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Replication of two novel susceptibility loci for non-syndro-
mic orofacial clefts in a Chinese population
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OBJECTIVES: Non-syndromic orofacial clefts (NSOC)

are the most common developmental disorders in human

beings. Recently, two genome-wide association studies in

European Caucasians identified three novel NSOC sus-

ceptibility loci: rs987525 on 8q24, rs7078160 on 10q25.3,

and rs223371 on 17q22. The aim of this study was to

determine the association of these polymorphisms with

NSOC susceptibility and its subgroups in a Chinese Han

population.

MATERIAL AND METHODS: In this study, 199 NSOC

patients and 210 healthy individuals were recruited.

SNP rs987525 was not genotyped because of its low

frequency in the study subjects. The other two

polymorphisms (rs7078160 and rs223371) were respec-

tively genotyped by polymerase chain reaction-restric-

tion fragment length polymorphism (PCR-RFLP) and

Taqman-MGB assay.

RESULTS:Overall genotype distributions of rs7078160

and rs223371 polymorphisms were consistent with

Hardy–Weinberg equilibrium test. The allele and geno-

type frequencies of the two polymorphisms were not

significantly different between cases and controls. Fur-

ther analysis indicated that none of the genotypes was

associated with increased risk of NSOC. Similar results

were also found when all cleft cases were stratified by

cleft types.

CONCLUSION: Our findings are consistent with a lack

of involvement of the rs7078160 and rs223371 polymor-

phisms in the development of NSOC in the Chinese Han

population.
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Introduction

Non-syndromic orofacial clefts (NSOC) are the most
common developmental disorders in human beings,
which may lead to not only masticatory dysfunction,
speech alteration, esthetic problems, malocclusion and
potential psychiatric disorders to the patients, but also
long-term burdens to their families and society (Stanier
and Moore, 2004; Vieira, 2008). They may occur as
sporadic forms or present with familial aggregation,
inherited in a dominant or recessive pattern (Mossey
et al, 2009). In most circumstances, these defects can be
anatomically divided into three subgroups: the lip only
(CLO), both the lip and palate (CLP), and the palate
only (CPO) (Letra et al, 2007a,b). CLO and CLP are
traditionally collapsed to a single group of cleft lip with
or without cleft palate (CL ⁄P). However, recent studies
indicate that these two categories may have distinct
genetic origins and should, when feasible, be analyzed
separately (Harville et al, 2005; Rahimov et al, 2008).

The incidence of NSOC occurs in a wide geographic
distribution from 1 ⁄ 500 to 1 ⁄ 2000 (Harville et al, 2007),
with Asian and Native American populations having the
highest rates and African populations the lowest (Huang
et al, 2009). The Chinese people are susceptible to these
defects with a high incidence of 1.82 ⁄ 1000 livebirths
(Dai et al, 2009). The incidence variation of NSOC
among ethnic groups also indicates that different
susceptibility loci might be involved.

Both environmental and genetic risk factors are
responsible for NSOC (Carinci et al, 2000). Genetic
linkage and association analysis as well as genome-wide
family-based scans have identified several potential
causative genes (e.g. MSX1, BMP4, TBX22, MTHFR
and TGFA) and chromosomal regions (e.g. 1q, 2p, 4q,
6p, 14q, 17q and 19q) for these defects (Grant et al,
2009). Syndromic forms of clefts have also provided
much insight into the genetic architecture of non-
syndromic forms (Vieira et al, 2008). For example, the
IRF6 gene, responsible for van der Woude’s syndrome
and popliteal pterygium syndrome (PPS), is also
strongly associated with the isolated form of clefts
(Marazita et al, 2004; Zucchero et al, 2004). Further-
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more, animal models such as mouse (Liu et al, 2007)
and zebrafish (Eberhart et al, 2008) have also been
described where the causative genes have been identified.

During the past few years, genome-wide association
studies (GWAS), by tagging polymorphisms across the
whole genome and usually accompanied by large sample
size and multiple-stage replications, are emerging as a
powerful technique in complex diseases. This approach
relies on the foundation of the international human
HapMap Project and the fact that genetic variation at
one locus can predict with high probability genetic
variation at an adjacent locus. This haplotypic structure
of the human genome indicates that it is possible to
survey the genome for common variability associated
with disease susceptibility simply by genotyping approx-
imately 500 000 judiciously chosen markers in the
genome of several thousand cases and controls (Hardy
and Singleton, 2009).

To date, there have been four GWAS concerning
NSOC (Birnbaum et al, 2009; Jugessur et al, 2009;
Mangold et al, 2009; Marazita et al, 2009). Among
them, two large-scale GWAS had been recently
reported. Birnbaum et al conducted the first GWAS
of NSOC in European Caucasians and found a major
susceptibility locus (SNP rs987525) for NSOC on
8q24.21 (Birnbaum et al, 2009). Recently, another
GWAS, also in European Caucasians, successfully
identified two novel NSOC susceptibility loci on
17q22 (SNP rs223371) and 10q25.3 (SNP rs7078160),
both of which are located in close vicinity to the
promising candidate genes for these defects (Mangold
et al, 2009).

The encouraging results in the GWAS thus impel us
to investigate the association between the SNPs
reported in Caucasians and NSOC susceptibility in
the Chinese populations. Therefore, in this study, we
recruit three risk loci (i.e. rs987525, rs7078160 and
rs223371) mentioned in the above GWAS and replicate
their associations with susceptibility of NSOC in a
hospital-based case–control study in a Chinese Han
population.

Materials and methods

Study subjects
All the participants were genetically unrelated Han
Chinese in Nanjing and its surrounding regions. In brief,
199 NSOC cases without the presence of associated
congenital anomalies or syndromes and 210 healthy
controls, frequency-matched to the cases on gender, age,
and residential area, were consecutively recruited from
the Stomatological Hospital of JiangSu Province and
Nanjing Children’s Hospital, from August 2008 to
January 2010. All the participants were carefully exam-
ined by two experienced doctors based on detailed
diagnostic information from medical records. In addi-
tion, general characteristics, including age, gender,
ethnicity, birth defects were documented. After written
informed consent was obtained from each participant or
their guardians, about 3–5 ml of venous blood sample
was collected for genetic analysis. This hospital-based

case–control study was approved by the institutional
review board of Nanjing Medical University.

Single nucleotide polymorphisms re-selection
By examining the international HapMap Project (http://
hapmap.ncbi.nlm.nih.gov/), however, we found that
rs987525 identified in the first GWAS was extremely
rare (minor allele frequency: 0.044) in CHB (Han
Chinese in Beijing), suggesting that the role this SNP
played in the etiology of NSOC in Chinese Han
populations, if any, may not be as important as they
did in Caucasians. Therefore, in the following study, we
recruited the other two SNPs in the second GWAS (i.e.
rs7078160 and rs223371) and replicated their associa-
tions with risk of NSOC.

DNA extraction and genotyping analysis
As previously described (Pan et al, 2008), genomic DNA
was extracted from a leukocyte pellet by proteinase K
digestion and followed by phenol–chloroform extraction
and ethanol precipitation. The DNA pellet was resus-
pended in TE (Tris-EDTA) buffer and the purity and
concentration were determined by spectrophotometric
measurement of absorbance at 260 and 280 nm.

The PCR-restriction fragment length polymorphism
(RFLP) assay was designed to detect SNP rs7078160
(G > A) with the following primers: 5¢-AGAGCCA
TAGGAAGTTG AA-3¢ (forward) and 5¢-TTCCCATT-
TCTCGTCTGC-3¢ (reverse). The140 bp PCR products
were generated and then digested overnight with the
restriction enzyme Hpy188 I (New England BioLabs,
Beverly, MA, USA) and separated on a 3% agarose gel.
The G allele of rs7078160, creating a restriction endo-
nuclease site, resulted in two fragments of 97 and 43 bp,
whereas the A allele did not produce such a site and
appeared as a single 140 bp fragment (Figure 1).

The SNP rs223371 (C > A) polymorphism was
analyzed by the conventional TaqMan-MGB method.
PCR was performed using the following primers: 5¢-
AATCTAGATAACCTTGAGTATGGTGATGAC-3¢
(forward) and 5¢-CAGTTTGTGACTTGTCTTCT-
CTTTCTTTAG-3¢ (reverse) and probes for detection
of the polymorphism were FAM-ATACCACAAT-
AAAAGC-MGB and VIC-TACCACACTAAAAGC-
MGB.

Figure 1 PCR-RFLP genotyping of rs7078160. Lane M: DL2000
DNA marker; lane 1: AA genotype; lane 2, 3: GG genotype; lane 4, 5,
6, 7: AG genotype
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Genotyping was performed without knowing the
subject’s case or control status. To validate genotype
identification, 10% of the samples were randomly
repeated and the results were totally concordant.

Statistical analysis
Differences in demographic characteristics and frequen-
cies of the genotypes and alleles of the two SNPs
between cases and controls were evaluated by using chi-
squared test (for categorical variables) or Student’s t-test
(for continuous variables). Hardy–Weinberg equilib-
rium of the genotype distribution of controls was tested
by a goodness-of-fit v2 test. The association between the
SNPs and NSOC risk was estimated by computing the
odds ratios (ORs) and 95% confidence interval (CI)
from logistic regression analyses. All tests were two-
sided by using the SAS software (version 9.1; SAS
Institute Inc., Cary, NC, USA). A P-value of <0.05
(two-sided) was used as the criterion of statistical
significance.

Results

The demographic characteristics of the study subjects
are shown in Table 1. As expected, there were no
significant differences on age and gender distributions
between cases and controls (P = 0.631 and 0.776,
respectively), suggesting that our frequency matching
of the demographic characteristics was satisfactory.
Among the total 199 NSOC cases, 90 were cleft lip
only (CLO), 98 were cleft lip with cleft palate (CLP),
and 11 were cleft palate only (CPO).

The genotype and allelic distributions of the two
SNPs in cases and controls are shown in Tables 2 and 3.
The observed genotype frequencies in controls were all
in Hardy–Weinberg equilibrium (P = 0.61 for
rs7078160 and P = 0.77 for rs223371, respectively),
suggesting good homogeneity within the study subjects.

For rs7078160, 13 (6.1%) controls for rs7078160
failed to genotype because of poor DNA quantity
and ⁄ or quality. As shown in Table 2, the frequencies of
the rs7078160 genotypes, GG, AG, and AA, in the
controls were 25.3, 51.7, and 23.0%, respectively. The
genotype frequencies in all cleft cases were similar to

those in the controls: GG, AG, and AA genotypes were
27.2, 44.5, and 28.3%, respectively (P = 0.23). Simi-
larly, for rs223371, the frequencies of the AA, AC, and
CC genotypes were 42.3, 44.7, and 13.0%, respectively,
among the controls and 46.7, 37.2, and 16.1%, respec-
tively, among the cases. These differences were not
statistically significant (P = 0.27) (Table 3).

The potential risk allele frequency of rs7078160 and
rs223371 (i.e. rs7078160 A allele and rs223371 C allele)
was 0.49 and 0.35, respectively, among the controls and
0.48 and 0.34, respectively, among the cases, but the
differences were not statistically significant (P = 0.48
for rs7078160 and P =0.87 for rs223371).

Further logistic regression analysis revealed that
neither the heterozygote (i.e. rs7078160 AG genotype
and rs223371 AC genotype) nor the mutated homozy-
gote (i.e. rs7078160 AA and rs223371 CC) of these two
SNPs was associated with increased risk of NSOC,
compared with their corresponding wild homozygote
(i.e. rs7078160 GG and rs223371 AA). When we
combined the heterozygote and mutated homozygote
assuming a dominant model (i.e. rs7078160 AG ⁄AA
and rs223371 AC ⁄CC), non-significant associations
were observed between the variant genotypes and
NSOC risk (Tables 2 and 3).

In the stratified analysis, four specific subgroups such
as CL ⁄P (cleft lip with or without cleft palate), CLO
(cleft lip only), CLP (cleft lip with cleft palate), and CPO
(cleft palate only) were analyzed. Again, we found no
significant differences in genotype and allele distribu-
tions between subgroup cases and controls. Further-
more, none of the genotypes was associated with
increased risk of any specific subgroup (Tables 2 and 3).

Discussion

The NSOC are complex and heterogeneous diseases.
The past few years have witnessed great advances in
gene-identification for these complex birth defects,
providing an unprecedented opportunity to identify
genetically susceptible individuals (Jugessur et al, 2008).

There have been four GWAS concerning NSOC, and
two recent GWAS in European Caucasians revealed
three most promising risk variants for NSOC suscepti-
bility. Thus, replication studies are necessary and
exigent to elucidate the significance of these SNPs in
NSOC risk in a Chinese Han population.

Given the rarity of rs987525 on 8q24 in the subjects,
however, this variant was not recruited in the subse-
quent study. We successfully genotyped the other two
variants (rs7078160 and rs223371), unfortunately, on
the basis of 199 NSOC cases and 210 healthy controls
derived from Southern Chinese Han populations, sim-
ilar frequencies of the alleles and genotypes were found
and none of the genotypes was associated with increased
risk of NSOC, suggesting neither of them might
contribute to the development of NSOC in the Chinese
Han population.

We subsequently stratified all cleft cases into four
subgroups (i.e. CL ⁄P, CLO, CLP, and CPO), with the
purpose of improving the power of genetic analyses and

Table 1 Characteristic information of non-syndromic orofacial clefts
cases and controls

Variables
All cleft cases
(n = 199)

Controls
(n = 210) P

Age, mean (s.d.) 9.58 ± 0.72 7.36 ± 0.56 0.631a

Gender
Male 92 88 0.776b

Female 107 122
Subgroups

CLO 90
CLP 98
CPO 11

CLO, cleft lip only; CLP, cleft lip with cleft palate; CPO, cleft palate
only;
aIndependent-samples T-test;
bTwo-sided chi-squared test.
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the accuracy of risk estimates for genetic counseling
(Letra et al, 2007a,b). However, the genotype and allele
frequencies are similarly distributed between each of the
subgroups and the controls. In addition, none of the risk
genotypes was found in association with any subgroup
of NSOC.

These results seem to be a little frustrating; however,
given the complicated heterogeneous nature of NSOC
and the number of confounding factors (Carinci et al,
2003), this is not unexpected. In fact, accumulating
inconsistent results have been obtained from genetic
studies of complex traits, without exception of NSOC
(Scapoli et al, 2005). For example, Rahimov et al
recently reported an impressive association between a
common SNP rs642961 (G > A, that disrupts the
binding site of the transcription factor AP-2a) in the
IRF6 enhancer and NSOC (Rahimov et al, 2008).
However, in a replication study in a Brazilian popula-
tion, its association was not confirmed. It was presumed

that the complex ethnic admixture of the Brazilian
population may contribute to such result (Paranaiba
et al, 2009).

Several limitations in our study should be addressed.
First of all, the study was a hospital-based case–control
study, the selection bias might not be avoidable and the
subjects may not be representative of the general
population. Secondly, we only recruited 199 cases and
210 controls in the study therefore the sample size might
not be large enough to detect small effects from low
penetrance genes. We only had 60% power at a 0.05
level or a smaller with level to detect an OR of 1.58 or
greater, and 0.60 or smaller with an exposure frequency
of 30%, given our study sample size.

Taken together, we fail to confirm the association
between the two SNPs rs7078160 and rs223371 and
NSOC risk, even its subgroups, in a Chinese Han
population. The substantially different genetic back-
grounds and environmental exposures between the

Table 3 Genotype and allelic distributions of rs223371 in non-syndromic orofacial clefts cases and controls

rs223371
(A > C)

Controls
(n = 210, %)

All cleft cases
(n = 199, %)

CL ⁄P
(n = 188, %)

CLP
(n = 98, %)

CLO
(n = 90, %)

CPO
(n = 11, %)

Genotypes
AA 89 (42.3) 93 (46.7) 89 (47.3) 44 (45.4) 45 (49.5) 4 (36.4)
AC 94 (44.7) 74 (37.2) 69 (36.7) 41 (41.2) 28 (31.9) 5 (45.5)
CC 27 (13.0) 32 (16.1) 30 (16.0) 13 (13.4) 17 (18.6) 2 (18.1)
Pa – 0.27 0.25 0.84 0.09 0.85
OR (95% CI)
AC vs AA – 0.75 [0.49, 1.15] 0.73 [0.48, 1.13] 0.86 [0.51, 1.44] 0.61 [0.35, 1.06] 1.18 [0.31, 4.55]
CC vs AA – 1.13 [0.63, 2.04] 1.11 [0.61, 2.02] 0.97 [0.46, 2.07] 1.25 [0.62, 2.52] 1.65 [0.29, 9.50]
AC ⁄CC vs AA – 0.84 [0.57, 1.24] 0.82 [0.55, 1.22] 0.89 [0.55, 1.44] 0.75 [0.46, 1.23] 1.29 [0.37, 4.53]

Alleles
A 0.65 0.66 0.66 0.66 0.65 0.59
C 0.35 0.34 0.34 0.34 0.35 0.41
Pb – 0.87 0.78 0.77 0.88 0.59

CL ⁄P, cleft lip with or without cleft palate; CLP, cleft lip with cleft palate; CLO, cleft lip only; CPO, cleft palate only; OR, odds ratio; CI,
confidence interval.
a,bTwo-sided chi-squared test for the genotype and allele distributions between cases and controls.

Table 2 Genotype and allelic distributions of rs7078160 in non-syndromic orofacial clefts cases and controls

rs7078160
(G > A)

Controls
(n = 197, %)

All cleft cases
(n = 199, %)

CL ⁄P
(n = 188, %)

CLP
(n = 98, %)

CLO
(n = 90, %)

CPO
(n = 11, %)

Genotypes
GG 50 (25.3) 53 (27.2) 52 (27.7) 33 (33.7) 19 (21.1) 1 (9.1)
GA 102 (51.7) 88 (44.5) 81 (43.1) 41 (41.8) 40 (44.4) 7 (63.6)
AA 45 (23.0) 58 (28.3) 55 (29.2) 24 (24.5) 31 (34.5) 3 (27.3)
Pa – 0.23 0.20 0.22 0.11 0.47
OR (95% CI)
AG vs GG – 0.81 [0.50, 1.32] 0.76 [0.47, 1.24] 0.61 [0.34, 1.08] 1.03 [0.54, 1.96] 3.43 [0.41, 28.66]
AA vs GG – 1.22 [0.70, 2.10] 1.18 [0.68, 2.04] 0.81 [0.42, 1.57] 1.81 [0.90, 3.65] 3.33 [0.33, 33.21]
GA ⁄AA vs GG – 0.94 [0.60, 1.47] 0.89 [0.57, 1.40] 0.67 [0.40, 1.14] 1.27 [0.70, 2.31] 3.40 [0.42, 27.24]

Alleles
G 0.51 0.52 0.48 0.55 0.43 0.41
A 0.49 0.48 0.52 0.45 0.57 0.59
Pb – 0.48 0.57 0.45 0.08 0.34

CL ⁄P, cleft lip with or without cleft palate; CLP, cleft lip with cleft palate; CLO, cleft lip only; CPO, cleft palate only; OR, odds ratio; CI,
confidence interval.
a,bTwo-sided chi-squared test for the genotype and allele distributions between cases and controls.
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populations may make the results different. In the
future, other well-designed studies with different ethnic
populations are warranted to verify these findings.
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