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Hirschsprung disease (HSCR), or aganglionic megaco-
lon, is the most common cause of congenital intestinal
obstruction. Two different loci have been found to be
tightly linked to HSCR on chromosomes 10 and 13, re-
spectively. Recently, mutations in the RET protoonco-
gene on chromosome 10q11.2 were identified in several
HSCR patients. In addition, a missense mutation in the
endothelin-B receptor (EDNRB) gene on chromosome
13q22 was found in an inbred Mennonite kindred af-
fected by HSCR and associated abnormalities, demon-
strating the involvement of EDNRB in HSCR
pathogenesis. To test whether mutations in the EDNRB
gene could account for Hirschsprung in patients from
non-inbred populations, we analysed DNA samples from
17 probands of Italian origin with HSCR. We have identi-
fied two novel EDNRB mutations: a missense mutation
in a sporadic case, S305N, which leads to a change of a
serine to an asparagine, disrupting a putative phospho-
rylation site; and a single nucleotide deletion in a familial
case, N378I, resulting in a truncated protein. Both muta-
tions were found in one of the healthy parents, and
neither of these mutations were found in any of the nor-
mal individuals tested. These data confirm the involve-
ment of EDNRB in HSCR pathogenesis and demonstrate
that EDNRB mutations could contribute to HSCR dis-
ease in non-inbred populations.

INTRODUCTION

Hirschsprung disease (HSCR), or aganglionic megacolon, is the
most common cause of congenital intestinal obstruction with an
incidence of 1/5000 live births. Early symptoms range from
complete acute neonatal obstruction, characterized by vomiting,
abdominal distention and failure to pass stool, to chronic constipa-
tion in the older child (1). Histologically, this developmental disorder
is characterized by the absence of parasympathetic ganglion cells in

intestinal segments of variable length, as a consequence of
premature (5–12th week of gestation) arrest of cranio-caudal
migration of neural crest cells toward the distal part of the colon.

A number of different disorders can be associated with
congenital intestinal aganglionosis, such as trisomy 21 or
Shah-Waardenburg syndrome (2). Although more than 80% of
HSCR cases are sporadic (3), several pedigrees have been
described in which the disease segregates as an autosomal
dominant trait, with incomplete penetrance. In some of these
families, genetic linkage to markers located in the pericentromer-
ic region of chromosome 10 was found (4,5), followed by the
identification of mutations in the RET protooncogene on 10q11.2,
in HSCR patients (6,7). Recently, a second locus for HSCR was
mapped to chromosome 13q22 in a Mennonite kindred, a large
inbred family with high incidence of the disease (8). A missense
mutation (W276C) in the endothelin-B receptor gene (EDNRB),
mapping to 13q22, was identified in several affected individuals
from this kindred, most of whom were homozygous for the
mutated allele, although some heterozygotes were also described.
The mutation present in the Mennonite kindred showed incom-
plete penetrance, as some non-affected individuals from this
family were also found to be homozygous for the mutation. In
addition, some affected individuals did not carry the mutation,
suggesting the presence of additional susceptibility loci contribut-
ing to HSCR inheritance in this kindred (9).

To test whether or not mutations at this locus could account for
HSCR disease in non-inbred populations, we studied 17 probands
of Italian origin. Here, we report on two novel EDNRB mutations
which suggest that this gene plays a significant role in HSCR
disease pathogenesis.

RESULTS

Single strand conformation polymorphism analysis (SSCP) of the
seven exons containing the entire coding region of EDNRB was
performed on genomic DNA from 14 unrelated sporadic cases
with HSCR and from five patients belonging to three different
multicase families. Oligonucleotide primers corresponding to
each exon of the EDNRB gene were designed from the previously
published sequences of the intron-exon junctions (10). We
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Figure 1. Identification of a missense mutation (S305N) in exon 4 of the
EDNRB gene. Nucleotide sequence analysis of exon 4 PCR products from
proband 20’s family. Both the father and the affected son are heterozygous for
a G→A transition in codon 305 (shown in bold characters to the side). Sequence
analysis of the mother’s sample appears normal.

Figure 2. Amino acid structure of the EDNRB third cytoplasmic loop.
Alignment of the amino acid sequence of the human EDNRB third amino acid
loop with the corresponding sequence of the rat and bovine orthologues, with
three serine-threonine protein kinases recognition motifs and with the S305N
mutated receptor.

identified two mobility shifts in exons 4 and 6, from patient 20
and patient 18, respectively (data not shown).

Figure 1 shows nucleotide sequence analysis of exon 4 PCR
products from patient 20’s family: both the affected child and his
father are heterozygous for a missense G→A transition in exon 4,
the mother being homozygous for the normal allele. This
mutation leads to a substitution of an Asn residue for a Ser at
position 305, located within the third intracellular loop (Fig. 2).
We screened a total of 50 unrelated, normal controls by SSCP
analysis of the same exon; none of the 100 chromosomes
examined had the mobility shift (data not shown).

SSCP analysis of exon 6 identified a mobility shift in patient 18,
whose brother died during the first week of life after being
diagnosed with HSCR disease. The same mobility shift was
found in a proband’s healthy brother, who does not exhibit any of
the features of HSCR disease (data not shown). Sequence analysis
of the proband PCR product revealed a single nucleotide deletion
resulting in a frameshift mutation (Fig. 3A). We subcloned the
PCR products from the proband and his unaffected brother into
pBluescript SK- vector and confirmed the deletion by sequencing
both normal and mutant alleles (data not shown). The deletion
abolishes an EcoRI recognition site (Fig. 3A), therefore, digestion
of the normal allele produces two fragments (57 and 72 bp) , while
the mutant allele remains uncut (129 bp). Figure 3B shows EcoRI
digestion pattern of exon 6 in the proband family; while the father
is homozygous for the normal allele, the mother and her two sons
have both normal and mutant alleles. We performed EcoRI

Figure 3. Identification of a single nucleotide deletion in exon 6 of the EDNRB
gene. (A) Nucleotide sequence analysis of exon 6 PCR products from a control
individual (left) and from proband 18 (right). An EcoRI recognition site is
indicated on the left. Arrow on the right part of the picture indicates the
deletion’s position; from the arrow on, the abnormal allele sequence is clearly
one nucleotide behind the normal allele. (B) EcoRI digestion pattern of exon 6
PCR products from two controls (ctrl) and from proband 18’s family (II-2, solid
square). ‘U’ lanes contain undigested samples; ‘D’ lanes contain digested
samples. Arrows on the right indicate position of the fragment corresponding
to the deleted uncut allele (129 bp) and to the normal allele (52 + 77 bp).

digestion of exon 6 PCR products from 50 unrelated controls:
none of the 100 chromosomes tested had the deletion (data not
shown). The frameshift mutation produces a change of 11 amino
acid residues in the seventh transmembrane receptor domain and
results in a truncated protein lacking the entire intracellular
COOH tail. No mutations were found in the EDN3 gene,
encoding one of EDNRB ligands, in any of the patients studied,
while the study of the RET protooncogene is still in progress.

DISCUSSION

We identified two novel mutations in the EDNRB gene from
patients with HSCR. EDNRB belongs to the G protein-coupled
heptahelical receptors superfamily and is expressed in human
cerebral cortex, cerebellum, placenta, lung, kidney, adrenal, as
well as in colon, duodenum, and myenteric ganglion neurons
(11–13). Binding of EDNRB with its ligands, endothelin 1, 2 and
3 (EDN 1, 2 and 3), triggers intracellular signal transduction
events which lead to the activation of phospholipase Cβ,
plasmamembrane calcium channels, and non receptor tyrosine
kinases (14–16). This series of events mediates a number of
biological functions, including vasoregulation, contraction of
airway and intestinal smooth muscles, and fibroblast cell
proliferation (17–19).
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In addition to these functions, EDNRB and its ligand EDN3
have an essential role during embryogenesis (see ref. 20 for
review). Functional nullisomy for either EDNRB or EDN3 in
mice results in megacolon and coat color spotting, demonstrating
that both genes are involved in the development of two neural
crest derived-cell lineages, enteric ganglia and epidermal melano-
cytes (21,22). This complex phenotype is reminiscent of that
observed in HSCR patients from a large inbred Mennonite
kindred, carrying a missense mutation in the EDNRB gene (9).
The finding of this mutation in an inbred family raised the
important issue of whether or not mutations at the EDNRB locus
represent a significant pathogenetic factor in HSCR patients from
general, non-inbred, populations.

We have identified a G→A transition at nucleotide position 914
of EDNRB cDNA in a sporadic case with HSCR. This mutation
leads to the substitution of an Asn for a Ser (S305N) located
within the receptor third intracellular loop. The entire third
cytoplasmic loop, as well as the serine at position 305, is highly
conserved among several species and in addition, this Ser residue
is located within a putative serine-threonine kinase recognition
sequence motif (see Fig. 2) (23), suggesting that this residue plays
an important role in receptor mediated signal transduction.

In addition to the missense mutation, we have also identified a
single nucleotide deletion in exon 6 of the EDNRB gene in a
multicase HSCR family. This mutation produces a frameshift in
the EDNRB coding region, generating a stop codon 12 codons
downstream. The resulting product is a truncated protein lacking
part of the seventh transmembrane domain as well as the entire
carboxy-terminal region of the EDNRB protein, which contains
several putative sites of post-translational modification (12).

In both cases, the mutations that we have identified were
present in the heterozygous state in affected individuals and were
absent in 50 unrelated, normal controls (100 chromosomes). Both
homozygotes and heterozygotes for the W276C mutation were
found in the previously described Mennonite kindred segregating
HSCR, the HSCR penetrance being higher in homozygous
individuals (9). Our data is consistent with the concept that, due
to the polygenic inheritance of HSCR disease, affected individ-
uals from non-inbred populations are more likely to be hetero-
zygous for specific mutations.

Incomplete penetrance in polygenic diseases can be due to the
presence of modifier genes. Our data clearly implicate EDNRB
in HSCR pathogenesis, however, mutations at other predisposing
loci, such as the RET protooncogene (6,7,24,25) or the EDN3
gene (22), may act in a synergistic way with EDNRB mutations
to produce the HSCR phenotype. To test this hypothesis, we
examined the EDN3 gene in our patients and could not detect any
mutations (data not shown). Identification of additional predis-
posing genes, such as those encoding proteins involved in
EDNRB- or RET-mediated signal transduction and in EDN3
processing, will further elucidate the mechanisms leading to this
complex developmental disorder.

MATERIALS AND METHODS

Study population

The population enrolled in the study consisted of 17 families in
which one or more children had HSCR. Three families had two
affected sibs. A total of 19 children (mean age 6 years; age range
1–17 years; 16 boys), who had undergone surgical treatment,

were enrolled in this study. HSCR was diagnosed by findings
from a barium enema, anorectal manometry, and suction biopsy
or deep rectal biopsy. In 10 of 19 children, including patients 18
and 20, a barium enema revealed a narrow segment that was
limited to the rectum and rectosigmoid (short form). In five
patients, this segment extended to the transverse colon (long
form); and in the remaining four, colonic dilatation extended to
the anus without an apparent narrowed segment (ultrashort form).
In each patient, rectal inhibitory reflex was absent by anorectal
manometry and ganglion cells were not found on rectal biopsy
specimen. Four probands had other phenotypes associated with
HSCR, including white forelock in three cases and Down’s
syndrome in one case.

Mutation detection

Patients’ genomic DNA was isolated from whole blood by a
phenol-chloroform extraction protocol described elsewhere (26).
Sequences of primers necessary to amplify all seven EDNRB
exons were obtained from a previously published source (10).
Numbering of EDNRB nucleotides and amino acids is based on
this source. DNA samples were amplified by polymerase chain
reaction (PCR), using γ[32P]-ATP labeled primers for 35 cycles
(at 94, 55 and 72�C, each step for 50 s) after an initial ‘hot start’
cycle (at 94�C for 4 min). Sequences of primers for EDN3 exons
were kindly provided by Dr A. Chakravarti (Dept of Genetics,
Case Western Reserve University, Cleveland, OH, USA). PCR
products were analysed by conventional SSCP analysis (27). For
each sample in which mobility shifts were detected, PCR
amplification and SSCP analysis were repeated in order to
confirm the pattern. For these samples, PCR products were
purified on Qiagen PCR spin-column (Chatsworth, CA) from
residual single-stranded primers and deoxynucleotide triphos-
phates; sequence analysis was performed with Sequenase 2.0 (US
Biochemical, Cleveland, OH), according to manufacturer’s
instructions. All products were sequenced from both directions
using PCR primers. Where indicated, PCR products were
subcloned into pBluescript SK- vector according to standard
techniques (26) and manually sequenced with Universal and
Reverse primers, as described above. Exon 6 PCR products from
proband, relatives and controls were subjected to EcoRI digestion
and electrophoresed on agarose gels.

ACKNOWLEDGEMENTS

We thank Drs D. Winckler and A. Chakravarti for providing
primers for the EDN3 exons, Dr S. Auricchio for helpful
suggestions and Dr S. Cucchiara for supplying patient 18’s family
blood samples. This work was supported by the Italian Telethon
Foundation.

REFERENCES

1. Behrman, R.E. (1992) Nelson Textbook of Pediatrics, 14th edn. W.B.
Saunders Co., Philadelphia, PA.

2. Passarge, E. (1993) Wither polygenic inheritance: mapping Hirschsprung
disease. Nature Genet. 4, 325–326.

3. Badner, J.A., Sieber, W.K., Garver, K.L. and Chakravarti, A. (1990) A genetic
study of Hirschsprung disease. Am. J. Hum. Genet. 46, 568–580.

4. Lyonnet, S., Bolino, A., Pelet, A., Abel, L., Nihoul-Fekete, C., Briard, M.L.,
Mok-Siu, V., Kaariainen, H., Martucciello, G., Lerone, M., Puliti, A., Luo, Y.,
Weissenbach, J., Devoto, M., Munnich, A. and Romeo, G. (1993) A gene for
Hirschsprung disease maps to the proximal long arm of chromosome 10.
Nature Genet. 4, 346–350.

D
ow

nloaded from
 https://academ

ic.oup.com
/hm

g/article/5/3/351/601204 by U
.S. D

epartm
ent of Justice user on 17 August 2022



 

Human Molecular Genetics, 1996, Vol. 5, No. 3354

5. Angrist, M., Kauffman, E., Slaugenhaupt, S.A., Matise, T.C., Puffenberger,
E.G., Washington, S.S., Lipson, A., Cass, D.T., Reyna, T., Weeks, D.E.,
Sieber, W. and Chakravarti, A. (1993) A gene for Hirschsprung disease
(megacolon) in the pericentromeric region of human chromosome 10. Nature
Genet. 4, 351–356.

6. Romeo, G., Ronchetto, P., Luo, Y., Barone, V., Serl, M., Ceccherini, I., Pasini,
B., Bocciardi, R., Lerone, M., Kaariainen, H. and Martucciello, G. (1994)
Point mutations affecting the tyrosine kinase domain of the RET proto-onco-
gene in Hirschsprung’s disease. Nature 367, 377–378.

7. Edery, P., Lyonnet, S., Mullingan, L.M., Pelet, A., Dow, E., Abel, L., Holder,
S., Nihoul-Fekete, C., Ponder, B.A.J. and Munnich, A. (1994) Mutations of
the RET proto-oncogene in Hirschsprung’s disease. Nature 367, 378–380.

8. Puffenberger, E.G., Kauffman, E.R., Bolk, S., Matise, T.C., Washington, S.S.,
Angrist, M., Weissenbach, J., Garver, K.L., Mascari, M., Ladda, R.,
Slaugenhaupt, S.A. and Chakravarti, A. (1994) Identity-by-descent and
association mapping of a recessive gene for Hirschsprung disease on human
chromosome 13q22. Hum. Mol. Genet. 3, 1217–1225.

9. Puffenberger, E.G., Hosoda, K., Washington, S.S., Nakao, K., de Wit, D.,
Yanagisawa, M. and Chakravarti, A. (1994) A missense mutation of the
endothelin-B receptor gene in multigenic Hirschsprung’s disease. Cell 79,
1257–1266.

10. Arai, H., Nakao, K., Takaya, K., Hosoda, K., Ogawa, Y., Nakanishi, S. and
Imura, H. (1993) The human endothelin-B receptor gene. J. Biol. Chem. 268,
3463–3470.

11. Yanagisawa, M., Kurihara, H., Kimura, S., Tomobe, Y., Kobayashi, M.,
Mitsui, Y., Yazaki, Y., Goto, K. and Masaki, T. (1988) A novel potent
vasoconstrictor peptide produced by vascular endothelial cells. Nature 332,
411–415.

12. Sakamoto, A., Yanagisawa, M., Sakurai, T., Takuwa, Y., Yanagisawa, H. and
Masaki, T. (1991) Cloning and functional expression of human cDNA for the
ETB endothelin receptor. Biochem. Biophys. Res. Comm. 178, 656–663.

13. Inagaki, H., Bishop, A.E., Escrig, C., Wharton, J., Allen-Mersh, T.G. and
Polak, J.M. (1991) Localization of endothelin-like immunoreactivity and
endothelin binding sites in human colon. Gastroenterol. 101, 47–54.

14. Rubanyi, G.M. and Polokoff, M.A. (1994) Endothelins: molecular biology,
biochemistry, pharmacology, physiology, and pathophysiology. Pharmacol.
Rev. 46, 325–415.

15. Zachary, I. and Rozengurt, E. (1992) Focal adhesion kinases (p125FAK): a
point of convergence in the action of neuropeptides, integrins, and
oncogenes. Cell 71, 891- 894.

16. Simonson, M.S. and Herman, W.H. (1993) Protein kinase C and protein
tyrosine kinase activity contribute to mitogenic signaling by endothelin-1:
cross-talk between G protein- coupled receptors and pp60c-src. J. Biol. Chem.
268, 9347–9357.

17. de Nucci, G., Thomas, R., D’Orleans-Juste, P., Antunes, E., Walder, C.,
Warner, T.D. and Vane, J.R. (1988) Pressor effects of circulating endothelin
are limited by its removal in the pulmonary circulation and by the release of
prostacyclin and endothelium-derived relaxing factor. Proc. Natl Acad. Sci
USA 85, 9797–9800.

18. Uchida, Y., Ninomiya, H., Saotome, M., Nomura, A., Ohtsuka, M.,
Yanagisawa, M., Goto, K., Masaki, T. and Hasegawa, S. (1988) Eur. J.
Pharmacol. 154, 227- 228.

19. Takuwa, N., Takuwa, Y., Yanagisawa, M., Yamashita, K. and Masaki, T.
(1989) A novel vasoactive peptide endothelin stimulates mitogenesis through
inositol lipid turnover in Swiss 3T3 fibroblasts. J. Biol. Chem. 264,
7856–7861.Takuwa, N., Takuwa, Y., Yanagisawa, M., Yamashita, K. and
Masaki, T. (1989) A novel vasoactive peptide endothelin stimulates
mitogenesis through inositol lipid turnover in Swiss 3T3 fibroblasts. J. Biol.
Chem. 264, 7856–7861.

20. Barsh, G.S. (1995) Pigmentation, pleiotropy, and genetic pathways in
humans and mice. Am. J. Hum. Genet. 57, 743–747.

21. Hosoda, K., Hammer, R.E., Richardson, J.A., Greenstein Baynash, A.,
Cheung, J.C., Giaid, A. and Yanagisawa, M. (1994) Targeted and natural
(Piebald-lethal) mutations of endothelin-B receptor gene produce megacolon
associated with spotted coat color in mice. Cell 79, 1267–76.

22. Greenstein Baynash, A., Hosoda, K., Giaid, A., Richardson, J.A., Emoto, N.,
Hammer, R.E. and Yanagisawa, M. (1994) Interaction of endothelin-3 with
endothelin-B receptor is essential for development of epidermal melanocytes
and enteric neurons. Cell 79, 1277–1285.

23. Kemp BE, Pearson RB.(1990) Protein kinase recognition sequence motifs.
Trends Biochem. Sci. 342–346.

24. Angrist, M., Bolk, S., Thiel, B., Puffenberger, E.G., Hofstra, R.M., Buys,
C.H.C.M., Cass, D.T. and Chakravarti, A. (1995) Mutation analysis of the
RET receptor tryrosine kinase in Hirschsprung disease. Hum. Mol. Genet. 4,
821–830.

25. Attié, T., Pelet, A., Edery, P., Eng, C., Mulligan, L.M., Amiel, J., Boutrand, L.,
Beldjord, C., Nihoul-Fékété, C., Munnich, A., Ponder, B.A.J. and Lyonnet, S.
(1995) Diversity of the RET proto-oncogene mutations in familial and
sporadic Hirschsprung disease. Hum. Mol. Genet. 4, 1381–1386.

26. Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular Cloning: A
Laboratory Manual. 2nd edn. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY.

27. Orita, M., Suzuki, Y., Sekiya, T. and Hayashi, K. (1989) Rapid and sensitive
detection of point mutations and DNA polymorphisms using the polymerase
chain reaction. Genomics 5, 874–879.

D
ow

nloaded from
 https://academ

ic.oup.com
/hm

g/article/5/3/351/601204 by U
.S. D

epartm
ent of Justice user on 17 August 2022


