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Abstract

Objective: This present study is aimed to investigate the association between interferon
regulatory factor 6 (/IRF6), single nucleotide polymorphisms (SNPs), and nonsyndromic cleft
lip without without cleft palate (NSCLP) in the South Indian population.
Subject and Methods: For this study, 190 unrelated NSCLP patients and 189 controls with-
out clefts were genotyped with rs2235371 (V2741) and rs642961 SNPs using PCR-RFLP. The
associations between NSCLP groups and IRF6 gene polymorphisms, as well as haplotypes,
were analyzed using chi-squared test and 95% confidence interval (95%Cl) of the odds rati-
os were calculated with the control groups as reference.

Results: For controls, the minor allele frequencies of both variants, V2741 and rs642961,
were 7.1% and 21.1%, respectively. Genotype data for both variants in control and cleft
groups follow the Hardy Weinberg Equilibrium. Between cases with NSCLP and controls, the
two SNPs showed no differences in frequencies of the genotypes or alleles. The pairwise
linkage disequilibrium (LD) values (D’=1 and r2:0.027) between V2741 and rs642961 re-
vealed that these two SNPs are not in strong LD. Haplotype G-T showed a significantly re-
duced risk for oral clefts (p<0.001) and haplotype A-T increased the risk for oral clefts
(p=0.043). Gene-gene interaction showed that the higher risk group contains more GG-CC
combination of cases that the controls, but this model was not significantly associated with
cleft status (p=0.136)

Conclusion: In conclusion, while IRF6 is strongly associated in other populations, this study
demonstrated that variants in /IRF6 may play a role in NSCLP in a South Indian population,

but other genes are expected to play a role in this population as well.

Introduction

Cleft lip with or without cleft palate is an
extremely complex orofacial birth defect
and is found to be more common in Asian
and Asian-American populations and less
common in Africans and African-Americans.
Roughly 70% of CLP cases are nonsyndrom-
ic, occurring as an isolated condition, while
the remaining 30% of CLP cases are present
in association with syndromes [1]. Converg-
ing lines of evidence suggest that the non-
syndromic cleft lip with or without cleft
palate (NSCLP) involves interplay of
both genetic and environmental factors.
NSCLP most often occurs as an isolated de-
fectin families with no history of clefts.
NSCLP gene identification is difficult be-
cause of varying levels of penetrance, sex
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differences, and environmental overlays
that increase etiological heterogeneity [2].
Despite having a substantial genet-
ic component, only a fraction of all predis-
posing genes have been convincingly con-
firmed as playing role in NSCLP. Many genes
associated with syndromic cases  of CLP
have been identified to contribute to the
incidence of NSCLP [3]. This approach led to
the identification of several genes that con-
tribute to the isolated clefting [4-9]. Van Der
Woude syndrome (VWS; OMIM 119300) is
the most common autosomal dominant
clefting syndrome and is distinguished by
the presence of highly characteristic pitting
of lower lip mucosa and CLP [10]. The VWS
locus was initially mapped to hu-
man chromosome 1q32-q41 region that
harbors interferon regulatory factor 6
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(IRF6) gene [11]. Numerous mutations in
the IRF6 were reported to cause VWS [11-
14].

The IRF6 gene encodes a transcription fac-
tor characterized by a highly conserved
DNA-binding domain in addition to a less
well-conserved protein interaction domain
[15]. Several polymorphisms in the IRF6
gene have been studied to check their asso-
ciation with cleft lip and palate, but the re-
sults are inconclusive. Genome-wide and
candidate gene studies and a subse-
quent meta-analysis have identified IRF6 as
a plausible gene contributing to cleft lip and
palate in different ethnicities [16-18]. The
present study is aimed to investigate the
association between IRF6 single nucleotide
polymorphisms and NSCLP in a South Indi-
an population. We chose two markers:
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rs2235371 (V274I), a non-synonymous
SNP, and rs642961, located in the newly
identified IRF6 enhancer region. In addition
to this, HapMap data on these polymor-
phisms in GIH samples (Gujarati - a West
Indian population) showed that these SNPs
are polymorphic and located in two differ-
ent linkage disequilibrium (LD) blocks.
Since the present study population is near-
est to GIH, it is likely that these two poly-
morphisms are the best fit for the study
undertaken.

Materials and Methods
Subjects:

This study included a total of 379 individu-
als of South Indian origin. One hundred
ninety unrelated NSCLP patients who were
admitted for palatoplasty and lip repair
were ascertained at Sri Ramachandra cleft
and craniofacial centre, Sri Ramachandra
University, Chennai, India. To determine
their individual phenotype status, all of the
cases were examined by two clinicians. Oral
clefts with other congenital malfor-
mations or major developmental disorders
were excluded from the study. All of the
cases are isolated, nonsyndromic oral clefts
and were classified into two groups: cleft lip
with or without cleft palate (CLP) and cleft
palate only (CPO). All patients with oral
clefts were screened for history, consan-
guinity, affected members in family and
relatives, gestational history, drug intake,
smoking, alcohol consumption, etc. We re-
cruited 189 age- and sex-matched normal
children without family history of birth de-
fects and considered this as the control
group. Power and sample size calculation
software (version 2.1.31) was used to calcu-
late the sample sizes in the study. We used
an uncorrected chi-squared statistic to
evaluate this null hypothesis. Based on
power analysis, a study with 190 case pa-
tients and 190 controls was large enough to
detect a significant odds ratio (OR) of 0.5
with a power of 85.8% and an alpha of 5%

and a minor allele frequency difference of
0.15 between cases and controls. The study
was approved by the Institutional Ethics
Committee of Sri Ramachandra University,
Chennai, India. As many of the subjects are
under 15 years of age, consent was request-
ed from their parents. Three milliliters of
blood sample was collected from all the
participants after obtaining the informed
consent.

Genotyping:

Genomic DNA was extracted from the sam-
ples by phenol chloroform extraction and
ethanol precipitation protocol [19]. The
V2741 and rs642961 SNPs of the IRF6 gene
were amplified by polymerase chain-
reaction (PCR) with primers published
elsewhere [20]. Genotyping for the two
SNPs was carried out by restriction diges-
tion of the PCR products with Mbol and
BstNI restriction enzymes, respectively. For
the V2741 polymorphism, Mbol digests the G
allele in five fragments [322, 177, 80, 35,
and 33 base pairs (bp)], whereas the A allele
adds another restriction site, allowing the
322 bp fragment to be digested into two
smaller pieces of 235 and 87 bp. Digestion
of the rs642961 PCR products with BstNI
results in three fragments (213, 33, and 30
bp) for the C allele and two fragments (246
and 30 bp) for the T allele [20].

Statistical analysis:

Allele frequencies were estimated based on
the gene count method. The genotypic fre-
quencies for V2741 and rs642961 were
evaluated for Hardy-Weinberg equilibrium
by using a Monte Carlo permutation test
implemented in the HWSIM program [21].
All frequencies were in agreement with
Hardy-Weinberg equilibrium. The associa-
tions between NSCLP groups and IRF6 gene
polymorphisms, as well as haplotypes, were
analyzed using chi-squared test, and 95%
confidence interval (95% CI) for the odds
ratios were calculated with the control
group as reference. Linkage disequilibrium
values of D' and r2 were estimated using
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HaploView 3.12 [22]. Haplotypes were con-
structed using ARLEQUIN program [23].
Multifactor =~ Dimensionality =~ Reduction
(MDR) 2.0.beta.8.4 software was used to
detect the gene-gene interactions[24].

Results

Genotyping by RFLP and electrophoresis on
the DNA samples of all cleft and control
individuals was  performed. Hardy-
Weinberg expectations were fulfilled in
controls for both V2741 (p=0.964) and
rs642961 (p=0.260) SNPs. For V274, the
distribution of mutant allele and genotypes
was not significantly different between
NSCLP groups and controls (Table 1). Mu-
tant allele (Ile) was less in controls (7.1%)
than the cleft groups (CLP 9.9% and CPO
11.7%) and the difference is not statistically
significant for CLP and CPO with ORs of 1.41
(CI, 0.80-2.50; p=0.208) and 1.73 (CI, 0.60-
4.33; p=0.219), respectively (Table 2).
Comparison of individual genotype fre-
quencies between NSCLP groups and con-
trols did not reveal association between the
V2741 genotype and type of cleft (Table 1).
Although, in the present study the mutant
genotypes (GA+AA) increased the risk in
both NSCLP groups, the increase in risk is
not statistically significant (Table 1). Simi-
larly, the enhancer  polymorphism
(rs642961) also failed to demonstrate sig-
nificant differences in genotype frequencies
between controls and NSCLP groups (Table
1). The pairwise LD values (D'=1 and
r2=0.027) between V274l and rs642961
also revealed that these two SNPs are not in
strong LD. The haplotypes, constructed by
using two polymorphic SNPs, are provided
in Table 3. The G-T haplotype was the sec-
ond major haplotype in both cases (10.0%)
and controls (20.0%) and showed a signifi-
cantly reduced risk for oral clefts (p<0.001).
Whereas, the rare haplotype A-T, formed of
two minor alleles of V2741 and rs642961
polymorphisms, increased the risk for oral
clefts (p=0.043). Using the MDR analysis,
the best MDR models for the studied SNP

Table 1: Results of association tests with IRF6 gene polymorphisms in case and control groups.
OR (95% Cl) OR (95% Cl) OR (95% Cl)
SNP. ID Group GG (%) GA (%) AA (%) p value GG vs. GA GG vs. AA GG vs. (GA+AA)
V274l Control 164(86.32) 25(13.16) 1(0.53)
CLP 129(81.24) 29(8.24) 1(0.63) 0.419 1.47(0.82-2.64) 1.27(0.07-20.52) 1.47(0.82-2.60)
CPO 23(76.67) 7(23.33) 0(0.00) 0.318 1.99(0.77-5.13) - 1.73(0.60-4.33)
Total 152(80.42) 36(19.5) 1(0.53) 0.295 1.55(0.86-2.81) 1.08(0.01-85.2) 1.4(0.86-3.75)
OR (95% Cl) OR (95% Cl) OR (95% Cl)
Group CC (%) CT (%) TT (%) p value CCvs. CT CCvs. TT CCvs. (CT+TT)
rs642961 Control 121(63.68) 58(30.53) 11(5.79)
CLP 90(56.60) 55(34.59) 14(8.81) 0.323 1.27(0.80-2.01) 1.7(0.74-3.94) 1.34(0.87-2.06)
CPO 22(73.33) 8(26.57) 0(0.00) 0.326 0.76(0.31-1.80) - 0.64(0.26-1.50)
Total 112(59.26) 63(34.59) 14(8.81) 0.633 1.17(0.74-1.87) 1.38(0.56-3.41) 1.21(0.78-1.86)
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Table 2: Results of allelic association tests for IRF6 gene polymorphisms in case
and control groups. Table 3: Association between IRF6 haplotypes and NSCLP.
V274l Haplotype Control (%) Oral clefts (%) OR(95%CI) p-value
Group G (%) A (%) p value OR (95% Cl)
Control 353(92.8) 27(7.10) Reference G-C 277 (72.9) 296 (78.3) Reference
cLp 287(90.25) 31(9.74) 0.208 1.41(0.80-2.50) GT 76 (20.0) 38 (10.0) 0.47(0.31-0.71)  <0.001
cPO 53(88.3) 7(11.66) 0.219 1.73(0.60-4.33) A-C 23(6.1) 31(8.3) 1.26(0.72 -2.22) 0.419
Total 340(89.94) 38(10.05) 0.17 1.46(0.85-2.52) AT 4(L1) 13(3.3) 3.04(0.98-9.44)  0.043
rs642961 IRF6 is exhibiting  zygosity showed evidence for altered
C (%) T(%) p value OR (95% Cl) 89%  similarity  transmission of three of the four SNPs in
Conrol 300(78.94) 80(21.05) Reforonce with IRFS,. which I.talians with CLP [32]. This positive associa-
CLP 235(73.89) 83(30.81) 0.116 1.32(0.92-1.91) Pla.ys a major rOI.e t.lon be.tween N.SCLP and IBF6 was con-
. 52(86.66) 8(0.13) 0.164 1.58(0.24-1.32) in 1'nterferon acti- flrm..ed in Amerllcan populations [3.3], and
vation and tumor  Belgian populations [34]. Comparison of
Total 287(75.92) 91(25.07) 0319 1.190(0.83-1.70) suppression [25].  CLP family members and controls revealed

combination is shown in Figure 1. The two-
SNP model containing the IRF6 V2741 and

rs642961 markers had a testing accuracy
(TA) of 0.541 and cross-validation con-
sistency (CVC) of 10/10. However, this
model was not significantly associated with
cleft status (p=0.136); the higher risk group
contains more GG-CC combination of cases
than the controls (Figure 1).

Discussion

Interferon regulatory factor 6 (IRF6) is a
member of the IRF family of transcription
factors that share a highly conserved helix-
turn-helix DNA-binding domain and a less
conserved protein-binding domain. The
function of IRF6 is still unknown because it
is not linked to the regulatory pathways or
functions associated with other IRF family
members. However, amino acid sequence
alignment analysis demonstrated that the

Figure 1: Graphical representation of inter-
action analysis between V2741 and rs642961
in NSCLP by MDR.
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Although a role for IRF6 during embryonic
development has been identified, its func-
tion and regulation remain unknown [26,
27].However, recent studies show that IRF6
is regulated primarily through the enhancer
where rs642961 resides by p63 and AP2-
alpha [28].

Under normal conditions, the vertical pala-
tal shelves elevate above the tongue, grow
horizontally towards each other, and come
in contact at the medial edge epithelium
(MEE) region along the facial midline. Sub-
sequently, the thin medial edge epithelial
lining is eliminated and the surrounding
mesenchyme migrates inward and fuses the
palatal cleft. During this process, IRF6 ex-
pression in the MEE rapidly increases, lead-
ing to dramatic morphological and cell spec-
ification changes, allowing palatal fusion
[12]. A recent study demonstrated that /RF6
knockout mice failed to express TGFA in
palatal tissues [29]. Furthermore, IRF6 ex-
pression in MME is mediated by TGF{ sig-
naling [30]. The functional polymorphism
rs2235371(820G>A) replaces a valine with
an isoleucine at amino acid position 274
(V2741) of the SMIR-binding domain of
IRF6. Another variant, rs642961 (G>A), is
located 10 kilobases upstream of the tran-
scription start site of IRF6. This disrupts the
binding site of the transcription factor AP-
2a, which plays role in craniofacial devel-
opment [31].

Analysis of two important IRF6 gene poly-
morphisms in 190 NSCLP patients and 189
controls of South Indian origin has not sup-
ported the association at neither genotype
nor allele level with NSCLP. Haplotype anal-
ysis, however, provided indication that IRF6
contributes to NSCLP in the studied popula-
tion. Over-transmission of 274V allele in
CLP subjects has been identified as a risk
factor in Asians and South Americans, but it
is not as strong in European populations
[16]. A replication study that was conducted
using four IRF6 SNPs that have high hetero

that the GG genotype increased the risk of
CLP in Thai populations [35]. The V2741
polymorphism was significantly associated
with NSCLP in different populations, such as
South America [36], Chile [37], West China
[38], Honduras [39], Norway [40] and Span-
ish Honduras [39]. Conversely, positive
association was not reported in a German
population where the frequency of 274V
allele is 99.4% [41]. Although TDT haplo-
type analysis showed significant association
between NSCLP and /RF6 haplotypes, V2741
is not associated with NSCLP in Chileans
and Chinese, where the V274 allele frequen-
cy is 74% and 75%, respectively [37, 42]. In
an Indian population, the V274l alone con-
tributed to minor risk, but the risk is in-
creased when the V274 allele is present in
homozygous condition in combination with
MTHFR 677CT [43].

Based on the published sources, the V2741
polymorphism showed wide variations in
the minor allele frequencies (2741 allele);
Africans 0%, Europeans 0% to 10% [16],
Hispanic and non-Hispanic populations 7%
and 22%, respectively [44]. However, East
Asians and Southeast Asian populations
reported the highest frequencies: 34% and
42%, respectively [16]. HapMap data also
showed wide variations in the V2741 minor
allele frequency in world populations with
highest frequency in CHD (42.1 %), CHB
(41.1 %), JPT (40.6 %) and MEX (16.7 %)
populations, whereas lowest frequency was
observed in YRI (0.7 %), LWK (0.5 %), ASW
(1.8 %), TSI (0.5 %) and CEU (3.2 %) popu-
lations. Gujarati Indian population (GIH; 8.6
%) exhibited fairly lesser frequencies than
the East Asian populations. This high fre-
quency of the 274V allele in Indian and Eu-
ropean populations yielded a nonsignificant
trend of positive association with cleft lip
and palate [16].

The rs642961 SNP showed slight variations
in European populations, ranging from 24%
to 25% [31], and in Hispanic and non-
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Hispanic populations 22% and 25%, respec-
tively [44]. However, in Han Chinese popu-
lations, it was reported as low as 15% [45].
The IRF6  enhancer  polymorphism
(rs642961) exhibited a dose-dependent
effect of A allele with cleft lip alone, but not
cleft palate alone [31, 46]. A highly signifi-
cant association between rs642961 and
NSCLP was observed in Central Europe [47,
48], Poland [49], and China populations [42,
50, 51]. In contrast to this, negative associa-
tion was found in Brazilian [20, 52], Spanish
Honduras [39], Swedish, and Finnish NSCLP
families [53].

In conclusion, while IRF6 is strongly associ-
ated in other populations, this study
demonstrated that variants in [RF6 may
play a role in NSCLP in a south Indian popu-
lation, but it is expected that other genes
may play a role in this population as well.
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