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Introduction

Non‑syndromic cleft lip with or without cleft palate 
(NSCL/P, OMIM %1195130) is one of the most com‑
mon craniofacial abnormalities. The frequency of 
NSCL/P varies widely across different regions of the 
world and depends on racial and ethnic background, 
and socioeconomic status [1, 2]. The birth prevalence 
of this malformation in European‑derived populations 

is about 1/1000 live births [3]. Orofacial clefts rep‑
resents a significant public health burden since their 
treatment requires long‑term and multidisciplinary 
management strategies. In addition, patients with this 
developmental anomaly may have a higher incidence 
of psychological disorders and cancer [4, 5]. Zhu et al. 
have shown that also parents having children with oro‑
facial clefts have an increased risk of developing lym‑
phomas or leukemia [6]. 
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The etiology of NSCL/P is complex and multifactori‑
al, involving the integration of a number of genetic and 
environmental risk factors [1, 7]. In addition, there are 
reports showing that maternal genetic and nutritional 
factors can also be implicated in the pathogenesis of 
this birth anomaly [8]. Despite a number of molecu‑
lar and epidemiological studies with different study 
designs, a definitive statement about causes of NSCL/P 
still remains obscure. The candidate genes and chromo‑
somal loci identified so far can explain only a fraction 
of the genetic component of orofacial clefts. The most 
consistent findings across studies include the associa‑
tion of polymorphic variants of the IRF6 gene (OMIM 
*607199) and 8q24.21 locus with the increased risk of 
NSCL/P [1]. It has been assessed that IRF6 gene vari‑
ants may be responsible for about 12% of the genetic 
contribution to NSCL/P at the population level [9]. In 
the Polish population, the functional promoter IRF6 
polymorphism (rs642961) and the 8q24.21 gene des‑
ert variant (rs987525) have been shown to be associ‑
ated with an almost two‑fold increase in the risk of this 
developmental defect [10]. 

One of the approaches to search for new candi‑
date genes in the etiology of NSCL/P is the analysis of 
phenotypes manifest in mice carrying null mutations 
(knock‑out mice) of genes expressed during craniofa‑
cial development [11]. It has been shown that Dlx1/Dlx2 
double homozygous null mice have fully penetrant cleft 
of the secondary palate and agenesis of upper molar 
teeth [12, 13]. The cleft palate in these mutants is the 
result of reduced mesenchymal cell proliferation at the 
initial stages of palatogenesis and severely deficient 
growth of the posterior palate [13]. Furthermore, mice 
lacking both Dlx1 and Dlx2 die at birth with multiple 
defects including abnormal development of forebrain 
[14]. The Dlx1 and Dlx2 belong to a highly conserved 
family of distal‑less homeobox genes encoding home‑
odomain transcription factors, which play crucial roles 
in various aspects of embryogenesis [15]. It is worth 
noting that a polymorphic variant located in the 3’ 
untranslated region (3’ UTr) of the human DLX1 gene 
(OMIM *600029) has been found to be associated 
with the risk of NSCLP in the Brazilian population [16]. 
Therefore the aim of the present study was to evalu‑
ate whether common nucleotide variants in the DLX1 
locus may contribute to the risk of orofacial clefts also 
in the Polish population. Five known single nucleotide 
polymorphisms (SNPs) were selected and analyzed in 
a group of patients with NSCL/P and properly matched 
control samples. 

Materials and Methods
Study population
The study included 278 patients (57% males) with 
a diagnosis of NSCL/P recruited from the Depart‑
ment of Pediatrics at the Institute of Mother and Child 
in Warsaw, the Department of Plastic Surgery at the 
Specialist Medical Center in Polanica Zdroj and from 
the Department and Clinic of Dental Surgery at the 
Poznan University of Medical Sciences. The patient 
group comprised 238 (86%) individuals with non‑syn‑
dromic cleft lip with cleft palate (CLP) and 40 (14%) 
individuals with non‑syndromic cleft lip only (CL). 
Patients with cleft palate only (CPO) were excluded 
from the study prior to genotyping. Case eligibility 
was ascertained by clinicians using detailed diagnostic 
information from medical records. The control group 
was composed of 574 healthy individuals (50% males) 
with no family history of clefting or other congenital 
birth defects. All study participants were unrelated 
Caucasians of Polish origin. The study was performed 
according to the rules of the Ethics Committee of the 
Poznan University of Medical Sciences, Poland. Written 
and oral consent was obtained from all participants or 
their legal guardians.

SNP selection and genotyping
SNPs in the DLX1 locus were identified from pub‑
lic databases such as the dbSNP database (http://
www.ncbi.nlm.nih.gov/projects/SNP/) and the 1000 
Genomes Browser (http://browser.1000genomes.org/ 
index.html), and related literature. A final set of five 
SNPs was selected based on functional significance, 
gene‑linkage disequilibrium (LD) patterns and associ‑
ation with NSCL/P in previous association studies. LD 
patterns and the structure of haplotype blocks across 
the DLX1 locus were determined using genotype 
data from the HapMap database (http://hapmap.
ncbi.nlm.nih.gov/) and the Haploview 4.0 software 
(http://www.broad.mit.edu/mpg/haploview/). Char‑
acteristics of those SNPs that were finally selected are 
presented in Table 1 and Figure 1. Genomic DNA 
for molecular analyses was isolated from peripheral 
blood lymphocytes by a standard salt‑out extraction 
procedure. Genotyping was conducted by high‑reso‑
lution melting curve analysis (HrM) on the LightCy‑
cler 480 system (roche Diagnostics, Mannheim, Ger‑
many).

Quality control was ensured by including 10% of 
the samples as duplicates. Samples that failed geno‑
typing were removed from statistical calculations.
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Statistical analysis
Each SNP was tested for deviation from the Har‑
dy-Weinberg equilibrium (HWE) in both patients and 
controls using the chi‑square (χ2) test. The differences 
in allele and genotype frequencies between cases and 
controls were determined using standard χ2 or Fish‑
er exact tests. SNPs were tested for association with 
NSCL/P using the Cochran‑Armitage trend test. Odds 
Ratios (ORs) with 95% Confidence Intervals (95%CIs) 
were used to assess the strength of the association. 

The dominant and recessive models were analyzed. 
The Bonferroni correction was applied to account for 
multiple comparisons, and the p‑values < 0.01 (0.05/5 
SNPs) were interpreted as statistically significant. Sta‑
tistical calculations were performed for the overall phe‑
notype NSCL/P and the NSCLP and NSCL subgroups. 
The haplotype‑based association analysis using a slid‑
ing window approach was conducted using Haploview 
4.0 software. Significant p values were corrected using 
the 1,000‑fold permutation test.

Table 1. Characteristics of polymorphisms genotyped in the DLX1 locus

rs no. Locationa Allelesb SNP functionc MAFd

rs1047889 chr2:172946527 C / T N/A (upstream) 0.47

rs788172 chr2:172953438 A / G UTR-3 0.35

rs788173 chr2:172953460 A / G UTR-3 0.35

rs10186317 chr2:172955011 A / G N/A (downstream) 0.31

rs13390848 chr2:172957643 G / T N/A (downstream) 0.16
a NCBI build 37 / hg19.
b Underline denotes the minor allele (based on whole sample).
c According to the Single Nucleotide Polymorphism database (dbSNP).
d MAF, minor allele frequency calculated from the control samples.

Figure 1. The Linkage Disequilibrium (LD) plot of HapMap SNPs within the DLX1 locus. The 
plot was generated using the genotype data from HapMap CEU samples and the Haploview 
4.0 software (Broad Institute, Cambridge, MA). The examined SNPs are marked with an asterisk 
(*). The numbers in the squares denote r2 values expressed as a percentage of maximal value 
(1.0). Square without number corresponds to r2 = 1.0. A black-to-white gradient shows highest 
(1.0) to lowest (0.0) r2
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Results
Single-marker association analysis
None of the tested polymorphisms showed signifi‑
cant deviation from HWE in either NSCL/P patients or 
healthy individuals (p > 0.05). In controls, the minor 
allele frequency (MAF) for analyzed nucleotide variants 
was at least 16%. Statistical analysis revealed that two 
3’UTr variants, rs788172 and rs788173, were associ‑
ated with the risk of NSCL/P (ptrend = 0.041 and ptrend = 
0.025, respectively; Table 2). The allelic frequencies of 

these polymorphisms were significantly lower in affect‑
ed individuals compared to controls (p = 0.040 and 
p = 0.024, respectively). The rs788172 and rs788173 
were in perfect LD with each other: r2 = 1.00 and D’ = 
1.00 (Figure 1). Under an assumption of a dominant 
inheritance, the calculated Ors for these variants were 
0.77 (95%CI: 0.579 – 1.030, p = 0.079) and 0.753 
(0.564 – 1.005, p = 0.053), respectively. Statistical 
analysis conducted in the NSCLP subgroup of patients 
revealed similar results, with the most significant asso‑

Table 2. Association of DLX1 polymorphisms with the risk of NSCL/P

  Genotype distributionb        
  MAF    Dominant modelc Recessive modeld

rs no. Allelesa Cases Controls ptrend pallelic pgeno OR (95% CI) p-value OR (95% CI) p-value
rs1047889 C / T 46 / 143 / 87 129 / 287 / 158 0.055 0.058 0.122 0.825 (0.603–1.129) 0.229 0.690 (0.475–1.000) 0.050

0.43 0.47
rs788172 A / G 25 / 116 / 135 73 / 257 / 244 0.041 0.040 0.123 0.772 (0.579–1.030) 0.079 0.684 (0.423–1.104) 0.118

0.30 0.35
rs788173 A / G 24 / 115 / 136 73 / 257 / 243 0.025 0.024 0.080 0.753 (0.564–1.005) 0.053 0.655 (0.403–1.064) 0.086

0.30 0.35
rs10186317 A / G 22 / 105 / 143 59 / 234 / 279 0.191 0.183 0.423 0.846 (0.633–1.130) 0.257 0.771 (0.462–1.288) 0.320

0.28 0.31
rs13390848 G / T 12 / 78 / 188 16 / 149 / 409 0.188 0.180 0.369 1.187 (0.871–1.617) 0.278 1.573 (0.734–3.374) 0.241
  0.18 0.16        

The p‑values < 0.010 (0.05 / 5 SNPs) were interpreted as statistically significant.
a Underline denotes the minor allele (based on whole sample).
b The order of genotypes: dd / Dd / DD (d is the minor allele).
c Dominant model: dd + Dd vs DD (d is the minor allele).
d Recessive model: dd vs Dd + DD (d is the minor allele).
MAF, minor allele frequency; OR, odds ratio; CI, confidence interval.

Table 3. Association of DLX1 polymorphisms with the risk of NSCLP and NSCL

    ORdominantb ORrecessivec

SNP Allelesa Subgroup ptrend (95%CI) (95%CI)
rs1047889 C / T ALL 0.055 0.825 (0.603–1.129) 0.690 (0.475–1.000)

NSCLP 0.069 0.848 (0.609–1.181) 0.662 (0.444–0.986)
NSCL 0.390 0.705 (0.359–1.386) 0.862 (0.388–1.918)

rs788172 A / G ALL 0.041 0.772 (0.579–1.030) 0.684 (0.423–1.104)
NSCLP 0.054 0.764 (0.564–1.037) 0.706 (0.427–1.167)
NSCL 0.357 0.817 (0.430–1.554) 0.557 (0.167–1.852)

rs788173 A / G ALL 0.025 0.753 (0.564–1.005) 0.655 (0.403–1.064)
NSCLP 0.032 0.743 (0.548–1.007) 0.672 (0.403–1.121)
NSCL 0.351 0.814 (0.428–1.547) 0.555 (0.167–1.848)

rs10186317 A / G ALL 0.191 0.846 (0.633–1.130) 0.771 (0.462–1.288)
NSCLP 0.188 0.843 (0.620–1.145) 0.738 (0.425–1.282)
NSCL 0.711 0.862 (0.453–1.637) 0.966 (0.332–2.810)

rs13390848 G / T ALL 0.188 1.187 (0.871–1.617) 1.573 (0.734–3.374)
NSCLP 0.087 1.255 (0.908–1.736) 1.852 (0.862–3.977)

  NSCL 0.439 0.826 (0.395–1.729) 0.418 (0.025–7.097)
The p‑values < 0.010 (0.05 / 5 SNPs) were interpreted as statistically significant.
a Underline denotes the minor allele (based on whole sample).
b Dominant model: dd + Dd vs DD (d is the risk allele).
c Recessive model: dd vs Dd + DD (d is the risk allele).
OR, Odds Ratio; CI, confidence interval.
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ciation with NSCLP found for the rs788173 variant 
(ptrend = 0.032, Table 3). However, all the results of 
single‑marker association analysis were not statistically 
significant after the Bonferroni correction (p > 0.01). 

Haplotype analysis
Haplotype analysis of nucleotide variants in the DLX1 
locus revealed 2‑ and 3‑marker haplotypes associated 
with the risk of NSCL/P (Table 4). These results, con‑
sistent with results of single‑marker analysis, remained 
statistically significant even after applying the permu‑

tation‑based correction (p < 0.05). The best evidence 
of the haplotype association with the risk of NSCL/P 
was observed for the T‑G‑G haplotype consisting of 
rs1047889, rs788172 and rs788173 major alleles. This 
high risk haplotype was more frequent among cases 
than controls (p = 0.013, pcorrected = 0.026).

Discussion
The Dlx family of homeobox genes is crucial for embry‑
onic development in both invertebrates and vertebrates 
[16, 17]. In mammals, there are six Dlx genes arranged 

Table 4. Haplotype analysis of SNPs genotyped in the DLX1 locus

Polymorphisms Haplotypes Frequency
Case, Control 

Ratios
Chi 

square
p-value

pcorrected- 
valuea 

2-marker window       
rs1047889_rs788172 T‑G 0.362 0.402, 0.343 5.690 0.017 0.032

C-G 0.303 0.297, 0.306 0.147 0.701 0.975
T-A 0.179 0.172, 0.182 0.277 0.599 0.918
C-A 0.156 0.129, 0.169 4.492 0.034 0.069

rs788172_rs788173 G‑G 0.665 0.701, 0.648 4.656 0.031 0.039
A‑A 0.335 0.299, 0.352 4.656 0.031 0.039

rs788173_rs10186317 G-A 0.661 0.697, 0.644 4.601 0.032 0.080
A-G 0.292 0.265, 0.304 2.745 0.098 0.307
A-A 0.042 0.030, 0.048 2.827 0.093 0.297

rs10186317_rs13390848 A-G 0.536 0.540, 0.534 0.041 0.839 0.980
G-G 0.298 0.276, 0.308 1.796 0.180 0.368

 A-T 0.166 0.184, 0.158 1.886 0.170 0.361
3-marker window       

rs1047889_rs788172_rs788173 T‑G‑G 0.362 0.403, 0.342 6.118 0.013 0.026
C-G-G 0.304 0.298, 0.307 0.137 0.711 0.978
T-A-A 0.179 0.171, 0.183 0.341 0.560 0.918
C-A-A 0.156 0.128, 0.169 4.804 0.028 0.060

rs788172_rs788173_rs10186317 G-G-A 0.661 0.695, 0.645 4.273 0.039 0.111
A-A-G 0.293 0.269, 0.304 2.270 0.132 0.310
A-A-A 0.042 0.030, 0.048 2.754 0.097 0.254

rs788173_rs10186317_rs13390848 G-A-G 0.495 0.512, 0.487 0.987 0.321 0.824
A-G-G 0.292 0.266, 0.304 2.709 0.100 0.348
G-A-T 0.166 0.184, 0.158 1.886 0.170 0.458

 A-A-G 0.042 0.030, 0.048 2.791 0.095 0.346
4-marker window       

rs1047889_rs788172_rs788173_rs10186317 T-G-G-A 0.362 0.403, 0.342 6.026 0.014 0.062
C-G-G-A 0.300 0.295, 0.303 0.110 0.740 1.000
T-A-A-G 0.153 0.153, 0.153 0.000 0.992 1.000
C-A-A-G 0.139 0.115, 0.151 4.061 0.044 0.129
T-A-A-A 0.025 0.017, 0.029 2.392 0.122 0.472
C-A-A-A 0.017 0.014, 0.018 0.465 0.496 0.965

rs788172_rs788173_rs10186317_rs13390848 G-G-A-G 0.495 0.511, 0.488 0.786 0.375 0.848
A-A-G-G 0.293 0.269, 0.304 2.270 0.132 0.418
G-G-A-T 0.166 0.185, 0.157 2.066 0.151 0.457

 A-A-A-G 0.042 0.030, 0.048 2.754 0.097 0.338
Statistically significant results are highlighted in bold font.
a p value calculated using permutation test and a total of 1,000 permutations.
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as three sets of linked gene pairs: Dlx2 and Dlx1, Dlx5 
and Dlx6, and Dlx3 and Dlx7 [18]. All Dlx genes encode 
DNA‑binding regulators that control large number of 
downstream effector genes. They are implicated in 
patterning and development of the brain, craniofa‑
cial structures and the axial and appendicular skeleton 
[15, 17]. Mouse model studies showed that Dlx1 and 
Dlx2 activities are critical for the initial outgrowth of 
the palatal shelves in a region‑specific manner, and 
are essential for the normal expression of other signifi‑
cant regulators of palate development [13]. Therefore 
the purpose of this study was to evaluate the associa‑
tion between common nucleotide variants in the DLX1 
locus and the risk of orofacial clefts in the Polish popu‑
lation. Molecular analyses were conducted in patients 
with non‑syndromic forms of cleft lip with cleft palate 
and cleft lip only. Patients with cleft palate only were 
excluded from the study due to distinct etiology of this 
subtype of oral clefts [19].  

Statistical analysis of genotyping results revealed 
that two nucleotide variants located in the 3’UTr of 
the DLX1 gene were associated with the risk of NSCL/P 
in a tested group of patients. The data showed that 
rs788172 and rs788173 minor alleles are more fre‑
quent among controls than among affected individu‑
als. We found that variant allele carriers at rs788172 
and rs788173 have a 1.3‑fold decreased risk of 
NSCL/P. However, all these results were not statisti‑
cally significant after applying the correction for mul‑
tiple comparisons. In order to adjust for multiple test‑
ing, we employed the Bonferroni correction, which is 
the most conservative approach to control for false 
positives and may lead to the underestimation of weak 
and moderate genetic effects [20]. It is worth not‑
ing that the results of single‑marker analysis for DLX1 
were confirmed by haplotype analysis. We found that 
2‑ and 3‑marker haplotypes containing the rs788172 
and rs788173 variants are associated with the risk of 
NSCL/P. These results remained statistically significant 
even after applying the permutation‑based correction. 
Similar results have been obtained by Saboia et al. in 
the Brazilian population, where the rs788173 polymor‑
phism was associated with the risk of NSCLP subphe‑
notype [16]. They have demonstrated that the A allele 
of this 3’UTr variant is undertransmitted (protective 
allele) from heterozygote parents to their affected off‑
spring [16]. In the Brazilian study, however, only one 
marker in the DLX1 gene was tested for association 
with orofacial clefts [16]. Interestingly, the common 
alleles of DLX1 rs788172 and rs788173 were shown to 
be significantly correlated with autism [21]. 

There is an evidence that Dlx1 and Dlx2 regulate 
the initiation of palatogenesis through promoting pro‑
liferation of mesenchyme in the posterior palate inde‑
pendently of Sonic hedgehog (Shh) signaling [13]. The 
loss of Dlx1 and Dlx2 function results in down‑regula‑
tion of a signaling loop involving Shh, Bone morphoge‑
netic protein 4 (Bmp4) and Fibroblast growth factor 10 
(Fgf10), which is important for cell proliferation in the 
epithelium of the middle palate around E13.5 [13]. In 
addition Dlx1 and Dlx2 activity is required for normal 
expression of several transcription factor genes, includ‑
ing Lhx6, Barx1, Sim2, Osr1 and Osr2, which mutations 
result in defects of palate growth and morphogenesis 
[13, 22–24]. In humans, mutations and polymorphisms 
of BMP4 (OMIM *112262) and FGF10 (OMIM *602115) 
have been found to increase the risk orofacial clefts in 
various populations [25–28]. It has been suggested 
that the FGF signaling pathway may contribute to as 
many as 3 to 5% of NSCLP [25]. 

The present study has certain limitations includ‑
ing (a) the number of selected nucleotide variants that 
do not cover the DLX1 gene fully and extensively, (b) 
the lack of information about functional relevance of 
tested SNPs (c) the relatively small number of avail‑
able NSCL/P patients and healthy individuals and 
(d) the lack of association analysis of polymorphisms 
in the DLX2 gene (OMIM *126255), which is located 
head‑to‑head with DLX1 on chromosome 2q32. It has 
been demonstrated that Dlx1 and Dlx2 have functional‑
ly redundant roles during the embryonic development. 
The Dlx1/Dlx2 double mutant mouse embryos had 
a cleft of the secondary palate, also seen in 80% of the 
Dlx2-/- embryos, while only 10% of Dlx1-/- embryos 
had a mild cleft palate [12]. In addition, further stud‑
ies should focus not only on analysis of common vari‑
ants in DLX1 and DLX2, but also on identification of 
rare variants and etiological mutations of these genes 
in patients with orofacial clefts. recently, a novel single 
nucleotide deletion in the DLX4 gene was described 
in a family with bilateral CL/P and minor dysmorphic 
features [29]. In addition, craniofacial abnormali‑
ties, including cleft palate, are common clinical fea‑
tures observed in patients with 2q31.1 microdeletions 
encompassing both DLX1 and DLX2 [30, 31].

In conclusion, our case‑control study contributes to 
a better understanding of the role of genetic factors in 
the etiology of orofacial clefts. We found evidence for 
the association between DLX1 gene variants and the 
risk of NSCL/P in the Polish population. To confirm our 
findings further, larger sample size studies in different 
populations are required.
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