peripheral blood of multiple sclerosis patients. Mult. Scler. Relat. Disord. 2018,
25,219-226. [CrossRef]

Guo, F; Fu, Q.; Wang, Y.; Sui, G. Long non-coding RNA NR2F1-AS1 promoted proliferation and migration
yet suppressed apoptosis of thyroid cancer cells through regulating miRNA-338-3p/CCND1 axis. J. Cell.
Mol. Med. 2019, 23, 5907-5919. [CrossRef]

Huang, H.; Chen, J.; Ding, C.M.; Jin, X,; Jia, Z.M.; Peng, J. LncRNA NR2F1-AS1 regulates hepatocellular
carcinoma oxaliplatin resistance by targeting ABCC1 via miR-363. J. Cell. Mol. Med. 2018, 22, 3238-3245.
[CrossRef] [PubMed]

Yu, H; Xu, Q.; Liu, E; Ye, X.; Wang, J.; Meng, X. Identification and validation of long noncoding RNA
biomarkers in human non-small-cell lung carcinomas. ]. Thorac. Oncol. 2015, 10, 645-654. [CrossRef]
[PubMed]


http://dx.doi.org/10.1055/s-0042-106898
http://www.ncbi.nlm.nih.gov/pubmed/27214311
http://dx.doi.org/10.1016/j.bbrc.2014.02.141
http://www.ncbi.nlm.nih.gov/pubmed/24613840
http://dx.doi.org/10.1093/hmg/3.10.1877
http://dx.doi.org/10.18632/oncotarget.5148
http://dx.doi.org/10.1038/s41419-020-02738-w
http://dx.doi.org/10.1007/s12253-018-00570-4
http://dx.doi.org/10.18632/oncotarget.19207
http://dx.doi.org/10.1016/j.biopha.2017.02.090
http://www.ncbi.nlm.nih.gov/pubmed/28320084
http://dx.doi.org/10.1016/j.diff.2016.05.003
http://www.ncbi.nlm.nih.gov/pubmed/27292314
http://dx.doi.org/10.1038/jhg.2015.113
http://www.ncbi.nlm.nih.gov/pubmed/26377239
http://dx.doi.org/10.1111/cpr.12329
http://www.ncbi.nlm.nih.gov/pubmed/28105699
http://dx.doi.org/10.3892/ijo.2019.4868
http://dx.doi.org/10.1038/s41419-019-1742-7
http://dx.doi.org/10.1016/j.molcel.2019.03.041
http://dx.doi.org/10.1016/j.jinf.2017.09.016
http://dx.doi.org/10.1016/j.msard.2018.07.044
http://dx.doi.org/10.1111/jcmm.14386
http://dx.doi.org/10.1111/jcmm.13605
http://www.ncbi.nlm.nih.gov/pubmed/29602203
http://dx.doi.org/10.1097/JTO.0000000000000470
http://www.ncbi.nlm.nih.gov/pubmed/25590602

Int. J. Mol. Sci. 2020, 21, 5534 12 0f13

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Naemura, M.; Kuroki, M.; Tsunoda, T.; Arikawa, N.; Sawata, Y.; Shirasawa, S.; Kotake, Y. The Long Noncoding
RNA OIP5-AS1 Is Involved in the Regulation of Cell Proliferation. Anticancer Res. 2018, 38, 77-81. [PubMed]
Liu, X,; Zheng, J.; Xue, Y,; Yu, H.; Gong, W.; Wang, P,; Li, Z.; Liu, Y. PIWIL3/OIP5-AS1/miR-367-3p/CEBPA
feedback loop regulates the biological behavior of glioma cells. Theranostics 2018, 8, 1084-1105. [CrossRef]
Gharesouran, J.; Taheri, M.; Sayad, A.; Mazdeh, M.; Omrani, M.D. Integrative analysis of OIP5-AS1/HURI1 to
discover new potential biomarkers and therapeutic targets in multiple sclerosis. J. Cell. Physiol. 2019, 234,
17351-17360. [CrossRef]

Zhang, Z.; Liu, F; Yang, F; Liu, Y. Kockdown of OIP5-AS1 expression inhibits proliferation, metastasis
and EMT progress in hepatoblastoma cells through up-regulating miR-186a-5p and down-regulating ZEB1.
Biomed. Pharmacother. 2018, 101, 14-23. [CrossRef]

Liu, J; An, P; Xue, Y.,; Che, D.; Liu, X.;; Zheng, J.; Liu, Y,; Yang, C.; Li, Z; Yu, B. Mechanism of
Snhg8/miR-384/Hoxal3/FAM3A axis regulating neuronal apoptosis in ischemic mice model. Cell Death Dis.
2019, 10, 441. [CrossRef]

Zhen, Y,; Ye, Y.; Wang, H.; Xia, Z.; Wang, B.; Yi, W.; Deng, X. Knockdown of SNHGS repressed the growth,
migration, and invasion of colorectal cancer cells by directly sponging with miR-663. Biomed. Pharmacother.
2019, 116, 109000. [CrossRef]

Liu, J.; Yang, C.; Gu, Y,; Li, C.; Zhang, H.; Zhang, W.; Wang, X.; Wu, N.; Zheng, C. Knockdown of the IncRNA
SNHGS inhibits cell growth in Epstein-Barr virus-associated gastric carcinoma. Cell. Mol. Biol. Lett. 2018, 23,
17. [CrossRef]

Carelli, S.; Giallongo, T.; Rey, F; Latorre, E.; Bordoni, M.; Mazzucchelli, S.; Gorio, M.C.; Pansarasa, O.;
Provenzani, A.; Cereda, C.; et al. HuR interacts with lincBRN1a and lincBRN1b during neuronal stem cells
differentiation. RNA Biol. 2019, 16, 1471-1485. [CrossRef]

Khalil, A.M.; Guttman, M.; Huarte, M.; Garber, M.; Raj, A.; Rivea Morales, D.; Thomas, K.; Presser, A.;
Bernstein, B.E.; van Oudenaarden, A.; et al. Many human large intergenic noncoding RNAs associate
with chromatin-modifying complexes and affect gene expression. Proc. Natl. Acad. Sci. USA 2009, 106,
11667-11672. [CrossRef] [PubMed]

Yang, L.; Lin, C.; Liu, W.; Zhang, J.; Ohgi, K.A.; Grinstein, ].D.; Dorrestein, P.C.; Rosenfeld, M.G. ncRNA- and
Pc2 methylation-dependent gene relocation between nuclear structures mediates gene activation programs.
Cell 2011, 147, 773-788. [CrossRef] [PubMed]

Yue, P; Jing, L.; Zhao, X.; Zhu, H.; Teng, ]J. Down-regulation of taurine-up-regulated gene 1 attenuates
inflammation by sponging miR-9-5p via targeting NF-«B1/p50 in multiple sclerosis. Life Sci. 2019, 233, 116731.
[CrossRef] [PubMed]

Dong, D.; Mu, Z.; Zhao, C.; Sun, M. ZFAS1: A novel tumor-related long non-coding RNA. Cancer Cell Int.
2018, 18, 125. [CrossRef] [PubMed]

Zhang, Z.; Weaver, D.L.; Olsen, D.; deKay, J.; Peng, Z.; Ashikaga, T.; Evans, M.F. Long non-coding RNA
chromogenic in situ hybridisation signal pattern correlation with breast tumour pathology. J. Clin. Pathol.
2016, 69, 76-81. [CrossRef] [PubMed]

Ye, Y,; Gao, X.; Yang, N. LncRNA ZFAS] promotes cell migration and invasion of fibroblast-like synoviocytes
by suppression of miR-27a in rheumatoid arthritis. Hum. Cell 2018, 31, 14-21. [CrossRef] [PubMed]
Misawa, A.; Takayama, K.; Urano, T.; Inoue, S. Androgen-induced Long Noncoding RNA (IncRNA)
SOCS2-AS1 Promotes Cell Growth and Inhibits Apoptosis in Prostate Cancer Cells. J. Biol. Chem. 2016, 291,
17861-17880. [CrossRef]

Rochet, E.; Appukuttan, B.; Ma, Y.; Ashander, L.M.; Smith, ].R. Expression of Long Non-Coding RNAs by
Human Retinal Muller Glial Cells Infected with Clonal and Exotic Virulent Toxoplasma gondii. Noncoding RNA
2019, 5, 48. [CrossRef]

Liang, C.; Zhang, L.; Lian, X.; Zhu, T.; Zhang, Y.; Gu, N. Circulating Exosomal SOCS2-AS1 Acts as a Novel
Biomarker in Predicting the Diagnosis of Coronary Artery Disease. Biomed. Res. Int. 2020, 2020, 9182091.
[CrossRef]

Zhang, H.Y,; Yang, W.; Zheng, ES.; Wang, Y.B.; Lu, ].B. Long non-coding RNA SNHGI regulates zinc finger
E-box binding homeobox 1 expression by interacting with TAp63 and promotes cell metastasis and invasion
in Lung squamous cell carcinoma. Biomed. Pharmacother. 2017, 90, 650-658. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/29277759
http://dx.doi.org/10.7150/thno.21740
http://dx.doi.org/10.1002/jcp.28355
http://dx.doi.org/10.1016/j.biopha.2018.02.026
http://dx.doi.org/10.1038/s41419-019-1631-0
http://dx.doi.org/10.1016/j.biopha.2019.109000
http://dx.doi.org/10.1186/s11658-018-0070-8
http://dx.doi.org/10.1080/15476286.2019.1637698
http://dx.doi.org/10.1073/pnas.0904715106
http://www.ncbi.nlm.nih.gov/pubmed/19571010
http://dx.doi.org/10.1016/j.cell.2011.08.054
http://www.ncbi.nlm.nih.gov/pubmed/22078878
http://dx.doi.org/10.1016/j.lfs.2019.116731
http://www.ncbi.nlm.nih.gov/pubmed/31394128
http://dx.doi.org/10.1186/s12935-018-0623-y
http://www.ncbi.nlm.nih.gov/pubmed/30186041
http://dx.doi.org/10.1136/jclinpath-2015-203275
http://www.ncbi.nlm.nih.gov/pubmed/26323944
http://dx.doi.org/10.1007/s13577-017-0179-5
http://www.ncbi.nlm.nih.gov/pubmed/28721682
http://dx.doi.org/10.1074/jbc.M116.718536
http://dx.doi.org/10.3390/ncrna5040048
http://dx.doi.org/10.1155/2020/9182091
http://dx.doi.org/10.1016/j.biopha.2017.03.104

Int. J. Mol. Sci. 2020, 21, 5534 13 0f 13

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Zhou, D.; Xie, M.; He, B.; Gao, Y.; Yu, Q.; He, B.; Chen, Q. Microarray data re-annotation reveals specific
IncRNAs and their potential functions in non-small cell lung cancer subtypes. Mol. Med. Rep. 2017, 16,
5129-5136. [CrossRef]

Centofanti, F.; Santoro, M.; Marini, M.; Visconti, V.V.; Rinaldi, A.M.; Celi, M.; D’ Arcangelo, G.; Novelli, G.;
Orlandi, A.; Tancredi, V.; et al. Identification of Aberrantly-Expressed Long Non-Coding RNAs in Osteoblastic
Cells from Osteoporotic Patients. Biomedicines 2020, 8, 65. [CrossRef] [PubMed]

Cai, P; Li, H,; Huo, W;; Zhu, H.; Xu, C; Zang, R; Lv, W,; Xia, Y.; Tang, W. Aberrant expression
of LncRNA-MIR31HG regulates cell migration and proliferation by affecting miR-31 and miR-31* in
Hirschsprung’s disease. J. Cell. Biochem. 2018, 119, 8195-8203. [CrossRef] [PubMed]

Chen, G.; Peng, L.; Zhu, Z.; Du, C,; Shen, Z.; Zang, R.; Su, Y,; Xia, Y.; Tang, W. LncRNA AFAP1-AS Functions
as a Competing Endogenous RNA to Regulate RAP1B Expression by sponging miR-181a in the HSCR. Int. .
Med. Sci. 2017, 14, 1022-1030. [CrossRef] [PubMed]

Li, Y;; Zhou, L.; Lu, C.; Shen, Q.; Su, Y.; Zhi, Z.; Wu, F,; Zhang, H.; Wen, Z.; Chen, G.; et al. Long non-coding
RNA FAL1 functions as a ceRNA to antagonize the effect of miR-637 on the down-regulation of AKT1 in
Hirschsprung’s disease. Cell Prolif. 2018, 51, e12489. [CrossRef] [PubMed]

Shen, Z.; Peng, L.; Zhu, Z; Xie, H.; Zang, R.; Du, C.; Chen, G.; Li, H,; Xia, Y.; Tang, W. Downregulated
Expression of Long Non-Coding RNA LOC101926975 Impairs both Cell Proliferation and Cell Cycle and Its
Clinical Implication in Hirschsprung Disease Patients. Int. J. Med. Sci. 2016, 13, 292-297. [CrossRef]

Su, Y.; Wen, Z.; Shen, Q.; Zhang, H.; Peng, L.; Chen, G.; Zhu, Z.; Du, C.; Xie, H.; Li, H.; et al. Long non-coding
RNA LOC100507600 functions as a competitive endogenous RNA to regulate BMI1 expression by sponging
miR128-1-3p in Hirschsprung’s disease. Cell Cycle 2018, 17, 459-467. [CrossRef]

Xie, H.; Zhu, D.; Xu, C.; Zhu, H.; Chen, P; Li, H,; Liu, X,; Xia, Y.; Tang, W. Long none coding RNA
HOTTIP/HOXA13 act as synergistic role by decreasing cell migration and proliferation in Hirschsprung
disease. Biochem. Biophys. Res. Commun. 2015, 463, 569-574. [CrossRef]

Kim, H.; Kang, K.; Ekram, M.B.; Roh, T.Y,; Kim, J. Aebp2 as an epigenetic regulator for neural crest cells.
PLoS ONE 2011, 6, €25174. [CrossRef]

Villalba-Benito, L.; Torroglosa, A.; Fernandez, R.M.; Ruiz-Ferrer, M.; Moya-Jimenez, M.].; Antinolo, G.;
Borrego, S. Overexpression of DNMT3b target genes during Enteric Nervous System development contribute
to the onset of Hirschsprung disease. Sci. Rep. 2017, 7, 6221. [CrossRef]

Ruiz-Ferrer, M.; Fernandez, R.M.; Antinolo, G.; Lopez-Alonso, M.; Borrego, S. NTF-3, a gene involved in the
enteric nervous system development, as a candidate gene for Hirschsprung disease. J. Pediatric Surg. 2008,
43,1308-1311. [CrossRef] [PubMed]

Sanchez-Mejias, A.; Fernandez, R.M.; Lopez-Alonso, M.; Antinolo, G.; Borrego, S. New roles of EDNRB and
EDNB3 in the pathogenesis of Hirschsprung disease. Genet. Med. 2010, 12, 39-43. [CrossRef] [PubMed]
Luzon-Toro, B.; Gui, H.; Ruiz-Ferrer, M.; Sze-Man Tang, C.; Fernandez, R.M.; Sham, P.C.; Torroglosa, A.;
Kwong-Hang Tam, P.; Espino-Paisan, L.; Cherny, S.S.; et al. Exome sequencing reveals a high genetic
heterogeneity on familial Hirschsprung disease. Sci. Rep. 2015, 5, 16473. [CrossRef] [PubMed]

Dopazo, J.; Amadoz, A.; Bleda, M.; Garcia-Alonso, L.; Aleman, A.; Garcia-Garcia, F; Rodriguez, J.A.;
Daub, ].T.; Muntane, G.; Rueda, A.; et al. 267 Spanish Exomes Reveal Population-Specific Differences in
Disease-Related Genetic Variation. Mol. Biol. Evol. 2016, 33, 1205-1218. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3892/mmr.2017.7244
http://dx.doi.org/10.3390/biomedicines8030065
http://www.ncbi.nlm.nih.gov/pubmed/32204466
http://dx.doi.org/10.1002/jcb.26830
http://www.ncbi.nlm.nih.gov/pubmed/29626357
http://dx.doi.org/10.7150/ijms.18392
http://www.ncbi.nlm.nih.gov/pubmed/28924375
http://dx.doi.org/10.1111/cpr.12489
http://www.ncbi.nlm.nih.gov/pubmed/30062828
http://dx.doi.org/10.7150/ijms.14187
http://dx.doi.org/10.1080/15384101.2017.1403688
http://dx.doi.org/10.1016/j.bbrc.2015.05.096
http://dx.doi.org/10.1371/journal.pone.0025174
http://dx.doi.org/10.1038/s41598-017-06539-8
http://dx.doi.org/10.1016/j.jpedsurg.2008.02.076
http://www.ncbi.nlm.nih.gov/pubmed/18639687
http://dx.doi.org/10.1097/GIM.0b013e3181c371b0
http://www.ncbi.nlm.nih.gov/pubmed/20009762
http://dx.doi.org/10.1038/srep16473
http://www.ncbi.nlm.nih.gov/pubmed/26559152
http://dx.doi.org/10.1093/molbev/msw005
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	LncRNA in Human EPCs 
	LncRNAs with Differential Leves in EPCs from HSCR Patients 
	Identification of lncRNA Variants in the Exomes from HSCR Patients 

	Discussion 
	Material and Methods 
	Enteric Precursor Cells Culture Obtained from Human 
	Analysis of lncRNA Expression in Human EPCs 
	Analysis of lncRNA Coding Sequence in HSCR Patients 
	Statistical Analysis 

	References

