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Gli family zinc finger 1 is associated with endothelin
receptor type B in Hirschsprung disease
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Abstract. Hirschsprung disease (HSCR) is a newborn
colorectal disease characterized by an absence of ganglia in
the distal gut. Hedgehog (Hh) and endothelin signaling serve
important roles in gastrointestinal tract formation. Alterations
in the signaling pathways disrupt the development of enteric
neural crest cells (ENCCs). It is not known whether there is
any coordination between these pathways in the pathogenesis
of HSCR. In the present study, tissue samples from 35 patients
with HSCR, including stenotic aganglionosis gut and normal
ganglionic gut, were obtained. The expression of Gli family
zinc finger 1 (Glil) and endothelin receptor type B (EDNRB)
was determined using reverse transcription-quantitative poly-
merase chain reaction, immunohistochemistry and western
blotting. In addition, the SK-N-SH cell line was used to inves-
tigate the association between Hh signaling and the expression
of EDNRB. The results revealed aberrant expression of Glil in
the aganglionic segments, as well as decreased expression of
Glil in tissues from 7 patients with HSCR exhibited, whereas
tissues from 9 patients with HSCR exhibited increased Glil
expression compared with the expression in the normal tissues.
There was a negative association between EDNRB expression
and Glil expression in the same sample. Knockdown of Glil
by small interfering RNA and inhibition of Hh signaling by
Vismodegib in SK-N-SH cells increased EDNRB expression.
By contrast, upregulation of Glil expression by plasmids and
activation of Hh signaling by Purmorphamine decreased
EDNRB expression. Furthermore, premature enteric ganglia
were observed in 4 patients with HSCR with decreased Glil
expression. Thus, the results of the present study suggest
that altered Glil expression negatively regulates EDNRB
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expression in patients with HSCR. The increased expression of
EDNRB induced by decreased Glil expression may represent
a novel mechanism in HSCR.

Introduction

Hirschsprung disease (HSCR) is a congenital digestive disease
with an incidence of ~1/5,000 at birth (1). Distal stenotic
gut and proximal dilated gut are common symptoms of the
disease (2,3), which are caused by abnormal development of
the enteric nervous system (ENS) during embryogenesis (4).
HSCR may be categorized into different phenotypes according
to the aganglionic gut length, including short segment HSCR,
long segment HSCR and total colonic aganglionosis (5). A
number of definitive genes contribute to the migration and
differentiation of enteric neural crest cells, including ret
proto-oncogene (RET), glial cell line derived neurotrophic
factor (GDNF), endothelin 3 (EDN3)/endothelin receptor
type B (EDNRB), Hedgehog (Hh) and sex determining region
Y-box 10 (6-8). However, the complex inheritance patterns of
HSCR remain unclear. Mutations in these susceptibility genes
account for <50% of familial HSCR and a small proportion
of sporadic cases (9). Hence, relevant signaling pathway
cross-talk is likely to contribute to the pathogenesis of HSCR.

The Hh signaling pathway is a highly conserved pathway
that serves a role in the development of organs in a range of
organisms from drosophila to humans; its malfunction is
associated with various diseases, including developmental
diseases and carcinomas (10). The transcriptional factors
of the Gli family in mammals, including GLI family zinc
finger 1 (Glil), Gli2, and Gli3 serve important roles in the
Hh signaling pathway. Glil and Gli2 are primary activators,
which are generally activated by the Hh-Patched-Smoothened
pathway, whereas Gli3 predominantly acts as a transcriptional
repressor (11,12). Hh is a key molecule serving a role in enteric
neural crest cell (ENCC) migration and differentiation and the
pathogenesis of HSCR (13). During gut development, inhibition
of the extracellular matrix protein sonic hedgehog (Shh), which
is derived from gut epithelium, leads to intestinal hypergan-
glionosis (14). In Shh”- and Indian hedgehog” mice, there are
multiple gastrointestinal defects, including malrotation of the
gut as well as smooth muscle and distinct ENS defects (15). It
has been demonstrated that Shh also inhibits ENCC migration
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and differentiation by eliminating the role of GDNF (16).
Similarly, distal aganglionic gut and proximal hypoganglionic
gut were observed with the addition of Shh in organ culture.
Furthermore, the results of a sequencing and functional study
have demonstrated that a novel gain-of-function mutation in Gli
was identified in HSCR and aberrant Gli activity delayed gut
colonization of ENCCs, which account for the HSCR pheno-
type (17). Inconsistencies in the results indicate that the role
served by the Hh signaling pathway in HSCR is complex.

EDNRB belongs to a super-family of G-protein coupled
receptors and is activated by the EDN3 ligand (18). The
EDN3/EDNRB signaling pathway is essential for normal
ENCC migration and differentiation and is generally accepted
as a major susceptibility gene for HSCR (19,20). Mutations
in the EDNRB gene have been linked to HSCR in mice and
humans (21). In EDNRB knockout mice (Ednrb3/<%) ENCC
migration is delayed; the EDNRB specific-antagonist BQ-788
reduced wild-type ENCC mobility and disrupted wavefront
migration (22). A study involving a novel HSCR mouse model
Ednrb™¥*™ which is caused by the L286P mutation in the TM
V domain of the EDNRB, indicated an association between
EDNRB and HSCR (23). Furthermore, active EDNRB
induces HSCR in humans. EDNRB expression is upregulated
in the aganglionosis segment of patients with HSCR and has a
significantly lower ratio of methylation in HSCR (24).

Genetic alterations associated with mutations and expres-
sion levels, are the key components of Hh signaling and
EDN3/EDNRB affect ENCC migration and differentiation,
representing a primary etiology for HSCR (7). Theoretically,
the cumulative effects of several disordered pathways are more
likely to lead to disease. However, the functions of these signaling
pathways in the cooperative modification of HSCR phenotypes
and the mutual regulatory mechanism remain unknown.

The aim of the present study was to further demonstrate
the mechanism by which the Hh signaling pathway negatively
regulates EDNRB expression in HSCR. Downregulation of
Glil followed by increased expression of EDNRB hinders
the differentiation of ENCCs. By contrast, upregulation of
Glil accompanied with decreased expression of ENDRB
inhibits ENCCs proliferation and migration as reported in the
present study. Furthermore, the results of the present study
suggest that EDNRB is downstream of Glil and regulates
ENCC development in the developing intestine and that an
appropriate expression level is required for intestinal develop-
ment. To the best of our knowledge, the present study is the
first to demonstrate the mutual effect of Hh/EDNRB in HSCR
development. The results herein may aid in identifying a novel
disease mechanism for HSCR.

Materials and methods

Tissue sample preparation. A total of 35 samples from
patients with HSCR, including the distal stenotic gut and the
proximal normal gut were collected between April 2015 and
April 2016 at the Union Hospital (Wuhan, China). Confirmed
HSCR patients were enrolled into the present study and HSCR
patients with other diseases were excluded. All patients (age,
9.57+8.32 months; 27 males, 8 females) with HSCR were
diagnosed by barium enema prior to surgery and postoperative
pathological diagnosis. Each tissue sample was divided into

5845

several sections. One section from each specimen was imme-
diately fixed in 4% paraformaldehyde at room temperature
for 24 h and embedded with paraffin. The other sections
were frozen at -80°C for molecular analysis. The current
study was approved by the Ethics Committees of Union
Hospital of Huazhong University of Science and Technology
and was performed according to the Declaration of Helsinki.
Specimens were collected after written informed consent was
obtained from patient guardians.

Reagents and antibodies. Dimethyl sulfoxide (DMSO) was
obtained from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany). Vismodegib (cat no. s1082) and Purmorphamine
(cat no. s3042) was obtained from Selleck Chemicals
(Houston, TX, USA). Lipofectamine® 3000 was purchased
from Thermo Fisher Scientific, Inc. (Waltham, MA, USA).
Antibody against Glil (cat no. sc-20687) was purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).
Antibody against EDNRB (cat no. ab117529) was purchased
from Abcam (Cambridge, MA, USA). Antibody against
GAPDH (cat no. 10494-1-AP) was purchased from Wuhan
Sanying Biotechnology (Wuhan, China). The secondary goat
anti-rabbit antibody (cat no. 7074S) was purchased from Cell
Signaling Technology (Danvers, MA, USA). The H&E staining
kit (cat no. AR1180), immunohistochemical SABC reagent
kit (cat no. SA1020), DAB (cat no. AR1022) and normal goat
serum (cat no. AR0O009) were purchased from Wuhan Boster
Biological Technology, Ltd. (Wuhan, China).

Cell culture and treatment. The human neuroblastoma cell
line SK-N-SH (Cell Bank of the Chinese Academy of Sciences,
Shanghai, China) was cultured in Dulbecco's modified Eagle's
medium (Thermo Fisher Scientific, Inc.) supplemented with
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.), 100 U/ml penicillin and 100 pzg/ml streptomycin (Thermo
Fisher Scientific, Inc.). Cells were cultured in a humidified
environment containing 5% CO, at 37°C. The culture medium
was replaced every day.

A total of 5 mg Vismodegib was dissolved in 594.4 ul
DMSO and 5 mg Purmorphamine was dissolved in 960.4 ul
DMSO. Cells were cultured in 6-well plates at a density of
2x10° cells/well for 12 h. Cells were subsequently treated with
Vismodegib (5, 10 and 20 #M) or Purmorphamine (2.5, 5 and
10 M) for 48 h (25). DMSO (=<0.4%) was used as a blank
control.

Small interfering (si)RNA and plasmid transfection. A total of
20x10* SK-N-SH cells were transfected with 100 nM siRNA
using Lipofectamine® 3000 according to the manufacturer's
protocol. After 48 h post-transfection, cells were harvested
by trypsinization and centrifugation (12,000 x g, 5 min) at
4°C. Glil siRNA and negative control were purchased from
Guangzhou RiboBio Co., Ltd., (Guangzhou, China). The
following target sequences were used: Glil, 5'-GACACTGTT
TCCTGATAAT-3"; negative control, 5'-UUCUCCGAACGU
GUCACGU-3'". The Glil expression plasmid was purchased
from Shanghai GenePharma Co., Ltd. (Shanghai, China;
accession no. NM_005269). Cells were transfected with
1 ug/ml plasmid and treated with puromycin to select the
stably transfection cells expressing puromycin-resistant genes.
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Table I. Primer sequences.
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Gene Forward Reverse

GAPDH 5'-AAGAAGGTGGTGAAGCAGG-3' 5'-GTCAAAGGTGGAGGAGTGG-3'
Glil 5'-TTGTCCCACACCGGTACCAC-3' 5'-CCTCGCTCCATAAGGCTCAG-3'
EDNRB 5'-CATCGTCATTGACATCCCTAT-3' 5'-TTCTACTCCAAGAAGCAACAGC-3'

Glil, Glil family zinc finger 1; EDNRB, endothelin receptor type B.

H&E staining and immunohistochemistry. Tissue sections
(5 um thick) were cut from paraffin blocks, dewaxed with
xylene and rehydrated in a graded series of alcohol. According
to the H&E staining kit protocols, the procedures included
5 min hematoxylin staining, 5 min washing with water, 30 sec
soaking in 95% alcohol, and 2 min eosin staining. For immu-
nohistochemistry, antigen retrieval at 95°C, using citrate buffer
and blocking with 10% normal goat serum for 1 h at room
temperature was performed. Sections were incubated with
primary antibodies (anti-Glil, 1:50; anti-EDNRB, 1:200) over-
night at 4°C. Following three washes with PBS for 5 min each,
sections were incubated with the secondary antibody from the
SABC reagent kit for 30 min at 37°C. Sections were treated
with SABC solution and incubated with DAB according to the
SABC reagent kit instructions. Primary antibody diluent was
used as a negative control. The images were captured under a
microscope (magnification, x100; Nikon ECLIPSE 80i, Nikon
Corporation, Tokyo, Japan).

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
from cells and tissue samples using TRIzol reagent (Thermo
Fisher Scientific, Inc.) and reverse transcribed (37°C for 15 min,
followed by 85°C for 5 sec) into cDNA using PrimeScript RT
Master mix (cat no. RRO36A; Takara Biotechnology Co., Ltd.,
Dalian, China). SYBR® Premix Ex TaqTM (cat no. RR420A;
Takara Biotechnology Co., Ltd.) was used to detect the mRNA
level on the StepOnePlus™ Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Target sequences
were amplified at 95°C for 5 sec, followed by 40 cycles of 95°C
for 5 sec and 60°C for 30 sec. Each experiment was repeated in
triplicate. GAPDH was used as an internal control. The expres-
sion levels of Glil and EDNRB were calculated using the 2-44¢4
method (26). The primer sequences are presented in Table I.

Western blot analysis. Following treatment with Vismodegib,
Purmorphamine or DMSO for 48 h, cells were lysed in
radioimmunoprecipitation assay buffer (Sigma-Aldrich;
Merck KGaA) supplemented with 1 mM proteinase inhibitor
(Beyotime Institute of Biotechnology, Haimen, China). Protein
concentrations were determined using a bicinchoninic acid
protein assay kit (Beyotime Institute of Biotechnology). A
total of 40 ug/lane protein was separated by 8% SDS-PAGE
and transferred to polyvinylidene fluoride membranes (EMD
Millipore, Billerica, MA, USA). Following blocking for 1 h
with 5% skimmed milk at room temperature, membranes
were incubated with primary antibodies (anti-Glil, 1:200;
anti-EDNRB, 1:1,000; anti-GAPDH, 1:5,000) overnight at 4°C.

Table II. Patient demographic features.

Features Number Ratio
Age (months, mean + 9.57+£8.32
standard deviation)
Sex
Male 27 3.375:1
Female 8

Membranes were then washed with TBST and incubated with
the secondary goat anti-rabbit antibody (1:4,000) for 1 h at
room temperature. An enhanced chemiluminescence kit
(Beyotime Institute of Biotechnology) was used to verify the
bands. The ChemiDoc™ XRS+ System with Image Lab™
Software v6.0 (cat no. 170-8265, Bio-Rad Laboratories, Inc.
Hercules, California, USA) was used to capture the images.
All experiments were performed in triplicate.

Statistical analysis. Data are presented as the mean + standard
deviation. Statistical analysis was performed using SPSS
v.20.0 (IBM Corp., Armonk, NY, USA) and presented using
GraphPad Prism 5.0 software (GraphPad Software, Inc., La
Jolla, CA, USA). Comparisons between two groups were
determined by paired t-tests. One way analysis of variance
following by a Tukey's post hoc test was used to analyze
differences among >2 groups. The median Glil and EDNRB
expression between matched normal and stenotic gut samples
was analyzed using a Wilcoxon signed-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Clinical data analysis. A total of 35 tissue specimens from
patients with HSCR who were diagnosed by barium enema
and anorectal manometry evaluation prior to surgery, as well
as post-operative pathological examination, were included
in the present study. The proximal normal tissues were used
as controls. Clinical information, including age and sex, is
presented in Table II. The mean age was 9.57+8.32 months.
The male: Female ratio among patients with HSCR was 27:8,
which is consistent with the typical sex ratio of this disease
(3.5:1~4:1) (27).

Expression of Glil and EDNRB in HSCR. The potential
significance of the Hh signaling pathway in the development
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Figure 1. Glil and EDNRB expression in tissues from patients with HSCR. Upper and lower panels indicating Glil and EDNRB expression in (A) a low-level
Glil expression sample from patient #32 and (B) a high-level Glil expression sample from patient #27 using immunohistochemistry. Magnification, x100;
brown color, targeted proteins; blue color, nucleus; Representative western blot analysis of Glil and EDNRB expression in (C) low-level Glil samples from
patient #32 and #35 and (D) high-level Glil specimens from patient #20 and #27, respectively. (E) Scatter plots for corresponding expression of Glil and
EDNRB mRNA in (E) low-level Glil samples (n=7) and (F) high-level Glil samples (n=9), respectively. Values are expressed as the mean + standard deviation.
"P<0.01. Glil, Gli family zinc finger 1; EDNRB, endothelin receptor type B; HSCR, Hirschsprung disease.

of HSCR was investigated by determining the expression
of transcriptional factor Glil using immunohistochemical
(IHC) analysis of tissue samples from 35 patients with
HSCR. Glil expression was detected in the nucleus in normal
and stenotic guts (Fig. 1A and B). The expression of Gill was
decreased in 20% of the stenotic gut tissues, whereas it was
increased in 28.57% of stenotic gut tissues compared with
normal gut tissues. A previous study indicated that EDNRB
is a major susceptibility gene in HSCR (21). Therefore, the
expression of EDNRB was also determined in the same
samples using IHC (Fig. 1A and B). Decreased expression
of EDNRB was observed in 31.43% of stenotic gut tissues,
whereas increased expression of EDNRB was identified in
20% of stenotic tissues compared with that in normal tissues.
Aberrant expression of Glil and EDNRB suggests that Glil
and EDNRB serve important roles in the pathogenesis of
HSCR. Western blot analysis of lysates obtained from HSCR
specimens confirmed the aberrant expression of Glil and

EDNRB in the stenotic gut (Fig. 1C and D), which is consis-
tent with the THC results.

Furthermore, RT-qPCR was performed to detect the
expression of Glil and EDNRB mRNA in specimens. A
total of 7 patients with decreased expression of Glil had
high expression of EDNRB. The majority of patients with
increased expression of Glil had low expression of EDNRB
in stenotic guts (Fig. 1E and F). The results suggest that
there is a negative association between the Hh and EDNRB
signaling pathways.

Hh negatively regulates the expression of EDNRB in the
SK-N-SH cell line. The association between the Hh and
EDNRB signaling pathways was determined using siRNA
targeting Glil and a Glil expression plasmid. Knockdown of
Glil markedly increased the expression of EDNRB (Fig. 2A),
whereas upregulation of Glil markedly decreased EDNRB
expression (Fig. 2B).



5848

)

ot

EDNRB

—

m Glil
CJEDNRB

DMSD 5 |.|M lO uM o 20 pM
Vismodegib 48 h

@)
"

Relative mRNA level
[=]

=
Lh
I

=

= Glil

JEDNRB .

Relative mRNA level
i
*

* *
DMSO 25uM SpM 10 uM
Purmorphamine 48 h

MOLECULAR MEDICINE REPORTS 17: 5844-5850, 2018

B

3
& &
Glil

-

GAPDH

GAPDH~~-J

DMSO 5pM 10pM 20 pM
Vismodegib 48 h

Glil e s o |
EDNRB|M S s = |

GAPDH (s s S s
DMSO 2.5 uM 5pM 10 pM
Purmorphamine 48 h

Figure 2. Hh negatively regulates EDNRB expression in the SK-N-SH cell line. (A) Protein expression of Glil and EDNRB in SK-N-SH cells following
transfection with Glil siRNA and negative control siRNA using western blot analysis. (B) Protein expression of Glil and EDNRB in SK-N-SH cells stably
transfected with Glil plasmid and control vector. (C) RT-qPCR and (D) western blot analysis were performed on cells treated with Vismodegib (5, 10 and
20 M) or DMSO for 48 h. (E) RT-qPCR and (F) western blot analysis were performed on cells treated with Purmorphamine (2.5, 5 and 10 M) or DMSO for
48 h. Values are expressed as the mean + standard deviation. ‘P<0.05; “P<0.01 vs. DMSO groups. Hh, hedgehog; EDNRB, endothelin receptor type B; Glil,
Gli family zinc finger 1; siRNA, small interfering RNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; DMSO, dimethyl sulfoxide.

Molecular regents were used to inhibit or activate Hh
signaling. SK-N-SH cells were treated with Vismodegib (5, 10
and 20 ¢M for 48 h) or Purmorphamine (2.5, 5 and 10 for 48 h),
with DMSO as a control. The expression of Glil and ENDRB
mRNA and protein was detected using RT-qPCR and western
blot analysis, respectively.

The expression of Glil was significantly decreased in the
SK-N-SH cell line treated with 10 and 20 xM Vismodegib
for 48 h, whereas the expression of EDNRB was significantly
increased compared with cells treated with DMSO (Fig. 2C
and D). By contrast, the activation of Hh signaling by 5 and
10 M Purmorphamine for 48 h significantly increased the
expression of downstream molecular Glil, while the expres-
sion of EDNRB was significantly decreased compared with
cells treated with DMSO (Fig. 2E and F). These results indi-
cate that Hh negatively regulates EDNRB expression.

Effect of aberrant expression of Glil and EDNRB on ENC
development in HSCR. Migration and differentiation are two
important processes that serve a role in ENCC development.
The genetic function of Hh/EDNRB in HSCR was investigated
by analyzing the distribution and differentiation of ganglia
using H&E staining. There were 31 patients with HSCR with
no enteric ganglia (Fig. 3) and 4 patients with HSCR and
premature enteric ganglia in the stenotic intestine (Fig. 3).
Decreased expression of Glil and increased expression of
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Figure 3. H&E staining indicating ganglia in tissues from patients with
HSCR. Upper panels indicate H&E results for ganglia in a low-level Glil
expression sample from patient #32. Left image indicates mature ganglia in
normal gut tissues and right image indicates premature ganglia in stenotic
gut tissues. Lower panels indicate H&E results for ganglia in a high-level
Glil expression specimen from patient #20. Left image indicates mature
ganglia in normal gut tissue and right image indicates a lack of ganglia in
stenotic gut tissue. Magnification, x200. H&E, hematoxylin and eosin;
HSCR, Hirschsprung disease; Glil, Gli family zinc finger 1.

EDNRB were exhibited in the patients with premature enteric
ganglia. Taken together, these results suggest that decreased
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Glil expression may influence the differentiation of ENCCs
via EDNRB.

Discussion

The ENS consists of innumerable ganglia cells, which aggre-
gate by neurons and glial cells in gastrointestinal tract (4).
During gut development, ENCC migration and differentia-
tion are critical processes and coordination between them is
important. HSCR is the primary disease caused by aber-
rant ENCC development. Disordered ENCC migration and
neuronal/glial differentiation impede the complex physiolog-
ical function of the gut (4). Surgery is the primary treatment
strategy for HSCR; however, there are a range of long term
prognoses in the majority of cases, including chronic consti-
pation, fecal incontinence and Hirschsprung-associated
enterocolitis (28).

Gut development, particularly the nervous system, is
controlled by many genes (8). A single gene alteration has
been associated with the pathogenesis a small proportion of
HSCR patients. Integration of different signaling pathways
is a critical process for development and the cumulative
effects of alteration to several genetic pathways may increase
the risk of HSCR. Furthermore, it has been demonstrated
that the cross-talk between several pathways is important
in the pathogenesis of HSCR (21). Increased expression of
microRNA-218-1 correlates with increased levels of Slit
homolog 2 protein and decreased levels of RET and zinc
finger protein PLAGI, which leads to a loss of ganglion
cells in the narrowed colon of mice (29). Ngan et al (30) also
suggested that deletion of Patch reduces enteric progenitors
and induces premature gliogenesis via activation of the
Notch pathway. Hh and EDN3/EDNRB signaling pathways
were regarded as the most important and the present study
confirmed that Hh signaling regulates ENDRB expression
in HSCR.

The genetic function of Hh signaling is a key aspect of
ENCC migration and neuronal/glial differentiation (13).
Protein patched homolog 1 is a negative regulator in the Hh
signaling pathway whose deletion inhibits the neurogenesis
process in the hindgut and is accompanied by spontaneous
gliogenesis (14). Activation of Hh signaling via GLI1-3 muta-
tions in HSCR has also been observed (31). In addition, the Hh
signaling pathway negatively regulates other genes in many
specific organs and diseases. For example, Hh signaling inhibits
Whnt signaling via the canonical Wnt antagonist secreted
frazzled related protein 1 in irradiated dying tumor cells (32).
Suppression of Wnt/B-catenin by Hh and protein-jagged 2 in
the tongue epithelium may provide a novel strategy for disease
treatment (33).

A previous study indicated that the methylation of
EDNRB was decreased during HSCR (24). In the present
stud, it was the expression of EDNRB in the aganglionic
colon compared with the normal gut was assessed and up-
or downregulation was observed in a range of patients. The
differential expression of EDNRB was the reverse of Glil and
the negative association between Hh signaling and EDNRB
remains unclear. Thus, SK-N-SH cells were used to clarify
the mechanism underlying this effect. siRNA, plasmids and
molecular regents Vismodegib and Purmorphamine were
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used to demonstrate that Hh negatively regulates EDNRB
expression.

Taken together, the results of the present and previous
studies suggest that alterations in gene expression contribute
to the pathogenesis of HSCR. The distribution and differentia-
tion of ganglia was also observed. The expression of Glil was
decreased, whereas the expression of EDNRB was increased
compared with the distal gut in 4 patients with HSCR and
premature enteric ganglia in the narrow gut. No other patients
exhibited enteric ganglia in the distal gut. This suggests that
the absence of the Hh pathway in ENCCs may result in incom-
plete neuronal differentiation and constitutive activation of the
Hh pathway may impede ENCC migration.

The results of the present study further highlight the role of
genes in ENCC migration and differentiation in the pathogen-
esis of HSCR. The aberrant expression of Glil and ENDRB
was demonstrated to be associated in HSCR. In addition, a
novel molecular regulation mechanism was identified, in
which Hh negatively regulated EDNRB expression in HSCR.
Up- or downregulated Glil expression in HSCR was also
observed in the present study. Glil downregulation inhibited
neuronal differentiation, whereas Glil upregulation impeded
ENCC migration. In conclusion, the results suggest that aber-
rant expression of Glil serves a role in HSCR by targeting
EDNRB. This regulatory mechanism may lead to the develop-
ment of novel therapeutic strategies for treating patients with
HSCR.
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