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Abstract

Obijective: Cluster genes, specifically the class 3 semaphorins (SEMA3) including SEMA3C, have
been associated with the development of Hirschsprung disease (HSCR) in Caucasian populations.
We aimed to screen for rare and common variants in SEMA3C in Indonesian patients with HSCR.
Methods: In this prospective clinical study, we analyzed SEMA3C gene variants in 55 patients with
HSCR through DNA sequencing and bioinformatics analyses.

Results: Two variants in SEMA3C were found: p.Val337Met (rs1527482) and p.Val579 =
(rs2272351). The rare variant rs1527482 (A) was significantly overrepresented in our HSCR
patients (9.1%) compared with South Asian controls in the 1000 Genomes (4.7%) and Exome
Aggregation Consortium (ExAC; 3.5%) databases. Our analysis using bioinformatics tools pre-
dicted this variant to be evolutionarily conserved and damaging to SEMA3C protein function.
Although the frequency of the other variant, rs2272351 (G), also differed significantly in
Indonesian patients with HSCR (27.3%) from that in South Asian controls in 1000 Genomes
(6.2%) and EXAC (4.6%), it is a synonymous variant and not likely to affect protein function.
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Conclusions: This is the first comprehensive report of SEMA3C screening in patients of Asian
ancestry with HSCR and identifies rs1527482 as a possible disease risk allele in this population.
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Introduction

Hirschsprung disease (HSCR: OMIM#
142623) is a congenital anomaly character-
ized by a lack of ganglion cells in the bowels,
which causes a functional obstruction during
infancy.! HSCR can be classified into the
following types: short-segment, long-seg-
ment, and total colonic aganglionosis.’

HSCR is a complex genetic disorder and
at least 17 genes are reported to contribute
to its development, with RET (Ret proto-
oncogene) and EDNRB (endothelial recep-
tor type B) accounting for most cases of
HSCR.'? A cluster of genes called the
class 3 semaphorins (SEMA3), including
SEMA3C, are also associated with the
development of HSCR in Caucasian popu-
lations.” ™ It has been postulated that the
effect of SEMA3 variant rs11766001 on
HSCR could depend on the type of popu-
lation.® Additionally, the HSCR phenotype
is hypothesized to be determined by a com-
bination of common “low-penetrant” and
rare “high-penetrant” variants of identified
genes, including RET, GDNF, GFRAI,
NTN, PSPN, EDNRB, EDN3, ECEI,
SOX10, PHOX2B, ZFHXIB, LICAM,
KBP, NRGI1, NRG3, SEMA3A, SEMA3C,
and SEMA3D."?

Rare variants in SEM A3 D were previous-
ly associated with the development of HSCR
in European ancestries, but our recent
study failed to identify any rare variants in

the SEMA3D gene in Indonesian patients.”
This suggests that (1) the association of such
rare variants with HSCR might be limited to
specific ethnic groups, or (2) other SEM A3
genes might have a role in the pathogenesis
of HSCR.*® It is also possible that our
sample size had insufficient power to detect
such a modest effect.” Previous studies in
populations of Asian ancestry focused only
on the role of common SEM A3 variants in
the pathogenesis of HSCR.®’ Therefore, in
this study, we aimed to perform a compre-
hensive screening to identify both rare and
common variant(s) in SEMA3C in patients
with HSCR in Indonesia.

Material and methods

Ethics statement

This study was approved by the Institutional
Review Board of the Faculty of Medicine,
Public Health and Nursing, Universitas
Gadjah Mada/Dr. Sardjito Hospital (#KE/
FK/0110/EC/2020; 23 January 2020).
The parents of each patient gave informed
consent before the study and sample collec-
tion. This work follows the reporting criteria
of the STROBE guidelines.

Patients

This prospective clinical research involved
55 (39 male and 16 female) patients with
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HSCR. The diagnosis of HSCR was estab-
lished on the basis of clinical findings, con-
trast enema, and histopathology.'® All
HSCR patients in this study were unrelated,
of Indonesian descent, and had isolated and
sporadic disease. They were previously
tested for other HSCR genes, including
NRGI and SEMA3D."'" Several reports
have noted the role of combined genetic
effects of common variants from several
genes for the pathogenesis of HSCR,
including RET, NRGI, and SEMA3.>°

Direct Sanger sequencing

Genomic DNA was extracted from whole
blood using the QIAamp DNA Extraction
Kit (Qiagen, Hilden, Germany). PCR and
direct Sanger sequencing methods were per-
formed following protocols from a previous
study'® and used primer sequences for
SEMA3C gene analysis as reported in
Jiang et al.*

Genotyping of SEMA3C variants
rs1527482 and rs2272351

We detected the presence of rs1527482:
G>A and rs2272351: G>C variants by
direct Sanger sequencing analysis of the
SEMA3C gene in Indonesian patients with
HSCR. We obtained the minor allele fre-
quencies of rs1527482 (A allele) and
rs2272351 (G allele) in individuals of East
Asian and South Asian ancestry from the
1000 Genomes Project (https://www.interna
tionalgenome.org/) and the Exome
Aggregation Consortium (ExAC; https://
gnomad.broadinstitute.org/) population
databases.'*"

Bioinformatics analysis

We wused the SIFT (http://sift.jevi.org/),
PolyPhen-2 (http://genetics.bwh.harvard.
edu/pph2/), LRT (https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3910100/), Mutation
Taster (http://www.mutationtaster.org),

Mutation Assessor (http://mutationassessor.
org/r3/), FATHMM (http://fathmm.biocom
pute.org.uk), CADD (http://cadd.gs.wash
ington.edu) algorithm and DANN (https://
cbcl.ics.uci.edu/public_data/DANN/)  algo-
rithms to predict the potential damaging
effect of variants, and GERP (http://mendel.
stanford.edu/SidowLab/downloads/gerp/

index.html), PhyloP (http://ccg.vital-it.ch/
mga/hgl9/phylop/phylop.html), SiPhy
(http://portals.broadinstitute.org/genome_

bio/siphy/index.html) to predict conservation
scores, and ClinVar (https://www.ncbi.nlm.
nih.gov/clinvar/) to determine clinical signifi-
cance as described in our previous study.'!

Statistical analysis

All statistical analysis was performed using
SPSS version 21 (IBM Corp., Armonk, NY,
USA). Sample size estimation was calculat-
ed using a confidence level of 95% and a
confidence interval of 14. The calculated
minimum size required was 49 samples.
The chi-square test was used to establish
p-values for the case—control association
analysis for SEMA3C rs1527482 and
rs2272351 variants. A p-value <0.05 was
considered significant.

Results

Baseline characteristic of Indonesian
HSCR patients

Most of our HSCR patients were male
(71%) with the short-segment aganglionosis
type of HSCR (98%). The median age at
HSCR diagnosis was 7.9 months (inter-
quartile range, 1.6-38 months), and the
most common definitive surgery performed
for HSCR patients in our hospital was
transanal endorectal pull-through (50%),
followed by the Duhamel (23%) and
Soave (18.7%) procedures (Table 1).
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Association of SEMA3C variants and
HSCR patients

Sanger sequencing detected two variants in
the SEMA3C gene in exon 11 (rs1527482)
and exon 17 (rs2272351). The rs1527482
variant caused a change of amino acid

Table |. Baseline characteristics of patients with
Hirschsprung disease (HSCR) in Indonesia who
underwent SEMA3C sequencing analysis.

n (%) or

Characteristic median (IQR)
Sex

Male 39 (71)

Female 16 (29)
Age at HSCR diagnosis (months) 7.9 (1.6-38)
Degree of aganglionosis

Short segment 54 (98)

Long segment I (2)

Type of definitive procedure (n =48)
Transanal endorectal pull-through 24 (50)

Duhamel procedure 11 (23)
Soave procedure 9 (18.7)
Other 4 (8.3)

IQR, interquartile range.

(p.Val337Met), whereas the rs2272351 var-
iant did not change the amino acid
(p.Val579 =) (Figure 1). The genotype fre-
quencies for rs1527482 and rs2272351 var-
iants in our HSCR patients were GG
(45/55), GA (10/55), and AA (0), and GG
(4/55), GC (22/55), and CC (29/55), respec-
tively (Table 2).

Next, we compared the risk allele fre-
quencies of rs1527482 (A) and rs2272351
(G) using the 1000 Genomes and ExAC
East Asian and South Asian ancestry con-
trols databases. The risk allele frequency at
rs1527482 (A) among HSCR patients
(9.1%) was significantly different than
those reported for South Asian ancestry
controls in the 1000 Genomes (vs. 4.7%,
odds ratio [OR]=2.03, 95% confidence
interval [CI]: 1.0-4.14; p=0.048) and
ExAC (vs. 3.5%, OR=2.76, 95% CI:
1.44-5.32; p=0.0024) databases, but did
not differ from those reported for East
Asian ancestry controls in the 1000
Genomes (vs. 6.3%) and EXAC (vs. 6.1%)
databases (Table 2).

Although the risk allele frequency of the
synonymous variant rs2272351 (G) among

(b)
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Figure |. Sanger sequencing of (a) exon || and (b) 17 of the SEMA3C gene in a patient with Hirschsprung
disease; arrow indicates variants rs|527482 (p.Val337Met) (a) and rs2272351 (p.Val579=) (b).
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HSCR patients (27.3%) also differed signif- IR 5 2
icantly from those reported for South Asian _ g 'g- %" & 3 g §
ancestry controls in the 1000 Genomes (vs. - § &g |7 § A f 5
6%: p<0.0001) and ExAC (vs. 4.6%; a|s 3 §§| 5&
p<0.0001) databases, it did not differ - S E o g S
from East Asian controls in the same data- é & § g °
bases (vs. 23.2% and 23.48%, respectively) A 8 é"—‘g gi‘, §
and it is a synonymous variant (p.Val579=) 2 2 3 S1ETS
(Table 2). oE | R 2228V
- |8ET5§¢8
Bioinformatics analysis of SEMA3C =| £ |If8l¢
rs1527482 variant Tl E (22052
! = 5
We used SIFT, PolyPhen-2 (HDiv and = -é % % E %
HVar), LRT, MutationTaster, 5§56 z %’% 2 g 'g_
MutationAssessor, FATHMM, CADD, g glRse |3 ﬁé S |
and DANN algorithms to predict the T qu < < §
potential damaging effect of the SEMA3C T go'njc § ﬁ g
rs1527482 variant. Six of the eight algo- £ ggoz z g
rithms predicted rs1527482 to have a dele- N s |x8%%z
terious effect on SEMA3C protein function % . —o: .‘-é’ ; E B g
(Table 3). The thresholds for the deleteri- csl2&|.° |83 585
ousness of a variant were set as follows: G 5 \QE 5 g
SIFT<0.05, PolyPhen2 HDIV >0.957, S g % 5813
PolyPhen2 ~ HVAR>0909, LRT=D, 5 g |s58%0
MutationTaster = A or D, MutationAssessor g_ :; 2 = % v
>0.65, FATHMM < —1.5, CADD Phred sl E|laT |3%e%
>15, and DANN >0.98." o £VEES
All conservation scores predicted the XA 3:? £ % g 2
SEMA3C rs1527482 variant to be deleteri- D8 5¢ §SCEZ G
ous. The thresholds used were GERP >2, £ %§’ § 3| te H 3 .
PhyloP >1.6 and SiPhy >12.17"" (Table 4). §|7F|° E NS
Sl | z®|lsspES?
Discussion 5 2 2 é’ cé 23 g3
A S o . 3
In this study, we detected two variants, § S| - £ §§ q“é %
rs1527482 and rs2272351, in the SEMA3C E - £ %1\? 258
gene in Indonesian patients with HSCR. g 2 Z% ozT é I
Previous studies showed the association :"'GE 3 g ﬁhé 853
between two pathogenic variants in 2 e 3 gg E § 2 ;
SEMA3C and HSCR in people of 2 5| o h %l §° E\-: S
Caucasian ancestry.*” The risk allele for é 7 St 98 g
SEMA3C rs1527482 in Indonesian patients a = |7z g i
with HSCR (9.1%) was significantly over- - § % s T8 sl g
represented compared with controls of 2 gl E Eé‘% 57 ¢
South Asian ancestry reported in the 1000 = g% & & <‘:|: A8
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Table 4. Conservation scores and clinical significance of SEMA3C variant rs|527482.

Variant GERP PhyloP placental PhyloP vertebrate SiPhy
rs1527482 5.72 2.859 6.157 20.23
(p-Val337Met) (deleterious) (deleterious) (deleterious) (deleterious)

GERP: score >2 = deleterious, score <2 = benign; PhyloP: score > 1.6 = deleterious, score <1.6 =benign; SiPhy: score

>12.17 = deleterious, score <12.17 =benign.

Genomes
databases.

Multiple lines of computational evidence
support the deleterious effect of variant
rs1527482 (p.Val337Met). Most in silico
prediction tools used in the current study
(6 of 8) considered this variant to have a
damaging effect on SEMA3C protein func-
tion (Table 3), and all conservation scores
deemed the variant “deleterious” (Table 4).
The valine at position 337 in the SEMA3C
protein is highly conserved across all mam-
mals, other vertebrates, and the zebrafish.’
We found one report of functional studies
on rs1527482 that showed decreased
SEMA3C stability caused by the p.
Val337Met variant, resulting in a marked
reduction in protein secretion.* This reduc-
tion was shown to cause impairment of
semaphorin dimerization and binding to
its cognate neuropilin and plexin receptors.*
The binding of SEMA3 proteins to the co-
receptors neuropilin and plexin is necessary
because it activates a holoreceptor complex
involved in the development of the enteric
nervous system (ENS) by transducing bio-
chemical responses in certain neuronal sub-
types.'* Thus, we suggest that the rs1527482
variant plays a role in pathogenesis of
HSCR in Indonesia on the basis of the fol-
lowing evidence: (1) its overrepresentation
in patients compared with publicly avail-
able control populations (EXAC and 1000
Genomes); (2) support for a deleterious
effect from multiple lines of computational
evidence; (3) conservation scores; and (4)
previously published functional analysis in
HSCR patients.*

(4.7%)

12,13

and ExAC (3.5%)

The HSCR phenotype is likely deter-
mined by a combination of common and
rare variants of identified genes.” Our
study provides further evidence for the
role of the common variant (rs1527482) in
SEMA3C in the HSCR phenotype by pro-
viding data from a population genetically
different from those of previous studies.'*
In addition, our previous study investigated
only three specific genetic markers within a
locus on chromosome 7q21.11 containing
the SEMA3A4, SEMA3C, and SEMA3D
genes—rs1583147, rs12707682, and
rs11766001—in Indonesian patients with
HSCR.® However, there are three novel
aspects in the current study: (1) this is the
first screening for rare and common var-
iants of SEMA3C in a population of
Asian ancestry (vs. a Caucasian popula-
tion*); (2) we show an association between
SEMA3C 1s1527482 variant and HSCR
risk; and (3) we performed the first screen-
ing for rare and common variants of
SEMAS3C (vs. screening only for common
variants of SEMA3 in an Asian
population).®’

In contrast, rs2272351 is a synonymous
variant that occurs at high frequency in
most populations. Interestingly, we found
that the frequency of this variant in
Indonesian patients with HSCR differed
significantly from that of controls of
South Asian ancestry, but was similar to
that reported in controls of East Asian
ancestry.'>!? These findings might imply
that the genetic background of our popula-
tion is closer to that of East Asia than
South Asia. Previous reports demonstrated
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that SEMA3 rs11766001 and F5 Leiden
variants were almost absent in Indonesian
populations but occur at high frequencies in
Caucasian populations.®'’

It should be noted that our study did not
account for other factors that might alter
the effect of variants on HSCR, such as
sex and aganglionosis subtype. In addition,
a multicenter study with a larger sample size
is necessary to confirm the results from our
small, single-center study. Nonetheless, the
data implicating the role of SEMA3C
rs1527482 provide an impetus for replica-
tion of this study in other populations.

Our study used allele frequencies from
public databases (1000 Genomes and
ExAC) as controls. This approach has
some advantages, such as eliminating the
need for additional control sequencing for
every study.'® However, population stratifi-
cations between our case data and reference
datasets such as these may introduce biases
to the statistical analysis and several chal-
lenges, including deficiencies in individual
data, ancestry differences, and methodolog-
ical differences in sequencing analysis.'®
These facts should be taken into consider-
ation when interpreting our findings.
Indonesian populations are not represented
in databases such as 1000 Genomes and
ExXAC; therefore, additional data on allele
frequencies of SEMA3C wvariants are
needed through screening of healthy indi-
viduals in our population.

There are challenges in unraveling the
genetic mechanisms of HSCR because it is
a complex genetic disorder.! HSCR arises
due to the failure of migration, prolifera-
tion, and differentiation of ENS progeni-
tors in the intestines. Disease pathogenesis
might arise from a combination of rare and
common variants of identified genes and
alterations in expression of specific genes
during ENS development."!” A previous
study suggested the following approach to
detect pathogenic variants associated with
HSCR: a combination of next-generation

sequencing and genome-wide association
studies and selected statistical analysis, fol-
lowed by in silico analysis, functional stud-
ies, and animal models."

The role of combined common variants
from several genes in the pathogenesis of
HSCR has been reported.”**!'® Whereas
an individual common variant might give
a moderate risk for HSCR (OR ~2), a com-
bination of several variants might result in a
higher risk for HSCR (OR up to ~30).
These accumulation risk allele (variant)
dosages are named as genetic modifiers of
HSCR.>**!® Therefore, HSCR risk might
be affected by widespread and variable
genetic susceptibility from many genes,
which is implied by the different clinical
manifestations and  recurrence  risks
between families.” Our findings implicating
SEMA3C variants increases our current
understanding of the genetic architecture
underlying the HSCR phenotype in terms
of the additive contribution of different
alleles. Identification of all risk alleles ulti-
mately will allow precise prediction of
HSCR risk, using polygenic risk score anal-
ysis, and a better understanding of the
molecular pathways in HSCR, which in
turn could lead to novel therapeutic
interventions.

In conclusion, this is the first compre-
hensive report of SEMA3C gene screening
in HSCR patients of Asian ancestry. We
identified variant rs1527482 as a possible
disease risk allele in this population.
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