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Mucosal immune defence mechanisms in
enterocolitis complicating Hirschsprung's disease

A Imamura, P Puri, D S O'Briain, D J Reen

Abstract
Enterocolitis remains an important cause of
morbidity and mortality in Hirschsprung's
disease. The aetiology of enterocolitis is
uncertain - ischaemic and bacterial causes and
recently, rotavirus infections, have been
suggested. Bowel tissue from 12 patients with
Hirschsprung's disease who underwent
Swenson's operation (five ofwhom had clinical
evidence of enterocolitis) and colon from six
controls subjects were examined to investigate
possible immunopathological mechanisms
associated with the disease. IgA, IgM, and J
chain (but not IgG) containing plasma cells
were significantly increased in the lamina
propria along the entire length of resected
bowel in enterocolitis patients, compared with
non-enterocolitis patients and controls
(p<001). Luminal secretory component
staining of the anganglionic segment of colon
from enterocolitis patients was considerably
reduced. Lamina propria CD68 positive
monocyte/macrophages and CD45RO positive
leukocytes were increased in enterocolitis
patients compared with non-enterocolitis
patients (p<0.01). CD57 positive natural killer
(NK) cells showed a unique distribution pattern
compared with other cell types. Patients with
enterocolitis showed a significant increase in
CD57 positive NK cells in the lamina propria
of ganglionic bowel only (p<005). NK cell
values in ganglionic bowel of non-enterocolitis
patients and in aganglionic bowel in all
patients were similar to controls. The diversity
of altered local immune response seen in this
study may reflect a multifactorial microbial
aetiology in enterocolitis associated with
Hirschsprung's disease.
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Enterocolitis continues to be the major cause of
morbidity and mortality in patients with
Hirschsprung's disease, with an incidence
ranging from 20 to 58%.'- Relapses of
enterocolitis can occur despite a defunctioning
colostomy and after a definitive pull-through
operation.34 It has been reported that patients
with enterocolitis complicating Hirschsprung's
disease have persistent inflammatory changes in
the excluded large bowel after diversion of the
faecal stream by colostomy.35 The pathogenesis
of the enterocolitis remains poorly understood,
but many theories have been advanced to explain
its occurrence. These include: mechanical
dilatation and faecal stasis,' alteration in mucin
components,36 increased prostaglandin El
activity,7 Clostridium difficile infection,8 and
more recently rotavirus infection.9 To pursue
further a possible infectious aetiology in relation
to enterocolitis in Hirschsprung's disease, we

have investigated immunological changes in the
colon in two groups ofpatients with this disorder,
one with persistent enterocolitis and the other no
evidence of this.

Methods

PATIENTS
The entire resected specimen of colon was
obtained from 12 patients with Hirschsprung's
disease after Swenson's operation (age range, six
to 24 months; mean, 10.5 months). Five patients
had symptomatic enterocolitis before
defunctioning colostomy or ileostomy was per-
formed. Colonic tissues from six patients, taken
during closure of colostomy for imperforate
anus, acted as controls. The entire resected
specimen ofcolon was cut at 0 5 cm intervals and
examined serially by routine haematoxylin and
eosin (H and E) and by immunoperoxidase
staining.

IMMUNOCYTOCHEMISTRY
Sections (4 [t) from ganglionic and aganglionic
colon were deparaffinised. For selected anti-
bodies, trypsinisation was performed in 0-1%
trypsin (Sigma Ltd.) and 0. 1% calcium chloride
for 30 minutes at 37°C. Endogenous peroxidase
activity was inactivated by methanol and
hydrogen peroxide.'` Sections were then flooded
with 10% species specific normal serum to
minimise non-specific antibody binding.
Sections were incubated with primary antisera in
a moist chamber at 4°C for 2 to 16 hours. After
washing in PBS, antibodies to plasma cell iso-
types, lymphocytes, natural killer (NK) cells,
macrophages, J chain, and secretory component
were demonstrated by either direct immuno-
peroxidase staining or by the streptavidin-biotin
complex method." Staining was visualised using
0.025% diaminobenzidine (DAB) solution in a
50 mmol/l Tr's-HCI buffer (pH 7.6) containing
10 mmol/l hydrogen peroxide. Counterstaining
was performed with 1% methyl green solution
(pH 4.0). The specificity of immunohisto-
chemical staining was confirmed by the use of an
appropriate concentration of non-immune
serum. Positively stained immunocytes were
counted in 10 visual fields from two sections each
from aganglionic and ganglionic specimens of
bowel, using a 40X objective. The results were
expressed as the number of cells per mm2 of
tissue, using a calibrated eyepiece square
graticule.

ANTISERA
Primary antisera used were as follows:
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horseradish peroxidase (HRP) labelled anti-
human IgG, IgA, IgM (Tago, Inc.); HRP labelled
anti-human secretory component (Dakopatts);
rabbit anti-human J chain (Nordic); anti-
UCHL-1 (CD45RO, Dakopatts), anti-KP-1
(CD68, Dakopatts), anti-Leu-7 (CD57, Becton-
Dickinson), anti-Chromogranin A (Dakopatts).
The second layer antibodies used were:
biotinylated F (ab)2 fragment rabbit anti-mouse
IgG and biotinylated F(ab)2 fragment swine anti-
rabbit IgG (Dakopatts). The streptavadin-biotin
complex HRP detection system was obtained
from Dakopatts.

STATISTICS
Tests for significant differences between the
patient populations were performed using the
Student's t test.

Results

H AND E STAINING
The five patients who had clinical evidence of
enterocolitis before defunctioning colostomy
also showed histological evidence of enterocolitis
in the resected specimen of bowel. H and E
staining showed crypt abscesses, increased
lymphoid infiltration of the lamina propria, and
hyperplastic lymphoid follicles with enlarged
germinal centres throughout the entire excluded
bowel.

(Fig 4A). However, all these patients had
considerably reduced secretory component
immunostaining on the luminal surface of
epithelial cells in the aganglionic segment.
Colonic tissue from non-enterocolitis and control
subjects showed a different staining pattern from
colitis patients; there was secretory component
staining in the basolateral plasma membrane, in
the cytoplasm, and in the absorptive surfaces of
columnar cells (Fig 4B).

CD45RO positive leukocytes and CD68 positive
macrophages
Memory T cells as well as monocytes and
granuloctyes recognised by the CD45RO antigen
were significantly increased in enterocolitis cases
(p<001) (Fig 5).
The numbers of CD68 positive macrophages

in the lamina propria of enterocolitis patients
were significantly increased compared with
those ofnormal colon and non-enterocolitis cases
(p<001) (Fig 5).

NK cells
CD57 positive NK cells were distributed in both
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Plasma cell isotypes
IgA, IgM, and IgG containing plasma cells were
seen throughout the lamina propria in patients
and controls (Fig 1). IgA containing plasma cells
were significantly increased along the entire
length of resected bowel in enterocolitis patients
compared with non-enterocolitis and control
tissues (p<0 01). Four of the five enterocolitis
cases had minimal luminal IgA staining in
aganglionic bowel (Fig 2). The numbers of IgM
and IgG containing plasma cells in the lamina
propria in all groups were much less than the
number of IgA containing plasma cells. While
IgG containing plasma cells showed no significant
difference between groups, IgM containing
plasma cells were increased in enterocolitis
compared with non-enterocolitis (p<002) and
control (p<0 01) tissues (Fig 1).
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Jf chain and secretory component
J chain immunoreactivity was seen in columnar
cells of the epithelium and in plasma cells in the
lamina propria in patients and controls. J chain
containing plasma cells in the lamina propria
were significantly increased in patients with
enterocolitis compared with non-enterocolitis
(p<002) and control (p<0 01) subjects (Fig 3).
Secretory component staining of the aganglionic
segment of colon in patients with enterocolitis
showed an intensely granular pattern in the
supranuclear space and a faint homogenous
cytoplasmic staining pattern in columnar cells
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Figure 1: Concentrations ofIgA, IgM, and IgG containing
plasma cells in the lamina propria ofenterocolitis, non-
enterocolitis, and control subjects.
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lymphoid follicles and in the lamina propria of
patients and controls (Fig 6). NK cells in the
lamina propria were significantly increased in
the ganglionic segment of colon from patients
with enterocolitis compared with non-
enterocolitis and control subjects (p<O OS) (Fig
7). By contrast, no difference in NK cell
distribution in the lamina propria or germinal
centres of the aganglionic portion of bowel were
seen in different patient groups and controls.
There was, in addition, some positive staining of
cells in the epithelium (Fig 6B). These cells
showed the typical flask like appearance of
endocrine cells. As CD57 is known to stain both
NK cells and endocrine cells,'2 13 the endocrine
nature of these epithelial cells was confirmed,
using a double staining technique'4 with anti-
Chromogranin A and anti-CD57 antibodies.
Colonic epithelium from enterocolitis patients
expressed a much greater number of these cells
in the distal aganglionic region than that from
non-enterocolitis cases.

A+ w : R
Figure 2: IgA staining in the lamina propria and epithelial cells. (A) Aganglionic segmentfrom
non-enterocolitis patient: normal levels ofIgA containingplasma cells and surface epithelial cell
staining (arrow head) are seen (original magnification x320). (B) Aganglionic segmentfrom
enterocolitis patient; considerably increased IgA containing plasma cells are seen in the lamina
propria. Only minimal surface IgA staining is seen in the epithelium (original magnification
x320).

Discussion
This study confirms our previously reported
findings that Hirschsprung's disease patients
who present clinically with enterocolitis show
histological evidence of enterocolitis both in the
ganglionic and aganglionic bowel several months
after diversion ofthe faecal stream by colostomy.3
The results also show significant changes in the
mucosal immune response throughout the
resected colon in patients with persistent entero-
colitis. While there was a general increase in all
inflammatory cell types investigated, there was a
disproportionate increase inNK cells infiltrating
the ganglionic segment of bowel in enterocolitis
compared with non-enterocolitis patients. NK
cell levels in aganglionic segment of colon in both
enterocolitis and non-enterocolitis patients were
similar to those in controls. Previous studies
have suggested that enterocolitis occurs only in
the dilated ganglionic bowel of patients with
Hirschsprung's disease.''S- While this study
demonstrates inflammatory changes throughout
the resected segment in enterocolitis patients,
increased NK cell infiltration was confined to
the ganglionic segment ofbowel in these patients.
The major biological functions ofNK cells are

those of antitumour and antiviral responses, as
well as their more recently described function as
potential regulators of antibody production.'8 20
If we are to attach particular significance to the
differential pattern of NK cell infiltration in
enterocolitis cases, then their function as effector
cells of antiviral immunity is their most likely
role in this condition. Recently, several peptides
described as neurotransmitters have been shown
to modulate the immune response in the gastro-
intestinal tract.2' Because of the known
abnormalities in peptidergic nerves in
Hirschsprung's disease, it is possible that the
regional abnormality ofNK cell infiltration may
be related to regional abnormalities in
neuropeptides.

Secretory IgA is the major immunoglobulin
isotype providing immunoprotection in the

1000

800

N

E
E 600
In
U

K
400)

o

* Colitis (+) (n = 5)
o Colitis (-) (n = 7)
A Control (n = 6)

o 9
St

,6

a

ll
p < 0.02

ll
p < 0.05

p 0
p < 0 01

p < 0 ol
Aganglionic Ganglionic Normal
segment segment control

Figure 3: Levels ofJ7 chain containing plasma cells in the
lamilna propria ofenterocolitis, non-enterocolitis, and control
subjects.
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Figure 4: Secretory
component staining in
epithelial cells. (A)
Aganglionic segmentfrom
enterocolitis patient:
supranuclear granular and
faint homogenous
cytoplasmic staining, but
only minimal surface
staining is seen in columnar
cells (original magnification
x400). (B) Aganglionic
segmentfrom non-
enterocolitis patient:
secretory component staining
is seen in the basolateral
plasma membrane, in the
cytoplasm, and in the
absorptive surfaces (arrow
head) ofcolumnar cells
(original magnification
x400).
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Figure 5: Levels of
CD45RO and CD68
positive leukocytes and
macrophages in the lamina
propria ofenterocolitis, non-
enterocolitis and control
subjects.
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gastrointestinal tract. Impaired transfer of
secretory IgA at mucosal surfaces has been
inferred from a study showing the absence of
salivary secretory IgA in patients with entero-
colitis complicating Hirschsprung's disease,
rendering the patients prone to mucosal invasion
of both pathogenic and commensal organisms.22
In our study, while there was clearly a marked
increase in IgA containing plasma cells in the
lamina propria, the secretory component staining
showed a distinct reduction of reactivity on the

£ luminal surfaces of epithelial cells in the
aj aganglionic segment of enterocolitis patients. In
£l addition, four of the five enterocolitis patients

showed minimal luminal IgA staining. Clearly
the decrease of secretory component alone could
account for the reduction of secretory IgA on
luminal epithelial surfaces. Whether this
decrease ofluminal surface secretory IgA staining
reflects a primary deficiency in the transfer
mechanism of IgA onto the luminal surface in
these patients is not clear.23 However, normal
epithelial surface secretory component staining
was present in the ganglionic bowel, which seems
to rule out a primary mechanism. It is more likely
that this reduction of IgA and secretory com-
ponent is a consequence ofinflammatory damage
to the mucosa. It is particularly interesting thatwe
also noted an increase in endocrine cells in the
distal aganglionic area of enterocolitis cases.
Increased endocrine cells have previously been
noted in damaged mucosa of Crohn's disease.24
These cells are considered to be end stage and

A1 non-proliferating basal cells in the epithelium,"
and may indicate degeneration of the renewed
mucosal surface.

In a large series of 880 patients with
Hirschsprung's disease, the reported incidence

j of postoperative enterocolitis was 1 5% and that
of late enterocolitis was 22-5%.4 While it is well
established that patients with preoperative
enterocolitis have a higher risk of developing

ontrol enterocolitis after definitive pull-through
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Figure 7: Levels ofCD57 positive natural killer cells in the
lamina propria ofenterocolitis, non-enterocolitis and control
subjects.

21-- Soperation, it is also clear that in many patients,
z

enterocolitis only appears postoperatively or as a
. late complication. Our study suggests that the

w ~pulled-through bowel of patients with entero-
colitis complicating Hirschsprung's disease may

9 have significant persistent inflammatory
$i changes, given our observation of histological

and immunological evidence of inflammation
along the entire resected segment of bowel.
While the presence of inflammatory changes in
the pulled-through bowel could be a predisposing
factor in the development of enterocolitis after
definitive surgery in some cases, it does not,

> however, explain the occurrence of enterocolitis
in patients in whom enterocolitis did not exist

4 ~~~~preoperatively.
Colitis occurring in segments ofcolon excluded

B ~~~~~~~~~~~~~~~~fromthe faecal stream has been defined as a
specific condition termed diversion colitis.
Recently, it has been suggested that in adults,
the disorder is caused by a deficiency of short
chain fatty acids (SCFA) and may be corrected

... ... .... ........... by local SCFA supplementation.2 Many of the
features of persistent enterocolitis resemble

* those described in diversion colitis. Diversion
colitis manifests several months after diversion,

* * .r;'- there is a similar histology, and the colon reverts
to normal after reanastomosis. However, the
finding that the patients with histological
evidence of enterocolitis at the time of definitive
surgery had clinical enterocolitis before
defunctioning colostomy, suggests that while
diversion colitis may be a contributing factor, the
enterocolitis of Hirschsprung's disease is more
complex. Until more is known about the
immunological abnormalities of diversion colitis
and the role of SCFA in the nutrition of the

> - -....... enterocolitis of Hirschsprung's disease and
c diversion colitis will remain undefined.

Figure 6: Distribution pattern ofCD57 positive cells (A) Aganglionic segmentfrom non- The aetiology of Hirschsprung's disease
enterocolitis patient (original magnification x 200). (B) Aganglionic distal segmentfrom associated enterocolitis remains a complex issue
enterocolztzs patient (original magnification x 320). The occasional positive epithelial cells but this study has provided further support for a
represent endocrine cells. (C) Ganglionic segmentfrom enterocolitis patient (original possible infectious aetiology of the enterocolitis.
magnification x 200). Increased CD57 positive natural killer cells are seen in the lamina
propria. A lymphoidfollicle is seen on the left ofeach photograph. Positive natural killer cells Increased NK cell responses confined to the
are seen within the follicle and in the lamina propria ofall specimens. ganglionic bowel, the site which has been
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considered by many investigators to be the
primary focus of enterocolits,' 1-18 is consistent
with a possible local viral infection. The reduction
ofluminal secretory IgA in the aganglionic bowel
may be a further predisposing factor to a micro-
bial pathogenesis. However, this reduction of
secretory IgA is confined to the aganglionic
portion only, and does not represent a primary
deficiency in secretory IgA transport across
epithelial cells. It is probable that the luminal
IgA deficiency is more a reflection of damage to
the mucsoal surfaces or of changes in mucin
composition,36 leading to diminished IgA
adherence to the mucosal surface. The diversity
of altered local immune responses seen in this
study may be reflective of a multifactorial
microbial aetiology in enterocolitis associated
with Hirschsprung's disease.
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