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Linkage of monogenic infantile hypertrophic pyloric
stenosis to chromosome 16qg24
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Infantile hypertrophic pyloric stenosis (IHPS) is the most common inherited form of gastrointestinal
obstruction in infancy. The disease is considered a paradigm for the sex-modified model of multifactorial
inheritance and affects males four times more frequently than females. However, extended pedigrees
consistent with autosomal dominant inheritance have been documented. We have analysed data from an
extended IHPS family including eight affected individuals (five males and three females) and mapped the
disease locus to chromosome 16q24 (LOD score =3.7) through an SNP-based genome wide scan. Fourteen
additional multiplex pedigrees did not show evidence of linkage to this region, indicating locus
heterogeneity.
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Introduction

Infantile hypertrophic pyloric stenosis (IHPS, No. 179010)
is the most common inherited cause of gastrointestinal
obstruction in the first few months of life. The incidence
of THPS is 1-8 per 1000 live births in the Caucasian
population. It presents in infants 2-6 weeks after birth
with projectile vomiting, weight loss and dehydration.
Standard treatment is by pyloromyotomy (for review, see
MacMahon?).

IHPS shows familial aggregation and is a paradigm for
the multifactorial sex-modified threshold model of inheri-
tance, with affected males outnumbering females in a 4:1
ratio.? THPS is predicted to be oligogenic, determined by
two or three loci of moderate effect conferring individual
genotype relative risks up to 5. Genetic and functional
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analyses indicate that the NOS1 gene (MIM No. 163731)
may be a predisposing locus for IHPS (IHPS1, MIM No.
179010).*> A single nucleotide polymorphism (SNP)-based
genome-wide scan in 81 families (each with at least two
individuals with IHPS) has demonstrated linkage to
chromosomes 11 and X.°

IHPS has been associated with several genetic syn-
dromes”® and chromosomal abnormalities.”® Autosomal
dominant monogenic forms of IHPS have also been
reported in several extended pedigrees.''~!'> We have
previously mapped the first locus for monogenic IHPS
(IHPS2, MIM #610260) to chromosome 16p12-p13 in a
multigeneration pedigree with 10 affected individuals.
Locus heterogeneity exists as 10 additional extended
pedigrees did not show evidence of linkage to the
16p13-p12 locus.™?

We report here the identification of a second monogenic
locus for IHPS in a large multigeneration pedigree in which
IHPS is inherited as an autosomal dominant trait. Linkage
has been excluded to both 16p12-p13 and NOSI in this
family.’®> We provide further evidence for locus hetero-
geneity in IHPS.
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Materials and methods
Subjects and samples

Fifteen Caucasian multiplex pedigrees were ascertained
from paediatric units in the United Kingdom and Ireland.
Family IHPSO78 (Figure 1) is an extended pedigree, which
has been described previously;'® DNA is available for a total
of 16 individuals from this family, including seven affected
individuals. The other 14 pedigrees each had at least four
affected individuals (Supplementary Figure 1S). The study
was approved by the Ethics Committee of University
College London Hospital and by the appropriate institu-
tional review boards of all other participating hospitals.
Informed consent was obtained from all participating
individuals.

Linkage analysis

We undertook a genome-wide scan in IHPSO78 using the
Mlumina Linkage Panel IV. Samples were genotyped using
the panel of 5850 SNPs spaced at an average distance of
0.64cM (Illumina Inc., San Diego CA, USA, BeadArray
platform and GoldenGate assay). The maximum LOD
score expected for this family under simulation using
FastSLINK'*!'S was 3.7 (data not shown).

Parametric linkage analyses were performed using MER-
LIN 1.0.1'® assuming autosomal dominant inheritance
with 65% penetrance. The disease allele frequency was set
at 0.001 and phenocopy rate at 0.0001. These values are
conservative estimates designed to be compatible with the
observed population prevalence (disease allele frequency)
as well as the transmission pattern in family IHPS078
(reflected by the reduced penetrance). Marker allele
frequencies were taken from the Caucasian control samples
provided by Illumina. Haplotypes were determined using
the ‘best’ option in MERLIN 1.0.1, which estimates
haplotypes based on the most likely pattern of gene flow.

Four microsatellite markers (D1653048, D1652625,
D1658520 and D1653026; primer sequences and cycling

conditions available on request) were typed in the other 14
Caucasian multiplex pedigrees using an ABI PRISM™ 373
DNA sequencer (Applied Biosystems).

Candidate gene analysis

We investigated the function and expression patterns of all
transcripts in linked regions by mining the Ensemb],
UniGene and GeneCards databases. We examined all
coding and UTR exons, as well as exon-intron junctions
(sequencing 100bp either side of each exon), in the best
functional candidate, using the affected individual IV.1.
Purified PCR products (primer sequences and cycling
conditions available on request) were sequenced using an
ABI PRISM 373 DNA sequencer (Applied Biosystems).

Results

Linkage analysis

Multipoint LOD scores >3 were observed at a single
genomic region on chromosome 16q24 upon genome-
wide linkage analysis of family IHPSO78 (maximum
LOD=3.7; Figure 2; see Supplementary Table 1S for
summary of results for all autosomes). The critical region
interval identified by the genome-wide scan and defined
by observed recombination events spans 4.2Mb. All
affected individuals shared a common haplotype across
this disease interval (Figure 2; Supplementary Figure 2S).
There are multiple LD blocks across this interval (as defined
by Barrett et al;'” data not shown).

The chromosome 16q microsatellite markers, which
spanned the critical region (D16S3048, D1652625,
D165520 and D1653026) yielded negative LOD scores in
the additional 14 families examined with the exception of
a single pedigree, which yielded positive but non-signi-
ficant LOD scores (family IHPS004, maximum LOD =0.5;
see Supplementary Table 2S).
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Structure of family IHPS078. Biological samples were obtained from and genotyping performed on all living individuals, except those

marked with an asterisk (*). No samples were obtained from any of the deceased family members. Question marks (?) indicate individuals whose

disease status could not be determined. Affected individuals are shaded.
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Figure 2 Output of chromosome 16 multipoint LOD score analysis. The position of those SNPs flanking the points of recombination are shown.
The haplotype shared by all affected individuals across the disease interval is also given. The genetic positions of the four microsatellite markers used

are also shown.

Candidate gene analysis

The critical region contained a total of 68 known or
predicted genes. We prioritised for mutational analysis the
SLC7AS5 (MIM 600182) gene. SLC7A5 encodes a member of
the L amino-acid transporter family, LAT1, which has a role
in the regulation of smooth muscle contraction.'® Rese-
quencing of all coding and UTR exons, as well as exon—
intron junctions, in SLC7AS, using the affected individual
IV.1 did not identify and pathogenic mutations.

Discussion

We have mapped a second locus for monogenic IHPS
through an SNP-based genome scan of a multigenerational
pedigree. The sex-segregation male-to-female ratio in
family IHPSO78 is 1.7:1. In our resource, the IHPS male
sex bias tends to be less pronounced in familial cases (2.2:1
in the 14 additional families used in this study) than in
sporadic cases (5.2:1 in our resource of 358 trios; data not
shown). This suggests that underlying sex-specific factors
are of greater importance in sporadic cases, or that familial
cases occur because of a more highly penetrant allele to
which females do not have a sex-specific protection. The
analysis of an additional 14 families yielded negative or
non-significant LOD scores, indicating that the chromo-
some 16q locus is not likely to contribute to a high
proportion of IHPS cases. Although consistent with linkage
in one family, this family alone does not have the power to
attain statistical significance (expected maximum LOD
for family IHPS004 is 1.3 using 1000 simulations in
Allegrol.2¢;'° data not shown). Because IHPS004 did not

produce a linkage result close to its expected maximum
LOD score, we decided to focus initial resequencing efforts
on family IHPSO78 alone.

Genetic heterogeneity in a Mendelian subtype of a
complex disease is common. In the case of IHPS, the
presence of genetic heterogeneity is consistent with the
complexity of the molecular pathways underlying smooth
muscle relaxation.’® Given the high number of proteins
involved in these signalling cascades, it is reasonable to
hypothesise that IHPS may be caused by mutations
occurring in different genes and segregating with variable
degrees of penetrance. The results of this study, combined
with those of Capon et al,'3 provide further support for this
hypothesis. Two large multigenerational pedigrees have
now provided evidence for the existence of two suscept-
ibility loci in monogenic IHPS, probably specific to those
particular families. The critical region interval identified by
the genome-wide scan of family IHPSO78 spans 4.2 Mb on
16q24. We prioritised the SLC7A5 (MIM 600182) gene for
mutational analysis. SLC7AS5 encodes LAT1. It occurs as a
heterodimer and is proposed to transport extracellular
S-nitrosocysteine (CSNO) into the cell where it transduces
nitric oxide activity.'®?!?? In this way, LAT1 has a role to
play in the regulation of smooth muscle contraction.
Overexpression of LAT1 in mammalian cells has been
shown to result in an increased uptake of L-CSNO, whereas
knockdown of LAT1 leads to a decreased uptake.'®
Sequencing failed to identify pathogenic mutations, but
this does not exclude the occurrence of regulatory variants
in the promoter or deep intronic regions. It is possible that
other positional candidate genes will need to be sequenced
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to identify the pathogenic mutation. The linkage interval
identified in family IHPSO78 contains at least 30 transcripts
of unknown function from which further IHPS candidates
may emerge as further information becomes available.
Although our findings indicate that chromosome 16q24
is not a common monogenic IHPS locus, the eventual
identification of the disease gene will allow an assessment
of the contribution of chromosome 16924 mutations to
sporadic IHPS as well as suggesting potential relevant
biological pathways to assess further functional candidates.
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Web Resources

The URLs for data presented herein are as follows:

Ensembl, http://www.ensembl.org/Homo_sapiens/index.html
GeneCards, http://www.genecards.org/index.shtml

Online Mendelian Inheritance in Man (OMIM), http://
www.ncbi.nlm.nih.gov/omim/

UniGene, http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene
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