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Association of Nucleotide Variants of GRHL3, IRF6, NAT2, SDC2, BCL3,
and PVRL1 Genes with Nonsyndromic Cleft Lip With/Without Cleft Palate

in Multigenerational Families: A Retrospective Study

Abstract

Background: Several genes are associated with the etiology of cleft lip and palate (CLP) in
different populations. Many nucleotide variants on genes such as GRHL3, IRF6, NAT2, SDC2,
BCL3, and PVRL1 were reported in different populations, but not studied in multigenerational
cases in the Indian population. Aim and Objective: The aim of this study is to evaluate whether
nucleotide variants rs41268753, 1rs861020, rs1041983, rs1042381, 1rs2965169, and rs10790332
are involved in the etiology of nonsyndromic CLP (NSCLP) in multigenerational Indian families.
Study Design: Retrospective genetic study. Materials and Methods: Based on inclusion and exclusion
criteria, 20 multigenerational families with nonsyndromic cleft lip with or without cleft palate (NSCL/P)
were selected. Blood samples from both affected and unaffected participants were collected as a source
of genomic DNA. Six nucleotide variants on these genes were genotyped to test for the association with
NSCL/P. Genotyping was performed with the MassArray method. Genotype distribution was used to
calculate the Hardy—Weinberg equilibrium using PLINK, a whole-genome association analysis toolset.
The allelic association was compared among cases and controls using Chi-square test as implemented in
PLINK. P < 0.05 indicates statistical differences between groups. Results: No significant associations
were found between individual single-nucleotide polymorphisms and NSCL/P. The odds ratio was
1.531, 1.198, 0.8082, 1.418, 1, and 0.5929 for polymorphisms rs41268753, rs861020, rs1041983,
rs1042381, 12965169, and rs10790332, respectively. Conclusion: Our findings suggest that among
the multigenerational families in our population, the high-risk nucleotide variants GRHL3 rs41268753,
IRF6 1s861020, NAT2 rs1041983, SDC2 rs1042381, BCL3 152965169, and PVRL1 rs10790332 are not
associated with increased risk of NSCL/P.
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method, NAT2, nonsyndromic cleft lip/palate, polymorphism, SDC2

CLP is multifactorial including genetic
causes, malnutrition, endocrine disorders,
infection, trauma, consanguinity, alcohol
consumption, and some other environmental
causes. About 20% of the CLP showed
consanguinity of their parents, while the
percentage of familial cases is 3.5% of all
the cleft cases.”’ About 600 syndromes
are characterized by some form of cleft
phenotype.®

Introduction

Cleft lip and palate (CLP) is among the
most common congenital birth anomalies in
humans. According to a study conducted by
the WHO it was found that, at every 2 min
an infant is born with cleft lip/palate in the
world."! A study conducted by Reddy et al.
showed that the incidence of clefts in India
is around 1:800-1:1000, and three infants
are born with some type of cleft every
hour.” The care of patients with cleft palate
remains a cause for concern, which will
impose a substantial economic burden on
society because of its increasing occurrence

Genetic research on CLP wuses various
methods, including association analysis and
linkage analysis, to determine the genetic
determinants of oral and facial clefts. The
and costs of medical care.®’ CLP can be results of candidate gene-based association
classified into syndromic and nonsyndromic, studies, performed in diverse populations,
of which 70% are nonsyndromic and  have been mostly inconclusive or
30% are syndromic.! The etiology of  conflicting, with only a few candidate loci
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being implicated in cleft phenotypes. This inconsistency
is due to genetic heterogeneity. These studies discovered
multiple candidate genes linked to nonsyndromic
CLP (NSCLP) such as IRF6, MSX1, CRISPLD2, ABC4,
RARA, transforming growth factor (TGF)o, TGFf, p63,
MYH9, BCL3, MTHFR, TGFB2, SATB2, GRHL3, IRFe,
NAT2, SDC2, BCL3 and PVRLI, P63, MSX2, FOXEI,
BMP4, PAX7, PVRL1, TGFB3, RARA, RUNX2, BCL3,
TGFBI1, TBX1, and BCL3.™'?! Some of the crucial genes
responsible for cell adhesion, migration, proliferation,
neural crest development, cell-matrix transcription factors
during development include IRF6, NAT2, SDC2, BCL3,
PVRLI1, and GRHL3.

Many of the genomic studies revealed high-risk markers
GRHL3 rs41268753, IRF6 rs861020, NAT2 rs1041983,
SDC2  r1s1042381, BCL3 152965169, and PVRLI
rs10790332 are associated with NSCLP in different
populations.[31) The genes GRHL3, IRF6, NAT2, SDC2,
BCL3, and PVRLI, are potentially functional, and the
polymorphisms related to these genes were not studied
in multigenerational families and also in our population.
Therefore, the present study is aimed to evaluate the
association of these high risk markers with NSCLP in
multigenerational families.

Materials and Methods

The Institutional Review Board of GSR Institute of
Craniofacial Surgery approved the research (GSR/
IEC/2016/3).

Study population and sample

Multigenerational families with nonsyndromic cleft lip with
or without cleft palate (NSCL/P) patients were selected.
Inclusion criteria include cleft patients (affected) with any
type of phenotypic feature, i.e., unilateral or bilateral cleft
lip or cleft palate or both CLP. A proband is an individual
with the condition being studied or reported on. Patients
with a monogenic syndrome or chromosomal aberrations,
associated malformations, and mental retardation were
excluded from the study. Majority of the time taken for
the study was for the identification of multigenerational
families. The control sample comprised unaffected related
individuals from these multiplex families. The study sample
is selected from GSR Institute of Craniofacial Surgery who
fulfilled the criteria. This center was chosen as it is a high
volume cleft center where cleft patients from different
states come for treatment. Based on the medical records of
13 years for positive family history for clefts, an invitation
was sent to the families to participate in the study. People
who agreed to participate voluntarily were recruited for the
study. The age of the participants participated in the study
ranged from 3 years to 67 years at the time of blood sample
collection. Based on the power calculation for family-based
association studies,”” twenty multiplex families are
selected randomly. The generations of families were two to
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four. Out of twenty families, one family had the history of
cleft in all the four generations. These include one family
with 5 affected, two families with 4 affected, five families
with 3 affected, and 12 families with 2 affected with CLP.
Four multigenerational families reported consanguinity.
Informed consent was obtained from the patients’, patient’s
parents in case of minor children and also the healthy
controls from these multiplex families who participated in
the study.

DNA isolation

About 3-5 ml of venous blood was taken in the
ethylenediaminetetraacetic acid tubes. Genomic DNA was
extracted from the blood lymphocytes using the salting-out
method.?"! The DNA isolation was done at Vasavi Medical
Research Centre, Hyderabad. An ultraviolet spectrometer
was used to calculate the average 260/280 nm ratio to
assess the purity and concentration of DNA. The ratio of
absorbance readings at the two wavelengths should be
between 1.8 and 2.0 (i.e., A260/A280 = 1.8-2.0). Later, the
DNA was sent for single-nucleotide polymorphism (SNP)
genotyping of the polymorphisms. The characteristics of
the selected polymorphisms are represented in Table 1.

MassARRAY analysis

Agena Bio MassARRAY (Agena Bioscience, Inc., San
Diego, CA, USA) platform using iPLEX Gold technology
was utilized for the SNP genotyping at Genes2Me, a
subsidiary of Imperial Life Sciences, Delhi. This system
is a nonfluorescent, highly accurate detection platform
utilizing matrix-assisted laser desorption/ionization-time
of flight mass spectrometry. The assay was designed using
proprietary Agena software (Assay Design Suite 2.0). The
assay design was used to design primers. Table 2 shows
the assay and the primer sequences. Follow the correct
workflow according to the MassArray protocol, and finally
run the sample through the analyzer. Agena’s SpectroTyper
4.0 software (San Diego, CA, USA) was used, which
automatically generates reports that identify the SNP
alleles (homozygous or heterozygous). The data obtained
from the analyzer software are sent for the statistical
analysis.

Statistical analysis

The SNP allele data of the affected and controls obtained
from the MassArray system was subjected to the statistical
analysis. PLINK software (Version 1.09) (USA) was used
for this study.?? It is a free, open-source whole-genome
association toolset, designed to perform a range of basic
to large-scale analyses in a computationally efficient
manner. Genotype distribution was used to calculate the
Hardy—Weinberg equilibrium (HWE) using the same
PLINK. Statistical comparisons between the affected and
unaffected were carried out using PLINK software. Odds
ratio (OR) and 95% confidence intervals were provided.
Allelic Association was analyzed using the Chi-square test.
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Table 1: Characteristics of nucleotide variants selected for the study

Gene Polymorphism Type of alteration Alleles Ancestral allele Global MAF
GRHL3 141268753 Missense variant C/T C 0.01
IRF6 rs861020 Intron variant A/G G 0.18
NAT2 rs1041983 Synonymous variant C/T C 0.4
SDC2 rs1042381 Missense variant T/A T 0.48
BCL3 rs2965169 Missense variant A/C C 0.47
PVRL1 rs10790332 Intron variant C/T C 0.33

Source of information: https://www.ncbi.nlh.nih.gov/snp/, http://ensembl.org/Homo_sapiens. MAF: Minor allele frequency; A: Adenine; C:

Cytosine; T: Thymine; G: Guanine

Table 2: Primer sequences

Assay Nucleotide variant/SNP Forward primer Reverse primer

Assay 1 rs1041983 1-CAGACCACAATGTTAGGAGG 2-CCATGCCAGTGCTGTATTTG
Assay 2 rs1042381 2-AGGATGTAGAGAGTCCAGAG I-TTCCACTTTTGGAGCAGCAC
Assay 3 rs10790332 2-TCCTACTCAGCTGACAGTTC 1-AGGCTAGACACATATGCCAG
Assay 4 rs861020 1-AAAACAGGCAGAGATGGAAC 2-TATTGCAGCCTGTGGTTGTG
Assay 5 rs41268753 1-CAATGAGACGACCTACCTTC 2-CTGGAGAAGTGCACATTGGG
Assay 6 152965169 1-ACCTAGGATTTTCCGAGCAC 2-AGCGCTCCACTGATTGTGTC

#rs: Reference ID of the SNP. SNP: Single-nucleotide polymorphism

For nominal association, the statistical significance level is
set to o = 0.05. P < 0.05 indicates statistical differences
between groups.

Results

Six SNPs present on six important genes were genotyped in
twenty multigenerational families. All the polymorphisms
followed HWE. In the allele association analysis [Table 3],
we observed that none of the variants showed any
association with NSCLP (P > 0.05). The OR also was <2.
An OR is a statistic that quantifies the strength of the
association between two events such as exposure and
outcome. OR >1 means greater odds of association with
the exposure and outcome. OR = 1 means there is no
association between exposure and outcome and if OR <I
means there is a lower odds of association between the
exposure and outcome.

Discussion

The etiology of the CLP is complex and multifactorial.
They involve the influence of genetic, environmental,
causes. The importance of genetic studies on the etiology
of CLP is ever increasing due to the advent of different
technologies. With advancements in the field of molecular
biology, our envelope of research has grown. The
identification of genetic polymorphisms in our population
would be invaluable in understanding the developmental
mechanisms involved in causing the disease. Data from
animal models (e.x., zebrafish), in which clefts arise either
spontaneously or as a result of mutagenesis experiment,
combined with an analysis of how expression patterns
correlate with gene function and examining the effects
of gene-environment interactions in nonsyndromic clefts.
Importantly, they also contribute to our knowledge of
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normal craniofacial development and the molecular
pathogenesis of CL/P. Several recent studies have also
provided strong evidence that syndromic forms having
Mendelian patterns of inheritance may provide insights into
the genetic etiology of nonsyndromic types of clefting.

Phenomenal advances in gene identification studies on
CLP identified numerous new potential candidate genes
associated with this condition. Associations between various
nucleotide or polymorphic markers and risk of clefts have
been identified in different populations. Genetic studies were
conducted on diverse populations both on syndromic and
nonsyndromic cases. Only IRF6 variants showed consistency
in the etiology of CLP in different populations. Studies were
conducted on case-parent trios, isolated clefts, and familial
cases. To date, this is one of the few CLP genetic studies
conducted on multigenerational families in our population.
When we take the percentage of familial cases, it comes to a
meager 3.5% of the total cleft cases. GSR Inst of Craniofacial
surgery is a high-volume cleft center. The participants were
selected from this center, as patients from different states are
offered treatment with the generous help of various national
and international agencies. The nonsyndromic and familial
cases were identified after a thorough medical history and
examination of the patients. All syndromic cases excluded
during the data collection stage.

The genes selected (GRHL3, IRF6, NAT2, SDC2, BCL3,
and PVRLI) are having an essential role in protein-coding,
neural crest development, embryogenesis, cell adhesion,
and differentiation. Six polymorphisms on these genes
reported as significant markers in the etiology of CLP in
different populations were selected for the study. The aim
of this study was to investigate whether high-risk variants
of GRHL3 rs41268753, IRF6 rs861020, NAT2 rs1041983,
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Table 3: Association between polymorphisms and nonsyndromic cleft lip and palate

CHR SNP BP Al F A F U A2 7 P OR (CI -95%)
1 141268753 20 T 0.02 0.01316 C 0.1207 0.7283 1.531

1 rs861020 30 A 0.37 0.3289 G 0.3189 0.5722 1.198

8 rs1041983 1 C 0.46 0.5132 T 0.4887 0.4845 0.8082

8 rs1042381 2 A 0.16 0.1184 T 0.6126 0.4338 1.418

11 rs10790332 3 T 0.29 0.4079 C 2.671 0.1022 0.5929

19 12965169 18 C 0.5 0.5 A 0 1 1

Chi-square test. CHR: Chromosome number; SNP: Single-nucleotide polymorphism; A1l: Major allele (wild allele); F_A: Minor allele
frequency affected; F_ U: Minor allele frequency unaffected; A2: Minor allele (mutant); OR: Odds ratio; CI: Confidence interval. The

P<0.05 is significant

SDC2 r1s1042381, BCL3 152965169, and PVRLI
rs10790332 genes are associated with increased risk of
NSCL/P in multigenerational families.

GRHL3, grainyhead-like transcription factor 3 is a critical
transcription factor associated with neural tube defects.
Missense variant 1s41268753 of GRHL3 reported being
associated with cleft palate in the Europeans.'* However,
in a machine learning model of genetic risk of infants the
OR was 2.043, and the risk allele was seen in 0.5%—1.5%
in the Chinese population./?*

The findings of two GWAS studies and animal studies on
zebrafish reported that rs41268753 as being pathogenic
rather than merely being in linkage disequilibrium with a
pathogenic variant.'>?* These findings support rs41268753
as being pathogenic rather than merely being in linkage
disequilibrium. In a Chinese study, the authors reported that
rs41268753 did not report the increased risk of NSCL/P.
However, they advised examining its role in other ethnic
backgrounds.?’! However, in our study too, we could not
see an increased risk for NSCL/P.

IRF6 is a vital gene which has confirmed to be associated
with CLP than any other gene in many ethnicities. One of
the nucleotide variant rs861020 reported being significantly
associated with NSCL/P in Chinese patients (P = 0.001).2¢
A GWAS study reported that in European ancestry, rs861020
of IRF6 is significantly associated with NSCLP.*"! The
results of the study revealed that the high-risk nucleotide
variant 1s861020 of IRF6 is not associated with our
multigenerational families.

In a study on the Chinese population, NAT2 rs1041983
polymorphism reported to be associated with nonsyndromic
orofacial clefts for the first time.'"! In a study, the authors
confirmed the accuracy of the tag SNP approach for
rs1041983 in Brazilians of European & Middle Eastern
descent, but not in Brazilians of African ancestry,
sub-Saharan Mozambicans, and Guarani Amerindians.?®
However, in the present population, the association with
NSCLP is insignificant. In a study, SDC2 rs1042381
reported to be significantly associated with CLP in Hispanic
families.'"® In a Korean cleft study, SNP rs2965169 of
BCL3 appeared to be associated with increased risk with
the excess maternal transmission.!”!
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Many studies reported with the possibility and conclusion
that PVRLI1 is also a candidate gene for the etiology
of CLP. Some studies on Thai people, Caucasians, and
Venezuelans reported with some high-risk markers. In
a study, rs10790332 was reported to be significantly
associated with the CLP."” However, in the present study,
none of the high-risk nucleotide variants was associated
with the etiology of CLP in the multigenerational families
in our population.

The variation or inconsistent results for the different
populations or ethnicities in the etiology of CLP could be
due to multifactorial etiology, epigenetic causes, gene-gene
interactions.

Strengths and limitations

Only twenty multi-generational families were recruited to
this study, but these families are rare and a small proportion
of CLP cases.

Future work

Future research should focus on the functional study of
nucleotide variants and epigenetics.

Conclusion
Our study suggests that no significant associations
found between GRHL3 rs41268753, IRF6 rs861020,

NAT2 151041983, SDC2 rs1042381, BCL3 rs2965169,
and PVRLI1 1510790332 variants with NSCL/P in
multigenerational families. It shows that the marker
identified as a risk, in one particular ethnicity/population or
one family may or may not be a significant marker again
in the same or different ethnicity or the same or different
family. The variation or inconsistent results could be due to
multifactorial etiology, epigenetics, gene-gene interactions.
However, it should be our endeavor to continue to research
on cleft lip palate etiology. Additional studies in other
populations, along with increased samples, are required to
understand the basis of the etiology of CLP.
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