
ORIGINAL ARTICLE
A genome-wide association analysis of
chromosomal aberrations and Hirschsprung
disease
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Hirschsprung disease (HSCR) is a neurocristopathy characterized by the absence of
intramural ganglion cells along variable lengths of the gastrointestinal tract.
Although the RET proto-oncogene is considered to be the main risk factor for HSCR,
only about 30% of the HSCR cases can be explained by variations in previously
known genes including RET. Recently, copy number variation (CNV) and loss of het-
erozygosity (LOH) have emerged as new ways to understand human genomic vari-
ation. The goal of this present study is to identify new HSCR genetic factors related to
CNV in Korean patients. In the genome-wide genotyping, using Illumina’s Human-
Omni1-Quad BeadChip (1,140,419 markers), of 123 HSCR patients and 432 unaf-
fected subjects (total n 5 555), a total of 8,188 CNVs (1 kb � 1 mb) were identified
by CNVpartition. As a result, 16 CNV regions and 13 LOH regions were identified as
associated with HSCR (minimum P 5 0.0005). Two top CNV regions (deletions at
chr6:32675155-32680480 and chr22:20733495-21607293) were successfully vali-
dated by additional real-time quantitative polymerase chain reaction analysis. In
addition, 2 CNV regions (6p21.32 and 22q11.21) and 2 LOH regions (3p22.2 and
14q23.3) were discovered to be unique to the HSCR patients group. Regarding the
large-scale chromosomal aberrations (.1 mb), 11 large aberrations in the HSCR pa-
tients group were identified, which suggests that they may be a risk factor for HSCR.
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Although further replication in a larger cohort is needed, our findings may contribute
to the understanding of the etiology of HSCR. (Translational Research 2016;-:1–10)

Abbreviations: HSCR ¼ Hirschsprung disease; CNV ¼ copy number variation; LOH ¼ loss of het-
erozygosity; qPCR ¼ quantitative polymerase chain reaction; S-HSCR ¼ short-segment Hirsch-
sprung disease; L-HSCR ¼ long-segment Hirschsprung disease; TCA ¼ total colonic
aganglionosis; SNP ¼ single nucleotide polymorphism; PCA ¼ principal component analysis;
GWAS¼genome-wideassociation study; LRR¼ log R ratio; BAF¼ Ballele frequency; FDR¼ False
Discovery Rate; DGV ¼ Database of Genomic Variants; CNVR ¼ CNV region; CGH ¼ compar-
ative genomic hybridization

INTRODUCTION

Hirschsprung disease (HSCR) is a rare congenital
gastrointestinal malformation characterized by the
absence of enteric ganglia in the development of the
enteric nervous system, leading to an aganglionic
mega colon. The incidence of HSCR is about 1 in
5,000 live births. Although 5 � 20% of cases are famil-
ial forms, HSCR can also occur sporadically. HSCR
shows a sex bias with a male-female ratio of �4:1 for
short segment HSCR. HSCR patients are classified
into 3 subtypes: short-segment (S-HSCR, �80% of
the cases), with aganglionosis as far as the rectum and

a short portion /of the colon; long-segment (L-HSCR,
�15%), with the right transverse/ascending colon
affected; and total colonic aganglionosis (TCA, �5%),
with the entire colon affected.1,2

HSCR is a heterogeneous disease, with variable phe-
notypes with respect to sex, the extent of a ganglionic
segment, family history, and coexistence with other
congenital abnormalities (such as Down’s syndrome
and congenital central hyperventilation). Although
several confounding factors for HSCR have been iden-
tified (such as RET proto-oncogene, encoding a receptor
tyrosine kinase), these genetic variations account for
less than 30% of the patients.2 Previous studies have
identified several chromosomal aberrations (e.g.,
2q22, 10q11.2/q21.2, distal 13q, 20p11.22-p11.23)
associated with HSCR.3-6 In addition, a recent study
examined 67 HSCR-related markers, including 11 pre-
viously known neuro-developmental genes, and identi-
fied copy number variants (CNVs) at 3 loci of
MAPK10, ZFHX1B, and SOX2.7 Even more recently,
a genome-wide copy number analysis in a Chinese pop-
ulation discovered neuregulin 3 (NRG3), located on
10q23.1, to be a contributing structural variant.8

Of late, the density of microarrays has dramatically
increased. In addition, many reported or validated
CNV regions have been included in the dense
genome-wide microarray containing over 1-M single
nucleotide polymorphisms (SNPs). The use of a high-
density microarray in a CNV association study is very
important in that it prevents the missing of disease-
associated CNV regions because of a low-density mi-
croarray. Two previous HSCR genetic studies using a
500K SNP microarray and a 4 3 44 K CGH array
discovered new CNV regions,7,8 but the possibility
that they missed additional causal CNV regions
because of the low-density arrays cannot be ruled out.
Although alterations in loss of heterozygosity (LOH)

are known to routinely occur in tumor cells, recent
studies have shown that LOHs are more frequent in
genomic regions harboring genes in nontumor individ-
uals.9 In the case of the CGH array, LOH cannot be de-
tected because the platform generates only signal
intensity values. Therefore, robust high-density SNP
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Background

Hirschsprung disease (HSCR, or aganglionic meg-

acolon) is a congenital and heterogeneous disorder

that leads to intestinal obstruction or chronic con-

stipation. Although several confounding factors,

including the RET proto-oncogene, for HSCR

have been identified, only about 30% of the

HSCR cases can be explained by variations in pre-

viously known genes. Recently, copy number vari-

ation (CNV) and loss of heterozygosity have

emerged as new ways to understand human

genomic variation and identify risk factors for hu-

man diseases.

Translational Significance

The present study identified 16 CNV regions and

13 loss of heterozygosity regions were identified

as associated with HSCR. In additional real-time

quantitative polymerase chain reaction analysis,

2 top CNV regions (deletions at chr6:32675155-

32680480 and chr22:20733495-21607293) were

successfully validated. Our results suggest that

these new chromosomal aberrations associated

with HSCR may be a risk factor for the disease.
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