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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 10qg11.2 were identified in several
HSCR patients. In addition, a missense mutation in the
endothelin-B receptor (EDNRB) gene on chromosome
13922 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, N378lI, 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
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intestinal segments of variable length, as a consequenca of
premature (5-12th week of gestation) arrest of cranio- cagdal
migration of neural crest cells toward the distal part of the coldf.

A number of different disorders can be associated v@th
congenital intestinal aganglionosis, such as trisomy 21Sor
Shah-Waardenburg syndronmi). (Although more than 80% ofg
HSCR cases are sporadig),(several pedigrees have be@
described in which the disease segregates as an autosnma
dominant trait, with incomplete penetrance. In some of these
families, genetic linkage to markers located in the pericentrorier-
ic region of chromosome 10 was fourib}, followed by the &
identification of mutations in the RET protooncogene on 10q1k12
in HSCR patientsq(7). Recently, a second locus for HSCR WS
mapped to chromosome 1322 in a Mennonite kindred, a large
inbred family with high incidence of the disea8e A missense
mutation (W276C) in the endothelin-B receptor gene (EDNRE)
mapping to 13g22, was identified in several affected individuals
from this kindred, most of whom were homozygous for t&
mutated allele, aIthough some heterozygotes were also desckibed.
The mutation present in the Mennonite kindred showed mc&m
plete penetrance, as some non-affected individuals from 3his
family were also found to be homozygous for the mutationain
addition, some affected individuals did not carry the mutatlen
suggesting the presence of additional susceptibility loci contnlgut-
ing to HSCR inheritance in this kindreg).(

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

RESULTS
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Hirschsprung disease (HSCR), or aganglionic megacolon, is tBingle strand conformation polymorphism analysis (SSCP) ofthe
most common cause of congenital intestinal obstruction with agven exons containing the entire coding region of EDNRB was
incidence of 1/5000 live births. Early symptoms range fronperformed on genomic DNA from 14 unrelated sporadic cases
complete acute neonatal obstruction, characterized by vomitingith HSCR and from five patients belonging to three different
abdominal distention and failure to pass stool, to chronic constipaulticase families. Oligonucleotide primers corresponding to
tion in the older childl(). Histologically, this developmental disorder each exon of the EDNRB gene were designed from the previously
is characterized by the absence of parasympathetic ganglion cellpuiblished sequences of the intron-exon junctidi®. (We
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Figure 1. Identification of a missense mutation (S305N) in exon 4 of the T s | T
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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- Atransition in codon 305 (shown in bold characters to the side). Sequence

analysis of the mother’s sample appears normal. B
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Figure 3. Identification of a single nucleotide deletion in exon 6 of the EDNR%
gene. A) Nucleotide sequence analysis of exon 6 PCR products from a con@ol
Figure 2. Amino acid structure of the EDNRB third cytoplasmic loop. individual (left) and from proband 18 (right). AfcaR| recognition site is @
Alignment of the amino acid sequence of the human EDNRB third amino acid indicated on the left. Arrow on the right part of the picture indicates the
loop with the corresponding sequence of the rat and bovine orthologues, withdeletion's position; from the arrow on, the abnormal allele sequence is cleatly
three serine-threonine protein kinases recognition motifs and with the S305None nucleotide behind the normal alleR). EcoRl digestion pattern of exon 6 &
mutated receptor. PCR products from two controls (ctrl) and from proband 18’s family (I1-2, solid

square). ‘U’ lanes contain undigested samples; ‘D’ lanes contain diges@d

samples. Arrows on the right indicate position of the fragment correspond'ﬁg
identified two mobility shifts in exons 4 and 6, from patient 20to the deleted uncut allele (129 bp) and to the normal allele (52 + 77 bp). &
and patient 18, respectively (data not shown). =

Figure 1 shows nucleotide sequence analysis of exon 4 PCR o i of exon 6 PCR products from 50 unrelated contrils:

? r%ducts fLom patient 20;5 family: botshezrée affected child ar:ld hIF<1;one of the 100 chromosomes tested had the deletion (datg not
ather are heterozygous for a missen ransition in exon 4, h . - .
: shown). The frameshift mutation produces a change of 11 arfiino
mﬁta?gﬁhgag : |tr(1)g ahsou?sot?lljg[icc))trjf o;oazntginnroe? daltjlee#l(l)erl:. S-g;'g id residues in the seventh transmembrane receptor domai anc
= o L f@sults in a truncated protein lacking the entire intracellufar
position 305, located within the third intracellular loop (2g. OH tail. No mutations were found in the EDN3 gene

Zﬁ@ggegf?hae t(;;arlngf ggolrj]r,"ﬁ?rt]id‘O?c’trhn;allggntéﬁlrzr%;s (_:oding one of EDNRB ligands, in any of yhe _pqtients studied,
examined had the mobility sr;ift (data not shown). MiRile the study of the RET protooncogene is still in progressE
SSCP analysis of exon 6 identified a mobility shift in patient 18,
whose brother died during the first week of life after bein
diagnosed with HSCR disease. The same mobility shift W?SBCUSSION ~
found in a proband’s healthy brother, who does not exhibit any We identified two novel mutations in the EDNRB gene frobn
the features of HSCR disease (data not shown). Sequence analyatients with HSCR. EDNRB belongs to the G protein—couﬁﬁbd
of the proband PCR product revealed a single nucleotide deletioaptahelical receptors superfamily and is expressed in huthan
resulting in a frameshift mutation (FigA). We subcloned the cerebral cortex, cerebellum, placenta, lung, kidney, adrenaﬁ as
PCR products from the proband and his unaffected brother inteell as in colon, duodenum, and myenteric ganglion neurons
pBluescript SK- vector and confirmed the deletion by sequencir@1-13). Binding of EDNRB with its ligands, endothelin 1, 2 and
both normal and mutant alleles (data not shown). The deleti@ (EDN 1, 2 and 3), triggers intracellular signal transduction
abolishes akcdRlI recognition site (FigA), therefore, digestion events which lead to the activation of phospholipage C
of the normal allele produces two fragments (57 and 72 bp) , whifgasmamembrane calcium channels, and non receptor tyrosine
the mutant allele remains uncut (129 bp). FigrshowsEcdRl  kinases [4-16). This series of events mediates a number of
digestion pattern of exon 6 in the proband family; while the fathdmiological functions, including vasoregulation, contraction of
is homozygous for the normal allele, the mother and her two soaisway and intestinal smooth muscles, and fibroblast cell
have both normal and mutant alleles. We perforfaecRl  proliferation ((7-19).



Human Molecular Genetics, 1996, Vol. 5, No. 353

In addition to these functions, EDNRB and its ligand EDN3vere enrolled in this study. HSCR was diagnosed by findings
have an essential role during embryogenesis (seGdbr from a barium enema, anorectal manometry, and suction biopsy
review). Functional nullisomy for either EDNRB or EDN3 in or deep rectal biopsy. In 10 of 19 children, including patients 18
mice results in megacolon and coat color spotting, demonstratiagd 20, a barium enema revealed a narrow segment that was
that both genes are involved in the development of two neudahited to the rectum and rectosigmoid (short form). In five
crest derived-cell lineages, enteric ganglia and epidermal melaqpatients, this segment extended to the transverse colon (long
cytes £1,22). This complex phenotype is reminiscent of thatform); and in the remaining four, colonic dilatation extended to
observed in HSCR patients from a large inbred Mennonitidhe anus without an apparent narrowed segment (ultrashort form).
kindred, carrying a missense mutation in the EDNRB ¢@ne ( In each patient, rectal inhibitory reflex was absent by anorectal
The finding of this mutation in an inbred family raised themanometry and ganglion cells were not found on rectal biopsy
important issue of whether or not mutations at the EDNRB locispecimen. Four probands had other phenotypes associated with
represent a significant pathogenetic factor in HSCR patients frafSCR, including white forelock in three cases and Dowg's
general, non-inbred, populations. syndrome in one case. 2

We have identified a G A transition at nucleotide position 914
of EDNRB cDNA in a sporadic case with HSCR. This mutatioMutation detection

leads to the substitution of an Asn for a Ser (S305N) Iocat%jatients' ic DNA isolated f hole blood b o
within the receptor third intracellular loop. The entire third genomic was Isolated from whole bloo yga
cytoplasmic loop, as well as the serine at position 305, is highR'€"Cl-chloroform extraction protocol described elsewlgje (
conserved among several species and in addition, this Ser resiggdUences of primers necessary to amplify all seven ED%B
is located within a putative serine-threonine kinase recogniti ucméevr\ﬁ;eo?té[gllr\ﬁ{dBfL?JrEIeaot?(;?él%l;ﬂyar%?r?gsgggssigué?ze(éon
sequence motif (see P (2), suggesting that this residue playsthis source. DNA samples were amplified by polymerase cﬁmin

an important role in receptor mediated signal transduction. . v :
In addition to the missense mutation, we have also identified, action (PCR), using*°P]-ATP labeled primers for 35 cycleg.

single nuclectide deletion in exon 6 of the EDNRB gene in Sa ?4' Ef[Sggr(‘:dfTﬁ' eachsstep for 50 Szc aﬁer an ]initing‘r’llc:)j’t stag’
multicase HSCR family. This mutation produces a frameshift i€ (a or 4 min). Sequences of primers for exaps
the EDNRB coding region, generating a stop codon 12 Codo’§re kindly provided by Dr A. Chakravarti (Dept of Genetics,

apeojum

. : : . Western Reserve University, Cleveland, OH, USA). PCR
downstream. The resulting product is a truncated protein lacki S€ ' i g 3
part of the seventh transmembrane domain as well as the enll Q%UCtS Welre analyﬁ_e?] by ctk))r;_\;entlﬁ_r;tal SSCP zn?%tufdorPcéR
carboxy-terminal region of the EDNRB protein, which contain§aC Sample in which mobility Shitts were detected, Ft
several putative sites of post-translational modificati@h ( amp]|f|cat|on and SSCP analysis were repeated in ordek% to
In both cases, the mutations that we have identified weﬁ?n.;'.”g the p_attern.PIC::%r these Isampleéh Ft)CR t)hro%lfo\ctsf Viere
present in the heterozygous state in affected individuals and wapgrmed on Qiagen spin-column (Chatsworth, ) from

absent in 50 unrelated, normal controls (100 chromosomes). B&f#sidua! single-stranded primers and deoxynucleotide triphos-

: ates; sequence analysis was performed with Sequenase 298 (U
homozygotes and heterozygotes for the W276C mutation W%;o chemical, Cleveland, OH), according to manufactur e@s
[

f inth iousl i M ite ki ir) : N
ound in the previously described Mennonite kindred segregati tructions. All products were sequenced from both directiens

HSCR, the HSCR penetrance being higher in homozygogsing PCR primers. Where indicated, PCR products were

individuals Q). Our data is consistent with the concept that, du boloned into bEl it SK. " ding to standard
to the polygenic inheritance of HSCR disease, affected indivig- hC one 'n6° P duescrlp o vector Sccc')trh '[‘Jg. 0s alm 5’(;
uals from non-inbred populations are more likely to be heterdcniques 46) and manually sequenced with Universal a)

zygous for specific mutations, everse primers, as described above. Exon 6 PCR products?rom

Incomplete penetrance in polygenic diseases can be due to %%balnd,trelaﬁives a(r;d controls werelsubjectEddﬁl digestion
presence of modifier genes. Our data clearly implicate EDNRE'C €lectrophoresed on agarose geis.
in HSCR pathogenesis, however, mutations at other predisposi
loci, such as the RET protooncogef¢g’,£4,25) or the EDN3 KgKNOWLEDGEMENTS

gene £2), may act in a synergistic way with EDNRB mutationswe thank Drs D. Winckler and A. Chakravarti for providiriy
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EDNRB- or RET-mediated signal transduction and in EDN3
processing, will further elucidate the mechanisms leading to this
complex developmental disorder. REFERENCES
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