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Abstract: WNT3A has been regarded as an activator of the canonical Wnt signaling pathway. It has been found 
Wnt signaling pathway is closely related with embrionic development and Hirschsprung disease (HSCR). A com-
mon haplotype consisting of minor SNPs alleles located in the WNT3A gene has been described as a risk factor for 
various genetic disorders. However, whether WNT3A contributes to the onset of HSCR has not been identified. The 
present study aims to detect the interactions of genetic variations in the WNT3A gene and examine the biological 
expression levels with Hirschsprung disease (HSCR) in the Chinese people. We analyzed WNT3A gene (rs61743220, 
rs192966556 and rs145882986) variants in the whole blood samples from HSCR patients and normal children 
(control groups). WNT3A expression was also examined by quantitative real-time PCR (qRT-PCR), western blotting 
and immunostaining. Consequently, when rs192966556 and rs145882986 alleles of the WNT3A gene lack the 
SNPs, they are especially associated with a greater risk of HSCR (OR [95% confidence interval] = 1.791, p = 0.001; 
OR [95% confidence interval] = 1.556, p = 0.003, respectively). The mRNA and protein expressions of WNT3A were 
higher in the aganglionic colon segment tissues than in the normal ganglionic segments tissues. Immunostaining 
indicates that the staining of WNT3A was much stronger (brown) in the aganglionic colon segment tissues than that 
in the normal ganglionic colon segment tissues (colorless or light yellow) in the mucous layer and muscular layer. 
Although preliminary, these results suggest that WNT3A may play an important role in the pathogenesis of HSCR.
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Introduction

Hirschsprung disease (HSCR) is a congenital 
disorder of the enteric nervous system (ENS) 
and is characterized by the absence of intesti-
nal ganglion cells in myenteric and submucosal 
plexuses. Its incidence is approximately 1/ 
5,000 human live births, and has a male pre-
ponderance of 4:1 [1]. At present, the cause of 
HSCR still remains unclear, but there is a com-
mon understanding that HSCR is a complex dis-
ease influenced by multiple genetic and envi-
ronmental factors. Recent studies have shown 
that the genetic etiology of the neurocristopa-
thy is complex and many genes may be involved 
in the development of HSCR [2-4]. It is well 
known that RET and EDNRB are primary genes 
in the etiology of HSCR. The RET mutations are 
associated with the development of HSCR in 
50% of cases in familial series, but only 3% of 

sporadic HSCR cases carry RET mutations. 
Besides RET and EDNRB, other genes have 
been identified in sporadic affected individuals, 
such as endothelin 3 (EDN3) [5], glial derived 
neurotrophic factor (GDNF) [6], sex determining 
region Y-box 10 (SOX10) [7], paired-like homeo-
box 2B (PHOX2B) [8] and ZFHX1B (SIP1) [9]. 
Thus, HSCR has become a model of a complex 
polygenic disorder in which the interaction of 
different genes need to be elucidated.

Wnt signaling is one of the most critical signal-
ing pathways in many aspects of development 
[10, 11]. Wnt signaling is subdivided into the 
canonical β-catenin dependent and the non-
canonical β-catenin independent branch. 
Canonical Wnt signaling is characterized by the 
stabilization and subsequent nuclear transport 
of β-catenin resulting in the activation of tran-
scriptional responses. Non-canonical Wnt sig-
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naling is more diverse and includes several dif-
ferent signaling modes that regulate cell 
behavior. Genes of the Wnt family encode 
structurally related, cystein-rich glycoproteins 
involved in cell-cell signalling for a wide variety 
of developmental processes [12-15]. Wnt can 
act either on the cell that secrets them (auto-
crine feedback) or on neighboring cells by para-
crine signaling. Wnt signaling pathway plays 
rather important roles in the process of the 
embryonic development. It has been shown 
that the Wnt signaling pathway plays important 
role in intestinal cell proliferation [16].

WNT3A, a canonical Wnt ligand, has been 
regarded as an activator of the canonical Wnt 
signaling pathway. WNT3A has been reported 
to induce the accumulation of β-catenin and 
activation of the canonical Wnt signaling path-
way [17]. Mice that are homozygous for a hypo-
morphic wnt3a allele display vertebral defects, 
a short tail due to loss of caudal vertebrae, defi-
cient cloacal development and incomplete uro-
rectal septation [18]. Moreover, studies involv-
ing human pluripotent stem cells have shown 
that WNT3A is required for hindgut specifica-
tion [19]. Thus, WNT3A is a pivotal component 
of the mesoderm gene that regulates network 
with ramifications for embryonic development. 
The objective of this study was to investigate 
whether genetic variations in the WNT3A gene 
are associated with HSCR and examine the bio-
logical expression levels of WNT3A in the 
Chinese people. The single nucleotide polymor-
phisms (SNPs) in WNT3A gene (rs61743220, rs 
192966556 and rs145882986) were selected 
and analyzed in a group of patients with HSCR 
and matched control samples. In this study, we 
further detected differential expressions of 
WNT3A by qRT-PCR, western blot and 
immunostaining.

Materials and methods

Patients and specimens

This study was approved by Ethics Committee 
of China Medical University (Ethical Number: 
2013PS07K). Blood samples of 200 HSCR 
patients were collected from the Department of 
Pediatric Surgery, Shengjing Hospital of China 
Medical University. Patients with familial consti-
pation and a history of other congenital gastro-
intestinal tract malformations were excluded 
from the study. The patients ranged from 0.5 to 

3.5 years old including 156 males and 44 
females (average age, 1.5 ± 0.3 years), and 
were recruited as the HSCR groups. An addi-
tional 200 healthy children that matched with 
the HSCR group in age and gender were used 
as control groups (average age, 2 ± 0.5 years). 
The control groups had no history of constipa-
tion. Tissue samples (aganglionic and normal 
ganglionic colon segment tissues) were 
obtained from 50 HSCR patients (41 males and 
9 females) with pathologically confirmed HSCR 
pre- or post-operatively at Shengjing Hospital 
of China Medical University. Age ranged from 
0.5 to 4.5 years old with an average of 1.5 
years. None of these cases received any preop-
erative treatment or had a history of HSCR’s 
enterocolitis or active enterocolitis at the time 
of surgery. Tissue samples were collected 
immediately after operation and were stored at 
-80°C until use.

Genomic DNA extraction

Venous blood (200 µl) was obtained from the 
study participants using EDTA as an anticoagu-
lant. Genomic DNA of peripheral blood white 
blood cells (WBCs) was extracted according to 
the QIAamp® DNA Blood Mini Kit Handbook. 
For the present study, the absorbance value at 
260/280 nm (A260/A280) ranged from 1.6 to 2.0, 
which met the requirements for further 
experiments.

Polymerase chain reaction (PCR), DNA se-
quence analysis and statistical analysis

We have chosen rs61743220, rs192966556 
and rs145882986 for WNT3A gene as our poly-
morphism analysis loci based on the values of 
MAF. Specific primers to WNT3A gene were 
designed using DNASTAR primer design pro-
gram and synthesized by Invitrogen Co. 
(Shanghai) (Table 1). The primers have no 
homology with other genes as determined by 
BLAST analysis on homology.

Genomic DNA from peripheral blood was 
obtained with QIAamp Blood kits (Takara, 
Dalian, China) using standard methods [20]. 
Basically, 150 ng of genomic DNA was ampli-
fied in a 50 μl reaction that contained 20 pmol 
each primer and 2U Taq DNA polymerase 
(TaKaRa Biotechnology Co.). Conditions for PCR 
amplification in rs61743220, rs192966556 
and rs145882986 of the WNT3A gene frag-
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ments are shown in Table 1. A 50 µl reaction 
system included 10 × PCR buffer solutions, 1 
mmol/L of MgCl2, 0.1 mmol/L of dNTP, 10 
pmol/L of each of the upstream and down-
stream primers, 100 ng of DNA template, and 
1U of Taq DNA polymerase. PCR condition was: 
denaturing at 95°C for 3 min, then 35 cycles of 
denaturing at 95°C for 30 sec, annealing at 
55~59°C for 30 sec and elongation at 72°C for 
1 min, and finally incubation at 72°C for 7 min. 
PCR products were electrophoresed on 1.5% 
agarose gel, stained with ethidium bromide 
(EB), and visualized with an automatic gel docu-
mentation system (TaKaRa Biotechnology Co., 
Ltd. Japan). The PCR products were sent to 
Genomics Institute Co. (Beijing, China) for 
sequence analysis.

qRT-PCR

Total RNA was extracted from the aganglionic 
and normal ganglionic colon segment tissues 
with HSCR by using TRIzol reagent (Invitrogen) 
according to the manufacturer’s protocol. cDNA 
syntheses involved 3 μg RNA with the TaKaRa 
RNA PCR kit (Takara, Dalian, China). The prim-
ers of WNT3A used in PCR were as follows: 
Human WNT3A, sense: GTT CGG GAG GTT TGG 
G, and Human WNT3A, antisense: CCA GGA 
AAG CGG ACC AT. The qRT-PCR was performed 
with a 12.5 µl reaction system in triplicate for 
each specimen in the presence of SYBR green 
PCR Master mix (Takara Biotechnology Co.) in a 
Lightcycler (Roche Molecular Biochemicals, 
Co.). The housekeeping gene β-actin (Takara, 
DR3783) was used as an endogenous control. 
The reaction program was: 5 min pre-denatur-
ation at 95°C and 40 cycles of 5 s of denatur-
ation at 95°C, 30 s of annealing at 56.4°C for 
WNT3A. After the termination of PCR, the pro-
duction was analyzed by the Lightcycler system 
automatically. The amplification process was 
followed by a melting curve analysis and CT 

pieces using surgical blades and sonicated in 
protein lysis buffer. Protein concentrations 
were measured by the Bradford method, and 
specimens were adjusted to the same protein 
concentration, aliquoted and stored at -80°C. 
Equal amounts of total proteins from tissues 
were separated on SDS-polyacrylamide gels 
and then electro-transfer to PVDF membranes 
(Millipore, USA). The blots were incubated with 
rabbit polyclonal WNT3A antibody (1:1000, 
Polyclonal rabbit anti-WNT3A, Millipore Co. 
Catalog Number 09-162) overnight at 4°C; 
washed and then incubated with horseradish 
peroxidase-linked secondary antibodies 
(1:2000) for 2 h at room temperature and 
detected using an enhanced chemilumines-
cence (ECL, Pierce Biotechnology, Rockford, IL, 
USA) kit. The grayscale values of the WNT3A 
band were normalized to the values of the cor-
responding β-actin band to determine the 
expression level of the protein. The experi-
ments were repeated 3 times independently.

Hematoxylin and eosin staining and immunos-
taining staining

Diagnosis of HSCR was based on hematoxylin 
and eosin (H&E) staining of ganglion cells. It is 
confirmed by the review of surgical pathological 
reports from resections following each biopsy 
diagnosis of HSCR whether the diagnosis was 
correct or not. Aganglionic segment and gangli-
onic segment were obtained according to H&E 
staining (Figure 1). And the segments were 
fixed in 10% neutral-formalin and embedded in 
paraffin.

Immunostaining was performed on 5 µm 
sections obtained from formalin-fixed, paraffin 
embedded blocks using Biotin streptavidin 
complex method. For antigen retrieval, slides 
were incubated in a microwave oven for 10 min-
utes in 0.01 mol/L citrate buffer (pH = 6), fol-

Table 1. Primer sequences and conditions for polymorphism analysis

SNP locus Sequence (5’-3’) Location & 
Amplicon

Annealing 
temperature

rs61743220 F: ATA CAC CAC CCA ACC TCA CG 306 bp 57°C
R: AGA CAC CAT CCC ACC AAA CT ‘A/G’

rs192966556 F: AGA GCA AAG GGT CTG TAG C 237 bp 55°C
R: CAC TCC TGG ATG CCA AT ‘C/T’

rs145882986 F: CAG GCA AGG GCT GGA AGT 316 bp 59°C
R: GCT GTG GTG TAG CTG GAT GG ‘C/T’

value was recorded. The 
average CT value was the 
extreme CT value of the 
sample. The expression dif-
ference of the gene was cal-
culated by the 2-ΔΔct method 
[21].

Western blot analysis

Approximately 50 mg speci-
men was minced to small 
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lowed by cooling at room temperature. After 
incubated in 10% normal goat serum in PBS for 
30 min to block nonspecific binding sites, sam-
ples were incubated at 4°C overnight with anti-
body against WNT3A (1:500, Millipore Co.). 
Samples washed and then incubated with anti-
rabbit IgG-peroxidase antibody for 20 minutes 
at 37°C. Diaminobenzidine (DAB) color devel-
oped under the light microscope, and the sec-
tions were counterstained. The specimens 
were photographed using a digitized micro-
scope camera (Nikon E800, Japan). Negative 
controls were performed by equivalent PBS 
instead of rabbit WNT3A. Two pathologists 
independently reviewed the immunostaining-
stained slides and agreed on diagnoses by 
consensus.

Statistical analysis

The Statistical Program for Social Sciences, 
version 13.0 (SPSS, Chicago, IL), was used for 

statistical analysis. Chi-square tests were per-
formed to determine whether each polymor-
phism was in Hardy-Weinberg equilibrium with-
in control group and patients group. A t test was 
used to compare the WNT3A expression level 
between aganglionic and normal ganglionic 
colon segments. Statistical significance was 
determined by using Student’s t test, and P < 
0.05 was considered statistically significant.

Results

PCR amplification in rs61743220, 
rs192966556 and rs145882986 of WNT3A 
gene

PCR amplification was successfully performed. 
The amplified segments of the WNT3A gene in 
rs61743220, rs192966556 and rs145882986 
were consistent in size with their predicted 
lengths of 306 bp, 237 bp and 316 bp, respec-
tively. The amount of amplified products was 

Figure 1. Photomicrographs of aganglionic and ganglionic intestine by H&E. A: Ganglionic colon segment tissue. B: 
Aganglionic colon segment tissue. A and B: × 400 (the bar = 50 μm).

Figure 2. Agarose gel electrophoresis of PCR products of the WNT3A gene. M, Marker DL 2000; lanes 1-6, PCR 
amplification products of rs61743220; lanes 7-12, PCR amplification products of rs192966556; lanes 13-18, PCR 
amplification products of rs145882986.
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large and no non-specific bands appeared 
(Figure 2).

a significant negative association of the 
rs145882986 SNP with HSCR (P = 0.003). CC 

Figure 3. The sequencing results of different genotypes of rs61743220, rs192966556 and rs145882986. A: AG, 
AA and GG sequencing results of rs61743220. B: CT, CC and TT sequencing results of rs145882986. C: CT, CC and 
TT sequencing results of rs rs145882986. The arrow denotes the SNP location.

Table 2. Allele and genotype frequency distribution in patients with HSCR 
and controls

type HSCR Controls X2 P OR (95% CI)
rs61743220 AG 97 101 - - -

AA 77 71 0.313 0.576 0.886 (0.578-1.356)
GG 26 28 0.012 0.913 1.034 (0.566-1.889)
A 251 243 - - -
G 149 157 0.339 0.561 1.088 (0.818-1.448)

rs192966556 CT 73 91 - - -
CC 108 73 7.925 0.005 0.542 (0.353-0.832)
TT 19 36 1.679 0.195 1.520 (0.805-2.869)
C 289 237 - - -
T 111 163 15.009 0.001 1.791 (1.332-2.408)

rs145882986 CT 78 96 - - -
CC 101 72 6.381 0.012 0.579 (0.379-0.886)
TT 21 32 0.448 0.504 1.238 (0.662-2.316)
C 280 240 - - -
T 120 160 8.791 0.003 1.556 (1.161-2.085)

Distribution of WNT3A 
allele and genotype 
frequencies in pa-
tients with HSCR and 
controls

Genotype distributions 
in the 3 SNPs were in 
accordance with the 
Hardy-Weinberg equi-
librium (Figure 3). As 
show in the Tables 2 
and 3, allele frequen-
cies revealed a signifi-
cant negative associa-
tion of the rs1929- 
66556 SNP with HSCR 
(P = 0.001). CC homo-
zygosity was positively 
associated with HSCR 
(P = 0.005). The allele 
frequencies revealed 
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homozygosity was positively associated with 
HSCR (P = 0.012). However, comparison of 
rs61743220 A and G allelic frequencies showed 
no significant difference. (P > 0.05).

Sequence variants of rs192966556 and 
rs145882986

By sequencing the genotype of rs192966556 
and rs145882986 in patients with HSCR, we 
found, CT genotype in the rs192966556 poly-
morphism lacked one ‘T’ at codon 341 and the 
TT genotype of the rs192966556 polymor-
phism had an extra ‘T’ at codon 343. CT geno-
type in the rs145882986 polymorphism lacked 
one ‘T’ at codon 187 and the CC genotype of 
the rs145882986 polymorphism also lacked 
one ‘C’ at codon 434 (Figure 4).

qRT-PCR analysis

The OD value of RNA calculated by A260/A280 was 
from 1.8 to 2.0. In the course of the qRT-PCR, 
the amplification curve was received by fluores-
cent threshold and cycle, a fair reproducibility 
of each sample and basically coincident effica-
cy amplification were demonstrable. It was 
showed that the mRNA levels of WNT3A was 
2.6 fold higher in aganglionic colon segment 
tissues than that in normal ganglionic seg-
ments tissues by the qRT-PCR (n = 50, P < 
0.03) (Table 4).

Expression of WNT3A protein

The expression of WNT3A protein was evaluat-
ed by western blotting with specific antibodies 
in the same group of 50 HSCR patients. 

Consistent with the results of qRT-PCR, signifi-
cant increases of WNT3A was detected in agan-
glionic colon segments compared to the 
matched normal ganglionic colon segments 
(Figure 5). The protein levels of WNT3A was 
34.56 ± 3.21 in the aganglionic colon segment, 
whose value was much higher than that mea-
sured in the normal ganglionic colon segment 
(16.37 ± 2.46, P < 0.05).

Immunostaining results of WNT3A

The aganglionic and ganglionic colon segments 
were first defined by the absence of the focal 
colon ganglion cells through H&E staining 
(Figure 1). Immunostaining indicates that the 
positive reaction mainly located in the mucous 
layer and muscular layer of colon segment. The 
brown yellow depositions in the aganglionic 
colon segment tissues were far more rich and 
widespread in submucosa, and were reticulo-
dromous in the circular muscular layer; while 
those in the ganglionic colon segment tissues 
were punctiform. WNT3A immunostaining 
showed the tendency of regional increase from 
ganglionic colon segment to aganglionic colon 
segment (Figure 6).

Discussion

HSCR disease is the most common congenital 
gut motility disorder and is characterized by an 
absence of enteric neurons in terminal regions 
of the gut, leading to tonic contraction of the 
affected segment, intestinal obstruction and 
massive distension of the proximal bowel 
(megacolon). The mechanism of motility dys-
function in HSCR is still unclear although colon-

Table 3. Allele and genotype frequency distribution in HSCR

Group Case (n) Genotype frequency (%) Allele frequency
AG AA GG A G

rs61743220 HSCR 200 97 (48.50) 77 (38.50) 26 (13.00) 251 (62.75) 149 (37.25)
Controls 200 101 (50.50) 71 (35.50) 28 (14.00) 243 (60.75) 157 (39.25)

X2 = 0.398 P = 0.819 X2 = 0.339 P = 0.561
CT CC TT C T

rs192966556 HSCR 200 73 (36.50) 108 (54.00) 19 (9.50) 289 (72.25) 111 (27.75)
Controls 200 91 (45.50) 73 (36.50) 36 (18.00) 237 (59.25) 163 (40.75)

X2 = 13.998 P = 0.001 X2 = 15.009 P = 0.001
CT CC TT C T

rs145882986 HSCR 200 78 (39.00) 101 (50.50) 21 (10.50) 280 (70.00) 120 (30.00)
Controls 200 101 (50.50) 72 (36.00) 32 (16.00) 240 (60.00) 160 (40.00)

X2 = 9.006 P = 0.011 X2 = 8.791 P = 0.003
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ic motility dysfunction is a main manifestation. 
Despite certain achievements have been made 

site in the Wnt signaling pathway, also plays an 
important role in the pathogenesis of HSCR 

Figure 4. A novel mutation in the WNT3A gene. A: Sequencing analysis of rs192966556 in the patient and the con-
trol group. Arrows denote the codon point. B: Sequencing analysis of rs145882986 in the patient and the control 
group. Arrows denote the codon point.

Table 4. The relative quantity of Wnt3a mRNA in two segments

segment Wnt3a average Ct value β-actin average Ct value ∆Ct ∆∆Ct times of gene (compared to 
normal segment)

normal 31.53 ± 2.41 23.94 ± 1.95 7.59 0 1
aganglionic 30.27 ± 1.92 24.06 ± 1.80 6.21 -1.38 2.6

Figure 5. The expression of WNT3A proteins in Western blot. WNT3A is detect-
ed as an approximately 45-kDa band on Western blots of protein extracted 
from both the ganglionic and aganglionic colon segment tissue. Immunoblot 
shows a remarkable WNT3A signal protein in the aganglionic tissues but weak 
in the ganglionic tissue. Lines 1 and 3: the WNT3A proteins of the aganglionic 
segment; lines 2 and 4: the WNT3A proteins of the ganglionic segment.

in identifying some of the 
genetic basis of HSCR disease, 
the cause of HSCR remains 
unclear. Wnt signaling is one of 
the most critical signaling 
pathways in many aspects of 
development [14, 22]. It is 
reported that the WNT8A gene 
is involved in the susceptibility 
to HSCR and plays an impor-
tant role in the occurrence of 
HSCR [23]. Besides, dishev-
elled gene, a critical mediating 
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[24]. WNT3A, a canonical Wnt ligand, plays an 
important role in the embryonic development of 
the gut. It has been reported that WNT3A is ini-
tially required at late egg cylinder stages for 
somite development, but by late primitive 
streak/tailbud stages, formation of all meso-
dermal precursors is dependent, directly or 
indirectly, on WNT3A signaling. The abnormal 
expression of WNT3A affects the development 
of somites and tailbud formation [25]. Mice 
that are homozygous for a hypomorphic WNT3A 
allele display vertebral defects, a short tail due 
to loss of caudal vertebrae, deficient cloacal 
development and incomplete uro-rectal septa-
tion [18]. Besides, studies involving human plu-
ripotent stem cells have shown that WNT3A is 
required for hindgut specification [19].

Although the main susceptibility genes stated 
above and candidate SNPs of WNT3A have 
been extensively investigated in HSCR patients 

from different ethnic groups, but for the impact 
and role, the disease still remains obscure. In 
this study, we performed a comprehensive 
genetic study for WNT3A gene in sporadic HSCR 
patients in the northeast area of China. We 
examined SNPs of WNT3A (rs61743220, 
rs192966556 and rs145882986) in 200 
patients with HSCR and 200 controls. 
Associations between specific genotypes and 
the development of HSCR were examined by 
the logistic regression analysis to calculate OR 
and 95% confidence intervals (CI) (Tables 2 and 
3). In conclusion, the results clearly suggest 
that those susceptible factors related to the 
WNT3A polymorphic were predisposed for 
HSCR.

As HSCR is a multifactorial congenital disorder, 
the cumulative genetic effects that result in an 
individual phenotypic variation play a crucial 
role in its development. Therefore, it is impor-

Figure 6. Expression of WNT3A detected by immunostaining in aganglionic and ganglionic colon segment tissue. 
The brown yellow depositions in aganglionic segment were far more rich and widespread in mucous layer and mus-
cular layer, while those in the ganglionic segment were punctiform. A: Mucous layer of ganglionic colon segment 
tissue. B: Mucous layer of aganglionic colon segment tissue. C: Muscular layer of ganglionic colon segment tissue. 
D: Muscular layer of aganglionic colon segment tissue. A-D: × 400 (the bar = 50 μm).
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tant to assess whether WNT3A polymorphisms 
are associated with HSCR susceptibility. The 
aim of the present study was to examine poly-
morphic markers of the WNT3A gene to deter-
mine their association with the risk and devel-
opment of HSCR in Chinese individuals. DNA 
was extracted from whole blood samples, and 
WNT3A polymorphisms were analyzed by PCR. 
Associations between specific genotypes and 
the development of HSCR were examined by 
logistic regression analysis to calculate the 
odds ratio (OR) and 95% confidence intervals 
(CI). The risk of HSCR increased as the number 
of putative high-risk genotypes increased for 
the combined genotypes of WNT3A heterozy-
gosity. In conclusion, the results obtained in 
this study clearly suggest that the susceptible 
factor related to different WNT3A polymor-
phisms is predisposing risk factor for HSCR. We 
observed that the WNT3A gene polymorphisms 
(rs192966556 and rs145882986) are associ-
ated with an increased risk of HSCR in our 
study sample. The differences in genotypes 
and allele distributions of rs192966556 and 
rs145882986 between various clinical 
classifications were statistically significant. 
Moreover, sequence analysis revealed that the 
WNT3A gene may influence the risk of this com-
mon developmental anomaly.

In the study, we also investigate the differential 
expressions in mRNA and protein levels 
between the aganglionic and the normal gangli-
onic of colon tissues from HSCR patients in 
order to obtain more information about bowel 
motility disturbance. We analyzed the agangli-
onic and the normal ganglionic colon segment 
tissues derived from 50 patients with sporadic 
HSCR and found that the expression of WNT3A 
in aganglionic colon segments was higher than 
that in the normal ganglionic colon segments 
(Table 4), and the differences were statistically 
significant (P < 0.05). The same protein expres-
sion result was further confirmed that signifi-
cant increase of WNT3A was detected in agan-
glionic colon segments compared to the normal 
ganglionic colon segments. Immunohistoche- 
mical staining of WNT3A was brown in agangli-
onic colon segment tissues, while was pale yel-
low or colorless in normal ganglionic colon seg-
ment tissues.

For the possible reasons about the higher 
expression levels of WNT3A in the aganglionic 
tissues compared with the ganglionic tissues, 

we postulate that aberrant Wnt signalling may 
contribute to neurological disorders resulting 
from the higher expressions of WNT3A. It has 
been identified that the WNT8A gene is involved 
in the susceptibility to HSCR and plays an 
important role in the occurrence of HSCR [21]. 
As a Wnt ligand, WNT3A binds to seven-pass 
transmembrane receptors of the Frizzled (Fzd) 
family and co-receptors, low density lipopro-
tein-related protein (LRP) 5 and 6, leading to 
the inhibition of the APC/Axin/CK1/GSK3b 
destruction complex and stabilization and 
translocation of β-catenin to the nucleus where 
it interacts with TCF/Lef family transcription 
factors to regulate the transcription of target 
genes [14, 26]. These target genes may eventu-
ally stimulate more synapse formation by 
increasing synaptic assembly to promote the 
normal development of the ganglionosis. 
Alternatively, WNT3A might also promote HSCR 
via non-canonical Wnt signaling mechanisms 
[17].

In summary, our study demonstrates that poly-
morphic variants of WNT3A might be involved 
in HSCR etiology. Through the differential 
expression, we detect and characterize WNT3A 
as a differentially expressed gene in agangli-
onic and normal ganglionic colon segments 
with HSCR. However, the precise role the 
WNT3A plays in HSCR awaits further investiga-
tion. Our study may provide more insights into 
HSCR.
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