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Histopathologic and immunohistochemical
findings in congenital anorectal malformations
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Abstract
It remains controversial whether the distal rectal pouch should be either resected or used for reconstruction in anorectoplasty for the
treatment of anorectal malformations (ARMs). Hence the aim of this study was to investigate whether ARMs were associated with a
global neuromuscular maldevelopment of the terminal rectum specimens.
There were 36 cases of ARMs (25 recto-bulbar fistula and 11 recto-prostatic fistula) and 10 healthy controls. The hematoxylin and

eosin and Masson trichrome stain were used to conduct the histologic examination. The immunohistochemistry (IHC) and Western
blot were conducted to analyze the neuron-specific enolase (NSE), S-100 protein, interstitial cells of Cajal marker (C-kit) within the
rectal specimens in control group and ARM group.
The most frequently observed histologic findings in mucosa were inflammation, congestion, eroded, and hemorrhage in the ARM

cases. Submucosal inflammation and congestion were the most common submucosal findings in the ARM cases. Disrupted
muscularis propria was observed in 60% of ARM cases. Mature ganglionic cells were reduced and muscularis propria showed
reduced and patchy positivity for NSE, S-100, and C-kit protein in ARM group compared to that in control group according to IHC.
Western blotting showed the expression levels of NSE, S-100, and C-kit were lower in the ARM group than that in the control group
(P< .01).
Histopathologic and IHC findings suggest that the distal rectal pouch has distinct defects in the neuromusculature. So it suggested

that ARMs are abnormally developed tissue and need to be resected for better functional outcomes of the remaining gut.

Abbreviations: ARMs = anorectal malformations, ENS = enteric nervous system, H&E = hematoxylin and eosin, ICC = interstitial
cells of Cajal, IHC = immunohistochemistry, NSE = neuron-specific enolase, PBS = phosphate-buffered saline, TBST = tris-buffered
saline-Tween.
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1. Introduction as well as in the initiation and regulation of the electrical activity
Although surgical techniques have improved significantly in the
last decades, complete anatomotic and functional restoration of
congenital anorectal malformations (ARMs) cannot be achieved.
Patients with ARMs often present with varying severity of
defecation dysfunction (constipation, incontinence, and fecal
soiling) following corrective operations. Constipation is one of
the most frequent complications after correction of ARMs,
occurring in 30% to 60% of patients.[1,2] However, the detailed
mechanism remains unclear. Enteric nervous system (ENS),
smooth muscle layer, and interstitial cells of Cajal (ICC)
participate in both nitrergic and cholinergic neurotransmission,
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which play a key role in maintaining normal functioning of
gastrointestinal tract.[3–6] It is reported that the postoperative
bowel function depends not only on the type of malformation and
the muscular and neurologic condition of the pelvic floor
musculature, but also on the histology of the blind pouch. To the
best of our knowledge, there is a paucity of literature describing
the histopathologic abnormalities of the distal rectum or distal
pouch.[7,8] Hence our aim is to study the histomorphologic
changes and various immunohistochemistry (IHC) markers
(neuron-specific enolase [NSE], S-100, and ICC marker [C-
kit]) in distal rectal specimens to assess neuronal dysfunction in a
small cohort of ARM children, which could be responsible for
soiling constipation, or incontinence after corrective procedure in
ARMs.
2. Materials and methods

2.1. Specimen collection

Ethical approval was obtained for specimen collection from the
institutional review boards of both centers involved in the study.
Informed written consent for participation in the study was
obtained from parents/guardians of all children preoperatively.
All procedures carried out in the study period conformed to the
principles of the Declaration of Helsinki. A total of 36 patient
specimens with a clinical diagnosis of ARMs and 10 control
specimens were included in the study. The 10 control rectal
specimens came from autopsy specimens from 5 patients who
died from nongastrointestinal disease, 2 resection specimens for
traumatic rectal injury, and 3 specimens from resections due to
necrotizing enterocolitis. The tissue specimens were the rectum
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that 2 to 4cm above the dentate line in the control group. The
tissue specimens in the ARM group consisted of 0.5 to 2.0cm
of the most distal part of the rectal pouch. Full-length rectal
specimens were obtained fresh intraoperatively from patients
who underwent laparoscopic surgery for ARMs and transferred
to chilled phosphate-buffered saline (PBS) solution for dissection.
For hematoxylin and eosin (H&E) staining and immunohisto-
chemical studies, the specimens were fixed overnight in 4%
paraformaldehyde/0.1mol/L PBS at 4°C, then embedded in
paraffin in a routine manner. Specimens were sectioned sagittally
at 4mm thickness. For Western blot analysis, the specimens were
dissected and immediately frozen in liquid nitrogen to prepare for
Western blot analysis.
2.2. Immunocytochemistry

The resected specimens were fixed in 4% formalin solution and
observed grossly as well as microscopically. For gross examina-
tion, the mucosal and serosal surfaces were examined. For
microscopic examination, 5 sections were taken from the resected
pouch arbitrarily. They were stained with H&E and Masson
trichrome stain. IHC staining was done on 4mm-thick sections of
formalin-fixed paraffin-embedded tissue. The sections were
incubated overnight at 4°C with the primary antibody at
dilutions of 1:200 for NSE, S-100, andC-kit (Mousemonoclonal;
Figure 1. Comparison of the morphology of each layer of the intestinal wall betwe
and inflammation (green arrow) in the mucosa, congestion (red rectangular) and
bundles (green rectangular) and fibrosis (white arrow) in the muscularis propria in AR
of the control specimens showed normal mucosa and submucosa, and a continu
control case showing equal and homogenous staining of both muscle layers. Masso
unequal in the muscularis propria and fibrosis in the muscularis propria, dividing it i
MP = muscularis propria.

2

Abcam Co, Shanghai, China codes ab39369, ab868, ab32363).
After 3 washes in PBS, sections or slice cultures were incubated
2hours at room temperature with the secondary antibody
(molecular probes; Invitrogen, Paisley, UK) diluted 1:500 with
0.05% digitonin and 10% normal goat serum in PBS.
2.3. Western blotting

Total protein was extracted from tissues of the rectum specimens
by using whole cell lysates (Beyotime, China) and protein
concentrations were assessed by using the pierce BCA Protein
Assay Kit (Beyotime, China). For each sample, 40mg protein was
separated on a 12% sodium dodecyl sulfate-polyacrylamide gel,
transferred electrophoretically onto a polyvinylidene difluoride
membrane, and blocked in 5%milk in 0.1%Tris-buffered saline-
Tween 20 (TBST) at 4°C overnight. After 3 washes in TBST,
membranes were incubated overnight at 4°Cwith the appropriate
dilution of primary antibodies against NSE, S-100, and C-kit
(AF645; R&D Systems, China Co., Ltd). The membranes were
then washed with 1XTBST and incubated with secondary
antibody (Cell Signaling Technology Inc, Danvers, MA). Signals
were performed with ECL chemiluminescence kit (Boster,
Wuhan, China) and exposed to X-ray films. Alfa-glyceraldehyde
phosphate dehydrogenase (a-GAPDH) immunobloting was used
as an internal control.
en the anorectal malformation (ARM) and control group. (A) Erosion (red arrow)
lymph follicle (white rectangular) in the submucosa, and disorganized muscle
M specimens. Hematoxylin and eosin (H&E),�40. (B) Microscopic examination
ous, undisrupted muscle layer. H&E, �40. (C) Masson trichrome staining in a
n trichrome,�100. (D) Masson trichrome staining in a ARM specimen showing
nto various bands. Masson trichrome, �100. M = mucosa, SM = submucosa,
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2.4. Image and statistical analysis

Fivemediumpower fieldswere picked randomly for each section.
Qwin 3000 biologic image analysis software was used to
measure the percentage of the average area of the examined
medium power fields. The data were analyzed using SPSS 21.0
package. The numerical data are presented as the mean±
standard deviation. Statistical analysis was performed using
the 2-sample t test. P< .05 was considered to be statistically
significant.
3. Results

3.1. The demographic characteristics of the ARM and
control group

A total of 36 cases of ARM and 10 controls were included in the
study. The age of the patients with ARM ranged from 2 to
4 months, and there were 10 males and 26 females. About
25 patients had recto-bulbar fistulas and 11 patients had recto-
prostatic fistulas, and no patients had associated congenital
anomalies such as partial sacral agenesis or tethered cord. The
age of the control group ranged from 2 to 7 months, and the ratio
of female:male is 2:3.
Figure 2. Hematoxylin and eosin (H&E) staining for comparison of ganglion cell d
Ganglion cells in the ARM submucosa. H&E, �400. (B) Ganglion cells in the norma
propria. H&E,�200. (D) Ganglion cells in the normal-appearing muscularis propria.
muscularis propria. Scale bar = 200mm.
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3.2. H&E and Masson trichrome staining in ARM and
control groups

Histopathologic examination of ARM cases showed abnormalities
in themucosa, submucosa,muscularis propria, and serosa (Fig. 1A).
The most common mucosal finding seen was inflammation, along
withmuscularismucosae disruption andfibrosis. Therewere several
submucosal changes in the ARM group including congestion,
submucosal widening, hemorrhage, inflammation, and the presence
of lymphoid follicles, fibrosis, and edema.Microscopic examination
of the control specimens showed normal mucosa and submucosa,
and a continuous, undisrupted muscle layer (Fig. 1B). On Masson
trichrome staining, the ARMgroup showed disruption and division
of muscle fibers into bands and fibrosis in the muscularis propria
indicated byfibers that stainedblue in between those that stained red
(Fig. 1C). The control group revealed equal and continuous staining
of the muscle fibers (Fig. 1D).

3.3. H&E staining showed the development of ganglion
cells and nerve plexus between the 2 groups

Nerve plexi were sparse and neurons within these plexi were
concentrated into clumps in the ARM submucosal and muscular
layers (Fig. 2A, C), while normal number and appearing ganglion
evelopment between the anorectal malformation (ARM) and control group. (A)
l-appearing submucosa. H&E, �400. (C) Ganglion cells in the ARM muscularis
H&E,�200. The black arrows indicate Ganglion cells. SM = submucosa, MP =
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cells and nerve plexus were in the control submucosa and muscle
layer (Fig. 2B, D). The Qwin 3000 biologic image analysis
software was used to count ganglionic cells per millimeter in
myenteric ganglia. Mean ganglion cell number in ARM group
was 1.20±0.73, whereas it was 5.30±1.26 in controls. It was
revealed that the ganglion cell number was significantly less than
that in the control group (P= .016).

3.4. Immunohistochemical staining for NSE, S-100, and C-
kit protein in ARM and control groups

As for the IHC staining of NSE, diffuse cytoplasmic positivity in
submucosa and muscle layer was reduced in ganglionic cells in
ARM group (Fig. 3A, C) compared with the control group
(Fig. 3B, D). Diffuse cytoplasmic positivity for S-100 in
submucosal and muscle layer astrocytes was seen in the ARM
group (Fig. 4A, C) compared to the control group (Fig. 4B, D).
For C-kit IHC staining, diffuse cytoplasmic positivity was
reduced in ICC in ARM specimens compared to controls (Fig. 5).
The percentages of positive expression areas of NSE, S-100, and
C-kit in the control and ARM group are listed in Table 1.
Figure 3. Immunohistochemical staining of neuron-specific enolase (NSE) between
ARM submucosa. IHC,�400. (B) NSE expression in the normal-appearing submuc
(D) NSE expression in the normal-appearing muscularis propria. IHC, �400. The
propria. Scale bar = 200mm.

4

3.5. Western blot analysis of NSE, S-100, and C-kit protein
in ARM and control groups

As for the Western blotting, significantly decreased expression
levels of NSE, S-100, and C-kit protein were detected in ARM
specimens compared with the control specimens (Fig. 6). Each
protein band was normalized to a corresponding a-GAPDH
band. The bottom histogram was also shown in Fig. 6. Please see
supplementary material, http://links.lww.com/MD/C362, http://
links.lww.com/MD/C363.

3.6. Functional results in ARM group

All the patients in the ARM group were followed up for >2
years. TheKrickenbeck classification[9] was used to evaluate the
anorectal defecation function. The median follow-up period
was 39 months (range 24–50 months). The rate of voluntary
bowel movement was 94.4% (34/36); free from soiling or
grade 1 soiling was found in 34 (94.4%) patients, and grade 2
soiling was found in 2 (5.6%) patients. Two patients (5.6%)
suffered from grade 1 constipation while 1 patient (2.8%) with
grade 2.
the anorectal malformation (ARM) and control group. (A) NSE expression in the
osa. IHC,�400. (C) NSE expression in the ARMmuscularis propria. IHC,�400.
black arrows indicate NSE expression. SM = submucosa; MP = muscularis
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Figure 4. Immunohistochemical staining of S-100 between the anorectal malformation (ARM) and control group. (A) S-100 expression in the ARM submucosa.
Immunohistochemistry (IHC), �200. (B) S-100 expression in the normal-appearing submucosa. IHC, �200. (C) S-100 expression in the ARM muscularis propria.
IHC, �200. (D) S-100 expression in the normal-appearing muscularis propria. IHC, �200. The black arrows indicate S-100 expression. SM = submucosa, MP =
muscularis propria. Scale bar = 200mm.
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4. Discussion
The ARMs are one of the most commonly observed congenital
anomalies of the digestive system. It has been observed that the
pelvic floor and the smooth muscle of the terminal rectum in
ARMs remain maldeveloped. Several studies on fetal rats showed
that there were abnormal innervations of neural plexus in
anorectum in ARMs.[10,11] It is noteworthy that despite advances
in surgical treatments, voluntary bowel control is frequently
poor, with high rates of fecal incontinence and chronic
constipation after all types of reconstructive surgery.[12–14] To
evaluate for defects in neuromuscular architecture in the distal
rectum of patients with ARM, we performed histomorphologic,
IHC, andWestern blot analysis. The histomorphologic, IHC, and
Western blot analysis were done to knowwhether the distal rectal
pouch histology in ARMs was abnormal enough to explain the
potential mechanism of the poor anorectal defecation function
after anorectoplasty.
Although there are many factors that may account for the

constipation after the procedure of anorectoplasty such as anal
stenosis, abnormalities of extrinsic intestinal innervations, rectal
denervation during the surgical procedure,[15] and abnormalities
5

of intrinsic intestinal innervation including aganglionosis,
hypoganglionsis, and intestinalneuronal dysplasia,[16,17] it
remains controversial whether the distal rectal pouch should
be used for reconstruction in anorectoplasty with the treatment of
ARMs. Gans and Friedman[18] advocated preserving the rectal
blind pouch based on its histology. Yokoyama et al[19] showed
distinct thickening of the circular and longitudinal muscle layers
in the distal rectal pouch in 2 neonates with high anal atresia.
Meier-Ruge and Holschneider[17] observed hypoganglionosis of
the myenteric plexus proximal to the anal floor, also most
commonly in intermediate ARMs, which is therefore strongly
recommended to be excised for reconstruction. Lombardi et al[20]

realized that the resection of distal rectum structural abnormali-
ties maybe helpful to permit better functional results during
radical treatment.
To identify the histomorphologic changes and abnormal

intrinsic neuromuscular structure in distal rectum specimen, not
only the H&E stain and the Masson trichrome stain were
conducted, but various IHC markers (NSE, C-kit, and S-100)
were also used to reveal the abnormal neuronal structures in this
study. Through theH&E staining, the focal erosion, hemorrhage,

http://www.md-journal.com


Figure 5. Immunohistochemical staining of C-kit between the anorectal malformation (ARM) and control group. (A) C-kit expression in the ARM submucosa.
Immunohistochemistry (IHC),�400. (B) C-kit expression in the normal-appearing submucosa. IHC,�400. (C) C-kit expression in the ARMmuscularis propria. IHC,
�400. (D) C-kit expression in the normal-appearingmuscularis propria. IHC,�400. The black arrows indicate C-kit expression. SM= submucosa, MP=muscularis
propria. Scale bar = 200mm.
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congestion, and lymph follicle were more common in the mucosa
and submucosa in the ARM group as compared to the control
specimens. In addition, the fibrosis in muscular layer was present
in majority of the ARM specimens, and it was obviously located
between the inner circular layer and outer longitudinal layer of
the ARM specimens. The muscularis propria was disrupted and
Table 1

Quantitative analysis of positive expression areas of NSE, S-100, and

IHC stains Patients Total Normally positive reactio

NSE
∗

ARM 36 14 (38.9%)
Control 10 10 (100%)

S-100† ARM 36 10 (27.8%)
Control 10 10 (100%)

C-kit‡ ARM 36 11 (30.6%)
Control 10 10 (100%)

ARM = anorectal malformation, NSE = neuron-specific enolase.
∗
The quantity of the positive expression of NSE in control group was significantly higher than that in A

† The quantity of the positive expression of S-100 in control group was significantly higher than that in
‡ The quantity of the positive expression of C-kit in control group was significantly higher than that in A

6

divided into bands due to fibrosis. The presence of fibrosis in the
muscle bundles indicates an irreversible damage to the muscular
wall that may contribute to intestinal dysmotility in ARM cases.
It was known that NSE and S-100 proteins are nerve tissue-
specific proteins. NSE is localized specifically within neuronal
perikarya, dendrites, and axons of both the central and peripheral
C-kit in the ARM and control group.

n Markedly or mildly reduced positive reaction P

22 (61.1%) .00064
0

26 (72.2%) .000045
0

25 (69.4%) .000087
0

RM group (P= .00064).
ARM group (P= .000045).
RM group (P= .000087).



[21–23]

Figure 6. The expressions of neuron-specific enolase (NSE), S-100, and C-kit
were evaluated by Western blotting in anorectal malformation (ARM) and
control group. Each protein band was normalized by a corresponding alpha-
glyceraldehyde phosphate dehydrogenase band. Significant decrease expres-
sion of NSE, S-100, and C-kit protein was detected in ARM group compared
with the normal group (P= .013, .028, .041, respectively). A = ARMs group, C
= control group. Results are presented as mean±standard deviation,
significant differences are marked with asterisks.
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nervous systems. S-100 that a nerve sheath marker is used
to identify the presence or absence of nerve hypertrophy in
various cases of intestinal obstruction.[22] Schwann cells showed
cytoplasmic positivity for S-100 and the ganglion cells were
negatively stained, so in the technique of IHC staining, the NSE
and S-100 were combined used to identify ganglion cells. The
anti-C-kit antibody was used to identify the ICC because CD 117
staining is typically cytoplasmic, with stronger accentuation
along the cell membrane.[23,24] ICC are the pacemaker cells in
gastrointestinal muscles. They also mediate or transduce inputs
from enteric motor nerves to the smooth muscle syncytium. ICCs
act as intermediaries between enteric motor neurons and smooth
muscle cells, modulating inhibitory and excitatory signals from
the ENS.[5] They achieve this by acting as the primary electrical
pacemaker cells in the gut, generating slow-wave electrical
activity that propagates throughout the smooth muscle layers of
the colon, giving rise to peristaltic waves.[24] Abnormalities of
ICC distribution have been observed in a range of gastrointestinal
disorders including inflammatory bowel disease, idiopathic slow-
transit constipation and necrotizing enterocolitis.[25]

In this study, we observed that there was reduced IHC activity
for NSE and S-100 proteins in the submucosal plexus and
muscular propria in ARM group as compared to the control
group. In addition, the significant decrease in the density and
distribution of ICC was also observed in ARM group. The
numbers of NSE-immunoreactive cells were markedly reduced in
ARM specimens. The reduction in the number of cell bodies per
ganglion and sparsity of ganglia in the myenteric plexuses in
7

ARMs confirmed the inherently abnormal intramural nervous
system, along with the alteration in density and distribution of
ICC, and these changes may lead to reduced contractility of the
distal rectal pouch and bowel dysfunction after definitive surgery.
Bhatia et al[26] reported that the distal rectal pouch in ARM

show various specific and nonspecific histomorphologic changes,
and the postoperative dysmotility can be attributed to the
significantly alteration in density and distribution of ICCs. In
addition, several studies also reported that the density and
distribution of ganglia gradually decreased distally along the
rectum, consistent with reports by others.[27,28] Kenny et al[29]

observed alteration in density and distribution of ICC in most of
their cases with 16% of cases showing complete absence of these
cells. In our study, the expression of C-kit in ARM group is
significantly decreased compared with that in control group, and
there exists significant alteration in density and distribution of
ICC in ARM group.
Holschneider et al[8] reported that the higher incidence of

chronic constipation in ARMs after corrective surgery maybe
associate with the consequence of hypoplastic hypoganglionosis
or other anomalies of the ENS. In light of the results of reported
studies about histology of distal rectum pouch, the ARMs should
no longer be considered as simple and short anomalies. It can be
concluded that there exists complex structural abnormalities in
several centimeters of the distal anorectal canal. The hypoplasia
frequently observed in the internal anal sphincter in ARMs in
many cases contradicts the recommendation to use the rectal
pouch and proximal fistula for the reconstruction during the
procedure of anorectoplasty.[28,30] In fact, according to most of
the pediatric surgeons, the correction of malformations requires a
minimal dissection and limited resection of the fistula tissue.
However, no standard criteria were drafted about the correct
length of distal pouch should be excised. If the resection of distal
abnormal tissue is not adequate enough, the potential abnormal
of hypoplastic hypoganglionosis, dysplasia fibrous tissue,
decreased density of ICC, and anomalies of ENS may contribute
to the high incidence of postoperative constipation.
The present study not only confirmed the histomorphology

changes such as focal erosion, hemorrhage, congestion, and
lymph follicle in the mucosa and submucosa layer, but also
verified the inherently abnormalities of myenteric plexuses and
reduction in density and distribution of ICCs in ARM group. The
number of cell bodies within the ganglia and the density of
ganglia and nerve fibers in the myenteric plexuses are markedly
reduced in ARMs. Based on these results, the severe anomalies of
the fibrotic tissue embedded in muscularis propria, along with
the abnormalities of myenteric plexuses and reduction in density
and distribution of ICCs may be responsible for the soiling
constipation, incontinence after corrective procedure in ARMs.
Limitations of this study are mainly caused by its retrospective

nature and relatively small sample size. As the period of follow-up
is relatively short, it was not possible to evaluate the bowel
function accurately. A large and prospectively randomized study
and long-term follow-up studies would be conducted in clinical to
demonstrate the significant differences about the histomorpho-
logic and neuronal dysfunction associated with ARM.
5. Conclusion

The present study found that the distal rectal pouch in ARMswas
abnormal structure with severe impairment in distal segment.
This study orts the excision of distal segment in the definitive
procedure for better functional outcome. However, further

http://www.md-journal.com
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detailed studies on the histopathology, contractile function,
electrophysiology, and IHC involving more number of ARM
cases are required for better understanding and management of
these problems.
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