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Abstract: Objective: To study the development of the enteric nervous system (ENS) in rectal terminal tissue of pa-
tients with anorectal malformation (ARM) and identify possible pathological mechanisms of postoperative defeca-
tion dysfunction. Methods: 78 ARM specimens (11 cases of high position malformation, 28 cases of intermediate
position malformation, and 39 cases of low position malformation) were collected. Immunohistochemical analysis
was performed to assess the expression levels of protein gene product 9.5 (PGP9.5) and S-100 protein in the speci-
mens. Results: PGP9.5 and S-100 expression levels in high position ARM (ARM, ) were significantly lower than in in-
termediate position ARM (ARM, ) (PGP9.5: P = 0.0226; S-100: P = 0.0401), and low position ARM (ARM ) (PGP9.5:
P =0.0331; S-100: P = 0.0436). No statistically significant difference was found between the ARM, and ARM,
groups. Expression levels of PGP9.5 and S-100 in terminal rectal tissue of single-stage surgery ARM, were signifi-
cantly lower than that of staged surgery ARM, (PGP9.5: P = 0.0128; S-100: P = 0.0048). In the ARM_ group, no
statistically significant difference in PGP9.5 and S-100 expression in rectal terminal tissues was observed between
the male and the female patients. Conclusion: ENS development of the rectal terminal tissue in ARM patients was
closely related to the position of the malformation, the higher the position of ARM, the poorer the ENS development

in the rectal terminal tissue.
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Introduction

Congenital anorectal malformation (ARM) is a
common major gastrointestinal malformation
in newborns. Since the late 1980s, application
of the Pena procedure (posterior sagittal ano-
rectoplasty) has minimized damage to the anal
sphincter, with a much clearer anatomy that is
more conducive to functional reconstruction of
the anus. However, postoperativefecal inconti-
nence, constipation, and urinary dysfunction
still persist in some children with anincidence
of up to 10%-73% [1]. Reportedly, postopera-
tive defecation dysfunction of congenital ARM
may be associated with postoperative megaco-
lon, megarectum, or rectal weakness [1], but
significant expansion of the colon and rectum
was not observed in the majority of patients in
this study during postoperative barium enema
[2]. Therefore, it is speculated that defecation
disorders may be influenced by the domination

and integration of the enteric nervous system
(ENS) in rectal terminal tissue. Currently, it is
known that ENS forms different levels of nerve
plexus in the digestive tract and the submucous
plexus (Meissner’s plexus) and myenteric plex-
us are of great significance for defecation reflex
formation, both of which are receptors within
the intestinal wall, with the former mainly
involved in intestinal mucosa sensory forma-
tion and the latter mainly stimulates intestinal
smooth muscle motility. ENS dysplasia can lead
to malformations and functional abnormalities
of the corresponding digestive tract. Meier-
Ruge et al. [3] reported that the incidence of
ENS abnormalities in the rectal terminal tissue
of the anus atresia patients is as high as 60%.
Holschneider et al. [4] also reported non-gangli-
on or intestinal nerve dysplasia-like changes to
the nerve plexus in the distal rectal wall in anus
atresia, which was associated with the forma-
tion of postoperative constipation. Studies by
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Wang et al. [5] and Xu et al. [6] reported abnor-
mal distribution of ENS cells in the blind end
rectum of children with anal atresia with a sig-
nificantly decreased number of adrenergic
nerve fibers as compared with normal children.
In recent years, with a deeper understanding of
the developmental process and mechanisms of
ENS, more and more neural markers of mor-
phological characteristics in ENS have been
identified. At present, various markers expr-
essed by neurons and glial cells after ENS dif-
ferentiation are mainly used to study the etiol-
ogy and pathological diagnosis of Hirsch sprung
disease and associated disorders, but are sel-
dom reported for ARM.

Protein gene product 9.5 (PGP9.5) is a struc-
tural and functional protease expressed by
neurons and glial cells differentiated from ENS,
which exists in all levels of cells in the central
and peripheral nervous system and neuroendo-
crine cells, demonstrated as a brown lumpish
plexus scattered among dark brown ganglion
cells. S-100 protein is an acidic protein with low
solubility and high molecular weight that is spe-
cific to neural glial cells, which shows positive
staining innerve plexus nerve fibers, Schwann
cells, and surrounding cells, with a characteris-
tic morphology shadowed by “blank” areas
observed in the nerve plexus with positive
staining. Immunostaining for the PGP9.5 and
S-100 proteins is useful to study the morpho-
logical and structural characteristics of ENS,
while staining withS-100 antibody is negative in
ganglion cells. Therefore, the combined use of
PGP9.5 and S-100 antibodies is complemen-
tary and improves the sensitivity and specificity
of ENS. In the current study, combinational
immunohistochemical methods using PGP9.5
and S-100 antibodies were employed to ob-
serve expression levels in the rectal terminal
tissue of ARM children with the aim to elucidate
ENS development in the rectal terminal tissue
invarious types of ARM, and to help further the
clinical understanding of postoperative defeca-
tion dysfunction in patients with various types
of ARM.

Material and methods
Research subjects
Terminal tissue specimens (namely, full wall

thickness of the posterior rectal wall at 2 cm
above the rectal end, 0.5x0.5 cm in size) col-
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lected from 78 children with congenital ARM
(57 males and 21 females; male-to-female
ratio, 2.7:1) through surgical resection from
January 2001 to December 2005 were asse-
ssed. The 78 ARM patients were divided into
three groups of high, intermediate, and low
position ARM (ARMhi, ARMim, and ARMIO, respec-
tively) depending on the position of the rectal
end, asrevealed by inverted X-ray radiography
and intraoperative diagnosis: 11 cases of ARM
(seven cases of rectourethral prostatic fistula
and four cases of rectobladderneck fistula), 28
cases of ARM, (20 cases of rectourethral bul-
bar fistula, six cases of rectovestibular fistula,
and two cases of cloacal malformation with a
common channel length < 3 cm), and 39 cases
of ARM, (all rectoperineal fistula; 26 males and
13 females). All patients in the ARM,_ group
underwent transverse colostomy immediately
after birth, followed by abdominal and sacral
perineal posterior sagittal anorectoplasty with-
in 3 to 6 months. The rectal specimens were
obtained at the age of 3.4 to 7.6 months (aver-
age, 5.62 + 0.29 months). Among the 28 cases
of ARM. , 21 were treated with the same proce-
dures as for ARM,; (colostomy, radical surgery,
and colostomy closure), with the rectal speci-
mens collected at age 3.2-6.8 months (aver-
age, 5.47 + 0.22 months). The other seven
cases underwent single-stage modified poste-
rior sagittal anorectoplasty (i.e., modified Pena
procedure, while retaining of the integrity of the
levatorani muscle and puborectalis ring joint
intraoperatively) by the sacral perineal method
after birth [7]. The rectal specimens were col-
lected from the age of 25 h to 9 days (average,
0.08 + 0.05 months). Among the 39 patients
with ARM, , the specimens were collected from
the age of 27 hto 18 days (average, 0.11 + 0.08
months) from the 26 male patients and 2 days
to 8.4 months (average, 6.15 + 0.29 months)
from the 13 female patients. Above these spec-
imens were all collected during the anorecto-
plasty procedures without no difficulties in
obtaining or technical aspects.

The rectal samples of another 10 normal
infants (six males and four females; age range,
3.5-8 months; average age, 5.91 * 0.31
months) without gastrointestinal malforma-
tions that were obtained in our hospital from
full thickness biopsy of the posterior rectal wall
at 3 cm above the dentate line from cases with
constipation from April 2003 to December
2005 were used as controls. Nosample in the
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Table 1. Gestational ages and birth weights
of children with various types of anorectal
malformation by using the chi-squaretest or
one-way analysis of variance

Gestational age Birth weight

Group Cases (week) (Kg)

ARM | 39 38.13+0.20 3.04 +0.07
ARM_ 26 38.12+0.25 3.01+£0.09
ARM,, 11 3778+ 0.38 294+0.14
Control 10 38.21+0.22 3.02+0.07
P-value > 0.05 > 0.05
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Figure 1. Immunohistochemical staining results of
ARM. A. Strong positive expression of protein gene
product 9.5 was observed in the cytoplasm and nu-
clei of enteric nervous cells of rectal terminal tissue
in anorectal malformation patients. B. Expression of
S-100 protein on the cell membrane of the intesti-
nal wall was more significant, showing characteristic
cell-like “blank” areas. Bar = 50 um.

control group had obvious abnormalities during
anorectal manometryor barium enema exami-
nation, while the possibility of Hirsch sprung
disease was also excluded through clinical fol-
low-up and rectal biopsy. The average gesta-
tional age and birth weight of each group were
recorded simultaneously.
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Experiments were approved by the hospital eth-
ics committee. Parents of all the subjects were
fully informed of the objectives of the study and
the procedures involved, and gave their info-
rmed, written consent.

Methods

Specimen preparation: All specimens (0.5x0.5
cm) were fixed in 4% polyformaldehyde solu-
tion, dehydrated in graded alcohol, embedded
in xylene transparent paraffin, and then sec-
tioned into 4-5 ym consecutive coronal slices,
which were mounted on glass slides pretreated
with 0.1% polylysine. At the same time, a tissue
slice was stained with hematoxylin and eosin
for tissue localization.

Immunohistochemical staining: A two-step po-
lymer method was employedusing the EnVi-
sion™ + System (Dako Denmark A/S, Glostrup,
Denmark). The primary antibodies rabbit anti-
human PGP9.5 polyclonal antibody (dilution,
1:50) and rabbit anti-human S-100 polyclonal
antibody (S-100; dilution, 1:400) were pur-
chased from Dako Denmark A/S. Antigen re-
trieval, processing of control tissues, and diami-
nobenzinecolor development were performed
according to the manufacturer’s instructions.
The presence of brown yellow granules ob-
served in all positive cells was measured quali-
tatively. Under normal circumstance, PGP9.5
was expressed in the cytoplasm and nuclei of
ganglion and nerve fibers, while S-100 was
expressed on the neuronal membrane.

Imaging and statistical analysis

For every section, five high-magnification fields
(2010 mm) were randomly selected, with the
average positive area percentage of the visual
fields determined using biological image analy-
sis software. All statistical analyses were per-
formedusing SPSS 14.0 software (IBM-SPSS,
Inc., Chicago, IL, USA). All data are presented as
the mean + standard deviation. Between-group
differences were analyzed using the chi-square
test or one-way analysis of variance. A probabil-
ity (p) value < 0.05 was considered statistically
significant.

Results

There were no significant difference in the aver-
age gestational age or birth weight of children
with various types of ARM, as compared to
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Figure 2. Expression levels of the two antibodies in rectal terminal tissue
of patients with various types of anorectal malformation.
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Figure 3. Expression levels of the two antibodies in the rectal terminal

tissue of same-age patients in the anorectal malformation (ARM) high
(ARM, ) and intermediate (ARM, ) groups.
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Figure 4. Expression levels of the two antibodies in the rectal terminal tis-
sue of intermediate anorectal malformation (ARM, ) patients in different
age groups.
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those of the normal control
group (P > 0.05, Table 1).

Immunohistochemical staining
results

In the rectal terminal tissue of
each group, PGP9.5 expression
in the cytoplasm and nuclei of
ganglion and nerve fiber cells
was strongly positive (Figure
1A). S-100 on the ganglion cell
membrane was more obvious
and showed characteristic cell-
shaped “blank” areas (Figure
1B).

PGP9.5 and S-100 were ex-
pressed at different levels in the
rectal terminal tissue of patie-
nts with various types of ARM
(Figure 2). The expression levels
in the ARM,, group were signifi-
cantly lower than in the ARM,
group (PGP9.5: 0.422 + 0.008
vs. 0.447 470.006, P = 0.0226;
S-100: 0.417. 40.009 vs. 0.442
0.0.007, P = 0.0401) and ARM
group (PGP9.5: 0.422. 40.008
vs. 0.450 0.0.009, P = 0.0331;
S-100: 0.417. 40.009 vs. 0.447
0.0.010, P = 0.0436), while th-
ere was no significant difference
between the ARM _ and ARM
groups (P > 0.05).

t

There was no significant differ-
ence in age at the time rectal
blind end specimens were col-
lected between the ARM, and
staged surgery ARM,_ groups (n
= 21/28, including 15 cases of
rectourethral bulbar fistula, four
cases of rectovestibular fistula,
and two cases of cloacal malfor-
mation with a common channel
length < 3 cm) (5.62 + 0.29 vs.
5.47 + 0.22 months, respective-
ly; P > 0.05). However, expres-
sion levels of PGP9.5 and S-100
were significantly higher in the
ARM, = group with staged sur-
gery than that of ARM,, patients
at the same age (P < 0.01,
Figure 3).
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Table 2. Expression levels of the two antibodies in the rectal terminal
tissue of low anorectal malformation (ARM, ) patients at different ages
by using the chi-squaretest or one-way analysis of variance

anorectal muscle group
during surgery, the inci-
dence of anal inconti-

Age at the time of

nence, a severe surgical
S-100 complication, has been
significantly decreased.

Group rectal terminal tissue
collection (month)
Male in ARM, (n = 26) 0.11 +£ 0.08"
Female in ARM_(n = 13) 6.15 + 0.29
Control (n = 10) 5.91+0.31

0.442 + 0.005 0.440 + 0.006
0.453 £ 0.008 0.450 + 0.007
0.449 £+ 0.009 0.445 + 0.009

However, other postope-
rative complications, su-
ch as different degrees

Note: “P < 0.0001.

The average age at the time of rectal terminal
tissue collection in the ARM,_ group following
single-stage surgery (n = 7/28, including 5
cases of rectourethral bulbar fistula and two
cases of rectovestibular fistula) was 0.08 +
0.05 months, which was significantly less than
that of the ARM, with staged surgery group(n =
21/28) (5.47 + 0.2 months) (P < 0.0001), while
PGP9.5 and S-100 expression in rectal termi-
nal tissue of younger patients in the single-
stage surgery ARM,  group was significantly
impaired (PGP9.5: 0.421 + 0.010 vs. 0.453 +
0.006, P = 0.0128; S-100: 0.413 + 0.010 vs.
0.449 £ 0.006, P = 0.0048). There were no sig-
nificant differences in patient age at the time of
rectal terminal tissue collection (5.47 + 0.22
vs. 5.91 + 0.31 months, respectively) and ex-
pression levels of the two antibodies (PGP9.5:
0.453 + 0.006 vs. 0.449 + 0.009, P > 0.05;
S-100: 0.449 + 0.006 vs. 0.445 £ 0.009, P >
0.05) between the ARM._ with staged surgery

int

group and the control group (Figure 4).

The average age at the time of rectal terminal
tissue collection of the 26 male patients in the
ARM, group was significantly less than that of
the 13 female patients within the same group
(0.11 + 0.08 vs. 6.15 + 0.29 months, respec-
tively; P < 0.0001). However, there was no sig-
nificant difference in the rectal terminal tissue
expression of PGP9.5 and S-100 between the
male and female patients, or compared with
those of the control group (P > 0.05, Table 2).

Discussion

Congenital ARM is the most common disease
of the digestive tract during the neonatal peri-
od and is characterized by extremely compli-
cated pathological mechanism changes. With
the recognition and protection of the peripheral

21532

of defecation dysfuncti-
on (i.e., fecal soiling, con-
stipation, etc.) can affect
the quality of postoperative life of children with
congenital anorectal atresia.

Previous studies confirmed that the develop-
ment of ENS of rectal terminal tissue was close-
ly related to good defecation function [3-6].
PGP9.5 and S-100 protein are specifically
expressed in the neurons and astrocytes of the
intestinal wall [8]. The immunohistochemical
results of the current study showed that expres-
sion levels of PGP9.5 and S-100 in rectal termi-
nal tissue were significantly lower in the ARM_
group, as compared to that of the ARM,_ and
ARM,  groups. Moreover, the distributions of
neurons in the rectal terminal tissue of patients
with various types of ARM differed, and the
number of neurons and ganglion cells in the
rectal terminal tissue of patients with ARM_
was significantly reduced. Therefore, such
pathological features might be associated with
the significantly higher incidence of postopera-
tive incontinence among patients in the ARM_
group, as compared with those in the ARM,
and ARM,_ groups [9]. When comparing the age
at the time of rectal terminal tissue specimen
collection, expression levels of PGP9.5 and
S-100 in rectal terminal tissue were found to be
significantly lower in same-age patients in the
ARM, . group than that of the staged surgery
ARM,  group, indicating that ENS development
of rectal terminal tissue was closely related to
the position of the malformation. The higher
the position of ARM, the poorer the ENS devel-
opment in the rectal terminal tissue. While, in
the ARM, group, expression levels of the two
antibodies in the rectal terminal tissue of
patients with staged surgery were significantly
higher than those after single-stage surgery,
suggesting that along with age, ENS develop-
ment of the rectal blind end in patients with
ARM,  can also gradually mature, which may be

Int J Clin Exp Med 2016;9(11):21528-21534
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related to the gradual thickening muscle layer
of the distal rectal intestinal wall along with
age. These findings also implied that although
the rectal terminal tissue was not utilized for a
period of time (range, 3.2-6.8 months; average,
5.47 + 0.22 months) during colostomy in ARM_
patients with staged surgery, it does not affect
continuous ENS development of the rectal ter-
minal tissue. However, for the ARM,  group, with
the increased thickness of the muscle layer of
the intestinal wall of the rectal terminal tissue,
ENS development in the muscle layer was still
not significantly improved, which may account
for the characteristic high incidence of postop-
erative defecation disorders in ARM, patients,
which is difficult to treat. Kenny et al. [10]
reported that PGP9.5 expression in the rectal
terminal tissue of ARM patients was associated
with postoperative refractory constipation.
Also, Xu et al. [6] recommended to not retain
too much rectal terminal tissue during the Pena
procedure, since retaining too much rectal tis-
sue will significantly increase the incidence of
postoperative constipation in patients with
ARM, and ARM_[9], which is directly related to
the degree of preoperative distension of the
rectum [11]. But, for ARM,, patients, excessive
resection of the rectal terminal tissue will
increase the incidence of postoperative fecal
incontinence. Regarding ARM patients with an
intact internal sphincter and good ENS develop-
ment, resection of the expanded rectum can
achieve great defecation control [12]. In addi-
tion, the results of the current study also
showed that, although the age at the time of
rectum specimen collection significantly dif-
fered between male and female children in the
ARM_ group, there was no significant difference
in the expression levels of two antibodies in the
rectal terminal tissue between male and female
patients, or compared with that of the normal
control group, suggesting that a lower ARM
position is associated with smaller differences
in ENS development inrectal terminal tissue,
which was closer to normal infants.

Despite the above results, there were some
limitations in the current study. Due to the lack
of large samples, gender analysis was not done
in ARM, . and ARM, -staged group. In addition,
although no significant differences in gesta-
tional ages and birth weights were observed
among the three ARM groups followed-up in the
study, larger numbers of cases and long-term

21533

follow-ups are needed to determine whether
gestational age and birth weight are factors
that affect ENS development in rectal terminal
tissue. Morever, the “control group” in the study
is not the true sense of the normal control
group, but relatively normal control group chil-
dren with constipation, therefore might not be
interpreted as healthy children because there
might be a bias in their levels of PGP9.5 and
S-100. But due to the difficulty of collecting
specimens of healthy children, otherwise it
would be more interesting to compare the lev-
els with children with normal bowel habits.

In conclusion, through comparison of ENS
development inrectal terminal tissue among
different types of congenital ARM, the current
study primarily explored that ENS development
of the rectal terminal tissue in ARM patients
was closely related to the position of the mal-
formation, and the higher the position of ARM,
the poorer the ENS development in the rectal
terminal tissue. Whether such pathological fea-
tures might be associated with the significantly
higher incidence of postoperative incontinence
will require further investigation.
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