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Abstract

AIM: To investigate the abundance and potential
diagnostic significance of neuroligin-1 and glutamate
(Glu) in Hirschsprung’s disease (HSCR).

METHODS: Ninety children with HSCR and 50 children
without HSCR matched for similar nutritional status,
age and basal metabolic index were studied. The
expression and localization of neuroligin-1 and Glu were
assessed using double-labeling immunofluorescence
staining of longitudinal muscles with adherent myenteric
plexus from the surgically excised colon of children with
HSCR. Western blot analysis, quantitative real-time PCR
(gRT-PCR) and immunohistochemistry were performed
to evaluate the abundance of neuroligin-1 and Glu
in different HSCR-affected segments (ganglionic,
transitional, and aganglionic segments). Enzyme-linked
immunosorbent assay (ELISA) was used to detect and
compare serum Glu levels in the long-segment HSCR,
short-segment HSCR and non-HSCR samples.

RESULTS: Neuroligin-1 and Glu were co-expressed
highest to lowest in the ganglionic, transitional
and aganglionic segments based on Western blot
(neuroligin-1: 0.177 £ 0.008 vs 0.101 + 0.006, 0.177 £
0.008 vs 0.035 + 0.005, and 0.101 + 0.006 vs 0.035 %
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0.005, P < 0.005; Glu: 0.198 + 0.006 vs 0.115 + 0.008,
0.198 + 0.006 vs 0.040 + 0.003, and 0.115 + 0.008 vs
0.040 £ 0.003, P < 0.005) and gRT-PCR (neuroligin-1:
9.58 x 10° + 9.94 x 10° vs 2.49 x 10° + 1.38 x 10°,
9.58 x 10° £ 9.94 x 10°® vs 7.17 x 10°*1.12 x 10°,
and 2.49 x 10° + 1.38 x 10° 15 7.17 x 10° + 1.12 x
10, P < 0.005). Serum Glu level was the highest to
lowest in the non-HSCR, short-type HSCR and long-type
HSCR samples based on ELISA (in nmol/uL, 0.93 + 0.31
vs 0.57 £ 0.25, 0.93 + 0.31 15 0.23 £ 0.16, and 0.57 +
0.25v50.23 £ 0.16, P < 0.005).

CONCLUSION: Neuroligin-1 and Glu may represent
new markers of ganglion cells, whose expression may
correlate with the pathogenesis, diagnosis, differential
diagnosis or classification of HSCR.

Key words: Neuroligin-1; Hirschsprung’s disease; Glu-
tamate; Ganglion cells; Pathogenesis

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Based on our results derived from a large set
of clinical samples and various experimental methods,
neuroligin-1 and glutamate (Glu) were first shown to
be co-expressed in ganglion cells; thus neuroligin-1
and Glu may serve as new markers of this cell type,
especially for excitatory synapses in the enteric
nervous system. Moreover, the decreased abundance
of neuroligin-1 and Glu in aganglionic segments may
correlate with excessive intestinal contraction because
of abnormal excitatory signaling that may ultimately
result in Hirschsprung’s disease (HSCR). The serum
Glu concentration may serve as a valuable adjunct
measure for establishing a diagnosis and classification
of HSCR.

Wang J, Du H, Mou YR, Niu JY, Zhang WT, Yang HC, Li AW.
Abundance and significance of neuroligin-1 and glutamate
in Hirschsprung’s disease. World J Gastroenterol 2015;
21(23): 7172-7180 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i23/7172.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i123.7172

Wang J et a/. Neuroligin-1 and glutamate in HSCR

peristalsis in the distal diseased gut are unknown.

Neuroligins are cell adhesion molecules with a
highly conserved structure that have been shown
to function with neurexins in the formation and
function of synapses in the central nervous system
(CNS)®. Neuroligins are expressed in post-synapses,
and neurexins are expressed in pre-synapses!®.
They coordinate to mediate CNS synaptogenesis by
including secretion of proteins such as pentraxins to
transduce signals between neurons™***, Furthermore,
the formation of different synapses (excitatory or
inhibitory synapse) may be mediated by distinct
neuroligin-neurexin combinations. For example,
neuroligin-1 is localized to excitatory glutamatergic
synapses, and neuroligin-2 is localized to inhibitory
GABAergic synapses!'!*?,

We know that some type of bi-directional
communication occurs between the CNS and the
enteric nervous system (ENS) and that gut function
is affected by different psychological states and
stresses communicated from the brain*®!. Given this
information, it is of interest to determine whether the
neuroligins expressed in the CNS are also expressed in
the ENS. Our previous studies™*** showed that in the
ENS of HSCR patients, the expression of neuroligins
is down-regulated in aganglionic segments. Because
neuroligin-1 was found to be localized to excitatory
synapses, which are closely associated with the
expression and release of glutamate (Glu), a type of
excitatory neurotransmitter whose level may reflect
the level of neuroligin-1™%, we sought to determine
whether the pathogenesis of HSCR is related to
abnormal excitatory signaling caused by alterations
in the neuroligin-1 and Glu levels and the relationship
between them. Moreover, we sought to identify a new
method to more effectively diagnose, differentially
diagnose and classify HSCR by measuring the serum
Glu concentrations, which may be very valuable for
clinical examinations.

In this study, the methods of immunofluorescence
staining, Western blot, quantitative real-time PCR
(gRT-PCR), and enzyme-linked immunosorbent assay
(ELISA) were applied to resolve these issues and we
believe that these results may be valuable for further
research.

INTRODUCTION

MATERIALS AND METHODS

The pathogenesis of Hirschsprung’s disease (HSCR),
a congenital disease with an incidence of 1 in 5000
human births, is typically regarded as the absence of
enteric neurons in the distal gut, causing intestinal
obstruction and proximal megacolon'’.

Although it was demonstrated that certain genes
such as RET, SOX10, GDNE, EDNRB and ECE1 are
related to the pathogenesis of HSCR?”, the alteration of
these genes has been observed in only 30% of HSCR
cases’, Therefore, the actual pathogenesis of HSCR
and the mechanism underlying the loss of intestinal
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Patients
The study was reviewed and approved (No. 12025)
by the Institution Review Board of Qilu Hospital,
Shandong University. All colon tissues were collected
from the surgically excised waste tissues, and neither
tissue collection nor blood collection, which was
performed via a routine preoperative blood test,
caused any harm to the HSCR children.

From January 2010 to December 2013, more than
200 children with HSCR and 500 children with indirect
inguinal hernia (IIH) were treated at the Department
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Table 1 Comparison of nutritional status, age and basal

metabolic index between Hirschsprung’s disease and non-
Hirschsprung’s disease subjects

Item HSCR non-HSCR P value
(n = 90) (n = 50)

Age (mo) 72315 7.9+2.07 NS
Serum total protein (g/L) 68.8 £5.17 70.2£4.29 NS
Serum albumin (g/L) 48.2+7.63 50.5+6.19 NS
Hemoglobin (g/L) 129.1 £10.07 131.9 £9.89 NS
Blood urea nitrogen 3.23+1.01 291+1.27 NS
(mmol/L)

Length (cm) 66.2 +4.94 67.9+5.18 NS
Weight (kg) 784211 82+275 NS

Basal metabolic index 8.6% + 0.04% 91% £0.05% NS

HSCR: Hirschsprung’s disease; NS: Not significant.

of Pediatric Surgery of Qilu Hospital, Shandong
University. Experimental samples were collected from
all of these patients, however, to reduce the influence
of related effects during comparisons, only 90 patients
with pathologically confirmed HSCR (HSCR group, 50
cases of short-segment HSCR and 40 cases of long-
segment HSCR) and 50 patients with IIH (negative
control or non-HSCR group ) who were matched for
nutritional status (serum total protein, serum albumin,
hemoglobin, blood urea nitrogen, body length and
weight), age and basal metabolic index (BMI) were
included in this study (Table 1). IIH patients were
selected as the non-HSCR group because IIH was the
most common disease displaying normal intestine
function that required pediatric surgery, thereby
facilitating participant recruitment and statistical
analysis.

Reagents

Detailed information regarding the antibodies and
primers used is provided in Table 2. Other commercial
reagents used were as follows: total RNA isolation kit
(RNAiso Plus, TaKaRa, Japan); reverse transcription kit
(PrimeScript® RT reagent Kit with gDNA Eraser, TaKaRa,
Japan); SYBR® Premix Ex Tag™ I Tli RNaseH Plus
(TaKaRa, Japan); protein extraction kit (Beyotime, China);
BCA protein concentration determination kit (Beyotime,
China); SDS-PAGE gel preparation kit (Beyotime,
China); serum glutamate ELISA kit (E1258Hu, Uscn
Life Science Inc., China); 3,3-diaminobenzidine (DAB;
ZSGB-BIO, China); normal goat serum (Laboratoired’
Hormonologie, Marloie, Belgium); polymer helper
(ZSGB-BIO, China); and TRIS (Merck- Belgolabo,
Overijse, Belgium).

Sample preparation

Tissue samples of 3-cm thickness consisting of
aganglionic, transitional and ganglionic segments were
harvested from the surgically excised colon of each
child with HSCR™**®), The specimens were collected
in quintuplicate. The two samples that were used to
prepare longitudinal muscles with adherent myenteric
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plexus (LMMP) were placed in a dish coated with
Sylgard elastomer (Dow Corning Co., Midland, MI,
United States) and the mucosa, submucosa and circular
muscle were removed under a stereomicroscope!**¢,
One sample was used to prepare the paraffin-em-
bedded sections. Two additional fresh 100-mg pieces
specimens were stored at -80 °C in disinfected tubes
and prepared for Western blot analysis and gqRT-
PCR assay'®!. Additionally, fresh blood samples (1
mL) were collected during routine preoperative blood
collection from all 140 patients (90 in the HSCR group
and 50 in the IIH group). The samples were allowed
to clot for two hours at room temperature (RT) or
overnight at 4 *C and were then centrifuged for 20
min at approximately 1000 g. Serum samples were
then stored in aliquots at -80 ‘C and were prepared for
ELISAM®,

Double-labeled immunofluorescence staining
Double-labeled immunofluorescence staining was
performed on the LMMP samples to identify whether
neuroligin-1 is expressed in the excitatory post-
synapses, where Glu is expressed, and to determine
whether there are differences in expression between the
aganglionic and ganglionic segments. The experimental
methods were primarily similar to those which we used
previously™. At RT, after rinsing in 10 mmol/L TRIS and
0.15 mol/L sodium chloride, two 1 cm x 1 cm LMMP
patches (one each from the aganglionic and ganglionic
segments) were incubated for 1 h in 3% normal goat
serum and TBS-TX to reduce background staining and
were then incubated overnight in the primary antibodies
(against neuroligin-1 and Glu) diluted in TBS-TX. Then
the samples were incubated in the dark for 2 h at RT
in TBS containing the secondary antibodies (the Texas
red-conjugated donkey anti-goat and FITC-conjugated
donkey anti-goat). Finally, a laser scanning confocal
microscope was used for the selective detection of
green (FITC) and red (Texas red) fluorochromes, and
the red and green fluorescence signals were digitally
combined.

Immunohistochemical staining

Immunohistochemical staining was used to determine
the abundance of neuroligin-1 and Glu in both the
LMMP and paraffinized sections from the aganglionic,
transitional and ganglionic segments. After immersion
in 3% hydrogen peroxide solution (H202) and incubation
for 10 min to inactivate endogenous peroxidases, the
samples were blocked with 3% goat normal serum
diluted in 3% Triton-PBS for 1 h at RT. The slices were
incubated in primary antibodies (against neuroligin-1
or Glu) for 24 h at 4 'C. PBS alone served as a negative
control in which the primary antibody was omitted.
Polymer helper and polyperoxidase-conjugated anti-
goat IgG were sequentially added dropwise, and the
samples were incubated at 37 'C for 20 min after the
addition of the polymer helper and for 30 min after
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Table 2 Detailed information of antibodies and primers
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Antigen

Neuroligin-1

Neuroligin-1

Neuroligin-1

Primary antibody
Goat-anti-human polyclonal

Goat-anti-human polyclonal

Goat-anti-human polyclonal

Glutamate Mouse-anti-human monoclonal

Glutamate Mouse-anti-human monoclonal

Glutamate Mouse-anti-human monoclonal

B-actin Rat-anti-human polyclonal
Secondary antibody Dilution

Donkey anti-goat Texas Red 1/500

Secondary

Goat anti-mouse FITC Secondary 1/200

Horseradish Peroxidase-conjugated 1/500

goat-anti-rat IgG

Horseradish Peroxidase-conjugated 1/1000

rabbit-anti-goat IgG

Horseradish Peroxidase-conjugated 1/1000

goat-anti-mouse IgG
Primer Primer sequence (5’ —3")

Neuroligin-1

F: GCAAGACCAGAGCAGAGACT 59

Dilution Applications
1/100 Detect Nlgn-1 with
immunofluorescence on LMMP
1/50 Detect Nlgn-1 with
Immunohistochemistry on
paraffin-embedded sections
1/200 Detect Nlgn-1 with Western-blot
1/200 Detect Glu with
immunofluorescence on LMMP
1/200 Detect Glu with
Immunohistochemistry on LMMP
1/400 Detect Nlgn-1 with Western-blot
1/2000 Western-blot internal reference
Applications Source
Label Nlgn-1 with ZSGB-BIO China
immunofluorescence
Label Glu with ZSGB-BIO China
immunofluorescence

Detect B-actin with Western-blot SANTA CRUZ United States

Detect Nlgn-1 with Western-blot SANTA CRUZ United States

Detect Glu with Western-blot SANTA CRUZ United States

R: CACCACCAAAGAATCCAATGTT

B-actin

F: AGCGAGCATCCCCCAAAGTT

Annealing temperature ('C) Product size (bp)
314
60 285

R: GGGCACGAAGGCTCATCATT

F: Forward primer; R: Reverse primer.

the addition polyperoxidase-conjugated anti-goat IgG.
Finally, DAB was added as a chromogen to stain the
samples.

Western blot analysis

Western blot, which was performed using a technique
that was primarily similar to our previously described
method!**®!, was employed to detect the levels of
neuroligin-1 protein and Glu. Thirty micrograms of
proteins were separated from 25 mg specimens from
three different segments in the HSCR patients and were
subjected to 10% SDS-PAGE, followed by transfer to
PVDF membranes and blocking with 5% (w/v) nonfat
milk for 1 h at RT. After washing three times with Tris-
buffered saline-Tween solution (TBST), the membranes
were incubated in antibodies against neuroligin-1,
Glu and B-actin overnight at 4 'C. Subsequently, the
membranes were incubated in horseradish peroxidase-
conjugated rabbit anti-goat IgG and rabbit anti-rat
IgG for 1 h at RT. Then, ECL and a chemiluminescence
kit were applied for imagining on X-ray film (Millipore
Corporation, Billerica, MA, United States). The
expression levels were calculated as the relative gray
values (neuroligin-1 IOD/B-actin I0OD or Glu IOD/p-actin
IOD) for analysis using Gel-Pro Analyzer 4.0 software.

gRT-PCR assay
As we described previously-™, 25 mg of specimens
from different segments from HSCR patients were

[16]
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7175

obtained for RNA extraction, and 1 pg of each
specimen was then used for a cDNA synthesis reaction
(20-uL reaction volume) using SYBR® Premix Ex Taq™
I (Perfect Real Time ). A gRT-PCR reaction was then
performed according to instructions provided with
the SYBR® Premix Ex TaqgTM I (Tli RNaseH Plus)
quantitative fluorescence kit. The reaction solution
including 10 pL of SYBR® Premix Ex Taq II, 1 pL of the
forward primer (10 umol/L), 1 uL of the reverse primer
(10 pmol/L) and 2 pL of cDNA was mixed and then
subjected to qRT-PCR using the LightCycler® System
Real Time fluorescence ratio PCR instrument. The Ct
value of neuroligin-1 from each sample was measured,
and the 22 value was calculated for further analysis.

ELISA

Aliquots of 140 serum samples (90 from the HSCR
group and 50 from the IIH group; 10 uL per sample)
that were stored at -80 C were used to detect the
serum Glu levels as specified by the Glu ELISA kit
instructions. Finally, after the measurement of the
optical density (OD) value, the actual serum Glu
concentration was calculated.

Statistical analysis

The averaged data in this study are summarized as
the mean + SD, and P values less than 0.05 were
considered to be significant. For comparisons of
two groups, unpaired t-test was performed. One-
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Neuroligin-1

Ganglionic
segment

Aganglionic
segment

Glu Merged

Figure 1 Both in ganglionic segment and aganglionic segment, neuroligin-1 (A, D, red) is expressed in the same position (merged, C, F, yellow) where
glutamate is expressed (B, E, green). The expressed abundance and density were lower in aganglionic segment (D, E, F) than in ganglionic segment (A, B, C).
White arrows show ganglion cell with positive stain with a fusiform or triangular shape. Double immunofluorescence staining, magnification x 400. Bars: 50 pm. Glu:

Glutamate.

way ANOVA and the Tukey’s test were performed to
compare three groups. All statistical analyses were
performed using GraphPad Prism® 5 software for
Windows (La Jolla, CA, United States). The statistical
methods of this study were reviewed by Professor Xue
Fuzhong, a biostatistician of School of Public Health of
Shandong University.

RESULTS

Double-labeled immunofluorescence staining

Figure 1 shows that in both the ganglionic and
aganglionic segments, neuroligin-1 (A, D, red) was
co-expressed (merged, C, F, yellow) with Glu (B, E,
green), illustrating that neuroligin-1 was expressed in
the excitatory post-synapses. However, the abundance
and density of neuroligin-1 and Glu expression were
lower in the aganglionic segments (D, E, F) than in the
ganglionic segments (A, B, C) (white arrows indicates
positively stained ganglion cells, which exhibit a
fusiform or triangular shape).

Immunohistochemical staining

Figure 2 shows that the abundance and density of
both neuroligin-1 in the paraffin-embedded sections
(A, B, C) and Glu in LMMP (D, E, F) were highest to
lowest in the ganglionic (A, D), transitional (B, E) and
aganglionic segments (C, F). The black arrows indicate

JBaishideng® W]G I WWW.ngnet.COm

positively stained ganglion cells that were expressed
between the longitudinal muscle and the circular
muscle in both the paraffin-embedded sections (A, B, C)
and the LMMP (D, E, F).

Western blot analysis

Figure 3 shows that neuroligin-1 and Glu were both
significantly expressed in the ganglionic colonic
segments (the relative gray values were 0.177 £ 0.008
and 0.198 £ 0.006, respectively; n = 90), moderately
expressed in the transitional colonic segments (the
relative gray values were 0.101 + 0.006 and 0.115 +
0.008, respectively; n = 90) and were clearly weekly
expressed in the aganglionic colonic segments (the
relative gray values were 0.035 + 0.005 and 0.040 +
0.003, respectively; n = 90). The differences in the
gray values were significant (neuroligin-1: 0.177 +
0.008 vs 0.101 + 0.006, 0.177 + 0.008 vs 0.035 +
0.005, and 0.101 + 0.006 vs 0.035 + 0.005, P < 0.005;
Glu: 0.198 £ 0.006 vs 0.115 + 0.008, 0.198 £ 0.006
vs 0.040 £ 0.003, and 0.115 + 0.008 vs 0.040 + 0.003,
P < 0.005).

qRT-PCR assay

The gRT-PCR assay showed that neuroligin-1 mRNA
expression was highest to lowest in the ganglionic
(the relative expression level was 9.58 x 10° + 9.94
x 10, n = 90), transitional (the relative expression
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- A

Ganglionic Transition zone Aganglionic

segment segment
/ < I Y i
L% % 5 \ 3 .
A

Neuroligin-1

Glu

Figure 2 Both the abundance and density of neuroligin-1 on paraffin-embedded sections (A, B, C) and glutamate on longitudinal muscles with adherent
myenteric plexus (D, E, F) are highest in ganglionic segment (A, D), moderate in transitional zone (B, E) and lowest in aganglionic segment (C, F). The black
arrows show the positively stained ganglion cells which are expressed between longitudinal muscle and circular muscle both on paraffin-embedded sections (A, B, C)
and on longitudinal muscle with adherent myenteric plexus (D, E, F). Immunohistochemical staining, magnification x 400. Bars: 50 pum. Glu: Glutamate.

A 1 2 3 4 5 6
Neuroligin-1 — — — — — —
Glu — i ——— — —— — —
o D GESSD TSNS S me
B 0.25 [J Aganglionic segment
S o020t a,c ac O Transitional segment
g W Ganglionic segment
> 015 a
2 a
(=)]
_g 0.10 -
§ 0.05 |- ﬁ m
0.00

Neuroligin-1 Glu

Western blot analysis

Figure 3 Western blot analysis (A, B) show that neuroligin-1 and glutamate are both expressed significantly in ganglionic segments (n = 90), moderately in
transitional segments (n = 90) and obviously weakly in aganglionic segments (n = 90). Data are expressed as mean + SD. °P < 0.05 vs aganglionic segments;

°P < 0.05 vs transitional segments.

level was 2.49 x 10® £ 1.38 x 10°, n = 90) and
aganglionic segments (the relative expression level was
7.17 x 10° + 1.12 x 10%, n = 90). These values were
consistent with the results obtained via Western blot
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and immunohistochemical staining, and the differences
in expression were significant (9.58 x 10®° £+ 9.94 x
10°vs 2.49 x 10° + 1.38 x 10°, 9.58 x 10 + 9.94 x
10°vs 7.17 x 10° + 1.12 x 10° and 2.49 x 10° + 1.38
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gRT-PCR of neuroligin-1 mRNA

Figure 4 Quantitative real-time PCR shows that neuroligin-1 mRNA is
expressed significantly in ganglionic segments (n = 90), moderately
in transitional segments (n = 90) and obviously downed-regulated in
aganglionic segments (n = 90). Data are expressed as mean + SD. °P < 0.05
vs aganglionic segments; °P < 0.05 vs transitional segments.

1.5+ [ Long type HSCR
. ac O Short type HSCR
= B Non-HSCR
o
£
£ 1o}
s a
.o
B
c
8
§ 0.5
g ﬁ
Q
<
0.0

Serum Glu

Figure 5 Enzyme-linked immunosorbent assay shows the concentration
of serum glutamate is lowest in long type Hirschsprung’s disease (n =
40), moderate in short type Hirschsprung'’s disease (n = 50) and highest in
non-Hirschsprung’s disease (n = 50). Data are expressed as mean + SD. °P
<0.05 vs long type HSCR; °P < 0.05 vs short type HSCR. HSCR: Hirschsprung’
s disease; Glu: Glutamate.

x 10°vs 7.17 x 10° £ 1.12 x 10®, P < 0.005) (Figure 4).

ELISA

ELISA was used to detect and compare the serum
Glu concentration. The results showed that the serum
Glu concentration was lowest to highest in the long-
segment HSCR (0.23 £ 0.16 nmol/uL), short-segment
HSCR (0.57 £ 0.25 nmol/uL) and non-HSCR samples
(0.93 £ 0.31 nmol/uL). The differences in the serum
Glu concentration were significant (in nmol/uL, 0.93 +
0.31 vs 0.57 £ 0.25, 0.93 + 0.31 vs 0.23 + 0.16, and
0.57 £ 0.25 vs 0.23 £ 0.16, P < 0.005) (Figure 5).

DISCUSSION

Neuroligins are a family of ubiquitously expressed post-
synaptic cell adhesion molecules expressed in the brain
that interact with neurexins. They are differentially
localized to the post-synaptic boutons of excitatory and
inhibitory synapsest”!, which form the foundation of
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signal transduction between neurons via the transport
of neurotransmitters™*. Neuroligin-1 is enriched at
the postsynaptic densities of excitatory glutamatergic
synapses; neuroligin-2, however, is preferentially
localized to inhibitory GABAergic synapsest'’\. It has
been shown that the balance of excitatory/inhibitory
synapses in the brain plays a key role in neuronal
plasticity mechanisms including learning and memory
and some mental disorders, such as autism™®2%,
Furthermore, behavioral and cognitive deficiencies may
be caused by a mismatch of neurexin and neuroligin
expression in the CNS™,

It has been accepted that coordinated interaction
and cooperating mechanisms of the gastrointestinal
tract results in normal gastrointestinal motility!**.
HSCR is regarded as a congenital disease resulting in
neuronal intestinal malformations that display a typical
pathology characterized by the absence of ganglion
cells in the diseased digestive tract. During embryonic
development, the failure of ganglion cells to innervate
the lower gastrointestinal tract results in aganglionosis
and dysfunction of the ENS™*., Although certain
genes such as RET, GDNF, NRTN, PHOX2B, EDNRB,
EDN3, ECE1, SOX10, ZFHX1B, KIAA1279 and NRG1
have been shown to be altered in neural crest cell
development in HSCR™*”!, whether enteric ganglion
cells are influenced (such as their distribution and
function) by the pathogenic genetic variations noted
above remains to be fully elucidated™®,

Furthermore, primarily because of the uncertain
pathogenesis of HSCR, the diagnosis of HSCR in clinical
practice is occasionally difficult, and the diagnostic
methods used primarily involve imaging examination,
rendering the diagnosis, differential diagnosis and
classification of this disease very difficult in infants?*",
Thus, it would be helpful to identify a novel easy
diagnostic method for both the differential diagnosis
and classification (long-type or short-type) of HSCR.

Related research has demonstrated that both gut
digestion and motility and immunological processes
are confined by the bi-directional communication of the
brain-gut axis'*®!. Therefore, we aimed to determine
the pathogenesis of HSCR in terms of synaptic
function and neuroligin expression based on this
communication and the understanding of neuroligin-
neurexin funtion. Our previous studies!***! revealed
that neuroligins are expressed in post-synaptic
neurons of HSCR patients but are down-regulated in
the aganglionic colonic segment. Subsequently, based
on our previous findings, we studied the expression of
neuroligin-1 (a neuroligin subtype) and serum Glu and
explored the relationship of their abundance to HSCR
and the potential significance of any such relationship.

The findings of our study demonstrated the following:
(1) in the ENS, neuroligin-1 is co-expressed with Glu in
the same excitatory post-synapses between longitudinal
muscle and circular muscle; (2) the abundance of
neuroligin-1 and Glu was highest to lowest in the
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ganglionic, transitional and aganglionic colonic segments;
and (3) the abundance of serum Glu was lowest to
highest in the long-segment HSCR, short-segment HSCT
and non-HSCR samples.

Our present results suggested that the abnormality
of neuroligin-1 expression is closely related to HSCR
and that neuroligin-1 may serve as a novel marker of
ganglion cells, especially in excitatory synapses. The
decreased abundance of neuroligin-1 in aganglionic
segments may correlate with the excessive intestinal
contraction resulting from abnormal excitatory
signaling, potentially leading to HSCR. Furthermore,
the difference in serum Glu concentrations may provide
a valuable adjunct measure for diagnosing HSCR
or for determining the length of the transition zone,
which may be applied as an easy method to determine
the classification of HSCR (long or short type). Of
course, our present conclusions provide only basic
information, and further investigation is needed. In
the future, we will investigate the relationship between
neuroligin-1 and neuroligin-2 and between Glu and
GABA to examine the pathogenesis of HSCR from the
perspective of abnormal synaptic development and will
examine the value of a novel easy diagnostic method
for HSCR based on the serum concentrations of Glu
and GABA and their relationship.

COMMENTS

Background

Hirschsprung’s disease (HSCR) is a congenital neuronal intestinal malformation
characterized by the absence of ganglion cells in the lower digestive tract. This
disorder causes great harm to children and clinically manifests as intestinal
obstruction, colon perforation or enterocolitis. Although there have been
numerous studies of HSCR, the actual pathogenesis remains unclear and the
preoperative diagnosis and classification (long or short-type) of HSCR have
been restricted to imaging examinations; thus, this disorder warrants further
investigation.

Research frontiers

The aims of this study were to investigate the pathogenesis of HSCR from
the perspective of synapses in the enteric nervous system (ENS) primarily by
detecting the expression of neuroligin-1 and glutamate (Glu) and to evaluate a
new method for the diagnosis, differential diagnosis and classification of HSCR.
Innovations and breakthroughs

This study demonstrated for the first time that the abnormal expression of
neuroligin-1 and Glu was closely related to the pathogenesis of HSCR and
that neuroligin-1 may serve as a novel marker of ganglion cells in the ENS,
especially in excitatory snypases. Additionally, an abnormal concentration of
serum Glu may be primarily considered as a novel method for the diagnosis,
differential diagnosis and classification of HSCR.

Applications

The study was based on the bi-directional communication between the CNS
and the ENS and previous studies of synapses and neuroligins in the ENS.
Based on this fundamental research, a problem in clinical practice was
investigated and was aimed to be solved.

Terminology

Neuroligins are postsynaptic proteins implicated in the formation, development
and function of synapses by acting together with neurexins, which are pre-
synaptic proteins in the CNS. Post-synapses are primarily divided into excitatory
post-synapses expressing neuroligin-1 and inhibitory post-synapses expressing
neuroligin-2. Furthermore, the excitatory neurotransmitter Glu is primarily
released by excitatory post-synapses, and the inhibitory neurotransmitter
y-aminobutyric acid (GABA) is primarily released by inhibitory post-synapses.
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Therefore, the expression of neuroligin-1 or neuroligin-2 may be reflected by
the localization of Glu and GABA to some degree.

Peer-review

The authors present an interesting study to further investigate physiologic
changes that occur in HSCR. The data reported may be of some interest in
their field
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