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Dissecting Hirschsprung disease
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Nonsyndromic Hirschsprung disease, hitherto assumed to be a multifactorial disease with a threshold effect due to an unknown num-
ber of genes, has been genetically dissected and shown to result from an interaction between just three loci, two of which have not
previously been associated with the disease. Oligogenic inheritance can explain the main aspects of its genetic epidemiology.

In complex (multifactorial or multigenic)
disorders, it has not so far been possible to
identify the particular contributions of
individual genes, making it difficult to
correlate genotype with phenotypel2. In
an accompanying paper?, Stacey Bolk
Gabriel and colleagues offer an innovative
solution to this problem, and in so doing
provide the first complete genetic dissec-
tion of such a multifactorial disorder.
Their approach should serve as a model
for the analysis of other complex diseases
with nonmendelian inheritance patterns.

The hallmarks of Hirschsprung
disease

Hirschsprung disease (HSCR; OMIM
142623, ref. 4), also known as congenital
intestinal aganglionosis, is a genetically
determined,  surgically  correctable,
neonatal intestinal obstruction syn-
drome (Fig. 1). It has an incidence of
about 1 in 5,000 newborns. First recog-
nized by Harald Hirschsprung in 1888 in
Copenhagen, the primary cause —
absence of the intramural intestinal gan-
glion cells required for bowel peristalsis
— was not recognized until 1948 (ref. 5).
Their absence is due to a failure in the
time-specific migration of neural-crest-
derived intestinal ganglion cells into the
intestinal tract (refs 6,7).

Two types of Hirschsprung disease can
be distinguished: short-segment (S-
HSCR, also called Type I HSCR), which
affects the rectum and a relatively small
portion of the colon and accounts for
about 60-85% of cases, and the rarer
long-segment (L-HSCR or Type II
HSCR), which affects a longer portion of
the intestine and occurs in 15-25% of
cases. About 70% of affected individuals
with congenital intestinal aganglionosis
have no other manifestations (nonsyn-
dromic forms); about 30% have associ-
ated congenital malformations or an
additional genetic disorder (syndromic
forms)3. Some of the syndromic forms of
Hirschsprung disease involve other cell
types also derived from the neural crest,
such as precursors of melanocytes for cra-
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Fig. 1 The extended abdomen that is characteristic
of Hirschsprung disease. It is due to the condition of
megacolon that results from the absence of intesti-
nal ganglion cells.

nial pigment formation or in cells des-
tined to function in the sensory compo-
nents of the acoustic pathway.

Early genetic studies of the familial
occurrence of nonsyndromic Hirsch-
sprung disease’ ! invoked a multigenic
model to explain the usually non-
mendelian inheritance pattern, with an
average risk of recurrence in siblings of
3-4% (but reaching 17% in certain fami-
lies), about 200-fold higher than the risk
in the general population. The sex ratio
is four males to one female. The pro-
portion of affected sibs is higher when
the index patient is female. This is
thought to be the result of a greater
contribution of genetic factors required

for the manifestation of the disease in
females, known as the Carter effect’.
Familial incidence is lower for S-HSCR
than for L-HSCR, and the genetic rela-
tionship between the two forms of the
disorder is still not understood.

Genetic analysis

Normal development and migration of
the neural crest-derived intestinal gan-
glion cells involves genes in three differ-
ent signaling pathways!'?-1%: (i) the RET
receptor tyrosine kinase pathway with
genes encoding the RET receptor and its
ligand, the glial cell line-derived neu-
rotrophic factor (GDNF); the endothe-
lin type B receptor pathway with the
EDNR receptor and its ligand, endothe-
lin-3 (EDN3); and (iii) SOX10-medi-
ated transcription®8. All told, mutations
in eight partially-interdependent genes
are associated with Hirschsprung disease
(see table).

None of the mutations is fully pene-
trant (see table) and they have varying
effects on the length of the aganglionic
segment of intestine. Dominant muta-
tions in RET have been found in about
50% of familial patients with
Hirschsprung disease and about 15-35%
of isolated cases, with a penetrance of
50% in females and 70% in males. Muta-
tions in EDNRB are recessive, with
reduced penetrance (30-80%). Mutations
in any gene are detected in only about
60% of affected individuals and in an
even lower percentage of the patients with
S-HSCR studied by Bolk Gabriel et al.’.

Genes implicated in the etiology of Hirschsprung disease

Gene Location Main effect Penetrance
RET 10q11.2 dominant, loss-of-function 50-72%
GDNF 5p13.1 dominant/recessive unknown
EDNRB 13922 recessive 30-85%
EDN3 20913 recessive unknown
SOX10 22913 dominant/recessive >80 %
ECE1 1p36 dominant/recessive unknown
NTN 19p13 unknown unknown
SIP1 2q22 sporadic unknown

Most effects seem to be interdependent, and mutant alleles usually do not segregate in a mendelian pattern.
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Fig. 2 Four models for the inter-
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And then there were three

Bolk Gabriel et al.? studied 49 families with
S-HSCR, in which there were a total of 67
distinct affected sib pairs and a total of 106
affected individuals all with nonsyndromic
Hirschsprung disease. Using microsatellite
markers, they undertook a genome-wide
linkage scan covering more than 92% of
the human genome. Multipoint nonpara-
metric linkage analysis detected significant
allele-sharing through identity-by-descent
among affected sibs in three chromosomal
regions: on 10q11 at the RET locus, which
encodes the RET receptor, and in two
regions previously unknown to be related
to Hirschsprung disease — 3p21 and
19q12. The main gene conferring suscepti-
bility was confirmed to be RET through the
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distorted parental trans-

mission of susceptibilty

alleles of RET: 21 maternal

and 6 paternal transmis-

sions. This parent-of-ori-
gin effect might explain the unusual sex
ratio of 4:1 (males to females) in
Hirschsprung disease.

Multiplicative effects

Bolk Gabriel et al.® assessed the magni-
tude of the genetic effects by comparing
how the three loci might interact. They
used four models: additive, multiplicative,
mixed multiplicative and epistatic (Fig. 2).
The additive model assumes an individual
effect of any single locus that can lead to
HSCR. The effects of the three loci (at
10q11, 3p12 and 19q12) are simply added.
This yielded a lod score of 7.15. The mul-
tiplicative model assumes that all three
loci are involved. Their individual contri-
butions are multiplied, which yielded a

lod score of 13.07. A mixed multiplicative
model in which interactions occur
between 10q11 and 3p21 in some families
and 10q11 and 19q12 in others yielded a
lod score of 12.22, and remains a possibil-
ity. In the model assuming epistatic effects
between the three loci, a lod score of 13.09
was obtained. However, this model
required an additional fourth parameter
and was considered less likely than the
multiplicative model. Thus, all three loci
seem to be involved. Moreover, the three
are necessary and sufficient and other loci
are unlikely to be involved. A multiplica-
tive effect of the three loci is consistent
with the recurrence risk in sibs, the disease
incidence (population risk), and trans-
mission distortion, and thus appears to be
the most likely model.

The new study is a major advance in
understanding nonsyndromic Hirsch-
sprung disease, by demonstrating oli-
gogenic inheritance attributable to just
three loci. The approach used by Bolk
Gabriel et al.3 should serve as a model for
dissecting other complex genetic diseases.
However, a prerequisite for such an analy-
sis is the careful clinical characterization
of the disease to be studied. O
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