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Abstract: To characterize the associations between the cleft palate (CPO) and single nucleotide polymorphisms (SNPs) of special AT-rich sequence-binding 
protein 2 (SATB2). We recruited 241 CPO and performed a case-control study with 242 controls. Concurrently, 103 of the patients and their normal parents were 
recruited to perform a case-parent trio study. Sixteen selected SNPs were genotyped. Furthermore, A meta-analysis was used to enhance the robustness of our 
conclusions. The case-control study provided no support for the hypothesis that any of the 16 selected SNPs played a significant role in CPO. In the meta-analysis, 
we also did not find that the SATB2 was associated with nonsyndromic cleft palate risk, in Asians or in Caucasians. The 16 selected SNPs do not contribute to the 
development of CPO.
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Introduction

Orofacial clefting, one of the most common forms 
of congenital malformation, displays the substantial 
phenotypic variation. Cleft lip with/without cleft palate 
(CL/P) and cleft palate only (CPO) are the two most 
common forms of orofacial clefting (1, 2). Nonsyndro-
mic cleft palate (NSCP) is one of the most common 
congenital malformations worldwide, and both genetic 
and environmental factors are involved in its etiology 
(3). The etiology of cleft palate is complex and largely 
unclear, but it is currently believed to be also caused by 
both genetic and environmental factors and their inte-
raction (4-7). The development of cleft palate is a pro-
grammed event that includes the expression of genes, 
regulation of transcription, and the participation of rela-
ted factors (8). 

Treatment requires a multidisciplinary approach af-
ter birth up to adulthood (9). Although nonsyndromic 
familial forms of cleft palate have been shown, approxi-
mately 70% of all patients are isolated nonsyndromic 
entities without clear Mendelian inheritance patterns 
(9, 10). Both population and family studies suggest 
that genetic factors play a critical role in the etiology of 
NSCP (11, 12). Several genes have been identified for 
syndromic forms of CP, but few have been identified 
as an influencing risk for NSCP (13). The etiology of 
this complex trait has been widely studied in order to 

search for the risk factors and to design strategies for 
prevention.

Special AT-rich sequence-binding protein 2 (SATB2), 
a DNA-binding protein and a member of the family of 
matrix attachment region-binding transcription factors, 
is involved in transcriptional regulation and chromatin 
remodeling, and has developmental roles in craniofacial, 
neural, and osteoblastic differentiation (14, 15). Several 
independent studies have reported the effects of SATB2 
gene polymorphisms on NSCP (16-18). In this study, 
we characterized the association between cleft palate 
and SNPs of SATB2 in the eastern Guangdong popu-
lation. Furthermore, we performed a meta-analysis to 
assess the relationship between the SATB2 rs4673313 
T/C gene polymorphism and NSCP risk.

Materials and Methods

Patient samples
The Ethics Committee of the Second Hospital of 

Shantou University Medical College approved this 
study. The subjects of this study were recruited from 
the Cleft Lip and Palate Treatment Center of the Se-
cond Hospital of Shantou University Medical College 
in Guangdong, China. Two hundred forty-one patients 
with nonsyndromic cleft palate (including 103 complete 
trio families) were selected, and the informed consent 
was obtained. Patients with known teratogenic exposure 
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RS Allele Case n=482 (%) Control n=484 (%) Chi2 P-value Odds Ratio (OR) 95% CI

rs2305262 T 308
(63.9)

307
(63.4)

C 174
(36.1)

177
(36.6) 0.023 0.879 1.021 0.785-1.327

rs13392032 C 89
(18.5)

94
(19.4)

G 393
(81.5)

390
(80.6) 0.144 0.704 0.940 0.681-1.296

rs6435017 T 102
(21.2)

111
(22.9)

C 380
(78.8)

373
(77.1) 0.441 0.507 0.902 0.665-1.223

rs4673313 T 260
(53.9)

265
(54.8)

C 222
(46.1)

219
(45.2) 0.064 0.800 0.968 0.751-1.247

rs1868427 T 395
(82.0)

395
(81.6)

C 87
(18.0)

89
(18.4) 0.019 0.892 1.023 0.738-1.418

rs17266097 T 83
(17.2)

98
(20.2)

C 399
(82.8)

386
(79.8) 1.454 0.228 0.819 0.593-1.133

rs260761 C 398
(82.6)

403
(83.3)

G 84
(17.4)

81
(16.7) 0.082 0.775 0.952 0.681-1.332

rs260758 A 54
(11.2)

66
(13.6)

G 428
(88.8)

418
(86.4) 1.314 0.252 0.799 0.544-1.173

rs1374360 T 149
(30.9)

146
(30.2)

C 333
(69.1)

338
(69.8) 0.064 0.801 1.036 0.788-1.362

rs7593422 A 292
(60.6)

299
(61.8)

T 190
(39.4)

185
(38.2) 0.145 0.703 0.951 0.734-1.232

rs1992949 T 72
(14.9)

71
(14.7)

C 410
(85.1)

413
(85.3) 0.014 0.907 1.022 0.716-1.457

rs4459679 T 289
(60.0)

295
(61.0)

G 193
(40.0)

189
(39.0) 0.099 0.753 0.959 0.741-1.242

rs16831466 A 114
(23.7)

124
(25.6)

C 368
(76.3)

360
(74.4) 0.504 0.478 0.899 0.671-1.205

rs2167006 A 221
(45.9)

219
(45.2)

T 261
(54.1)

265
(54.8) 0.035 0.851 1.025 0.795-1.320

rs2881208 T 285
(59.1)

279
(57.6)

C 197
(40.9)

205
(42.4) 0.219 0.640 1.063 0.823-1.373

rs1446636 T 86
(17.8)

89
(18.4)

G 396
(82.2)

395
(81.6) 0.049 0.826 0.964 0.695-1.337

Table 1. Allele frequency analysis. 

RS, reference SNP ID; 95%CI, 95% confidence interval.
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rogeneity was evaluated using the χ2-based Q statis-
tic, as well as the I2 statistic, with a P < 0.10 defined 
as the significance threshold. The pooled statistic was 
counted by the fixed effects model, but a random effects 
model was used when the P-value of the heterogeneity 
test was less than 0.1 (19-21). All statistical tests were 
performed using Revman 5.3 (Cochrane Collaboration, 
Oxford, UK).

Results

Results from case-control analysis

Allele frequencies
The 16 selected SNPs were in Hardy–Weinberg 

equilibrium. Allele frequency analysis showed that the 
distribution of alleles at all loci was not notably signifi-
cant between these two groups (P>0.05, Table 1). 

Genotype frequency distribution  
The results of the genotypic frequency analysis at 

each site are shown in Table 2. The analysis results 
showed that the distribution of all genotypes in the two 
groups was not statistically significant (P>0.05).

 
Linkage disequilibrium

Five sites rs1374760, 260758, 4459679, 7593422, 
and 260761 are closely linked to form a haploid domain 
(Block 1), while rs1446636, rs4673313, rs2167006, 
rs2305262, rs1868427, 17266097, rs16831466, 
rs1992949, and rs6435017 constitute another haploid 
domain (Block 2; Figure 1).  

Haplotype analysis
Haplotype analysis showed that the distribution of 

all haplotypes between the two groups was not statisti-
cally significant (P>0.05, Table 3).

 
Results from meta-analysis

Study characteristics 
Two studies reporting  the relationship between 

SATB2 rs4673313 T/C gene polymorphism and NSCP 
risk were recruited into this meta-analysis (22). The 
data of interest was extracted, and the frequencies of the 
C allele of SATB2 rs4673313 for the case and control 
groups were calculated. 

and other recognized syndromes, as well as children 
with other major or multiple minor defects and/or deve-
lopmental delay, as determined from demographic de-
tails, perinatal history, teratogenic exposure and family 
history, were excluded. Two hundred forty-two unaffec-
ted individuals from the same geographic region, who 
had other congenital diseases or no craniofacial anoma-
ly and no family history of craniofacial malformation, 
were included in the study as controls (Table 1). Infor-
med consent was obtained for each study participant for 
both blood collection and subsequent genotyping.

Sample and baseline data
Peripheral blood samples (10 ml from each case) 

were collected by venipuncture. Total genomic DNA 
was extracted from blood samples, SNPs were genoty-
ped by the matrix-assisted laser desorption ionization 
time of flight mass spectrometry (MALDI-TOF-MS), 
and genetic analysis was performed. T-test was used 
to detect the difference in baseline data between the 
groups, and there was no significant difference between 
the groups regarding sex and age (P>0.05).  

Search strategy for the relationship between SATB2 
rs4673313 T/C gene polymorphisms and nonsyndro-
mic cleft palate risk 

A comprehensive literature search was first conduc-
ted in the PubMed and Cochrane Library databases, 
using a combination of the following items: “polymor-
phism OR polymorphisms OR single nucleotide poly-
morphism OR SNP genotype OR genotypes OR allele 
OR alleles” and “special AT-rich sequence binding pro-
tein 2 OR SATB2”, and “cleft lip OR cleft palate”. The 
search time was updated to June 1, 2018. Moreover, 
we included the additional studies extracted from refe-
rences in the retrieved articles.  

Eligibility criteria
In this current meta-analysis, only the studies mee-

ting the following criteria were recruited: (1) report 
published in English; (2) unrelated case-control studies; 
(3) tested for association of the SATB2 rs4673313 T/C 
gene polymorphism with NSCP risk; and (4) sufficient 
information to pool the odds ratios (ORs) and 95% 
confidence intervals (CIs). Reports that failed to meet 
the criteria mentioned above were excluded from the 
final analysis.

Data extraction
The following information from each included study 

was extracted independently by two investigators. From 
the corresponding genotype distribution, frequencies 
of the C allele were calculated for the case and control 
groups. The results were compared, disagreement was 
resolved by discussion, and the results of search and 
extracted data for this meta-analysis were the same 
between two investigators.

Statistical analysis
Strength of the associations of the SATB2 rs4673313 

T/C gene polymorphism with the trisk of NSCP was 
assessed using ORs and 95% CIs. Significance of the 
pooled OR was evaluated using the Z-test, and a P < 
0.05 was defined as the significance threshold. Hete- Figure 1. Linkage disequilibrium and haploid domain. 
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rs Genotype Case n=241(%) Control n=242(%) Chi2 P Odds Ratio 95% CI
rs2305262 TT 97(40.2) 100(41.3) 1.000 

CT 114(47.3) 107(44.2) 1.098 0.748-1.613
CC 30(12.4) 35(14.5) 0.650 0.723 0.884 0.504-1.55

rs13392032 GG 161(66.8) 156(64.5) 1.000 
CG 71(29.5) 78(32.2) 0.882 0.597-1.302
CC 9(3.7) 8(3.3) 0.465 0.793 1.090 0.41-2.897

rs6435017 CC 149(61.8) 143(59.1) 1.000 
CT 82(34.0) 87(36.0) 0.905 0.619-1.321
TT 10(4.1) 12(5.0) 0.451 0.798 0.800 0.335-1.909

rs4673313 TT 75(31.1) 77(31.8) 1.000 
CT 110(45.6) 111(45.9) 1.017 0.673-1.538
CC 56(23.2) 54(22.3) 0.065 0.968 1.065 0.652-1.739

rs1868427 TT 163(67.6) 161(66.5) 1.000 
CT 69(28.6) 73(30.2) 0.934 0.629-1.385
CC 9(3.7) 8(3.3) 0.182 0.913 1.111 0.418-2.952

rs17266097 CC 167(69.3) 153(63.2) 1.000 
CT 65(27.0) 80(33.1) 0.744 0.502-1.104
TT 9(3.7) 9(3.7) 2.162 0.339 0.916 0.354-2.368

rs260761 CC 166(68.9) 167(69.0) 1.000 
CG 66(27.4) 69(28.5) 0.962 0.645-1.436
GG 9(3.7) 6(2.5) 0.668 0.716 1.509 0.525-4.334

rs260758 GG 189(78.4) 182(75.2) 1.000 
AG 50(20.7) 54(22.3) 0.892 0.577-1.378
AA 2(0.8) 6(2.5) 2.284 0.319 0.321 0.064-1.611

rs1374360 CC 120(49.8) 114(47.1) 1.000 
CT 93(38.6) 110(45.5) 0.803 0.551-1.171
TT 28(11.6) 18(7.4) 3.749 0.153 1.478 0.775-2.817

rs7593422 AA 93(38.6) 94(38.8) 1.000 
AT 106(44.0) 111(45.9) 0.965 0.653-1.427
TT 42(17.4) 37(15.3) 0.435 0.805 1.147 0.678-1.943

rs1992949 CC 172(71.4) 177(73.1) 1.000 
CT 66(27.4) 59(24.4) 1.151 0.765-1.733
TT 3(1.2) 6(2.5) 1.462 0.482 0.515 0.127-2.09

rs4459679 TT 90(37.3) 91(37.6) 1.000 
GT 109(45.2) 113(46.7) 0.975 0.659-1.444
GG 42(17.4) 38(15.7) 0.276 0.871 1.118 0.66-1.892

rs16831466 CC 141(58.5) 130(53.7) 1.000 
AC 86(35.7) 100(41.3) 0.793 0.545-1.153
AA 14(5.8) 12(5.0) 1.652 0.438 1.076 0.48-2.411

rs2167006 TT 75(31.1) 76(31.4) 1.000 
AT 111(46.1) 113(46.7) 0.995 0.659-1.504
AA 55(22.8) 53(21.9) 0.059 0.971 1.052 0.642-1.723

rs2881208 TT 92(38.2) 82(33.9) 1.000 
CT 101(41.9) 115(47.5) 0.783 0.525-1.168
CC 48(19.9) 45(18.6) 1.577 0.455 0.951 0.574-1.574

rs1446636 GG 164(68.0) 162(66.9) 1.000 
GT 68(28.2) 71(29.3) 0.946 0.636-1.407
TT 9(3.7) 9(3.7) 0.075 0.963 0.988 0.382-2.552

RS, reference SNP ID; 95%CI, 95% confidence interval.

Table 2. Analysis of genotypic frequency.
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The SATB2 rs4673313 T/C gene polymorphism is not 
associated with NSCP risk

In this meta-analysis, we found that the SATB2 
rs4673313 T/C gene polymorphism was not associated 
with NSCP risk (C allele: OR = 1.11, 95% CI: 0.94-1.31, 
P=0.23; CC genotype: OR = 0.95, 95% CI: 0.65-1.39, 
P = 0.79; TT genotype: OR = 0.84, 95% CI: 0.69-1.04, 
P=0.11; Figure 2 and Table 4). In the sub-group analysis 
according to ethnicity, this meta-analysis indicated that 
the SATB2 rs4673313 T/C gene polymorphism was not 

associated with NSCP risk in either the Asian popula-
tion or Caucasians (Table 4).

Discussion

In this study, we detected 16 selected SNPs 
(rs2305262, rs13392032, rs6435017, rs4673313, 
rs1868427, rs17266097, rs260761, rs260758, 
rs1374360, rs7593422, rs1992949, rs4459679, 
rs16831466, rs2167006, rs2881208, and rs1446636) 
and found all to be in Hardy-Weinberg equilibrium. The 
case-control study and transmission disequilibrium test 
provide no support for the hypothesis that the 16 selec-
ted SNPs play a significant role in CPO development in 
the eastern Guangdong population. 

FitzPatrick et al. (23) showed by high-resolution 
FISH mapping of two de novo CPO-associated trans-
locations involving 2q32-q33 that one breakpoint inter-
rupts the transcription unit of the gene encoding the 
DNA-binding protein SATB2, and reported that muta-
tion analysis of 70 unrelated patients with CPO did not 
reveal any coding region variants. Subsequently, Van 
Buggenhout et al. reported that four patients with syn-
drome cleft palate had an interstitial deletion of chro-
mosome 2q32 → 2q33 in a region where the SATB2 
gene was located (24). Several studies on syndrome 
cleft palate have demonstrated an important role for the 
SATB2 gene (25-28).

However, evidence for an association between 
SATB2 gene polymorphisms and nonsyndromic cleft 

Block Haplotype Freq. Case, Control Ratio Counts Case, Control Frequencies Chi Square P-value
Block 1

CGGTC 0.388 190.0 : 292.0, 185.0 : 299.0 0.394, 0.382 0.145 0.703
TGTAC 0.303 149.0 : 333.0, 144.0 : 340.0 0.309, 0.298 0.154 0.695
CGTAG 0.169 84.0 : 398.0, 79.0 : 405.0 0.174, 0.163 0.210 0.646
CATAC 0.124 54.0 : 428.0, 66.0 : 418.0 0.112, 0.136 1.314 0.252

Block 2
GCATTCACC 0.246 114.0 : 368.0, 124.0 : 360.0 0.237, 0.256 0.504 0.478
GCATTCCCC 0.186 98.4 : 383.6, 80.9 : 403.1 0.204, 0.167 2.192 0.139
TTTTCCCCC 0.170 81.0 : 401.0, 82.9 : 401.1 0.168, 0.171 0.020 0.888
GTTCTTCCT 0.170 75.9 : 406.1, 87.9 : 396.1 0.158, 0.182 0.999 0.318
GTTCTCCTC 0.140 69.5 : 412.5, 66.0 : 418.0 0.144, 0.136 0.124 0.725
GTTCTCCCT 0.033 19.0 : 463.0, 13.0 : 471.0 0.039, 0.027 1.189 0.276
GCATTTCCT 0.018 7.1 : 474.9, 10.1 : 473.9 0.015, 0.021 0.522 0.470
GTTTCCCCC 0.010 6.0 : 476.0, 4.1 : 479.9 0.013, 0.008 0.402 0.526

Table 3. Haplotype analysis.

Figure 2. Association between SATB2 rs4673313 T/C gene poly-
morphism and nonsyndromic oral clefts risk.

Genetic contrasts     Group and subgroups    studies    Q test P-value   Model selected     OR (95%CI)            P                                   
C vs. T Overall 2 0.48 Fixed 1.11(0.94,1.31) 0.23

Caucasian 1 - Fixed 1.17(0.93,1.46) 0.17
Asian 1 - Fixed 1.03(0.80,1.33) 0.80

CC vs. (CT+TT) Overall 2 0.30 Fixed 0.95(0.65,1.39) 0.79
Caucasian 1 - Fixed 0.63(0.27,1.50) 0.30
Asian 1 - Fixed 1.05(0.69,1.61) 0.81

TT vs. (CT+CC) Overall 2 0.41 Fixed 0.84(0.69,1.04) 0.11
Caucasian 1 - Fixed 0.80(0.62,1.02) 0.07
Asian 1 - Fixed 0.97(0.66,1.42) 0.87

Table 4. Meta-analysis of the association of the SATB2 rs4673313 T/C gene polymorphism with oral cleft risk.
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palate is lacking. Carter et al. (22) performed a study 
to detect the effects of SATB2 gene polymorphisms in 
892 patients with NSCP and 902 normal controls, and 
reported that SATB2 gene variations do not contribute 
to the development of NSCP in the Irish population. 
Mossey et al. performed a study to investigate gene-
environment and gene joint effects, in a large multi-
center study of case-parent triads, and found that the 
rs1348813 polymorphism of the SATB2 gene does not 
contribute to NSCP in European populations (17). Gur-
ramkonda et al. (29) performed a study to detect the role 
of rs137853127, rs200074373 and rs1992950 polymor-
phism of the SATB2 gene in 173 patients with NSCP 
and 176 normal controls, and reported that SATB2 gene 
variations do not contribute to the development of NSCP 
in the south Indian population. Similar conclusions have 
been reached in a study of southeast Asian populations 
(Malaysia, Taiwan and Singapore); Beaty et al. showed 
there is no correlation between the SATB2 gene and 
cleft palate (30). In this study, we first assessed the re-
lationship between cleft palate and SNPs of SATB2 in 
eastern Guangdong population.

In this study, there was not enough of a sample num-
ber for meta-analysis on other 15 SNPs. Thus, we per-
formed the meta-analysis for only SATB2 rs4673313 
T/C gene polymorphism. For another word, this report 
first showed the association data for the relationship 
between other 15 SNPs and NSCP risk. However, more 
studies should be conducted to confirm them.

We also performed a meta-analysis, and we did not 
find that the SATB2 rs4673313 T/C gene polymorphism 
is associated with NSCP risk in the overall population, 
in Asians or in Caucasians. In previous analyses, no me-
ta-analyses were used to assess this relationship. Howe-
ver, more studies in this topic should be conducted in 
the future to provide additional confirmation.

Sixteen selected SATB2 SNPs do not contribute to 
the development of CPO in the eastern Guangdong po-
pulation. By meta-analysis, we also do not find that the 
SATB2 rs4673313 T/C gene polymorphism associates 
with NSCP risk in the overall population, in Asians or 
in Caucasians. Additional well-designed experiments 
should be performed to confirm this relationship in fu-
ture studies. 
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