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RAPID COMMUNICATION
Integrated genomic analysis of EDNRB
common and rare variants in
Hirschsprung disease
Hirschsprung disease (HSCR) is a congenital intestinal
motility disorder characterized by absent enteric ganglia in
the distal intestine.1 While HSCR is primarily a genetic
disorder, its inheritance pattern is complex and remains
largely unexplored.2 Current genetic screening focuses on
rare variants of several essential genes (e.g., RET, EDNRB,
GDNF, SOX10), which unfortunately could explain only a
limited portion of genetic heritability.3 The interplay be-
tween common and rare variants may significantly impact
disease risk.4 Endothelin receptor type B (EDNRB) is a well-
established HSCR contributor5 and was previously consid-
ered to explain about 5%e10% of HSCR children. While rare
coding EDNRB variants are associated with HSCR, the
contribution of common variants and their interaction with
rare variants remains unclear. To address this, we con-
ducted a large-scale genetic study involving 553 HSCR
participants and 2075 controls from southern Chinese chil-
dren, employing single nucleotide polymorphism (SNP)-
array genotyping, exome sequencing, and genome
sequencing (Fig. 1A). Our study aims to elucidate the role of
EDNRB in HSCR susceptibility, explore the interplay be-
tween common and rare variants, and provide mechanistic
insights into HSCR pathogenesis through functional studies.

In this study, we recruited 535 HSCR patients and 2075
healthy controls from Guangzhou Women and Children’s
Medical Center. Of the patients, 372 (67.3%), 128 (23.1%),
and 53 (9.6%) were diagnosed with short-segment HSCR,
long-segment HSCR, and total colonic aganglionosis,
respectively. The majority of HSCR cases were sporadic,
with only one case (HD7) with familial aggregation. For
genetic analysis, we selected 454 patients and all 2075
controls for SNP-array genotyping (Table S1). Additionally,
48 patients underwent genome sequencing (including HD7),
and 51 patients underwent exome sequencing (Table S2).
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The genome and exome sequencing of 100 HSCR par-
ticipants revealed five rare coding variants in EDNRB
[Gln181Ter, Gln181His, Val185Met (found in two partici-
pants), Pro215GlnfsTer6, and Arg253Ter], accounting for 6%
of the cohort (Table S3). Three of these variants
(Gln181Ter, Gln181His, and Pro215GlnfsTer6) were novel
variants. Notably, we found two distinct variants at the
181th amino acid (181 aa) position (Gln181Ter and
Gln181His), which were predicted to truncate protein or to
alter EDNRB-EDN3 binding affinity, respectively (Fig. 1B). To
contextualize these findings, we performed comprehensive
curation and pathogenicity analysis on the spectrum of
EDNRB variants associated with HSCR (Fig. 1C and Table S4).
The HSCR-reported variants showed significantly higher
pathogenicity scores (AM_pathogenicity, CADD_phred, and
REVEL score) than background variants in the general
population (Fig. S1), emphasizing their potential pathoge-
nicity in HSCR. HSCR-reported variants, especially those
protein-length-altering (nonsense, frameshift, and
splicing), were concentrated in the third transmembrane
helix domain. We further identified two vulnerable hotspots
for HSCR-reported variants around 150 aa and 300 aa, both
with high pathogenicity scores (Fig. 1D). Particularly, a
notable region spanning 180e190 aa, which contains our
identified recurrent variants at position 181 aa (Gln181Ter
and Gln181His) and a previously reported recurrent variant
(Val185Met), demonstrated high vulnerability to HSCR-
related variations and exhibited strong concordance with
pathogenicity scores.

To investigate whether common variants in EDNRB confer
susceptibility to HSCR, we used SNP-array to obtain geno-
types of 454 HSCR patients and 2075 controls. We also
leveraged frequency data of additional controls (nZ 12,959)
from public databases to further assess the significance of
candidate variants (supplementary methods). We observed
genome-wide significant associations between common var-
iants of EDNRB and HSCR susceptibility, with rs112706009
behalf of KeAi Communications Co., Ltd. This is an open access
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Figure 1 Comprehensive analysis of EDNRB rare and common variants in HSCR. (A) Overview of the genomic analysis for EDNRB
variants in HSCR. (B) 3D structure shows the functional impact of three novel EDNRB variants. (C) The variant spectrum of EDNRB
variants associated with HSCR. (D) Association results of common EDNRB variants. The upper panel is a regional association plot of
EDNRB variants, with the leading single nucleotide polymorphism rs112706009 marked by a purple diamond. The lower panel shows
the corresponding linkage disequilibrium (LD) structure (defined by pairwise R2) in the EDNRB genomic region. Darker colors
indicate a stronger correlation between single nucleotide polymorphisms. (E) Association results for the three selected common
variants incorporating additional controls. (F) Joint distribution of the common and rare EDNRB variants in 48 HSCR individuals who
underwent genome sequencing. (G) EDNRB p.Gln181Ter variant co-segregated with HSCR phenotype in a multi-generational family.
(H) Western blot assay showed reduced EDNRB protein levels in heterozygous p.Gln181Ter ENCCs (EDNRBG/A). (I) Bar plots of gray
value analysis of (H). (J) The migration ability of EDNRBG/A ENCCs was evaluated using a transwell assay. Scale bar: 100 mm. (K) Bar
plots of the number of migrated ENCCs for (J). Statistical significance is denoted by **** (P < 0.0001). EDNRB, endothelin receptor
type B; HSCR, Hirschsprung disease; ENCC, enteric neural crest cells.
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showing the strongest effect [odds ratio (95% confidence
interval) Z 1.74 (1.46e2.07), P Z 4.82 � 10�10; Fig. 1D, E
and Table S5]. We also identified two adjacent SNPs,
rs145150547 and rs12720168, with weak to moderate linkage
disequilibrium with rs112706009 (r2 Z 0.27 and 0.71,
respectively), showed significant associations (P Z 1.77 �
10�9 and 4.75� 10�9, respectively) (Fig. 1E and Table S5, 6).
Epigenetic annotation revealed neuron-related histone
markers surrounding the associated SNPs (Table S6),
suggesting potential regulatory effects for these SNPs
during enteric nervous system development. Haplotype
analysis further confirmed the association of EDNRB
common variants with HSCR risk, with rs12720168(T)-
rs112706009(A)-rs145150547(G) and rs12720168(T)-
rs112706009(A)-rs145150547(A) haplotypes showing
significant HSCR association (Fig. S2). These findings
demonstrate the role of common EDNRB variants in confer-
ring HSCR susceptibility.

To address the interplays of common and rare variants,
we performed haplotype phasing (rs12720168-rs112706009-
rs145150547) on 48 HSCR participants who underwent
genome sequencing. Our results revealed that the common
and rare EDNRB variants contributed independently to HSCR
risk (Fig. 1F). The joint consideration of both variant types
substantially increased the proportion of EDNRB-explained
HSCR cases from 6% to 34%. This dual contribution of
common and rare variants to disease risk highlights the
complex genetic architecture of HSCR and suggests that
both variant types should be considered in the genetic risk
assessment of HSCR.
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Given that amino acid position 181 in EDNRB gene rep-
resents a mutational hotspot (p.Gln181Ter and p.Gln181His),
we further investigated the functional implication of specific
variants at this locus. We focused on the patient (HD7) with a
heterozygous variant of p.Gln181Ter from a multiplex family
of HSCR (Fig. 1G and Table S7). The proband (HD7), whose
father (II-1) and brother (III-1) self-reported a HSCR history,
presented with vomiting milk, yellow‒green gastric juice,
and bloating 48 h after birth and was pathologically diag-
nosed with long-segment HSCR (Fig. S3A, B). Genome
sequencing followed by Sanger sequencing confirmed a
complete segregation of p.Gln181Ter and phenotype
(Fig. S3C). This variant originated as a de Novo variant in
participant II-3, predicted to truncate EDNRB protein at the
conserved 181 aa (Fig. S4A, B). To investigate the functional
impact of this variant on enteric neural crest cell (ENCC)
development, we mimicked this heterozygous genotype in
human induced pluripotent stem cells (denoted as EDNRBG/
A) using gene-editing techniques and differentiated the
mutated (EDNRBG/A) and wild-type (EDNRBG/G) human
induced pluripotent stem cells into ENCCs (Fig. S4C). We
found that p.Gln181Ter significantly reduced EDNRB
expression at mRNA level (Fig. S4D) and protein level
(Fig. 1H, I; Fig. S5). Functional assays revealed that this
variant impaired the invasion velocity of ENCCs (Fig. 1J, K)
and apparently reduced the migration ability of ENCCs (Fig.
S4EeG). Thus, our functional assays prove the loss-of-func-
tion impact of p.Gln181Ter variant on HSCR pathogenesis.

In conclusion, our study comprehensively profiles the
common and rare variants in EDNRB. Our findings of novel
rare variants expand the understanding of the genetic
landscape of HSCR. For the first time, we demonstrated a
genome-wide significant association between common
EDNRB variants and HSCR susceptibility. Importantly, we
uncovered a synergistic effect between rare and common
EDNRB variants, highlighting the importance of considering
both common and rare variants in understanding HSCR
etiology. Thus, we argue that the role of EDNRB in HSCR risk
may have been significantly underestimated, warranting
further investigations considering both rare and common
variants in genetic risk assessment. This approach may
serve as a model for investigating other complex genetic
disorders, potentially leading to more personalized diag-
nostic and therapeutic strategies.
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