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Abstract

AIM: To investigate morphological changes of intestinal
smooth muscle contractile fibres in small bowel atresia
patients.

METHODS: Resected small bowel specimens from
small bowel atresia patients (7 = 12) were divided into
three sections (proximal, atretic and distal). Standard
histology hematoxylin-eosin staining and enzyme im-
munohistochemistry was performed to visualize smooth
muscle contractile markers a-smooth muscle actin
(SMA) and desmin using conventional paraffin sections
of the proximal and distal bowel. Small bowel from age-
matched patients (7 = 2) undergoing Meckel’s diverticu-
lum resection served as controls.

RESULTS: The smooth muscle coat in the proximal
bowel of small bowel atresia patients was thickened
compared with control tissue, but the distal bowel was
unchanged. Expression of smooth muscle contractile
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fibres SMA and desmin within the proximal bowel was
slightly reduced compared with the distal bowel and
control tissue. There were no major differences in the
architecture of the smooth muscle within the proximal
bowel and the distal bowel. The proximal and distal
bowel in small bowel atresia patients revealed only
minimal differences regarding smooth muscle morphol-
ogy and the presence of smooth muscle contractile fila-
ment markers.

CONCLUSION: Changes in smooth muscle contractile
filaments do not appear to play a major role in postop-
erative motility disorders in small bowel atresia.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Small bowel atresia is a congenital disorder of unknown
pathogenesis, which carries significant morbidity! *. Be-
cause of the severity of the dilatation of the proximal
bowel and the hypoplasia of the distal bowel, various
postoperative gastrointestinal motility problems might
occur. The postoperative course can be complicated by
a prolonged adynamic ileus (11%) and need for total
parenteral nutrition (30%-70%)"”. Although the underly-
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ing cause of this postoperative intestinal motility disorder
is unclear, it has been clearly shown that normal gastroin-
testinal motility depends on the coordinated function of
the enteric nervous system (ENS), the intestinal smooth
muscle and the interstitial cells of Cajal (ICCs)"". Conse-
quently, previous publications have examined these fac-
tors for changes in small bowel atresia patients, especially
within the atretic and adjacent proximal and distal bowel.
Hypertrophy of the small bowel muscle proximal to the
atresia has been found in clinical and experimental stud-
ies on small bowel atresia. Furthermore, various changes
have been reported within the ENS in small bowel
atresia'". We have recently shown differential changes
of the ENS and the ICCs within the proximal bowel in
small bowel atresia?. However, the smooth muscle of
small bowel atresia patients has not been studied in detail.
Therefore, the aim of this study was to investigate spe-
cific contractile filaments of the smooth muscle cells in
resected specimens of small bowel atresia.

MATERIALS AND METHODS

Patients and tissues

Resected small bowel specimens (ileum) from term new-
born small bowel atresia patients (z = 12) were included
in the investigation after obtaining parental consent. The
resected ileal specimens were divided into three segments
(proximal, atretic and distal). Bowel specimens of two age-
matched patients (who underwent surgery for Meckel’s
diverticulum) served as control tissue.

Tissue processing

The specimens were fixed in 4% paraformaldehyde, em-
bedded in paraffin blocks and sectioned at 2-4 um (Leica
SM 2000 R) followed by drying overnight at 37 "C. Be-
fore immunohistochemical staining, the paraffin sections
were dewaxed for 10 min in xylene, 10 min in acetone
and 10 min in acetone/Tris-buffered saline (IBS: 1:1).
After treatment, the slides were washed in TBS.

Antigen demasking

When antigen retrieval by heat was required, dewaxed
paraffin sections were placed in microwave-proof tubes
containing target retrieval solution (Dako). The slides
were treated in the tubes for 5 min at 600 W in a mi-
crowave (SS 560H; Bosch, Munich, Germany). The
evaporated volume was replaced with distilled water, and
the procedure was repeated twice. After microwave treat-
ment, the slides were cooled and washed in TBS.

Histology and immunohistochemistry

Standard HE histology was performed. For immunohis-
tochemistry, an alkaline phosphatase-anti-alkaline phos-
phatase (APAAP) staining kit (Dako Real™ Detection
System, APAAP, Mouse) using anti-smooth muscle actin
(SMA, polyclonal, Dako, 1:500) and anti-desmin (Desmin,

polyclonal, Dako, 1:25) antibodies was used. A nonsense
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mAb (clone: MR 12/53) served as the negative control.

Evaluation

Immunohistochemical analysis focused on the proximal
and distal parts of the resected ileum. The sections were
evaluated by two independent investigators using light
microscopy (magnification: 40 X). HE staining was used
to visualize the overall histology of the specimens. The
distribution and density of immunoreactive SMA-posi-
tive and desmin-positive muscle filaments were studied
in cach part of the resected bowel (proximal, atretic and
distal). Because immunohistochemical staining cannot be
quantified, semi-quantitative scoring was performed as
follows: - no expression, + low expression, ++ moderate
expression, +++ high expression.

RESULTS

Patients

The study included resected ileal segments from 12 term
newborn small bowel atresia patients (gestational age:
38-40 wk). Eleven patients presented with type Il a ileal
atresia and one patient presented with multiple ileal atresia.
All patients were operated during the first or second day
of life.

Standard hematoxylin-eosin staining

Standard HE staining revealed normal muscle components
within the bowel wall. The muscle layers of the proximal
bowel appeared to be slightly thicker. However, these find-
ings were not consistent in all specimens (Figure 1).

Smooth muscle actin immunohistochemistry

The gross histology of the affected (proximal) bowel
remained unchanged. There was a variable increase in
muscle layer thickness.

SMA expression in filaments was moderately de-
creased within the proximal bowel (moderate expression:
++) of small bowel atresia patients compared with con-
trol tissues (high expression: +++) (Figure 2A and C).

SMA positive filaments wete uniformly less expressed
in the tunica muscularis mucosa compared with the tu-
nica muscularis propria (circular muscle, longitudinal
muscle).

The distal bowel had normal expression of SMA-pos-
itive filaments (high expression: +++) within the smooth
muscle of the tunica muscularis propria and the tunica
muscularis mucosa compared to controls (high expres-
sion: +++) (Figure 2B and D).

Smooth muscle desmin immunohistochemistry

The gross histology of the proximal and distal small
bowel was unchanged, as observed by desmin immuno-
histochemistry. The expression of desmin-positive fila-
ments was moderately reduced within all muscle layers of
the affected proximal bowel (moderate expression: ++)
compared with controls (high expression: +++). There
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Figure 2 Smooth muscle actin inmunohistochemistry of the proximal (A, C) and distal (B, D) bowel. CM: Circular muscle; LM: Longitudinal muscle; MM: Muscula-

ris mucosa.

were no differences in desmin expression between the tu-
nica muscularis propria (circular and longitudinal muscle)
and the tunica muscularis mucosa within the proximal
bowel (Figure 3A and C).

The distal bowel showed normal expression of
desmin-positive filaments (high expression: +++) within
the smooth muscle of the tunica muscularis propria and
the tunica muscularis mucosa compared to controls (high

expression: +++) (Figure 3B and D).

DISCUSSION

The extent of damage to the smooth muscle in small
bowel atresia has not been well characterized. Previ-

(4%

T
JBaishideng®

WJG | www.wjgnet.com

ous studies of histological and ultrastructural changes of
the affected bowel have investigated the ENS and the
ICCs"™™, In these studies, differential changes of the
ENS and ICCs were especially found in the proximal di-
lated bowel in small bowel atresia. Our present study re-
vealed only moderate changes in the morphology of the
of the smooth muscle and contractile filaments of the
resected bowel proximal to the small bowel atresia. Fur-
thermore, varying degrees of smooth muscle layer thick-
ening was evident. The correlation between the degree of
smooth muscle layer thickening and the duration of small
bowel obstruction could not be evaluated since no data
on the prenatal onset of the true obstruction were avail-
able.
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Figure 3 Desmin immunohistochemistry of the proximal (A, C) and distal (B, D) bowel. CM: Circular muscle; LM: Longitudinal muscle.

A previous animal study creating a partial obstruc-
tion in dog ileum tissue revealed that the ganglion cells
increased in size and the smooth muscle of the dilated
bowel became thicker™".

Another study used a murine partial small bowel
obstruction model and revealed that 2 wk following
the onset of a partial obstruction, the bowel increased
in diameter, and hypertrophy of the tunica muscularis
occurred oral to the obstruction site”. ICC networks
were distupted orally to the obstruction, and this dis-
ruption was accompanied by the loss of electrical slow
waves and responses to enteric nerve stimulation. These
defects were not observed aboral to the obstruction.
Furthermore, it was shown that the removal of the ob-
struction led to the redevelopment of 1ICC networks and
the recovery of slow wave activity within 30 d. Neural
responses were partially restored in 30 d. Similar repair
mechanisms may occur after surgical correction of small
bowel atresia. It seems obvious that decreases in ICCs in
small bowel atresia and their restoration after removal of
the obstruction contributes to the regulation of gastroin-
testinal motility.

Masumoto ¢ @' showed that the circular muscle of
the proximal small bowel is hypertrophied and expresses
less SMA. This study showed that the ultrastructure and
distribution pattern of the SMA-positive smooth muscle
cells remained similar in the affected bowel compared
with controls.

In another study, Masumoto ¢ a/””' showed muscu-
lar alterations, such as abnormal smooth muscle bundles
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within the proximal segment of small bowel atresia.
We could not confirm the existence of these abnormal
smooth muscle bundles in our investigations. A case re-
port recently revealed long lasting chronological changes
within the ENS, muscle components and ICCs in small
bowel atresia™’. Interestingly, in this case, SMA-positive
areas were found in both the circular and longitudinal
musculature, and an increase in the proximal segment
was observed at two different time points (newborn and
6 mo of age) compared with controls. The expression of
SMA was similar in the distal segments compared with
controls. Again, no clear changes were seen using SMA in
the proximal bowel compared with the distal bowel and
controls.

Ozguner ¢ al” reported that the proximal segment
of the atretic intestine showed structural deficits. Abnot-
mal ganglia cells and defects in the intestinal musculature
were prominent, but the intestinal mucosa remained
intact. They found that abnormalities on both the an-
timesenteric and mesenteric sides, and their interpreta-
tion supported a vascular accident as a causative factor.
Nevertheless, our study was not able to show muscular
disruptions within the proximal bowel.

Previous studies have cleatly shown that the ENS
and ICCs are altered in the proximal and dilated bowel
in small bowel atresia'”. The innervation pattern of the
proximal bowel resembles intestinal neuronal dyspla-
sia?. These changes might be the result of a long-lasting
bowel obstruction and bowel content stasis. Surprisingly,
the smooth muscle appears hypertrophied, but substan-
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tial changes within its ultrastructure were not observed.
Therefore, we believe that the moderate histological
changes within the smooth muscle do not contribute to
the pathogenesis of small bowel atresia. Furthermore, the
moderately altered smooth muscle does not seem to play
a major role in the postoperative gastrointestinal motility
of the affected patients.

In conclusion the possible restoration of ICCs and
the moderate changes within the contractile filaments of
smooth muscle components in small bowel atresia sug-
gest that changes within the ENS are responsible for the
postoperative motility problems. Furthermore, we specu-
late that extensive resection of the dilated proximal bowel
is necessary to restore passage in adequate time.

COMMENTS

Background

Small bowel atresia is a congenital anomaly of unknown cause. Despite early
corrective surgery, patients carry a substantial morbidity because of postop-
erative gastrointestinal motility problems. Normal gastrointestinal motility is
generated by the complex interaction of the enteric nervous system (ENS), the
intestinal smooth muscle and the interstitial cells of Cajal (ICCs). Alterations in
the ENS and ICCs may contribute to the motility problems in patients with small
bowel atresia after surgery. It has not yet been investigated whether changes
in the smooth muscle occur in small bowel atresia and whether these possible
changes influence the postoperative course.

Research frontiers

The relationship between the macroscopic and histological changes of the af-
fected bowel and the postoperative motility disorder are still under investigation.
Furthermore, the role of the smooth muscle and its contractile filaments in small
bowel atresia needs to be further elucidated.

Innovations and breakthroughs

This study showed that the smooth muscle contractile filaments are only mod-
erately altered in the proximal and dilated bowel in small bowel atresia. These
results suggest that extensive resections of dilated proximal is not necessary in
affected patients.

Applications

Previously shown changes within the ENS and the ICCs may influence postop-
erative gastrointestinal motility in affected patients. The moderate variations of
smooth muscle contractile filaments in small bowel atresia do not seem to play
a role in the postoperative course.

Terminology

Bowel atresia is a congenital defect in the continuity of the bowel. The incidence
of small bowel atresia is higher than that of large bowel atresia and varies be-
tween 1:300 and 1:3000.

Peer review

The manuscript is well written and addresses an important concept of a clinical
problem.
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