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Abstract. Non-syndromic cleft lip with or without cleft palate
(NSCL/P) is a common congenital deformity, often associated
with missing or deformed teeth. The genes interferon regula-
tory factor 6 (IRF6), muscle segment homeobox 1 (MSX1) and
paired box gene 9 (PAX9) are important for the development
of the maxillofacial region and dentition. The aim of this
study was to explore how genetic variations in IRF6, MSX1
and PAXO, as well as gene-gene interactions, are associated
with NSCL/P. We investigated 9 IRF6 tag single nucleotide
polymorphisms (SNPs), 2 MSX1 tag SNPs and 8 PAXO tag
SNPs selected from HapMap data from the Chinese popula-
tion. The SNPs were examined for associations with NSCL/P
in 204 patients and 226 controls. The results demonstrated
a significant association between NSCL/P and rs2073485,
rs2235371, 152236909 and rs861020 in the IRF6 gene, and
haplotype analysis supported these findings. A marginally
significant difference was observed in the NSCL/P group for
rs17176643 in the PAX9 gene compared to the control group.
The results of gene-gene interaction analyses also indicated
that the combination of rs2073485, rs2235371 or rs2236909
in IRF6 and rs17176643 in PAXO9, increased the risk of
NSCL/P. Thus, our study provided additional understanding
of IRF6 variations in patients with NSCL/P and suggested that
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interactions between the IRF6 and PAX9 genes are potentially
important for susceptibility to NSCL/P.

Introduction

Non-syndromic cleft lip with or without cleft palate (NSCL/P)
is a complex disorder with a multifactorial etiology involving
genetic and environmental factors. Through the use of a wide
range of genetic approaches, various candidate genes and
chromosomal regions associated with NSCL/P have been
identified (1). However, these findings remain controversial,
due in part to phenomena such as genetic heterogeneity and
incomplete dominance.

Interferon regulatory factor 6 (IRF6) is a key factor
involved in the development of the maxillofacial region and
teeth. Several studies have suggested that variations in IRF6
may be important in the etiology of NSCL/P (2). The SNP
rs2235371 (V2741) was the first marker in IRF6 shown to be
associated with NSCL/P, notably in Asian and South American
populations (3). This association was subsequently identified in
additional populations (4-7). Several genetic markers in IRF6
have also demonstrated linkage and linkage disequilibrium
(LD) in studies of non-syndromic oral clefts. However, there
are inconsistencies across these studies (8.9).

The MSX1 gene, located on human chromosome 4pl6,
is a member of the MSX gene family, and is crucial in the
development of teeth and the craniofacial skeleton. Knock-out
mouse models have shown that cleft palate results from the
complete loss of MSX1 (10), with 39% of these mutants exhibi-
ting unilateral or bilateral cleft lip. Linkage studies have also
demonstrated that the region of chromosome 4 containing
MSX1, may have a causal mutation (11), and several studies
have indicated an association between the MSX1 gene and
oral clefts in a variety of populations (12-14).

The transcription factor PAX9 has also been shown to have
a direct relationship with craniofacial development, particu-
larly the formation of the palate and teeth. Notably, PAX9 and
MSXI1 are coexpressed during craniofacial development (15),
and mice that are homozygous mutant for either one of these
genes exhibit cleft palate and an early arrest of tooth forma-
tion. The combination of PAX9 and MSXI1 nullizygosity
generates a cleft lip phenotype that results from interactions
between these loci (11). In addition, in a Japanese family a
heterozygous missense mutation was identified in exon 3 of
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PAXO9 in two siblings with NSCL/P and their phenotypically
normal mother (16). Moreover, Lee et al recently demon-
strated that PAX9 contributes to the risk of NSCL/P in a
Korean population (17). However, there are some inconsisten-
cies across studies in Singaporean, Taiwanese and Korean
populations (18).

The abovementioned studies suggest that IRF6, MSX1
and PAX9 are crucial for the development of dentition and the
maxillofacial region (19). Notably, NSCL/P is often associ-
ated with missing teeth, and recent analyses have indicated
that the incidence of missing teeth is significantly higher
outside the cleft region and in the mandible (20). However,
whether any interactions among the three genes are associated
with NSCL/P remains to be clarified. The aim of the present
study was to determine the genetic variations in IRF6, MSX1
and PAX9, and to use the data from case-control studies to
clarify the association of single nucleotide polymorphisms
(SNPs), haplotypes and gene-gene interactions with the risk
of NSCL/P.

Materials and methods

Study population. This case-control study included
204 patients with NSCL/P and 226 normal controls; the control
group had no congenital malformations of the body, no family
history of genetic disease, were born in the same region as the
patients with NSCL/P and had a male:female ratio as close to
the NSCL/P group as possible. The study participants were
recruited between January, 2010 and January, 2012 from the
Department of Cleft Lip and Palate, Plastic Surgery Hospital,
Chinese Academy of Medical Sciences (Beijing, China).
Informed consent was obtained from each participant prior
to enrollment in the study, which was approved by the local
ethics committee of Department of Cleft Lip and Palate,
Plastic Surgery Hospital, Chinese Academy of Medical
Sciences (Beijing, China). General characteristics including
age, gender, ethnicity, health status and birth defects, were
recorded.

SNP identification and selection. Using the HapMap
genome browser (http://www.hapmap.org/cgi-perl/gbrowse/
hapmap3r2_B36) based on Han Chinese individuals from
Beijing, China (CHB), 9 tag SNPs (1* coefficient cut-off of 0.80
with a minor allele frequency of 0.05), were selected to capture
the IRF6 region of chromosome 1. Two tag SNPs were selected
for the MSX1 region of chromosome 4 and 8 tag SNPs for the
PAXO region of chromosome 4.

Genotype. Peripheral blood samples (2 ml) were collected
from each participant and frozen. Genomic DNA was
extracted from a 200 pl aliquot of each sample using a
Tiangen™ Genomic DNA Kit (Tiangen Biotech Co., Ltd.,
Haidian, China) according to the manufacturer's instruc-
tions, and stored at -70°C. The SNPs were genotyped using
the Sequenom MassARRAY matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry analyzer
(Sequenom Inc., San Diego, CA, USA). Primers were designed
using a semi-automated method (Assay Design 3.1, Sequenom
Inc.); primer sequences are available on request. The call rate
for each assay was set at >90%.
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Statistical analysis. Data from the control and NSCL/P groups
were compared and analyzed with SPSS software, version 17.0
(SPSS Inc., Chicago, IL, USA) and Hardy-Weinberg equi-
librium (HWE) software. Based on the multivariate logistic
regression method, the case-control association of genotypes
in three inheritance models (dominant, recessive and addi-
tive) were tested, and these models were coded as follows for
genotypes AA, AB and BB (assuming B is the minor allele):
Dominant 0, 1 and 1 (AA vs. AB+BB), recessive 0, 0 and 1
(AA+AB vs. BB) and additive 0, 1 and 2 (trend test on B allele
count). The odds ratio (OR) and 95% confidence intervals (CI)
were calculated. The association between each SNP and haplo-
type with NSCL/P was estimated using Haploview software
(http://www.broad.mit.edu/mpg/haploview/).

For haplotype construction, genotypic data from the case
and control groups was used to estimate intermarker linkage
disequilibrium (LD) by measuring pairwise D' and r* and
defining LD blocks. The CI method was employed in the
Haploview software to define an LD block with an extended
spine if r?=0.8. P-values were corrected for multiple tests with
10,000 permutations. To identify gene-gene interactions in
our samples, logistic regression analysis was used to calculate
ORs and 95% Cls to search for gene-gene interactions in the
NSCL/P and control groups. Interactions between SNPs were
classified in four groups using a dominant model. In each case,
the group carrying the least risk served as a reference, i.e., if
the variant (B) was considered a risk factor, wild type (AA)
served as a reference, while if the variant (B) was considered
a protective factor, AB+BB served as a reference. Bonferroni
corrections for multiple SNPs were performed, and P<0.05
and 0.019 were regarded as statistically significant.

Results

Characteristics of study subjects. A total of 19 SNPs
were genotyped from the 204 patients with NSCL/P and
226 normal controls of Han Chinese origin. The mean age
was 3.23+0.91 years and the male:female ratio was 1:0.76 in
the NSCL/P group. The mean age was 3.96+1.03 years and
the male:female ratio was 1:0.70 in the control group. The
genomic position, nucleic acid composition and minor allele
frequencies of the SNPs are summarized in Table I. We calcu-
lated the HWE for all the SNPs; none of the SNPs deviated
from the HWE among these groups.

Single SNP analysis. To evaluate the association between
genetic variants and the risk of NSCL/P, we compared IRF6,
MSXI1 and PAX9 genotype frequency distributions in the
NSCL/P and control groups (Table II). For IRF6, there was a
significant difference in the allele frequency of rs2073485,
1s2235371, rs2236909 and rs861020 between the NSCL/P and
control groups after correction with 10,000 permutations
(P=0.0263,0.0232,0.0239 and 0.0104, respectively). The asso-
ciation between the dominant model of rs2073485, rs2235371
and rs861020 with NSCL/P remained significant (P=0.002,
0.002 and 0.007, respectively). The distribution of the reces-
sive model of rs2236909 and rs861020 differed significantly
between the NSCL/P and control groups (P=0.000 and 0.009,
respectively). Cochran-Armitage trend tests of rs2073485,
rs2235371, rs2236909 and rs861020 showed a significant
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Table I. Characteristics of the polymorphisms of IRF6, MSX1 and PAX9 genes.

Gene symbol 1S NO. SNP function Location Alleles® MAF P-HWE
IRF6 rs17317411 UTR-3 Chrl 209961314 c/T 0.042 0.629242
rs2073485 Intron Chrl 209962794 a/G 0.376 0.597578
rs2235371 Missense Chrl 209964080 Clt 0.310 0.701308
rs2013196 Intron Chrl 209968411 Cit 0.123 0.744881
1s7552506 Intron Chrl 209969902 c/G 0.188 0.609989
rs2236909 Intron Chrl 209971655 a/G 0.497 0.133192
rs861019 UTR-5 Chrl 209975386 Alg 0.257 0.122725
rs861020 Intron Chrl 209977111 a/G 0.240 0.052702
rs3753518 Intron Chrl 209977964 Clg 0.066 0.329238
MSX1 rs1042484 Intron Chr4 4864381 c/T 0.057 0.879223
rs12532 UTR-3 Chr4 4865146 a/G 0.376 0.441807
PAX9 rs2236007 Intron Chr14 37132769 a/G 0.270 0.479949
rs2295218 Intron Chrl14 37134491 a/T 0.468 0.856159
rs8004560 Intron Chr14 37140781 a/G 0.255 0.167655
rs17104928 Intron Chr14 37142554 a/G 0415 0.220053
rs17176643 Intron Chr14 37142969 a/C 0.498 0.311689
rs11156926 Intron Chrl14 37143237 a/T 0.271 0.957203
rs10131337 Intron Chrl14 37144516 C/t 0.297 0.646023
187144276 Intron Chrl14 37144607 Alt 0.198 0.543028

“Uppercase letters denote the more frequent allele in the control samples. SNP, single nucleotide polymorphism; MAF, minor allele frequen-

cy; P-HWE, P-value for Hardy-Weinberg equilibrium.

difference between the NSCL/P and control groups (P=0.007,
0.008, 0.001 and 0.003, respectively). For PAX9, there was a
significant difference in the allele frequency of rs17176643
between the NSCL/P and control groups (P=0.0199), but not a
significant difference after correction with 10,000 permuta-
tions (P=0.1349). The dominant model and Cochran-Armitage
trend test of rs17176643 remained significant between the
NSCL/P and control groups (P=0.030 and 0.049, respectively).
Our results indicate that the MSX1 gene does not influence
susceptibility to NSCL/P.

Haplotype analysis. For IRF6,the Haploview program revealed
rs2073485, rs2235371, rs2013196, rs7552506, rs2236909,
rs861019, rs861020 and rs3753518, are positioned in the same
LD block (Fig. 1A). Haplotype analysis of polymorphisms in
the IRF6 gene revealed SNP combinations associated with
the risk of NSCL/P (Table III). The A-T-C-G-G-A-G-C and
G-C-C-G-A-A-A-C haplotypes showed an increased risk
of NSCL/P following correction with 10,000 permutations
(P=0.0109 and 0.0036, respectively). In MSX1, rs1042484 and
rs12532 were in the same LD block (Fig. 1B). The results of the
haplotype analysis showed no statistical differences between
the NSCL/P and control groups. For PAX9, rs2236007,
rs2295218 and rs8004560 were in the same LD block (block 1),
while rs11156926, rs10131337 and rs7144276 were in block 2
(Fig. 1C, Table III). No difference at block 1 or 2 between the
NSCL/P and control groups was observed.

Gene-gene interaction analysis. A logistic regression model
was constructed to analyze the 4 SNPs in IRF6 (rs2073485,

rs2235371, rs2236909 and rs861020) and 1 SNP in PAX9
(rs17176643). The combinations of rs2073485 (GG) and
rs17176643 (aC+CC),rs2235371 (CC) and rs17176643 (aC+CC),
and rs2236909 (aG+aa) and rs17176643 (aC+CC), were
significantly associated with NSCL/P following Bonferroni
corrections (Table IV).

Discussion

In the present study, an association with NSCL/P was demon-
strated for the SNPs rs2073485, rs2235371, rs2236909 and
rs861020, in the IRF6 gene. Haplotype analysis supported
these findings. We also found that there was a marginally
significant association between NSCL/P and rs17176643 in the
PAX9 gene. Moreover, a logistic regression model showed that
gene-gene interactions between IRF6 and PAX9 increased the
risk of NSCL/P.

Previous studies have shown that variations in IRF6 are
responsible for 12% of the genetic contribution to cleft lip or
palate and a significant association was demonstrated between
NSCL/P and the rs235371 polymorphism in IRF6, which
was also observed in certain populations (21). However, this
finding remains controversial in the Chinese population. In the
present study, the results of allelic frequencies and a dominant
model analysis showed a positive association between the
1rs235371 polymorphism and NSCL/P. Jia et al reported that
rs2073485 polymorphism was associated with NSCL/P in
Chinese patients (22), which was consistent with our results.
To the best of our knowledge, the relationships demonstrated
in the present study between rs2236909 and rs861020 with
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Table III. Haplotype analysis of IRF6, MSX1 and PAX9 gene polymorphisms.

Frequencies
Gene Haplotype Case Control OR (95% CI) Nominal P Permuted P
IRF6 A-T-C-G-G-A-G-C 0.26110 0.35400 1 Reference 0.002493° 0.0109
G-C-C-G-A-A-A-C 0.28820 0.19250 2.03 1.401-2.94 0.001291* 0.0036
G-C-C-G-A-G-G-C 0.26110 0.25220 1.404 0.9784-2.013 0.8237 1
A-C-C-C-G-A-G-G 0.06404 0.06637 1.308 0.7327-2.336 0.8638 1
G-C-T-C-G-A-G-C 0.12320 0.12390 1.348 0.8563-2.121 0.9358 1
MSX1 T-G 0.62990 0.61950 1 Reference 0.7524 0.9442
C-A 0.05147 0.06195 0.8171 0.4527-1.475 0.5081 0.7935
T-A 0.31860 0.31860 0.9836 0.735-1.316 0.9989 1
PAX9
Block 1 G-A-G 0.4530 0.47990 1 Reference 04136 0.9708
G-T-A 0.2673 0.24110 1.175 0.8432-1.637 0.3894 0.9461
A-T-G 0.2772 0.26560 1.106 0.7992-1.53 0.7181 0.9996
Block 2 T-T-A 0.3062 0.27950 1 Reference 0.4242 0.9686
A-C-A 0.2493 0.27690 0.8217 0.5716-1.181 0.3336 0.9066
T-C-T 0.2005 0.19330 0.9468 0.638-1.405 0.8237 0.9997
T-C-A 0.2408 0.24110 0.912 0.6281-1.324 09517 1

Significant results are highlighted in bold font (not corrected for multiple testing) and “significant difference following Bonferroni
corrections. OR, odds ratio and CI, confidence interval; P, P-value.

Table I'V. Results of gene-gene interactions using a logistic regression method.

Frequencies
IRF6* PAX9* Case Control OR 95% CI P-value
rs2073485 rs17176643
aG+aa CcC 0.073529 0.163717 1 Reference
GG CcC 0.107843 0.106195 2.261 0.983-5.203 0.055
aG+aa aC+CC 0.450980 0.508850 1.973 1.020-3.816 0.043
GG aC+CC 0.367647 0.221239 3.700 1.840-7.440 0.000°
rs2235371 rs17176643
Ct+tt CcC 0.058824 0.141593 1 Reference
CC CcC 0.122549 0.128319 2.299 0.980-5.390 0.056
Ct+tt aC+CC 0.377451 0.446903 2.033 0.983-4.205 0.056
CC aC+CC 0441176 0.283186 3.750 1.795-7.835 0.000°
r$2236909 rs17176643
GG CcC 0.044118 0.079646 1 Reference
aG+aa CcC 0.137255 0.190265 3433 1.391-8.474 0.007
GG aC+CC 0.191176 0.199115 1.387 0.607-3.170 0.438
aG+aa aC+CC 0.627451 0.530973 7.002 3.154-15.543 0.000"
rs861020 rs17176643
GG CcC 0.093137 0.163717 1 Reference
aG+aa CC 0.088235 0.106195 1.045 0.462-2.367 0915
GG aC+CC 0.406863 0.464602 1.398 0.739-2.646 0.303
aG+aa aC+CC 0411765 0.265487 2.177 1.132-4.184 0.020

3SNP in gene. Significant results are highlighted in bold font (not corrected for multiple testing) and °significant difference following
Bonferroni corrections. SNP, single nucleotide polymorphism; OR, odds ratio and CI, confidence interval.
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Figure 1. Linkage disequilibrium (LD) pattern for (A) IRF6, (B) MSX1 and (C) PAX9 genes. The haplotype block structure, as exhibited by Haploview is
shown. Values within each diamond are the pairwise correlation between the single nucleotide polymorphisms (measured as D'). The diamond without a
number corresponds to D'=1. Shading shows the magnitude and significance of pairwise LD, with a black-to-white gradient reflecting higher to lower D' values.

NSCL/P, have not been previously observed. In this study, the
allele frequency of rs2236909 in the NSCL/P group showed
significant differences from that of the control group. The
recessive model and the Cochran-Armitage trend test identi-
fied the A variant as a risk factor for NSCL/P. Huang et al
demonstrated that there was no significant difference between
the NSCL/P and control groups at rs2013162; however,
there was a significant difference at rs2235375 (23). These
SNPs are located in the same LD block as rs2236909 in the
HapMap CHB database. However, the samples in the study
by Huang er al were obtained from subjects in West China,
while the samples in our study were obtained primarily from
patients in North China, which may explain the observed
differences. Our results also showed that there was a signifi-
cant difference in the allele frequency of rs861020 between
the NSCL/P and control groups. The dominant and recessive
models, as well as the Cochran-Armitage trend test showed
differences between the NSCL/P and control groups, although
these differences were not significant following Bonferroni
corrections. These results suggest that the common A variant
is a potential risk factor for NSCL/P in the Chinese popula-
tion. Other SNPs located in the same LD block as rs861020 in
the HapMap CHB database, have not been previously studied.
Pegelow et al suggested that the A allele of rs861019 and the
G allele of SNP rs7552506 showed an association with cleft lip
and palate in Swedish families (24); however, no significant
association was observed in the present study. This may be due
to the use of different geographical populations, sample sizes
or study methods (family-based versus a case-control study).
MSX1 mutations have been identified in 2% of cases of
NSCL/P and should be considered for genetic counseling.
Variants such as CA polymorphisms, A34G, P147Q, G110G,
C565T, M37L and G267A, are associated with NSCL/P in
various populations (12,25,26); however, this finding remains
controversial. In the present study, the case-control analysis
using tag SNPs (rs1042484 and rs12532) showed no statistical
differences in the allelic frequency or haplotype between the
NSCL/P and control groups, which is consistent with the data

of Huang et al (13). PAX9 is important in the development of
the teeth and lips. Ichikawa et al demonstrated that a hetero-
zygous missense mutation in PAX9 (640A>G, S214G) was
linked to the susceptibility for NSCL/P in the Japanese popula-
tion (16). However, the remaining SNPs in PAX9 did not have
a significant association with NSCL/P (17). To the best of our
knowledge, a study of PAX9 tag SNPs in the Chinese popula-
tion has not been previously conducted. In the present study,
the allele frequency of rs17176643 was different between the
NSCL/P and control groups and this difference was margin-
ally significant following Benjamini-Hochberg corrections
(P=0.075). The dominant model and Cochran-Armitage trend
test implied that the common A variant may be a risk factor
of NSCL/P in a Chinese population. Lee ef al indicated that
a haplotype with three SNPs (rs2073247, rs17104928 and
rs17176643) showed a significantly increased association with
NSCL/P (17).

Interactions between IRF6, MSX1 and PAX9 are important
for the development of dentition (27). However, interactions
between IRF6 and PAX9 do not contribute to human tooth
agenesis (28). The relationship between these interactions and
NSCL/P remains unknown. In the present study, a logistic
regression model was used to explore gene-gene interactions
and their involvement in NSCL/P. The model was based on the
combinations of two SNPs, which were significantly or margin-
ally different between the NSCL/P and control groups. The
combinations of rs2073485 (GG) and rs17176643 (aC+CC),
rs2235371 (CC) and rs17176643 (aC+CC), and rs2236909
(aG+aa) and rs17176643 (aC+CC), significantly increased the
risk of NSCL/P, which suggests that these gene-gene interac-
tions are critical in susceptibility to NSCL/P in our study
population. The underlying molecular mechanisms of inter-
action between IRF6 and PAX9 requires further clarification.

In conclusion, regardless of the limitations of a small
sample size, the present study demonstrated an association of
rs2073485, rs2235371, rs2236909 and rs861020 in the IRF6
gene with NSCL/P in Chinese patients. Haplotype analysis
of the gene supported these findings. We also identified that
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gene-gene interactions between IRF6 and PAX9 may be
important in the susceptibility to NSCL/P. Additional studies
are required to clarify the associations between IRF6, MSX1
and PAX9 with NSCL/P.
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