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Abstract: This study is aimed to investigate the pathogenesis of Hischsprung’s disease (HSCR) through examina-
tion of quantitive and morphological changes of mast cells (MCs) and nerve fibers in different segments of affected 
colon. Stenotic, transitional, and dilated segments were collected from HSCR patients (n = 62) at the Children’s 
Hospital of Chongqing Medical University from January 2011 to December 2013 (Chongqing, China). Control sam-
ples were collected from patients (n = 10) who had died from non-gastrointestinal disease. Toluidine blue stain-
ing, immunohistochemistry (mast cell tryptase and S100 antibodies), and compound staining were performed to 
identify and morphologically characterize MCs and nerve fibers. Sections were examined under light microscopy for 
the distribution and morphology of MCs and nerve fibers, and the results were evaluated with color image analyz-
ing software. MCs were localized in mucosal and submucosal layers, and accumulated around the nerve fibers in 
HSCR samples. The number of MCs in stenotic HSCR intestine was significantly greater than in dilated intestine or 
in controls (P < 0.05). Furthermore, MC degranulation and S100-positive fibers were found at a greater degree in 
the stenotic intestine group (P < 0.05). Finally, the number and the area of S100-positive fibers were positively cor-
related with the number of MCs (r = 0.513, P < 0.01; r = 0.474, P < 0.01). The number and morphological changes in 
MCs and nerve fibers were positively correlated in HSCR samples, indicating that the interaction of MCs with nerve 
fibers may play an important role in the pathogenesis of HSCR.
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Introduction

Hirschsprung’s disease (HSCR) is a rare con-
genital disorder of the colon in which certain 
nerve cells, known as ganglion cells, are 
absent, causing bowel dysfunction and affect-
ing the overall health of the child. HSCR occurs 
in one out of 5000 newborns and makes up 
~25% of pediatric digestive tract malforma-
tions, with major clinical manifestations, such 
as constipation and enterocolitis [1, 2]. While 
the disease can be corrected surgically, it is 
lethal if untreated. Thus, early diagnosis is 
imperative for successful outcomes.

Mast cells (MCs) are involved in physiological 
processes such as host defense against bacte-
ria and tissue remodeling [3-5]. In recent years, 
studies have shown that MCs appear to contrib-

ute to the pathogenesis of HSCR, although the 
mechanism is not yet well-defined [6]. MCs, 
derived from bone marrow precursor cells, are 
widely distributed in mucous membranes and 
connective tissues of the respiratory, gastroin-
testinal, and urinary tracts, and are important 
effector, regulatory immune cells which play a 
key role in the nerve-immune-endocrine net-
work. MCs are filled with basophilic cytoplasmic 
granules, which contain many bioactive sub-
stances, such as histamine, proteoglycan, 
5-serotonin, leukotriene, platelet activation fac-
tor, prostaglandin, tryptase, chymotrypsin, and 
a variety of interleukins [7]. Through the release 
of these various factors from the cytoplasmatic 
granules by exocytosis (degranulation), MCs 
regulate and orchestrate many different physi-
ological processes when stimulated [8].
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Gastrointestinal MCs are of two subtypes: MCs 
positive for tryptase with no immunodetectable 
chymase (MCT) or MCs positive for both trypt-
ase and chymase (MCTC). These two types of 
MCs are involved in many physiological pro-
cesses of the intestine, including intestinal 
immunity, intestinal motility, intestinal permea-
bility and secretion of digestive enzymes, which 
are collectively known as the fourth intestinal 
mucosa barrier [9, 10].

As important members of the gastrointestinal 
immune system, MCs have complex interac-
tions with the enteric nervous system (ENS). 
When activated, MCs can amplify and transfer 
a signal to adjacent nerve fibers and neurons 
by releasing factors such as histamine. In turn, 
the ENS can also influence MCs by releasing 
neurotransmitters or neuropeptides such as 
substance P after stimulation. MCs and the 
ENS thus interact closely for the normal regula-
tion of the immune system and gastrointestinal 
function but are also related to the develop-
ment of Irritable Bowel Syndrome and food 
allergies leading to chronic constipation and 
other gastrointestinal disorders [11-14]. 

Quantitative and regional alterations in MCs 
have been observed on histological examina-
tion. MCs are frequently observed in contact 
with blood vessels and nerve fibers in HSCR 
[15]. An increased number of MCs in the agan-
glionic segment of the intestine has been previ-
ously described in HSCR patients [6]. 
Furthermore, the number of MCs was found to 
be significantly less in transitional segments 
compared to ganglionic segments of HSCR 
patients relative to controls. Here, in order to 
further investigate the role of MCs in HSCR, 
quantitative and morphological features of 
MCs and nerve fibers in different intestinal seg-
ments were examined in a cohort of Chinese 
patients with HSCR. 

Materials and methods

Ethics statement

Protocols were approved by the Ethics Co- 
mmittee of the Children’s Hospital, Chongqing 
Medical University (Chongqing, China). Written 
informed consent was obtained from the par-
ents of all patients recruited for the study.

Tissue samples and clinical characteristics of 
patients

The stenotic, transitional, and dilated segments 
were collected from HSCR patients (n = 62; 
male n = 48, female n = 14) at the Children’s 
Hospital of Chongqing Medical University from 
January 2011 to December 2013. The age of 
the patients ranged from 14 days to 13 years: 
< 1 month (n = 3); 1 to 3 months (n = 14); 3 
months to 1 year (n = 22); and > 1 year (n = 23). 
Clinical HSCR types were classified as common 
(n = 38), long segment (n = 14), and short seg-
ment (n = 10). Before surgery, all of the patients 
underwent barium enema, histochemical rectal 
mucosa acetylcholinesterase analysis, and 
anorectal manometry. A final diagnosis of HSCR 
was confirmed as the absence of ganglion cells 
in the myenteric nerve plexus of the stenotic 
segment on frozen section during surgery and 
HE stain following surgery. Control bowel speci-
mens (n = 10; male n = 4, female n = 6) were 
obtained from patients who had died of non-
gastrointestinal disease. Age ranged from 10 
days to 12 years. Full thickness samples were 
taken in cases where mature ganglion cells 
were observed on hematoxylin & eosin (HE) 
stained stenotic, transitional, and dilated seg-
ments by light microscopy. All pathological data 
for patients and controls were intact. Fresh tis-
sue samples were immediately fixed in 10% 
neutral formalin and embedded in paraffin. 
Each paraffin block was serial dissected into 5 
sections (3 μm thickness), which were num-
bered 1, 2, 3, 4, and 5, respectively, and stored 
until further use.

Reagents and instruments

Toluidine blue (TB; Shanghai Chemical Reagent 
Company; Shanghai, China) was used for differ-
ential staining of MC. Immunohistochemistry 
was performed with mast cell tryptase rabbit 
monoclonal antibody (ab151757; Abcam; 
Cambridge, MA, USA), S100 rabbit anti-human 
antibody (Fuzhou Maixin Biology Technology 
Development Co., Ltd.; Fujian, China), and visu-
alized with the Immunohistochemistry Elivi- 
sionTM Super Kit (Fuzhou Maixin Biotechnology 
Development Co., Ltd.) and Diaminobenzidine 
(DAB) (Beijing Zhongshan Jinqiao Biotechnology 
Co., Ltd.; Beijing, China). Analysis under light 
microscopy was performed with the Nikon 
ECLIPSE 55i microscope (Tokyo, Japan) and the 
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YC.YX-2050 pathological image analysis sys-
tem (ZEISS; Beijing, China). 

HE staining

A diagnosis of HSCR was based on HE staining 
of ganglion cells and confirmed on review of the 
surgical pathological reports of the biopsies 
from resections.

Slide pretreatment

For all histochemical analyses performed on 
paraffin embedded sections, slides were first 
heated to 60°C for 2 hr, and deparaffinized and 
hydrated in a xylene and alcohol series.

Toluidine blue stain

Sections were stained in 0.5% TB for 20 min, 
rinsed in running tap water, and exposed to 
0.5% glacial acetic acid for differential staining. 
Sections were mounted and examined. MC 
appeared violet under light microscopy.

Immunohistochemical stain

Antigen retrieval was performed, and sections 
were subsequently preincubated in 3% H2O2 at 
room temperature for 10 min to quench endog-
enous peroxidase. Sections were incubated 
with primary antibody overnight at 4°C and 
rinsed with 0.01 mol/L PBS. Primary antibody 
was replaced with PBS for the negative control. 
For signal amplification, incubations of sections 
were performed at room temperature for 10 
min first with solution A (amplification agent) of 
ElivisionTM Super Kit followed by solution B 

(polymerase conjugates) of the secondary anti-
body kit. For visualization, sections were incu-
bated in DAB for 3 min and rinsed in running 
tap water to stop the reaction. Sections were 
counterstained with hematoxylin, rinsed in run-
ning tap water, mounted, and examined under 
light microscopy.

Compound staining

All steps of the immunohistochemistry protocol 
were performed as described including/exclud-
ing the DAB reaction. Sections were subse-
quently stained in 0.5% TB for 20 min, rinsed in 
running tap water, exposed to 0.5% glacial ace-
tic acid for differential staining, and mounted. 
MCs appeared violet under light microscopy.

Image analysis

Under light microscopy, MCs were stained vio-
let by TB, but brown through immunohisto-
chemistry. Intact and degranulated MCs were 
counted in 10 random fields (×200) in the 
mucosal or submucosal layer. The density of 
MCs was expressed as the total number of 
MC/10 (fields) and the ratio of degranulated 
MCs as the number of degranulated MC/total 
number of MC. S100-positive nerve fibers were 
stained tan under light microscopy. Intact nerve 
plexus was examined and recorded in 10 ran-
dom fields (×200) in the submucosal layer. The 
density of nerve fibers was expressed as the 
total number of nerve fibers/10 (fields). The 
mean area of nerve fibers was calculated with 
the YC.YX-2050 pathological image analysis 

Figure 1. HE staining of ganglionic (control) and aganglionic (HSCR) intestine. Fixed HE sections of (A) control and 
(B) stenotic HSCR tissues under light microscopy (×400). Arrows (→) highlight ganglion cells. Scale bar = 50 μm.
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system. Measurements were performed by two 
experienced pathologists independently.

Statistical analysis

All statistical analyses were performed with 
SPSS statistical software (version 17.0, 2008, 
SPSS Inc.; Chicago, IL, USA). Data are present-
ed as the mean ± SEM. Differences between 
groups were compared using ANOVA and the 
relationship between variables using the 
Pearson correlation coefficient. P < 0.05 was 
regarded as statistically significant.

Results

Mast cells

Pathological examination of histological sec-
tions was performed to confirm HSCR diagno-
sis and to characterize MCs by morphology, 
location, and number. Aganglionic colonic seg-
ments were defined by the absence of the gan-
glion cells and first identified through HE stain-
ing (Figure 1). The results were consistent with 
the original diagnosis made before surgery on 
the basis of barium enema, histochemical rec-

Table 1. Comparison of MC density and degranulation in HSCR and control cases (
_
x±s)

Group Stenotic section Transition section Dilated section Non-HSCR cases
MC density/TB staining 19.64 ± 3.62a,b 12.83 ± 2.74a,b 5.02 ± 1.81 4.49 ± 1.65
MC density/Imm-unohistochemical staining 20.55 ± 3.74a,b 13.09 ± 3.01a,b 5.43 ± 1.55 4.87 ± 1.72
Degranulation/% 26.32 ± 4.57a,b 19.62 ± 4.12a,b 12.05 ± 2.81 11.90 ± 3.17
aP < 0.05 for the comparison to the control group; bP < 0.05 for the comparison to the dilated section.

Figure 2. Degranulated morphology of mast cells in HSCR patients. MCs were identified in tissue sections from 
HSCR patients and controls, with Toluidine blue and immunohistochemical staining with mast cell tryptase rabbit 
monoclonal antibody (×200). A. Control, Toluidine blue; B. HSCR stenotic section, Toluidine blue; C. Control, im-
munohistochemistry; D. HSCR stenotic section, immunohistochemistry. Arrows (→) highlight mast cells. Scale bar 
= 50 μm.
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Table 2. Density and size of nerve fibers in HSCR and non-HSCR cases (
_
x±s)

Group Stenotic section Transition section Dilated section Non-HSCR cases
Density of nerve fibers 7.44 ± 3.03a,b 6.39 ± 2.82a,b 3.36 ± 2.13 2.92 ± 2.41
Area of nerve fibers/μm2 978.63 ± 432.71a,b 658.43 ± 231.65a,b 303.62 ± 207.93 292.75 ± 193.22
aP < 0.05 for comparison to the control group; bP < 0.05 for comparison to the dilated section.

tal mucosa acetylcholinesterase analysis, and 
anorectal manometry.

Under light microscopy, MCs appeared purple 
with blue cytoplasm when stained with TB, and 
brown through immunohistochemistry. MCs 
were mainly distributed in the mucosa, lamina 
propria, and the submucosa. Fewer MCs were 
observed in the muscular layer and serosa. 
Statistical analysis of the MC numbers in sub-
mucosa obtained by the two staining methods 
demonstrated that TB and immunohistochem-
istry were comparable for MC counts. MC den-
sity in the stenotic segment, transitional seg-
ment, dilated segment, and control submucosa 
were 19.64 ± 3.62, 12.83 ± 2.74, 5.02 ± 1.81 
and 4.49 ± 1.65 by TB staining, and 20.55 ± 
3.74, 13.09 ± 3.01, 5.43 ± 1.55, 4.87 ± 1.72 
by immunohistochemical staining respectively 
(Table 1). Differences in MC numbers between 
stenotic and dilated sections were statistically 
significant in HSCR patients (P < 0.05), as well 
as between transition and dilated sections (P < 
0.05). Furthermore, MC counts were increased 
in stenotic and transition sections from HSCR 
patients relative to controls (P < 0.05).

The morphology of the normal MCs was inte-
grated, round or spindle shaped, with uniform 
cytoplasms and distinct membranes. Degranu- 
lated MCs appeared irregular in shape, with 
ulcerated membranes and many particles from 
cell membranes. The degree of degranulation 
was significantly increased in stenotic and tran-
sition sections of patients compared to the 
controls (P < 0.05; Figure 2). The data obtained 
for evaluation of MCs are summarized in Table 
1.

Nerve fibers

To reveal morphological changes in nerve 
fibers, immunostaining with antibody against 
S100 was performed on patient and control 
samples. Nerve fibers, which were located in 
the submucosal plexus and the myenteric plex-
us, stained positive for S100, and S100 stain-

ing appeared as dots, lines, or clusters. In con-
trast, S100 staining was absent in the ganglion 
cells and appeared as a blank area in the plex-
us. Hyperplasia, enhanced staining, curved 
shape, and increased area of S100 positive 
nerve fibers were evident in sections from the 
HSCR patients (P < 0.05; Figure 2). The data 
obtained for the evaluation of nerve fibers are 
summarized in Table 2.

Mast cells and nerve fibers

In order to examine the relationship between 
MC and nerve fibers, compound staining was 
performed on tissue sections to highlight the 
position of MCs relative to nerve fibers. First, 
MCs were observed to accumulate around 
blood vessels and nerve fibers. Second, MCs 
were distributed along or clustered around the 
hypertrophic S100 positive nerve fibers 
(Figures 3 and 4), such that a positive relation-
ship emerged between the density of MC and 
nerve fibers (correlation coefficient = 0.513; P 
< 0.01). Furthermore, the density of MC also 
correlated well with the increase in area of 
nerve fibers in HSCR patients (correlation coef-
ficient = 0.474, P < 0.01). Finally, the rate of 
degranulation of nerve fibers and vessels by 
MC in HSCR submucosal segments was 29.38 
± 5.52%, which was significantly greater than in 
other segments (18.61 ± 4.12%; P < 0.01).

Discussion

The fact that HSCR is a surgically manageable 
disease if diagnosed early, underscores the 
need to identify these cases as early as possi-
ble [16]. A crucial method for early diagnosis 
and/or treatment is an understanding of the 
underlying mechanism(s), which to date 
remains unclear. In the present study, MC mor-
phology and numbers were evaluated, as well 
as the methods to detect them, in resected 
specimens from cases of HSCR and compared 
to controls. Our results corroborate previous 
indications that MCs may affect adjacent neu-
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rons and thus, play a role in the pathogenesis 
of HSCR [17].

Immunohistochemical detection of MCs with 
anti-mast cell tryptase, although frequently 
reported in other studies, has been found to be 
less accurate than Toluidine blue staining [18]. 
Therefore, MC numbers were compared in 
cases and controls by both methods in our 
study. Toluidine blue staining is a simple and 
effective method, requiring an incubation time 
as short as one minute [19, 20]. In our hands, a 
similar result, namely that MCs were increased 
in HSCR cases compared to controls, was 
obtained by both methods. In addition, a 
degranulation rate for MCs, based on these 
methods, was determined for the first time. 

Degranulation rate as a measure of MC behav-
ior was easier to determine compared to immu-
nohistochemical staining due to the ability to 
observe morphological changes in MCs. The 
results demonstrated that the degranulation 
rate was significantly higher in spasm seg-
ments compared to controls, indicating that 
MCs were activated in the spasm segment of 
HSCR. These findings together strongly impli-
cate MC degranulation as a potential mecha-
nism contributing to the pathogenesis of HSCR.

Neural hypertrophy in the colonic submucosa is 
associated with aganglionosis and is a surro-
gate marker for HSCR [21]. The thickness of 
submucosal nerve fibers has been measured in 
many studies previously. However, less objec-

Figure 3. Nerve fibers in HSCR submucosa are hypertrophic. Immunohistochemistry with S-100 antibody was per-
formed to identify nerve fibers in the submucosa of patients and controls (×200). A. Control; B. HSCR stenotic sec-
tion. Arrows (→) highlight nerve fibers. Scale bar = 50 μm.

Figure 4. Mast cells accumulate around nerve fibers and small blood vessels in the submucosal layer of the spasm 
segment in HSCR patients. Compound staining (TB with antibody staining for S-100) was performed on patient 
samples (×400). A. Nerve fibers; B. Small blood vessels. Arrows (→) highlight mast cells. Scale bar = 100 μm.
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tive methods for measurement such as image 
graticules have been used [22]. In this study, 
the status of the nerve fibers was analyzed with 
S100 immunostaining and image analysis soft-
ware. S100 is a protein expressed in glial cells 
and is present in nerve fibers, but absent in 
ganglion cells. Therefore, S100 may be a better 
marker in the study of enteric nervous system 
morphology [23]. In our study, the density and 
size of nerve fibers in the colonic submucosa of 
HSCR and control cases were measured and 
directly compared. The difference between the 
two groups was statistically significant for the 
two parameters. In addition, the two parame-
ters were also correlated by image analysis 
morphometry of the nerve fibers with MC num-
bers. Thus, by all methods employed, a signifi-
cant positive correlation was observed between 
the number and the area of nerve fibers.

An intriguing possibility based on these results 
is that factors derived from MCs may affect size 
and proliferation of nerve fibers. MCs release a 
number of biologically active substances from 
their cytoplasmic granules during activation, 
and some of these substances are likely to 
have an effect on adjacent nerve fibers or neu-
rons [24]. Morphometric parameters of nerve 
fibers and number of MCs in aganglionic seg-
ment were increased compared to normally 
innervated colon, indicating that the prolifera-
tion of nerve fibers had occurred. Both para-
crine factors, such as substance P, a calcitonin 
gene related protein, or somatostatin from 
MCs, or autocrine factors, such as neuropep-
tides or neurotransmitters, may stimulate this 
response in neurons [25]. In fact, elevated con-
tent of neuronal growth factor and increased 
number of MCs in the aganglionic colon wall in 
pediatric HSCR has been observed [26]. Based 
on these results, we propose that a synergistic 
relationship between MCs and the intestinal 
nervous system exists in HSCR patients.

However, in a recent study of a cohort of Indian 
HSCR children, a poor correlation between the 
number of MCs and the perimeter of nerve 
fibers (r = 0.274) was observed [19]. This result 
may be due to differences in the quality, for 
example, of specimen samples as well as in 
measuring methods. The exact role of these 
cells in the pathogenesis of HRSC, thus, 
requires further investigation with a focus on 

the enteric nervous system and its develop-
ment, and the role of MCs in cases where gan-
glion cells are absent.

In conclusion, MCs may have a significant role 
in the pathogenesis and development of 
Hirschsprung’s disease from neural immuno-
logical aspects, and the mechanism underlying 
disease development may be due to a synergis-
tic effect between MCs and the intestinal ner-
vous system. Thus, these findings provide a 
potential basis for the future diagnosis and 
treatment of HRSC. Further studies are neces-
sary, however, to illuminate a more detailed 
mechanism for the participation of MCs in the 
disease and whether an inhibitor of MCs would 
improve and/or eradicate symptoms of HRSC 
patients.
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