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Abstract

Objective: Nonsyndromic cleft lip with or without cleft palate(NSCL/P) is a common birth defect with unclear etiology. Both genetic
and environmental factors may contribute to NSCL/P. Many genes have been identified as candidate genes associated with this disease.
Interferon regulatory factor 6(/RF6) gene and transforming growth factor-a(TGFA) gene seem to be crucial in the predisposition of NSCL/
P. Here we evaluated some single nucleotide polymorphisms(SNPs) loci of TGFA and IRF6 genes in Chinese nuclear families consisting
of fathers, mothers and affected offspring with NSCL/P. Methods:Fifty patients of NSCL/P were confirmed by the plastic surgeons.
They and their parents were included in the study, all with the informed consents. SNPs loci of TGFA and IRF6 genes were analyzed by
microarray technology. Some PCR products were randomly chosen and sequenced to check microarray results. The distribution of gene
type and allele frequency between patient group and parents group were compared. Then a Haplotype Relative Risk(HRR) and Transmis-
sion Disequilibrium Test(TDT) were performed. Results:The sequences of randomly selected PCR products were all consistent with the
microarray results. All loci were in Hardy-Weinberg equilibrium. There were no significant differences in the distribution of genotypes and
alleles between patients and their parents. Using HRR and TDT analyses the V2741 of IRF6 was associated with NSCL/P, while another
SNP locus of IRF6 was not. Strong evidence of linkage disequilibrium was found between the 2 SNP loci of TGFA and disease with the
HRR analysis, but not with the TDT analysis. Conclusion:Our study confirms the contribution of IRF6 in the etiology of NSCL/P in
populations of Asian ancestry. The association of TGFA with NSCL/P requires further research.
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malities. The prevalence of NSCL/P varies from 1 in
500 to 1 in 2 500, depending on the ethnicity and
geographic location of the population!?. The etiology
of NSCL/P is complex and both genetic and environ-
mental factors may contribute to NSCL/P. Maternal
smoking, alcohol use and insufficient folic acid and

INTRODUCTION

Nonsyndromic cleft lip with or without cleft palate
(NSCL/P) is a common congenital facial malformation
without any other structural or developmental abnor-
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multivitamins are thought to be environment factors
associated with NSCL/P®*. In addition, by applying a
variety of genetic and epidemiologic methods investi-
gators have identified several candidate genes and loci
associated with NSCL/P. These genes are classified into
several categories as follows: polarizing signals, growth
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factors and receptors, transcription factors, cell adhe-
sion molecules, and extracellular matrix™8l,

Interferon regulatory factor 6(IRF6) gene and trans-
forming growth factor-a (TGFA) gene belong to tran-
scription factors and growth factors respectively!®1°l
IRF6 contains a helix-turn-helix DNA-binding motif
and is thought to play an important role in NSCL/P as
mutations have been identified in this gene in Van der
Woude syndrome(VWS[MIM 119300]), which is a
dominant disorder sharing some symptoms with NSCL/
P12l However IRF6 is not always associated with
NSCL/PU31,

The protein encoded by TGFA is a secretary protein
that binds to the epidermal growth factor(EGF) recep-
torl?l. It acts as a potent epithelial mitogen and may
stimulate extracellular matrix biosynthesis!'*. Expressing
TGFA in palatal tissue in culture and its presentation at
high levels in epithelial tissue of the medial edge of the
palatal shelves at the time of shelf fusion makes it a
candidate gene of NSCL/PY!.

Because the relationship of IRF6 gene and TGFA
gene with NSCL/P remains unclear, especially in a
Chinese population, we carried out the present study to
evaluate the association of single nucleotide
polymorphisms(SNPs) of the IRF6 and TGFA genes
with NSCL/P.

MATERIALS AND METHODS
Subjects

The subjects of this study were 50 patients of NSCL/P,
aged from 5 months to 30 years, all of whom were Han
people from southeast China. NSCL/P was confirmed
by the plastic surgeons, excluding cleft-associated
syndromes, such as DiGeorge syndrome, Stickler
syndrome, Nager syndrome, Pierre Robin sequence,
EEC syndrome, and Van der Woude syndrome. The
parents of those NSCL/P patients were also included in
this study. Blood samples(2 ml) were collected in EDTA
Sterile Interior(BD Vacutainer).

All subjects were recruited in the First Affiliated
Hospital of Nanjing Medical University and the Zhongda
Hospital of Southeast University. This study was
approved by the local ethical committee and all patients
gave their informed consent.

DNA extraction and PCRs

Genomic DNA was extracted from blood samples
using PureGene DNA extraction kit(Gentra System,
USA). PCRs were performed in 30 1l volume con-
taining 1 X PCR buffer, 1.5 mM MgCl,, 0.2 mM dNTP,
0.4 vM common forward primer and 0.4 1M reverse
primer modified with an acrylamide group at their 5’
terminal, 0.5 units Taq polymerase, and 50-100 ng DNA.
Thermocycling was carried out over 30-second steps at

94°C, the primer-specific annealing temperature, and
72°C, respectively, for 35 cycles. The 2 loci of TGFA
shared the same primers since the distance between the
2 loci was only 24 bases. The primer information is
given in Table 1.

Microarray

After PCR amplification and gel electrophoresis, PCR
products were processed by ethanol precipitation and
evaporation. The acryl-modified slides were supplied
by State Key Laboratory of Bioelectronics, Southeast
University(Nanjing, China). Solutions containing
acrylamide-modified PCR products, 3% acrylamide,
1% APS and 30% glycerol monomers were prepared,
then spotted onto the acryl-modified slides. After
spotting, the slides were placed in a humid sealed chamber
in which a well containing tetramethylenediamine
(TEMED) was deposited in advance. The pressure in
the sealed chamber was reduced to about 1000 Pascal
(Pa), and this pressure was maintained for at least 0.5 h
at room temperature.

Following the attachment, dsSDNA(double stranded
DNA) on the slides was denatured by electrophoresis in
0.1mol/L NaOH for 10 min to obtain ssDNA(single
stranded DNA) for hybridization analysis. Then the
solution containing the labeled probes(data shown in
Table 2) was applied to the microarray and spread evenly
by placing a coverslip on the top, and the hybridization
was performed at room temperature for 4 h in a humid
glass chamber sealed with a plastic film. After
hybridization, the slides were subjected to electrophoresis
under 5-30 V/cm for 5-12 min in 1 X Tris-borate-
ethylene-diaminetetraacetic acid(EDTA)(TBE) buffer
at room temperature. Then the slides were rinsed and
dried. Images of the slides were captured by a scanner
(Lux Scan-10K/A, Beijing, China) and analyzed with
LuxSpot 3.0 software.

Sequencing

Some PCR products were randomly chosen and
sequenced to check the result from the microarrays. The
sequencing assay was performed by the China South
Gene Company(Shanghai, China).

Statistical analysis

Hardy-Weinberg Equilibrium Test was performed and
the distribution of gene type and allele frequency betw-
een the patient group and parents group were compared.
Haplotype Relative Risk(HRR) analysis was used in all
patient-parents triads, while Transmission Disequilib-
rium Test(TDT) was performed only in nuclear families
with heterozygous parents. X*analyses were performed,
and P < 0.05 was considered significant. All of the
statistical analyses were carried out using Stata9.0
software.
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RESULTS

The sequences of randomly selected PCR products
were all consistent with the results of microarrays. The
distributions of genotypes and allele frequencies in
nuclear families are shown in Table 3. All loci were in
Hardy-Weinberg equilibrium(data not shown). There
were no statistically significant differences in gene type
and allele frequency between two groups at each locus
(Table 4).

HRR analysis
The C3827T, T3851C of TGFA and V2741 but not
1s2235375 of IRF6 were associated with NSCL/P(Table 5).
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TDT analysis

Only V2741 of IRF6 was associated with NSCL/P
(x2=4.787, v=1, P<0.05). The V allele was found to
be overtransmitted by parents to patients. The results
were not significant for the association of other loci
with NSCL/P(Table 6).

DISCUSSION

Craniofacial development is comprised of complex
events, coordinated by a network of signaling
molecules, transcription factors, and proteins confer-
ring cell polarity, as well as interactions between cells®.
Any gene playing a role in the network mentioned above
could be a candidate gene for NSCL/P5- 161,

Table1 Information about each primer

Gene Locus Primers Annealing Temperature
TGFA C3827T F 5"-GCCCAACACAGGAGATTTC-3’ 60°C
T3851C R" 5’ -acrylamide-GTGGCGATAGCTTGGGATG-3’
IRF6 V2741 F 5"-GCTGCCGACTCTTCTATG-3’ 55.3C
R" 5’ -acrylamide-GACCAGTACACCTTGCAC-3’
rs2235375 F 5 -GTTTCTTTACTTCTTCCCTG-3’ 57.7C
R" 5’ -acrylamide-GCCCTTCTATAGCTCTCC-3’
“primers modified with acrylamide group at their 5’ -terminal.
Table 2 Information about probes of each locus
Gene Locus Probe sequence
TGFA C3827T CY3 5’-Cy3-cgagaccctcaac-3’
CY5 5’-Cy5-cgagactctcaac-3’
T3851C CY3 5’-Cy3-cttccatggacac-3’
CY5 5’-Cy5-cttccacggacac-3’
IRF6 V2741 CY3 5’-Cy3-GAGCAGGTCAAAT-3’
CY5 5" -Cy5-GAGCAGATCAAAT-3’
rs2235375 CY3 5’ -Cy3-AAGACCCAGCAAG-3’
CY5 5’ -Cy5-AAGACCGAGCAAG-3’

CY3: probes labeled with Cy3 fluorescent dyes regarded as wild type probes;
CY5: probes labeled with Cy5 fluorescent dyes regarded as mutate probes.

Table 3 Distribution of genotype and allele frequency in nuclear families

Gene type(%) Allele(%)
Gene Site Group
ClICla C1C2b C2C2c Cl C2
TGFA C3827T patients 14(28d) 28(56) 8(16) 56(56) 44(44)
parents 42(42) 42(42) 16(16) 126(63) 74(37)
T3851C patients 47(94) 3(6) 0(0) 97(97) 3(3)
parents 86(86) 14(14) 0(0) 186(93) 14(7)
IRF6 V2741 patients 28(56) 20(40) 2(4) 76(76) 24(24)
parents 45(45) 48(48) 7(7) 138(69) 62(31)
rs2235375 patients 8(16) 25(50) 17(34) 41(41) 59(59)
parents 19(19) 53(53) 28(28) 91(45.5) 109(54.5)
C1: wild type base; C2: mutate base. a: wild type homozygote; b: heterozygote; c: mutate homozygote; d: distribution frequency.
Table 4 Statistical analysis of gene type and allele frequency at each locus
Gene Site . Gene type . Allele
X2 P X2 P
TGFA C3827T 3.150 0 0.207 1.396 0 0.242
T3851C 2.123 0 0.145 1.995 4 0.158
IRF6 V2741 1.799 4 0.407 1.597 5 0.206
rs2235375 0.624 4 0.732 0.547 9 0.459
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Table 5 The HRR results of each locus

Gene Locus T/NT Cl C2 X2 P

TGFA C3827T T 56 44 4.204 2 < 0.05
T3851C NT 70 30

IRF6 V2741 T 97 3 4.915 5 < 0.05
NT 89 11

rs2235375 T 76 24 4.581 6 < 0.05
NT 62 38

T 41 59 1.633 2 > 0.05
NT 50 50

T: transmitted; NT: not transmitted; C1: wild type base; C2: mutate base.
Table 6 The TDT results of each locus
Gene Locus NT/T Cl C2 X2 P

TGFA C3827T Cl 17 22 0.095 > 0.05
C2 20 7

IRF6 T3851C Cl1 12 3 3.500 > 0.05
C2 11 0

V2741 Cl 19 17 4.787 < 0.05
Cc2 31 5

rs2235375 C1 11 30 0.925 > 0.05
C2 23 18

T: transmitted; NT: not transmitted; C1: wild type base; C2: mutate base.

On the basis of its involvement in Van der Woude’ s
syndrome, an autosomal dominant form of cleft lip and
palate, investigators identified IRF6 gene as a candi-
date gene of NSCL/PU™1. JRF6 is expressed in the
palate MEE prior to and during the fusion of the palate
in the mouse. Zucchero et al studied 8003 patients
belonging to 10 populations with ancestry in Asia,
Europe, and South Americal''l, Jakobsen et al studied
the suggestive linkage to a neighboring region of IRF6
in a cleft lip and palate multiplex family™. The linkage
disequilibrium extended from 40 kbp in the 5’ direc-
tion to 100 kbp 3’ of IRF6 and overtransmission of
the valine(V) allele was found in the entire population
data set. The V allele was over-transmitted to offspring
from parents, and the results for some individual popu-
lations from South America and Asia were highly
significant. In the current study the result of HRR at
this locus was consistent with that of TDT, which showed
a positive relationship between the V allele and NSCL/
P at the V2741 locus. The V allele was also overtrans-
mitted to offspring from their parents in southeast
China. The facts that I variant allele is rare in European
populations and that the V allele is present in the Pan
troglodytes indicate that the V allele is probably the
ancestral allele in Homo sapiens''®!!l. During the Homo
sapiens evolutionary process the variance from V allele
to I allele may reduce the risk of NSCL/P. So the 1
allele might be a protective factor in NSCL/P. The
positive result in TDT suggested that the linkage
disequilibrium might exist between V2741 and the
susceptibility gene, and IRF6 was probably the suscept-
ibility gene of NSCL/P. This finding strongly supports

the involvement of IRF6 gene in populations of Asian
ancestry. There were other SNPs loci found being over-
transmitted in the study of Zucchero and colleagues!'.
One of them was rs2235375. Scapoli et al obtained
strong evidence that linkage disequilibrium existed betw-
een rs2235375 and NSCL/P in an Italian population™?!.
However the same evidence was not found between
rs2235375 and NSCL/P in the current research. Since
the etiology of NSCL/P is complex, the different results
might be due to ethnic and/or environment variances
between the Chinese population and Italian population,
or the small sample size!'82!,

TGFA might be a modifier gene rather than a necessary
and sufficient determinant related to NSCL/P since mice
with a null mutation of the TGFA gene had abnormal
skin, hair and eyes but did not have oral clefts”?2. Also,
the genetic correlation of human oral clefts with TGFA
might be explained by the phenomenon that the inci-
dence of oral cleft among mice with EGF receptor-
negative/-negative was high®.. If the ligand function
of TGFA for the EGF receptor is altered, the prolif-
eration and differentiation of palatal epithelial cells will
be affected, which may result in an oral cleft, as is the
case in mice with EGF receptor-negative/-negative.

Hayward et al first found the TGFA Taq I polymor-
phism with 4 missing bases in the fifth intron®¥. Since
the first report of an association of TGFA with oral
clefts a number of studies have been carried out!® 1.
Other variants in TGFA include BamHI, Rsal, HinfT,
C3296T, C3827T, and C3296T, C3827T and T3851C
locate in the 3’ untranslated region(3’ -UTR) with
unclear foundation!. Since most studies that were
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aimed at showing that TGFA gene contributes to the
formation of NSCL/P focused on the TGFA Tagql poly-
morphism®°, the SNPs loci in 3’ -UTR were chosen
in this study to see whether the TGFA gene played a
role in the etiology of NSCL/P. A positive relationship
between T3827C, T3851C, A3879G in TGFA K-primer
region and CPO was found in the study of Shiang et al*".
In a study comprised of 43 patients and 73 people as
controls that was carried out by Tanabe et al®], the
distribution of genotypes at C3827T, T3851C in TGFA
K-primer was statistically different between the patient
group and control group, indicating that TGFA plays a
role in the formation of NSCL/P. Schultz and colleagues
confirmed that C3827T in the TGFA K-primer was
associated with NSCL/P in Filipino families®. However
two other reports did not support this conclusion®”. In
the present study the positive HRR results of C3827T,
T3851C in the TGFA 3’ -UTR suggested that these
loci were associated with NSCL/P. The results in the
TDT were negative at the same 2 loci, and we thought
the reason might be that the TDT used only heterozy-
gous parents and was less powerful than the HRR when
there was no population stratification®. The HRR
method, reducing but not eliminating potential popu-
lation stratification bias, may lead to false positive
result®?. The different conclusions deduced from the
HRR and the TDT analysis for both C3827T and T3851C
may reflect the fact that the HRR contains more infor-
mation than the TDT. However, the possibility of the
potential population stratification bias leading to false
positive result in HRR analysis can not be excluded 132,
It is also important to consider the possibility that the
negative result in the TDT was probably due to the
small sample size. It is of interest to note that there was
a non-significant trend toward a positive association at
the T3851C locus in the TDT. We feel that a larger
sample size might provide adequate power to detect a
positive association. More studies should be undertaken
at these two loci.

To accelerate the discovery of disease-related genes,
advanced technologies which can identify genetic poly-
morphisms rapidly and accurately are urgently needed.
Among a number of newly described methods for
detecting SNPs, DNA microarrays has been gradually
achieving widespread use!™. Microarray technology was
used to evaluate the relationship between the SNPs of
TGFA gene, IRF6 gene and NSCL/P in this study. The
advantage of microarray analysis consists of its
automation, high throughput and great precision.
Simultaneous analysis of a large amount of molecular
information leads to a more rapid genotyping than
traditional SSCP and RFLP methods>!.

The potential for spurious associations due to popula-

tion stratification in the traditional patient-control design
makes the design a target of criticism®!. Some meth-
ods have been introduced to tackle the problem of
population stratification such as the HRR and the TDT.
When there is no stratification the HRR is more pow-
erful than the TDT because the HRR uses not only
homozygous parents but also heterozygous parents, while
the TDT uses heterozygous parents only. The HRR
reduces but does not eliminate potential population
stratification bias while the TDT can eliminate it
completely®?, so when there is stratification, the HRR
is more likely to yield false positive results. The TDT
has now become more widely used and it is the first
choice when a test for association in the presence of
linkage is needed. However, because the TDT uses
heterozygous parents a larger number of subjects is
needed to get positive result.

Although the sample size is not large enough to add
to understanding the role of the IRF6 gene and the
TGFA gene with NSCL/P, in a larger context this study
provides evidence of the IRF6 gene contributing to the
formation of NSCL/P in southeast China. Further study
with advanced technology should be carried out to find
out more loci in TGFA and IRF6 genes and new can-
didate genes in NSCL/P when a larger patient sample is
available. Functional experiments are required to
disclose the mechanism of the disturbed facial
development. We hope that the results of the current
study will help to clarify the etiology of this common
congenital malformation.
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