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Summary. The pathophysiology of Hirschsprung's 
disease has not been fully elucidated but is known 
to have a neurogenic basis. In recent years, new 
neural proteins and peptides have been discovered 
and our aim in this study was to use immunocyto- 
chemistry to investigate their involvement in the 
neuronal abnormalities associated with this condi- 
tion. Large bowel samples from 9 children under- 
going surgery for Hirschsprung's disease were 
compared with those taken from 8 children with 
other gastrointestinal diseases but no agangliono- 
sis. Immunocytochemistry was carried out using 
antibodies to a wide range of neuron specific pro- 
teins and peptides. Examination of sections im- 
munostained for the general neuronal markers, 
protein gene product 9.5, neuron specific enolase 
and neurofilament triplet proteins, allowed rapid 
identification of aganglionic segments. Nerves con- 
taining vasoactive intestinal polypeptide/peptide 
histidine methionine (VIP/PHM), galanin, sub- 
stance P, somatostatin, met-enkephalin or calcito- 
nin gene-related peptide (CGRP) showed a marked 
reduction in all layers of  the aganglionic bowel. 
However, scattered VIP/PHM immunoreactive 
fibres were also found in the hypertrophied nerve 
bundles. In contrast with these reduced peptide- 
containing nerves, fibres displaying NPY immuno- 
reactivity showed a marked increase in all agang- 
lionic segments, particularly in the circular muscle 
where few are found normally. Our findings shed 
further light on the neurobiology of aganglionic 
bowel and suggest that immunostaining of neural 
proteins and the peptide NPY can aid rapid histo- 
pathological diagnosis of  congenital aganglionosis. 
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Introduction 

Little is known about the pathophysiology of con- 
genital aganglionosis, although it is widely consid- 
ered to have a neuropathic basis (Whitehouse and 
Kernohan 1948 ; Zuelzer and Wilson 1948 ; Bodian 
et al. 1949; Webster 1973; Okamoto et al. 1982). 
The nervous lesions observed in this disease are 
not confined solely to a lack of  intrinsic ganglion 
cells. Affected bowel has hypertrophied nerve bun- 
dles (Whitehouse and Kernohan 1948 ; Kluck et al. 
1984; Vinores and May 1985), increased adrener- 
gic (Bennett et al. 1968) and cholinesterase-positive 
(Bodian et al. 1951) nerves and a reduction of in- 
trinsic serotoninergic nerves (Rogawski etal .  
1978). A large number of different bioactive pep- 
tides have been localised to the nervous system 
of the human gut (Bishop et al. 1982; Ferri et al. 
1982, 1984; Keast etal .  1984; Llewellyn-Smith 
et al. 1984) and some of these peptide-containing 
nerves have been shown to be abnormal in agang- 
lionic bowel (Ehrenpreis and Pernow 1953; Tafuri 
et al. 1974; Freund et al. 1979; Dupont  et al. 1980; 
Bishop et al. 1981 ; Tsuto et al. 1985). 

Since the previous studies, additional types of  
peptide-containing nerves have been discovered, 
some of which have been shown, by animal experi- 
mentation to have at least a partially extrinsic ori- 
gin (Sundler et al. 1983, 1986; Ferri et al. 1984; 
Bishop et al. 1984; Clague et al. 1985; Mulderry 
et al. 1985; Melander et al. 1985; Bishop et al. 
1986; Su etal .  1986), and new general neuronal 
markers, such as protein gene product 9.5 (Thomp- 
son et al. 1983; Gulbenkian et al. 1987), have been 
isolated. 

The aim of  the present study was to determine 
whether, in congenital aganglionosis, any immuno- 
cytochemically detectable changes occur in nerves 
containing these neuron specific proteins and pep- 
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Table 1. Details of antisera used 
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Antiserum to Dilution 

I M F  P A P  

Concentration of corresponding antigen 
required for quenching of immunostain 
[nmol/ml] 

Source 

CGRP 1:200 1 : 2000 0.01 
Galanin 1:500 1 : 5000 0.1 
Met-enkephalin I : 400 1 : 4000 0.1 
Neurofilaments 1 : 400 1 : 4000 NK 
Neuropeptide Y 1 : 200 1:2000 0.01 
Neuron specific enolase 1:200 1:1000 1.0 
PGP 9.5 1 : 500 1:2000 NK 
PHM 1 : 400 1 : 4000 0.1 
S-100 1:800 1:4000 NK 
Somatostatin 1 : 800 1 : 800 0.1 
Substance P 1 : 500 1 : 5000 0.01 
a Tyrosine hydroxylase 1 : 400 1 : 400 NK 
VIP 1:2000 1 : 10000 0.01 

HH 
HH 
RIA U.K Ltd 
VL/JT 
HH 
PJM 
RJT 
HH 
DC 
RIA U.K Ltd 
HH 
Boehringer 
HH 

HH = Hammersmith Hospital; IMF = immunofluorescence; PAP = peroxidase antiperoxidase; NK = not known; 
Trojanowski; PJM = P.J. Marangos; DC = D. Cocchia 

a Bovine 

VL/JT=V. Lee/J 

tides. I n  view o f  the  r e p o r t e d  inc rease  in  a m i n e r g i c  
f ibres in  a g a n g l i o n i c  bowel ,  p a r t i c u l a r  a t t e n t i o n  
was  p a i d  to ne rves  wh ich  c o n t a i n  N P Y  as they  
have  b e e n  s h o w n  to have  a d u a l  o r ig in  f r o m  local  
cell bod ies  a n d  f r o m  extr insic ,  c a t e c h o l a m i n e r g i c  
sources  ( L u n d b e r g  et al. 1982; Fe r r i  et al. 1984;  
E k b l a d  et al. 1984; F u r n e s s  et al. 1983;  Lee et al. 
1985a ;  S u n d l e r  et al. 1986). 

M a t e r i a l s  and  m e t h o d s  

Specimens of large bowel were obtained fresh at surgery from 
9 children with Hirschsprung's disease (ages 1 year 5 months 
to 4 years 10 months; 4 males, 5 females). Diagnosis was based 
on the results of radiological examination, rectal manometry 
and histology. In each case a narrow strip was taken along 
the length of each resection specimen and cut into 1 cm long 
pieces. For comparison, macroseopically and histologically nor- 
mal samples of large bowel were obtained from 8 children 
(1 year to 6 years; 5 males, 3 females) with no evidence of 
aganglionosis. 

After dissection, the samples were immersed in 0.4% p- 
benzoquinone (Koch-Light) in 0.01 M phosphate buffered 
0.15 M saline (PBS, pH 7.1-7.4) (Bishop et al. 1978) for one 
hour or in Bouin's solution for four hours. The benzoquinone 
solution-fixed tissues were thorougly rinsed in PBS containing 
15% sucrose and 0.01% sodium azide, cryostat blocks were 
prepared and 10 gm sections cut at - 2 0  ° C. Bouin's-fixed ma- 
terial was dehydrated embedded in wax and 5 gm sections were 
cut. The sections were picked up on glass slides coated with 
poly-L-lysine (Huang et al. 1983), air-dried for 30 min and 
stained with haematoxylin and eosin or immunostained using 
the techniques of indirect immunofluorescence (Coons et al. 
1955) for cryostat sections and peroxidase anti-peroxidase 
(Sternberger 1979) for wax sections. For indirect immunofluor- 
escence, the primary rabbit antisera (Table 1) were applied at 
appropriate dilutions and left for 16-20 h at 4 ° C in a moist 
atmosphere. After three rinses in PBS, the second layer of 

FITC-conjugated goat anti-rabbit IgG (Miles Laboratories Ltd, 
Stoke Poges, UK) was applied to the sections at a dilution 
of 1:200. After one hour's incubation at room temperature, 
the sections were again washed three times in PBS, mounted 
in PBS: glycerine (1:9 v/v) and examined under an Olympus 
Vanox ultraviolet microscope (filter 450-490 nm). Photographs 
were taken using FP4 black and white film (speed 100 ASA) 
(Ilford Ltd., UK). For the peroxidase anti-peroxidase tech- 
nique, the wax sections were immersed in 0.03% (w/v) hydrogen 
peroxide in PBS for 30 min to remove endogenous peroxidase 
activity. Possible background staining was also reduced by the 
application of normal goat serum, diluted 1:30, for 30 min. 
Primary antisera (Table 1) were applied as for indirect immun- 
ofluorescence. The second layer of unconjugated goat anti-rab- 
bit IgG was used at a dilution of 1 : 200 for 30 min. The final 
layer of rabbit PAP complex, diluted 1:500 was applied for 
30 rain at room temperature. Visualisation of the PAP complex 
was achieved by the diaminobenzidine method (Graham and 
Karnovsky 1976). When developed, the sections were dehy- 
drated, mounted in DPX and examined under a transmitted 
light microscope (Reichert-Jung). Photographs were taken us- 
ing Technical Pan black and white film (speed (150 ASA) (Ko- 
dak Ltd. UK). 

R e s u l t s  

O n  the  bas is  o f  c o n v e n t i o n a l  h i s to logy  a n d  the im-  
m u n o s t a i n s  for  gene ra l  n e u r o n a l  m a r k e r s ,  three  
segmen t s  c o u l d  be d i s t i ngu i she d  in  the 9 spec imens  
t a k e n  f r o m  ch i l d r en  wi th  H i r s c h s p r u n g ' s  disease.  
I n  the c ryos t a t  sect ions ,  a n  a rea  c ou l d  be d i sce rned  
in  the p r o x i m a l  p o r t i o n  o f  each  s p e c i m e n  wh ich  
h a d  a p a t t e r n  o f  i n n e r v a t i o n  i n d i s t i n g u i s h a b l e  
f r o m  t h a t  in  the  con t ro l s .  G a n g l i o n  cells were pres-  
en t  in  b o t h  p lexuses  a n d  a n o r m a l  p o p u l a t i o n  o f  
pep t ide rg ic  ne rves  was  seen c o n t a i n i n g  V I P / P H M ,  
N P Y  (Fig.  I a), C G R P ,  g a l a n i n ,  s u b s t a n c e  P, so- 
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Fig. 1. NPY-immunoreactive fibres, a Scattered in the myenteric plexus in normal bowel, b Densely immunostained and present 
in high numbers in a similar region of aganglionic bowel. Indirect immunofluorescence technique on BQS-fixed 10 gm cryostat 
section. Bar = 70 gm 

Fig. 2. An hypertrophied nerve bundle in the region of the myenteric plexus showing strong immunoreactivity for protein gene 
product 9.5. Processing as for Fig. 1 

Fig. 3. VIP-immunoreactive nerves in an hypertrophied nerve bundle like that is seen in Fig. 2. Processing as for Fig. I 

matostatin and met-enkephalin. Several of  the gan- 
glion cells in the submucous plexus showed immu- 
noreactivity for V1P/PHM and a few also con- 
tained galanin. 

Distal to this portion, a hypoganglionic seg- 

merit, of  variable length, could be identified. Apart 
from the reduced numbers of ganglion cells in both 
the myenteric and submucous plexuses, this area 
was characterised by the presence of hypertrophied 
nerve bundles lying in the serosa and running 
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Fig. 4. a PGP 9.5 immunoreactivity clearly visible in hypertrophied nerve bundles of aganglionic submucosa, h High-power micro- 
graph of an hypertrophied nerve bundle between the circular and longitudinal muscle coats of aganglionic bowel immunostained 
for PGP 9.5. PAP technique on Bouin's solution fixed 5 gm wax-embedded sections 

th rough  the in termuscular  spaces to the submu-  
cosa. These bundles showed immunoreac t iv i ty  for  
prote in  gene p roduc t  9.5 (Fig. 2), neurofi laments ,  
neuron  specific enolase and prote in  S-100. Only 
V I P / P H M  of  all the peptides studied could  be 
visualised in these bundles,  in scat tered fine fibres 
(Fig. 3). V I P / P H M - c o n t a i n i n g  nerves also showed 
a slight reduct ion  in the muscle and mucosa  of  
this segment,  unlike the o ther  peptides which 
showed an almost  normal  profi le  o f  nerves. 

The  distal por t ions  of  the specimens showed 
aganglionosis,  to various extents and increased 
numbers  o f  hyper t roph ied  nerve bundles which 
displayed strong immunoreac t iv i ty  for  general neu- 
ronal  markers  and also scattered V I P / P H M  nerves 
similar to those seen in the hypogangl ionic  seg- 
ment .  Immunoreac t iv i ty  for  general neurona l  
markers  was seen in fibres in all layers o f  the bowel 
wall. The  differences in the results for  these 
markers  between normal  and aganglionic bowel 
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appeared to be confined to absence of  ganglion 
cells and presence of hypertrophied nerve bundles. 
The pattern of  peptidergic innervation in this seg- 
ment, however, was entirely different from that in 
the proximal hypoganglionic or normal portions. 
Nerves containing VIP/PHM, galanin, substance 
P, somatostatin, met-enkephalin or CGRP all 
showed a reduction when compared with normal 
bowel. Subjectively, this reduction appeared to be 
related to the length of the aganglionic segment, 
with only few immunoreactive fibres being found 
in extensively aganglionic bowel. In contrast, a 
completely opposite pattern of staining was ob- 
served for NPY-immunoreactive nerves which 
showed increased density in all muscle layers, par- 
ticularly the circular muscle coat (Fig. 1 b). Where 
in normal bowel few immunoreactive fibres can 
be found lying in the circular muscle, in the agang- 
lionic segments very densely immunostained, inter- 
twined groups of NPY nerves were spread 
throughout the layer (Fig. 1 b). Immunoreactivity 
for tyrosine hydroxylase was present in nerves of 
ganglionic and aganglionic segments of bowel, 
mainly between the circular and longitudinal mus- 
cle coats. However, the level of  immunostaining 
was variable both within and between specimens. 
Two cases showed an increase in immunoreactive 
fibres in the aganglionic portion. 

The information gained from the wax-embed- 
ded tissues was limited. The antiserum to PGP 9.5 
gave the best results but there was a reduction in 
the amount of  nervous tissue visualised in compari- 
son with the cryostat sections. In particular, few 
small bundles or individual fibres were seen. In 
the diseased specimens, the thick, contorted nerve 
bundles, however, were densely immunostained 
and clearly visible (Fig. 4) and aganglionic areas 
could be distinguished easily. Two specimens 
showed numerous fibres in the muscularis mucosae 
but few nerves were seen in the mucosa. This ap- 
parent reduction in sensitivity of immunostaining 
in wax-embedded tissues was worse for the other 
general neuronal markers, neurofilaments, NSE 
and protein S-100, which were found only weakly 
in nerve bundles and in scattered nerves or glia. 
The antisera to peptides and tyrosine hydroxylase 
gave very weak, inconsistent results which were 
not comparable to those obtained in the cryostat 
sections. 

Discussion 

The aim of our study was to expand our pre- 
vious work on peptide-containing nerves in 
Hirschsprung's disease (Bishop et al. 1981) by ex- 

amining more recently described neuronal proteins 
and peptides. For optimal preservation of neuronal 
antigens we have studied cyrostat sections and 
shown that, as well as VIP/PHM- and substance 
P-immunoreactive nerves, those containing ga- 
lanin, somatostatin, met-enkephalin or CGRP are 
reduced in the aganglionic segment of bowel. In 
contrast with these, nerves with NPY immunoreac- 
tivity were present in much higher numbers in the 
aganglionic portion than in normal bowel. They 
were found particularly in the circular muscle 
where only few fibres can be seen normally. Three 
general neuronal markers, neuron specific enolase, 
neurofilaments and protein gene product 9.5, were 
also immunostained. These allowed rapid differen- 
tiation between ganglionic and aganglionic bowel 
by giving clear demonstration of  the lack of gangli- 
on cells and the presence of hypertrophied nerve 
bundles in the latter. Immunostaining of  neural 
antigens in wax-embedded tissue gave poor results 
in comparison with those obtained using cryostat 
sections and fixation in benzoquinone solution. 
This labile nature of substances in nerves is well 
known. Of all the antigens immunostained in wax 
sections, only PGP 9.5 gave satisfactory results, 
suggesting that antibodies to this protein may be 
of use in diagnosis of  routinely processed tissues. 
However, as no consistent changes in nerves could 
be detected in the mucosa of aganglionic bowel, 
whether wax or cryostat sections, immunostaining 
of PGP 9.5 is unlikely to be much assistance in 
the examination of  mucosal biopsies. 

Interpretation of the neuronal abnormalities in 
congenital aganglionosis is difficult largely because 
only incomplete information is available on the 
developmental pattern of  the human enteric ner- 
vous system and the sources of the various types 
of nerve supplying the gut. Thus, it is only possible 
to speculate on the significance of the present find- 
ings. The observed reduction in the frequency of 
nerves containing VIP/PHM, substance P, galanin, 
somatostatin or met-enkephalin in the aganglionic 
segment suggests that these nerves have mainly in- 
trinsic origins in the human bowel and their loss 
is a direct result of  the lack of intrinsic cell bodies. 
This conclusion is supported both by the observa- 
tion that the degree of fibre loss often appeared 
to be in proportion to the length of the aganglionic 
segment and by results of  experiments made in 
other mammals which show that most of  these 
nerves are enteric in origin (Schultzberg et al. 1980; 
Jessen et al. 1980; Malmfors et al. 1981). It was 
interesting to note, however, that VIP/PHM-im- 
munoreactive fibres were seen in hypertrophied 
nerve bundles, some of which lay in the serosa 
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and were, presumably, of extrinsic origin. Al- 
though VIP is known to occur in enteric ganglion 
cells in human gut, in cat and rat at least it has 
been found in pathways linking the pelvic viscera 
with not only the autonomic but also the sensory 
centres of the sacral spinal cord (Basbaum et al. 
1983; Kawantini etal. 1983; Jansco etal. 1981; 
Gibson et al. 1986). Thus, an extrinsic origin for 
some VIP nerves cannot be ruled out. 

CGRP-immunoreactive nerves were also re- 
duced in aganglionic segments. This peptide has 
been localised previously to autonomic, motor and 
sensory nerves (Rodrigo etal. 1985; Lee etal. 
1985b; Wiesenfeld-Hallin etal. 1984; Gibbins 
et al. 1985) and has been shown in the large bowel 
of experimental animals to have dual intrinsic and 
extrinsic (sensory) origins (Clague et al. 1985; Ster- 
nini et al. 1986; Su et al. 1986). The reduction of 
CGRP-immunoreactive fibres suggests an intrinsic 
origin but no immunoreactive cell bodies could be 
found in normal, ganglionic bowel. However, the 
lack of CGRP-immunoreactive ganglion cells in 
the control tissues does not necessarily mean that 
nerves containing this peptide do not have an in- 
trinsic origin in human bowel. It is possible that 
only a minor proportion of intramural neurons 
produce CGRP and the content of peptide within 
each soma is too low to be detected by immunocy- 
tochemistry. 

In complete contrast to the other types of pep- 
tide-immunoreactive nerves, those containing 
NPY showed increased density in aganglionic 
bowel, particularly in the circular muscle layer 
where few fibres are normally found. Most NPY- 
immunoreactive fibres in the human gut are 
thought to arise from enteric ganglion cells but 
a minor proportion are suggested to have an ex- 
trinsic, adrenergic origin and these latter innervate 
mainly the vasculature and myenteric plexus (Ferri 
et al. 1984; Ekblad et al. 1984; Furness et al. 1983; 
Lee et al. 1985a; Sundler et al. 1986). The change 
in NPY nerves may, thus, reflect the reported hy- 
perplasia of aminergic fibres in Hirschsprung's dis- 
ease shown by an induced fluorescence technique 
(Bennett et al. 1968). In the present study, we have 
tried to reproduce these results by visualising amin- 
ergic nerves using antibodies to tyrosine hydroxy- 
lase, the enzyme which converts tyrosine to 
3,4-DOPA. It is possible, however, that the vari- 
able results obtained may be due to these anti- 
bodies not cross-reacting fully with the human en- 
zyme. 

The mechanism behind the apparent hyperpla- 
sia of nerves reported in Hirschsprung's disease 
in not clear but some interpretations can be of- 

fered. 1. Is this phenomenon analogous to "ampu- 
tation" neuroma? The increased numbers of cho- 
linesterase-positive and possibly aminergic fibres 
and the presence of hypertrophied nerve bundles 
have been postulated to be the result of incoming 
extrinsic nerves "searching" for intramural gangli- 
on cells with which to synapse and their appear- 
ance has invited comparison with amputation 
neuromas (Okamoto et al. 1967; Okamoto et al. 
1982). 2. Is the putative trophic factor, released 
from "target" tissue to modulate neuronal matu- 
ration (for review see Prestige 1974; Hendry et al. 
1981), produced by muscle instead of ganglion cells 
in aganglionic bowel? For the extrinsic NPY/amin- 
ergic fibres which normally synapse with myenteric 
ganglion cells (Sundler et al. 1986), there are no 
target tissues and, thus, there should be no trophic 
influences in the aganglionic segment. It has been 
shown, however, that catecholaminergic nerves 
which synapse with myenteric ganglia under nor- 
mal conditions can instead supply the muscle if 
no ganglion cells are present (Burnstock et al. 
1971). Thus, the muscle may be able to provide 
the stimulus for the incoming aminergic fibres. 3. 
Is the phenotypic expression of neuronal antigens 
abnormal in aganglionic bowel? There are numer- 
ous examples of experimental models where a se- 
lective reduction in one particular type of nerve 
causes a reciprocal rise in another (Kessler et al. 
1983; Schon et al. 1985; Cole et al. 1983; Zhang 
et al. 1984; Terenghi et al. 1986). Also, transient 
expression of different phenotypic features has 
been observed frequently and is clearly under con- 
trol of the local environment (Le Douarin and Teil- 
let 1974; Le Douarin 1981; Smith etal. 1977; 
Rothman et al. 1978 ; Bjorklund et al. 1985; Patter- 
son 1978; Garcia-Arraias etal. 1986; Coulombe 
and Bronner-Fraser 1986). The characteristics dis- 
played by the different nerve types in aganglionic 
bowel may be the result of interruption of differen- 
tiation, leaving the neurons incapable of fulfilling 
their normal functional role. Neuronal immaturity 
in terms of incomplete phenotypic differentiation 
may be a contributory factor precipitating the in- 
testinal dysfunction. 

In short, Hirschsprung's disease can no longer 
be viewed as a simple denervation effect. As our 
knowledge of enteric nerve development increases, 
further insights into the pathogenesis of the disease 
will be gained. The findings reported here invite 
speculation as to the possible consequences of spe- 
cific forms of enteric neuronal damage. Our obser- 
vation of increased NPY innervation in agang- 
lionic bowel fits well with previous reports of amin- 
ergic nerve hyperplasia but neither observation can 
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be explained fully at present. The use of antisera 
to the general neuronal markers neurofilament 
triplet proteins, neuron specific enolase and, in 
particular, PGP 9.5 allows rapid differentiation be- 
tween ganglionic and aganglionic bowel. 
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