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Introduction

The Hirschsprung’s disease (HD) is a congenital ano-
maly of enteric nervous system, which is characterized
by absence of intrinsic ganglion cells in submucosal and
myenteric plexuses of hindgut”. The absence of para-
sympathetic ganglion cells may be caused by either ab-
normal embryonic migration or defects in extracellular
matrix components development of precursor cells from
neural crest or immune-mediated neuronal necrosis®™. It
affects primarily neonates with incidence of one in 5,000
infants with 70—80% of male predominance.

The histopathological diagnosis of HD is based on the
absence of ganglion cells in the myenteric and submu-
cosal neural plexus and presence of hypertrophic nerve
fibers. The biopsy material for the histopathological
diagnosis of HD can be obtained from either a portion of
intestinal wall taken during the operation or mucosal bio-
psy including mucosa and submucosa by suction rectal
mucosal biopsy. The ganglion cells in submucosal nerve
plexus are rare, with a density of 1/mm’, within lcm of
pectinate line compared to the normal density of 17/mm>
of rectum®. Detection of ganglion cells may be difficult
because few may be present in small mucosal or muscle
biopsies and the ganglion cells of young infants are mor-
phologically immature and can be confused with endo-
thelial cells, fibroblasts, macrophages, or Schwann cells.
Immature ganglion cells are especially evident within the
first few days or weeks of life when HD often presents
clinically. For the correct diagnosis of HD in neonatal
period, it is necessary to recognize the immature ganglion
cells and characteristic patterns of aganglionic segment
by standardized protocol including immunohistoche-
mical studies. Previous studies with antisera to specific
and nonspecific antigens®'" failed to find a single most
important immunohistochemical method for the diag-
nosis of HD. In this study, we used glial cell line-derived
neurotrophic factor (GDNF) antiserum to analyze the
histopathological findings of HD as well as normal
developmental stage of colon. Relatively well known
markers of intestinal ganglion cells and nerve plexus
such as peuron specific enolase (NSE), S-100 protein
and cathepsin D were included in this study.

GDNF is a distant member of the transforming gro-
wth factor- 8 superfamily'?". It has been known to act
as a potent survival factor for motor neurons as well as
numerous populations of peripheral nervous system ne-
urons. Mice lacking GDNF show complete absence of
neural crest-derived neurons in the small and large inte-
stine, pyloric stenosis, and total renal agenesis as a result
of failure of growth and arborization of the ureteric bud
during early stages of kidney morphogenesis'*>". They
showed remarkable similarities to mice defective for the
gene encoding RET, which was recently found to be a
component of the GDNF receptor. Several previous stu-
dies on GDNF and RET expression in normal develo-
pmental fetal intestine and HD cases showed inconsistent
findings'2'¥'*?", Cathepsin D is a family of lysosomal
acidic proteinases that plays a crucial role in the intra-
cellular catabolism of proteins®. The ganglion cells in
bovine, rat, and human ocular tissue and rat dorsal root
ganglia and spinal cord contain substantial amounts of
this enzyme. Abu-Alfa et al. showed consistently positive
reaction of submucosal and myenteric ganglion cells in
colorectum, including the immature ganglion cells of
children in the early postnatal period”.

Material and Methods

A total of 34 cases of clinically and pathologically
confirmed HD were included in this study, of which
clinical findings are summarized in Table 1. The age of
the patients ranged from 23 days to 4 years with mean
age of 267 days. Five patients were less than 1 month of
age and one patient was 4 years old, who had abdominal
distention and constipation since birth. Thirty-seven sec-
tions of specimen were taken from 27 patients, who
underwent postcolostomy closure and Duhamel pull th-
rough operation. Eight specimen of colorectal biopsy

Table 1. Clinical summary

HD Fetal intestine
Total cases 34 4
M : F ratio 28:6 2:2
N 16+6, 25, 30, 35
Age distribution 23 days to 4 year woeks

Mean age 8.9 months
HD : Hirschsprung's disease
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were taken from 6 HD patients during colostomy. Re-
section of aganglionic segment was performed in one
patient who was 15 years old. The sections were classified
into normoganglionic (NG) segment, aganglionic (AG)
segment, and transitional segment according to the pre-
sence or absence of ganglion cells in myenteric and
submucosal plexus (Table 2). Thirty-seven sections of
specimen taken from 27 patients, who underwent post-
colostomy closure and Duhamel pull through operation
consisted of 19 sections from intestinal segment and 18
sections from colostomy site. The fetal intestines at
16+6, 25, 30, and 35 weeks of gestation were obtained

Table 2. Sections used in this study

at elective termination of pregnancy with full ethical
permission.

All studies were performed on formalin-fixed and
paraffin-embedded intestinal tissues. The immunohisto-
chemical reaction was accomplished using peroxidase-
antiperoxidase method as described with some modifi-
cation®”. Briefly, each deparaffinized 5- 22 m section was
reacted with primary antisera(see Table 3) for 60 min
before reaction with the peroxidase-antiperoxidase com-
plex by LSAB kit from DAKO (Santa Babara, CA, USA)
The peroxidase reaction was carried by incubation with
link antiserum and streptavidin for 20 min, for each and

Post-colostomy closure (27 cases)

Biopsy (cases) Resection of AG
Segment (sections) Colostomy site (sections)
NG 6 17
AG 8 3
Trans 5 1 1
Total 19 18 8 1

NG : normogangliionic segment, AG : aganglionic segment, Trans : transitional segment

Table 3. Antisera used in this study

Antisera Raised in Dilution Company

GDNF Rabbit 1:25 Santa Cruz Biotechnology
Cathepsin D Rabbit Prediluted Dako(Carpinteria, CA)

NSE Rabbit 1:80 Zymed (San Francisco, CA)
S-100 protein Rabbit 1:200 Dakopatts (Glostrup, Denmark)

GDNF : glial cell line-derived neurotrophic factor, NSE : neuron specific enolase

Table 4. The immunohistochemical findings observed in HD cases

GDNF CD S-100 NSE
Normoganglionic segment
Ganglion cells +++ +++ +/~ +++
Enteric nerve +++ - +++ ++
Extrinsic nerve fiber +/++ - +4++ 4+
Enteric muscle +/++ — _ _
Coarse nerve fiber in mucosa and submucosa ++ - +4/+++ +4+
Aganglionic segment
Ganglion cells 0 0 0 0
Enteric nerve ++ - + ++
Hypertrophic nerve bundles ++ - +4++ 4+
Enteric muscle +/++ - - ~
Coarse nerve fiber in mucosa and submucosa ++ - ++/+++ 444

GDNF : glial cell line-derived neurotrophic factor, CD : cathepsin D, NSE : neuron specific enolase
Instensity of staining : — =negative : +=weak : ++=strong : +++=intensely strong
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Table 5. The immunohistochemical findings observed in fetal colon

GDNF CD $-100 NSE
16+6 weeks gestational age
Ganglion cells ++ ++ +/— ++
Enteric nerve + - + 4+
Extrinsic nerve fiber ++ - + +++
Enteric muscle ++ - - -
>25 weeks gestational age
Ganglion cells +++ +++ +/— +4++
Enteric nerve + - + +4++
Extrinsic nerve fiber ++ - + +4++
Enteric muscle +++ - —

GDNF : glial cell line-derived neurotrophic factor, CD : cathepsin D, NSE : neuron specific enolase
Instensity of staining : —=negative : +=weak ; ++=strong : +++=intensely strong

subsequently with AEC (3-aminoethyl 9-carbasol). The
sections were counterstained with Meyer’s hematoxylin
to visualize cell nuclei. Optimal antiserum concentration
as determined by serial dilutions was used in all insta-
nces. Negative controls were obtained by exclusion of
primary antiserum or by incubation with nonimmune
bovine serum albumin at equivalent concentrations.

Results

The immunohistochemical findings of HD cases and
fetal colon are summarized in Tables 4 and 5. At 16+6
weeks of gestational age, the immature ganglion cells in
myenteric and submucosal enteric plexus had sparse cy-
toplasm without prominent nucleoli and formed rosette-
like structures around a central neuropil type matrix.
They showed clear positive reaction to GDNF and ca-
thepsin D antisera(Fig. 1A and 1B). After 25 weeks of
gestational age, the components of enteric nervous system
showed increased evidence of differentiation with gan-
glion cells having more abundant cytoplasm, larger and
less dense nuclei, and discrete nucleoli. Other cell types
including enteric nerve fibers also become morphologi-
cally distinct as discrete coalescing enteric nervous system
cellular plexus develop. Positive reactions in ganglion
cells of myenteric and submucosal plexus to GDNF and
cathepsin D antisera was stronger at 25, 30 and 35 weeks
of gestational age(Fig. 1C and 1D). Enteric nerve fi-
bers showed weak positive reaction to GDNF antiserum.
Compared with intrinsic plexus, the extrinsic nerve fi-

i She . ... -

Fig. 1. Immunohistochemical findings of colon in fetus
(peroxidase-antiperoxidase) . At 16+6 weeks of
gestational age. immature ganglion cells in my-
enteric and submucosal plexus show strong
positive reaction to GDNF antiserum (A) and to
cathepsin D antiserum (B) (X 66). At 30 weeks of
gestational age, the perikarya of immature gan-
glion cells in submucosal nerve plexus show
strong positive reaction in ganglion cells and
weak positive reaction in enteric nerve fibers to
GDNF antiserum(C, x100). The ganglion cells
in myenteric and submucosal nerve plexus at
25 weeks of gestational age show strong posi-
tive reaction in perikarya to cathepsin D antise-
rum(D, x50).

bers in pericolic soft tissue showed moderately strong
positive reaction to GDNF antiserum.

Ganglion cells in myenteric plexus were well defined
at the earliest age examined after birth (23 days) com-
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Fig. 2. Immunohistochemical findings of colon in infant
(peroxidase-antiperoxidase, x50). At 7 months
of age, the polygonal or smalt round mature gan-
glion cells at the periphery of myenteric plexus
show strong positive reaction to GDNF antiserum
(A) and cathepsin D antiserum (B). Submucosal
plexus shows strong positive reaction in ganglion
cell perikarya and weak positive reaction in en-
teric nerve fibers to GDNF antiserum (C). Gang-
lion cells in submucosal plexus show intense,
diffuse, granular cytoplasmic immunoreactivity to
cathepsin D antiserum (D) .

pared to those at 35 weeks of gestational age, which
were similar to adult ganglion cells. They were variable
in size and shape and peripherally located surrounding
loose nerve fibers. The ganglion cells showed similar
strong positive reaction to GDNF and cathepsin D anti-
sera(Fig. 2A and 2B). The nerve fibers showed strong
reaction to GDNF antiserum and negative reaction to
cathepsin D antiserum. Submucosal plexus was haphazar-
dly scattered and some were abutting the inner surface
of the muscularis propria and outer surface of the mu-
scularis mucosae. Ganglion cells of submucosal plexus
were large, polygonal with strong positive reaction to
GDNEF, cathepsin D, and NSE antisera(Fig. 2C and
2D). Extrinsic nerve fibers consisting of nerve fibers in
pericolic soft tissue, subserosal nerve plexus, and peri-
or paravascular nerve fibers in submucosa showed strong
positive reaction to S-100 and NSE antisera (Fig. 3A).
The hypertrophic nerve bundles in aganglionic seg-
ment of HD were compact and solid and many of them

Fig. 3. NSE immunostain finding of normoganglionic
segment(A) and aganglionic segment(B) of
HD (peroxidase-antiperoxidase, =< 16). The nor-
moganglionic segment(A) shows diffusely distri-
buted myenteric plexus and scattered submu-
cosal plexus and numerous fine unmyelinated
axons in bundles of muscularis propria. The
aganglionic segment(B) shows proliferated ex-
trinsic nerve bundles in intermuscular area and
submucosa close to muscularis mucosae as well
as in pericolic area. The unmyelinated axons in
muscle layer are coarse, irregular, and decrea-
sed in numbers in aganglionic segment com-
pared to normoganglionic segment.

were accompanying blood vessels (Fig. 3B) . The hyper-
trophic nerve bundles were unevenly distributed and
proportional to the amount of coarse, thick nerve fibers
in muscle layer. The hypertrophic nerve bundles showed
moderately strong positive reaction to GDNF antiserum
and strong positive reaction to S-100 and NSE antisera.

The mucosa and muscularis mucosae of NG as well
as AG segment of HD cases showed focally or diffusely
distributed coarse nerve fibers, which were strongly po-
sitive by NSE antiserum (Fig. 4A). S-100 protein-posi-
tive fibers were much less than NSE-positive fibers (Fig.
4B). Those NSE- and S-100 protein-positive coarse
fibers were found most prominently in sections from
colostomy repair sites, of which incidence was not
correlated with patient’s age.

Transitional segment showed decreased numbers or
absence of ganglion cells in myenteric and submucosal
plexus and hypertrophic extrinsic nerve bundles. The
ganglion cells and hypertrophic nerve fibers were une-
venly distributed with focal aggregations of hypertrophic
fibers. The myenteric plexus in transitional segment were
smaller compared to those in NG segment. The amount



Fig. 4. Immunohistochemical findings of normogangiio-
nic segment of HD. NSE antiserum(A) shows
many strong positive thick nerve fibers in iamina
propria and strong positive reaction in ganglion
cells and nerve fibers of submucosal plexus (pe-
roxidase-antiperoxidase, x33). $-100 antiserum
(B) shows scattered several positive fibers in
lamina propria and negative reaction in gang-
lion celis in submucosal plexus (peroxidase-anti-
peroxidase, x25).

of unmyelinated axons in muscle layers was different

according to the presence or absence of ganglion cells.

The muscle layers showed strong positive or weak po-

sitive GDNF reaction, which was not correlated with

presence or absence of ganglion cells.
Discussion

The ganglion cells showed different shape and arran-
gement according to developmental stage. The ganglion
cells in intermuscular myenteric plexus and submucosal
nerve plexus were poorly defined and arranged in nests
with rosettes-like appearance during fetal developmental
period up to 35 weeks of gestational age and rather well
defined with larger amount of cytoplasm at 27 days after
birth. Compared with weak irregular positive reaction to
NSE and S-100 protein antisera, those immature gang-
lion cells during fetal period showed strong positive
reaction to GDNF and cathepsin D antisera. They sho-
wed granular localization of cathepsin D in perinuclear
cytoplasm compared with mature ganglion cells with
intense, diffuse, granular cytoplasmic immunoreactivity.
Previous studies™”> showed similar findings and Tate-
kawa et al.” suggested the possibility to evaluate the
maturation of ganglion cells by intracellular distribution
of cathepsin D in meconium disease. Extrinsic nerve
strands in developing intestine and NG segment from
HD patients were poorly defined, but could be ideritified
by their solid appearance and strong reaction to NSE

and S-100 antisera. Hypertrophic extrinsic nerve strands
in AG segment or oligoganglionic segment from HD pa-
tients also showed strong reaction to these antisera. The
ganglion cells in myenteric plexus and submucosal ple-
xus showed different morphology after birth. Compared
with ganglion cells in myenteric plexus which are va-
riable in size and shape and have peripheral location, the
ganglion cells in submucosal plexus were large, polygo-
nal with well defined cytoplasmic membrane and strong
positive reaction to GDNF, cathepsin D, and NSE anti-
sera. The recognition of markedly variable ganglion cells
in myenteric plexus and difference in morphology of
ganglion cells in two components of enteric nervous sys-
tem are important for the diagnosis of HD. In NG
segment of HD, the submucosal ganglion cells were
unevenly scattered, but showed considerable abutting
pattern to inner surface of muscularis propria and focally
abutting on outer surface of muscularis mucosae. The
ganglion cells closely abutting to muscularis mucosae as
well as clear positive reaction of submucosal ganglion
cells to GDNF and cathepsin D antisera could be helpful
for the exclusion of HD in rectal mucosal suction biopsy.

Several previous studies on GDNF and RET expre-
ssion in normal developmental fetal intestine and HD
cases showed similar or inconsistent findings. Compared
with the immunohistochemical studies showing GDNF
immunostaining restricted in neural fiber-like structures
across the gut wall'®, other studies'*?"” showed strong
immunoreactivity in ganglion cells in myenteric plexus.
Extrinsic nerve fibers also showed strong immunoreac-
tivity”®. Muscle layer showed high GDNF immunoas-
say level”
longitudinal layers of NG as well as AG colon" by im-

or no immunoreactivity in both circular and

munofluorescence examination. Martucciello et al. also
showed absence of GDNF expression in muscle layer by
immunohistochemistry on frozen section'®. Full thickness
specimen of AG bowel showed significantly reduced
level of GDNF by ELISA®®. Mucosal epithelial cells
showed strong GDNF immunoreactivity, which was sig-
nificantly decreased in number in AG bowel compared
with in NG bowel™.

The present study showed similar positive findings in
ganglion cells and hypertrophic nerve trunk and mode-
rate to strong positive reaction in muscle layer at NG



segment as well as in AG segment and transitional seg-
ment, where the ganglion cells are absent. The numbers
of GDNF immunoreactive mucosal epithelial cells were
variable and not consistently different according to the
presence of ganglion cells by the method that we used.
The fetal intestine showed strong positive reaction in
muscle layer throughout the fetal period examined. The
presence of GDNF immunoreactivity in fetal intestine as
well as HD cases suggests that its role may not be res-
tricted to development but rather additionally be asso-
ciated with neuronal survival and function after birth.

This study showed focally or diffusely distributed NSE
positive coarse nerve fibers in lamina propria of mucosa
and muscularis mucosae with no significant difference
between NG segment and AG segment of HD. The re-
sults were similar to previous studies showing NSE-
positive unmyelinated axon-like structures in lamina
propria of HD as well as control sections®. Mackenzie
and Dixon® showed more evident unmyelinated axons
in pediatric controls than in HD cases. The presence of
more nerve fiber proliferation in lamina propria and
muscularis mucosa in NG section from colostomy repair
sites in this study suggest that nerve proliferation is a
nonspecific finding occurring in the setting of tissue
injury.

Since the diagnostic histopathological findings of HD
are not always present in all of the sections from AG
and transitional segments of HD and are variably expre-
ssed, diagnosis should depend on combination of changes
in distribution and morphology of enteric nervous sys-
tem as well as recognition of hypertrophic extrinsic
nerve fibers. GDNF and cathepsin D antisera were very
helpful to reveal the presence or absence of immature
and mature ganglion cells as well as hypertrophic extrin-
sic nerve fibers. Combination of these antisera and other
well-known markers for enteric ganglion cells and nerve
fibers such as NSE and S-100 protein would increase the
diagnostic accuracy of HD.
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