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Expression patterns of dishevelled-2 in different colon
tissue segments in Hirschsprung's disease
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Abstract. Hirschsprung's disease (HSCR) is a congenital
disorder characterized by an absence of enteric ganglion
cells in the terminal regions of the gut during development.
To date, the cause of HSCR remains unclear, although the
pathogenesis of this complex disease is hypothesized to
be influenced by numerous genetic and environmental
factors. Dishevelled-2 (DVL-2) is a subtype of the dishev-
elled protein, which is known to be involved in embryonic
development. In the present study, the pathogenesis of HSCR
was investigated by measuring the expression of the DVL-2
gene and protein using reverse transcription-quantitative
polymerase chain reaction (RT-qPCR), western blotting
and immunohistochemistry staining in the aganglionic
and ganglionic segments of colonic tissues in patients with
HSCR. The results showed that the level of DVL-2 mRNA in
the aganglionic segments was 0.28 fold that of the ganglionic
segments. Similarly, the protein expression of DVL-2 was
lower (11.31+2.23) in the aganglionic segments than that of
the ganglionic segments (35.21+2.66), as assessed by western
blot analysis. Furthermore, immunohistochemical staining
demonstrated that DVL-2 expression was significantly higher
in the mucosal and submucosal layers from ganglionic colon
segments compared with that from the aganglionic segments.
The data suggest that the expression of DVL-2 in colon tissue
segments may be important in the pathogenesis of HSCR.

Introduction

Hirschsprung's disease (HSCR), one of the most common
congenital disorders, is characterized by the absence of
intestinal ganglion cells in the myenteric and submucosal
plexuses (1). The disease often presents with intestinal
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obstruction and massive distension of the bowel following
birth (2). The incidence is ~1 in 5,000 live births, and this
figure is slightly higher in Asian people (~28 per 100,000
live births). Although the causes of HSCR remain unclear,
it is known to be a complex disease, which is influenced by
numerous genetic and environmental factors. To date, muta-
tions in the ret proto-oncogene (3), endothelin receptor B (4),
endothelin 3 (5), glial derived neurotrophic factor (6) and sex
determining region Y-box 10 (7), which are all known to be
involved in the formation of the enteric nervous system, have
been identified in patients with HSCR. However, changes in
these genes do not account for all cases of HSCR. At present,
unidentified genes, or combinations of genes, underlie as
many as 50-70% of cases.

The Wnt signaling pathway is involved in a number of
biological process, including cell proliferation, tumorigen-
esis and embryonic development (8,9). The present study
investigated the association between HSCR disease and the
Wnt signaling pathway. It has previously been demonstrated
that the WNTS8A gene is involved in susceptibility to HSCR
and is important in the development of this disease (10). The
dishevelled (DVL) protein, which has three homologous
subtypes, DVL-1, DVL-2 and DVL-3, is a cytoplasmic
protein that is important in embryonic development, cell
differentiation and tumor formation (11-13). It is also known
to be a key part of the Wnt signaling pathway (14). A previous
study showed that in patients with HSCR, the expression
of DVL-1 and DVL-3 in aganglionic colon segments was
higher than that in ganglionic segments (15). However, the
correlation between expression of the DVL-2 protein and
HSCR has not been confirmed. Therefore in the current
study, differential expression of DVL-2 was detected using
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR), western blotting and immunohistochemistry
staining.

Materials and methods

Patients and specimens. This study was approved by the
Ethics Committee of China Medical University (Ethical
no. 2013PS07K; Liaoning, China). Colonic tissues were
obtained from 50 patients (41 males and 9 females) with
pathologically confirmed HSCR pre- or post-operative at
Shengjing Hospital of China Medical University. HSCR was
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diagnosed by a barium enema X-ray and suction rectal biopsy.
All patients with HSCR exhibited aganglionosis restricted to
the sigmoid colon. Their ages ranged from 0.5 to 4.5 years
old, with an average of 1.5 years. Based on the results of
the barium enema and the intestinal morphology observed
during and after the operation, the surgical specimens were
divided into aganglionic colon segments and ganglionic
colon segments. These classifications were further confirmed
by histological examination of a frozen section of each
segment. Aganglionic and ganglionic colon segment tissues
were collected and identified by histopathological examina-
tion of hematoxylin and eosin (H&E)-stained slides. Each
tissue specimen was divided into two; one part was frozen at
-80°C for molecular analysis and the other was fixed in 10%
neutral-formalin and embedded with paraffin.

Reagents and instruments. A biotin streptavidin detec-
tion system for immunohistochemical staining, and a
DAB-0031/1031 kit were obtained from Fuzhou Maixin
Biotech Co., Ltd. (Fuzhou, China). The PrimeScript RT
reagent kit was obtained from Takara Biotechnology Co.,
Ltd. (Dalian, China). The electrophoresis apparatus was
obtained from Bio-Rad Laboratories (Hercules, CA, USA).
The mixed SYBR green kit from Takara Biotechnology was
made for RT-qPCR conducted using a LightCycler® 480
instrument (Roche Diagnostics, Basel, Switzerland).

Design and synthesis of primers. Human B-actin was used as
an internal control and the length of the amplified fragment
was 317 base pairs (bp). The other primers were constructed
using the cDNA y sequence of DVL-2, for which the length
was 129 bp. These two pairs of primers were synthesized and
purified by the Shanghai Biological Engineering Company
(Shanghai, China). The primer sequences were as follows:
Forward: 5-AGA GCT ACG AGC TGC CTG AC-3' and
reverse: 5-AGC ACT GTG TTG GCG TAC AG-3' for human
B-actin; and forward: 5'-CCA CCT TTA CCT CCT TTG-3'
and reverse: 5'-CAC TAC TGA CTC GGT TTC TG-3' for
human DVL-2.

RNA extraction, RT-qPCR). Tissues (~100 mg) from the
aganglionic and ganglionic intestines were used for total
RNA extraction using the RNA extraction reagent, TRIzol®
(Invitrogen Life Technologies, Carlsbad, CA, USA),
according to the manufacturer's instructions. The harvested
RNA was diluted to a concentration of 1 ug/ul, aliquoted and
stored at -80°C. For cDNA synthesis, two reagent kits were
used (One Step PrimeScript® mRNA c¢DNA Synthesis kit
and PrimeScript® RT reagent kit, Takara Biotechnology Co.,
Ltd.).

RT-qPCR was performed in triplicate for each specimen
using SYBR® Green PCR Master Mix in a LightCycler®
(Roche Molecular Biochemicals, Co., Mannheim, Germany).
The reference gene, B-actin (Takara Biotechnology, Co., Ltd.;
DR3783), was used as an endogenous control. The following
conditions were used: 5 min pre-denaturation at 95°C, 40
cycles of 5 sec denaturation at 95°C and 30 sec annealing
at 52.5°C. Following the termination of PCR, the produc-
tion was analyzed automatically by the Lightcycler system.
The amplification process was followed by a melting curve
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analysis and the cycle threshold (Ct) value was recorded. For
the genes investigated here, one cycle change in Ct corre-
sponded to a 2.1+0.2 (standard error of the mean) change
in RNA dilution. The relative expression of the gene was
calculated by the 2744 method (16).

H&E and immunohistochemical staining. Diagnosis of
HSCR was based on H&E staining of ganglion cells.
Review of surgical pathological reports following resec-
tion of the colonic segment confirmed whether the initial
biopsy diagnosis of HSCR had been accurate. Aganglionic
and ganglionic segments were categorized according to the
results of H&E staining (Fig. 1). Segments were fixed in 10%
neutral-formalin and embedded in paraffin.

Immunohistochemistry (IHC) was performed on 5-ym
sections obtained from formalin-fixed, paraffin embedded
blocks, using a biotin streptavidin complex method. For
antigen retrieval, slides were incubated in a microwave oven
for 10 min in 0.01 mol/l citrate buffer (pH=6; Zhongshan
Golden Bridge Biotechnology Co., Ltd., Beijing, China),
followed by cooling at room temperature. Following incuba-
tion in 10% normal goat serum (Beijing TransGen Biotech
Co. Ltd., Beijing, China) in phosphate-buffered saline (PBS;
Zhongshan Golden Bridge Biotechnology Co., Ltd.) for
30 min in order to block nonspecific binding sites, samples
were incubated at 4°C overnight with a polyclonal rabbit
anti-DVL-2 antibody (1:2,000; Millipore, Billerica, MA,
USA; catalog no. AB5972). Samples were washed with PBS
and then incubated with anti-rabbit IgG peroxidase-conju-
gated antibody (1:2,000; Beijing TransGen Biotech Co. Ltd.;
catalog no. 110318) for 20 min at 37°C and washed by PBS.
The final reaction product was stained with diaminobenzidine
(Beijing TransGen Biotech Co. Ltd.). After 10 min washing
with PBS, nuclei were counterstained with hematoxylin. The
negative control was produced using an equivalent quantity
of PBS in place of the rabbit anti-DVL-2. Brown and yellow
deposition represented a positive reaction. Density and distri-
bution were observed under a light microscope (Nikon E800,
Nikon Corporation, Kanagawa, Japan). The density of the
positively stained area was calculated, at x400 magnification,
as the sum of the areas occupied by the positively stained
area of the tissues. Images were captured and the area of
staining in each image was calculated using a NISE Elements
Basic Research (version 2.30, Kawasaki, Kanagawa, Japan)
analysis system. Negative controls were performed using an
equivalent quantity of PBS instead of rabbit anti-DVL-2. Two
pathologists independently reviewed the THC-stained slides
and agreed on a diagnoses by consensus.

Western blot analysis. Colon tissue specimens (~50 mg)
were cut into small pieces using surgical scissors, soni-
cated in protein lysis buffer (Beijing TransGen Biotech Co.
Ltd.) and centrifuged at 13,600 x g for 15 min at 4°C. The
protein concentration was measured using the Bradford
method (17), specimens were adjusted to obtain the same
protein concentration, and then aliquoted and stored at -80°C.
Samples containing equal quantities of protein (50 pg) were
separated by sodium-dodecyl sulfate polyacrylamide gel
electrophoresis on a 10% gel, and then electrotransferred
onto polyvinylidene fluoride membranes (EMD Millipore).
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Table I. Relative quantity of DVL-2 mRNA in aganglionic and ganglionic segments of colon tissue.

Segment DVL-2 average Ct value [-actin average Ct value ACt AACt Relative expression
Ganglionic 26.73+1.59 23.94+1.95 2.79 0.00 1.00
Aganglionic 28.57+1.03 24.06+1.80 451 1.82 0.28

DVL-2, dishevelled-2; Ct, cycle threshold.

Figure 1. Photomicrographs of aganglionic and ganglionic intestine using hematoxylin and eosin staining. (A) Ganglionic colon segment tissue and (B) agan-

glionic colon segment tissue. (A) and (B): Magnification, x400; scale bar, 50 ym.

Figure 2. Expression of DVL-2 detected by immunohistochemistry in aganglionic and ganglionic colon segments. The brown-yellow depositions in the
ganglionic segments were richer and more widespread in the submucosa, while those in the aganglionic segment were observed in a punctiform distribution.
(A) Ganglionic colon segment tissue and (B) aganglionic colon segment tissue. (A) and (B): Magnification, x400; scale bar, 50 ym.

Blots were blocked with 5% non-fat for 1 h at 37°C, followed
by incubation with anti-DVL2 antibodies (1:1,000) overnight
at 4°C. The following day, the blots were washed in TBST,
and incubated with goat anti-rabbit IgG (1:2,000 dilution;
Beijing ZhongShan Jingiao Biological Technology Co., Ltd.,
Beijing, China; catalog no. ZB-2301) for 90 min at 37°C
prior to detection by enhanced chemiluminescence (Pierce
Biotechnology, Inc., Rockford, IL, USA). The grayscale
values of the DVL-2 band were normalized to the values
of the corresponding [-actin band to determine the relative
expression levels of the DVL-2 protein. Experiments were
repeated three times, independently.

Statistical analysis. The Statistical Program for Social
Sciences, version 13.0 (SPSS, Inc., Chicago, IL, USA), was
used for statistical analysis. A t-test was used to compare the
expression level of DVL-2 in aganglionic colon segments
with that of the normal segments. Data are expressed as the
mean + standard deviation. P<0.05 was considered to indi-
cate a statistically significant difference.

1 2 3 4
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— — —— 4— } _actin

Figure 3. Representative western blot showing expression of the DVL-2
protein. The DVL-2 protein was detected as an ~76 kDa band on western
blots of protein extracted from ganglionic and aganglionic colon segment
tissues. The immunoblot shows a strong signal for the DVL-2 protein in the
ganglionic tissues and a weak signal in the aganglionic tissue. Lines 1 and
3, DVL-2 proteins from the aganglionic segment; and lines 2 and 4, DVL-2
proteins from the ganglionic segment. DVL-2, dishevelled-2.

Results

RT-gPCR analysis. The optical density value of RNA calcu-
lated by A260/A280 ranged from 1.8 to 2.0. In the analysis
of RT-qPCR data, the mRNA expression levels of DVL-2
were normalized to the mRNA expression levels of f-actin in
each specimen. The results showed that the mRNA expression
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levels of DVL-2 in the aganglionic segments were 72% lower
than those in the ganglionic segments (P<0.03; Table I).

IHC staining results. The aganglionic and ganglionic segments
were first defined by H&E staining, which demonstrated the
absence of focal ganglion cells (Fig. 1). Immunohistochemical
staining was performed and positive reaction was predomi-
nantly detected in the mucosal and submucosal layers of the
ganglionic colonic segments. The brown-yellow depositions
observed in the ganglionic segments tissues were richer and
more widespread in the submucosa. The distribution was
reticulodromous in the circular muscular layer, while that
of the aganglionic segment tissues was punctiform. DVL-2
immunoreactivity was greater in the ganglionic segments than
the aganglionic segments (Fig. 2).

Western blot analysis. Expression of the DVL-2 protein
was evaluated by western blotting with specific antibodies
in samples from the same group of patients with HSCR. In
accordance with the results from the RT-qPCR experiments,
a significant decrease in the DVL-2 protein was detected in
aganglionic segments compared with the matched ganglionic
segments (Fig. 3). The protein level of DVL-2 was 11.31+2.23
in the aganglionic colon segment, compared with 35.21+2.66
in the ganglionic segments P<0.05).

Discussion

HSCR is a congenital disorder, characterized by an absence
of enteric neurons in the myenteric and submucosal plexuses
of the terminal gastrointestinal tract. It usually presents with
intestinal obstruction and massive distension of the proximal
bowel (megacolon) following birth (2). To date, numerous genes
have been reported to be involved in the etiology of HSCR,
however, the mechanisms underlying the motility dysfunc-
tion observed in HSCR remain unclear. Furthermore, for
patients with HSCR, a significant problem is that of persistent
postoperative disturbances in bowel motility, even following
surgery. The reasons for this phenomenon also remain to
be elucidated. In the present study, RT-qPCR, IHC staining
and western blotting were used to investigate the differential
expression in mRNA and protein levels of DVL-2 between
aganglionic and normal ganglionic colonic tissues, in order to
gain information on bowel motility disturbance. Aganglionic
and normal colonic segment tissues, derived from 50 patients
with sporadic HSCR were analyzed. The results showed that
the expression of DVL-2 mRNA in the aganglionic segments
was lower than that in the ganglionic segments (Table I) and
that these differences were statistically significant (P<0.05).
Results of THC experiments to assess the DVL-2 protein levels
confirmed a significant reduction in DVL-2 expression in
aganglionic colonic segments compared with the ganglionic
segments.

As a member of the Wnt signaling pathway, DVL exerts
its biological function predominantly through the canonical
and non-canonical Wnt signaling pathways (18,19). Within
the central nervous system, DVL is widely expressed in early
embryonic and postnatal nervous tissues, and is crucial for
the formation of connections between neurons (11). When
DVL-2 expression is inhibited, neuronal precursor cell
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proliferation is reduced. A previous study showed that in
patients with HSCR, the expression of DVL-1 and DVL-3
in aganglionic colonic segments was greater than that in
ganglionic segments (15). The different expressions between
DVL-1, DVL-3 and DVL-2 in aganglionic colon segments
may indicate that different subtypes of DVL gene have
different roles in the development of the enteric nervous
system. When the Wnt signaling pathway becomes abnormal,
resulting in a reduced quantity of DVL-2, synapse formation
is reduced. In order to restore this function, expression of
DVL-1 and DVL-3 increases, stimulating synapse formation
by increasing synaptic assembly, in order to promote normal
development of ganglions.

There are a number of mechanisms regarding the role of
DVL-2 in HSCR that require further investigation, including
the mechanism by which a reduced expression of DVL-2 results
in the development of HSCR. The present study demonstrated
a differential expression of DVL-2 mRNA and protein between
the aganglionic and the ganglionic colon segments, suggesting
that DVL-2 may be an important factor in the pathogenesis
of HSCR. The difference in expression of DVL-2 mRNA and
protein between the aganglionic segments and the ganglionic
segments provides a starting point for further investigation
into the molecular basis of HSCR.
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