Health Scope. 2024 May; 13(2): e142145. https://doi.org/10.5812/healthscope-142145.

Published online: 2024 April 29. Research Article

Association of EPHA3 Gene Variation with Oral Hygiene in an Iranian
Population

Hoshangh Rafighdoosth !, Elaheh Hasanpour ', Mohamad Hashemi (! 2, Gholamreza Bahari 23>~ Mohsen
Taheri (i) 4:5:7

! Department of Anatomy, School of Medicine, Zahedan University of Medical Sciences, Zahedan, Iran

2 Department of Clinical Biochemistry, School of Medicine, Zahedan University of Medical Sciences, Zahedan, Iran
3 Children and Adolescent Health Research Center, Zahedan University of Medical Sciences, Zahedan, Iran

4 Genetics of Non-communicable Disease Research Center, Zahedan University of Medical Sciences, Zahedan, Iran
5 Genetic Department, School of Medicine, Zahedan University of Medical Sciences, Zahedan,Iran

: Corresponding Author: Genetic Department, School of Medicine, Zahedan University of Medical Sciences, Zahedan,Iran. Email: amirtii2@gmail.com

" Corresponding Author:Associate Professor of Clinical Biochemistry, Department of Clinical Biochemistry, School of Medicine, Zahedan University of Medical Sciences,
Zahedan, Iran. Tel: +98-9153497890; Fax: +98-5433295796, Email: ghrb1333@gmail.com

Received 2023 October 22; Revised 2024 January 9; Accepted 2024 January 22.

Abstract

Background: Non-syndromic cleft lip with or without cleft palate (NSCL/P) is the most prevalent congenital birth anomaly. The
EPHA3 gene is suggested to play a pivotal role in the development of oral clefts.

Objectives: This study aimed to evaluate the influence of EPHA3 gene polymorphisms on the risk of NSCL/P within an Iranian
cohort.

Methods: We performed genotyping of the EPHA3 gene polymorphisms rs7650466, rsi398197, rs17801309, rs1054750, and
1s7632427 in 150 NSCL/P patients and 152 healthy controls using PCR-RFLP, T-ARMS-PCR, and ARMS-PCR methods.

Results: The results indicated that the rs1398197 variation significantly reduced the risk of NSCL/P in a heterozygous
codominant model (OR = 0.58, 95% CI = 0.36 - 0.94, P = 0.027, G/A vs. G/G), a dominant model (OR = 0.56, 95% CI = 0.35 - 0.89, P =
0.014, G/A + AJA vs. G|G), and at the allele level (OR = 0.62, 95% CI = 0.43 - 0.91, P = 0.014, A vs. G). The rs1054750 polymorphism
showed a decreased risk of NSCL/P in codominant (OR = 0.62, 95% CI = 0.39 - 0.99, P = 0.047, T/C vs. T|T) and dominant models (OR
= 0.62, 95% CI = 039 - 0.98, P = 0.042, T/C + C/C vs. T|T). The rs17801309 polymorphism was not associated with any risk or
protection from NSCL/P. rs7650466 and rs7632427 were not polymorphic in the study sample.

Conclusions: Our findings suggest that variants of the EPHA3 gene may be linked with a reduced risk of NSCL/P.
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1. Background palate (NSCL/P) is a universally common congenital

anomaly among live births (1). The prevalence of NSCL/P

Certainly, activities such as speaking, swallowing, varies across different ethnicities; it is highest in Asian

and chewing require a healthy anatomical structure of and American Indian populations at approximately

the oral cavity. Defects like cleft palate (CP) in infants can 1/500, about 1/1000 in Europeans, and lowest in Africans

cause food to enter the nasal cavity during feeding. This at around 12500 (2). Non-syndromic cleft lip with or

can lead to slurred speech, bad breath, and without cleft palate often results in facial deformity and

psychological consequences that significantly affect the difficulties in speech and swallowing (3). Both

child's family. Such complications can arise from environmental and genetic factors contribute to the

chromosomal syndromes or occur in non-syndromic susceptibility to NSCL[P (1, 4-6).

cases. Non-syndromic cleft lip with or without cleft
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Non-syndromic cleft lip with or without cleft palate
can be categorized into cleft lip only (CLO), cleft palate
only (CPO), and cleft lip with cleft palate (CLP). Cleft lip
only and CLP are considered variations of the same
defect and are grouped together epidemiologically as
cleft lip with or without cleft palate (CL/P) (7).

The EPHA3 gene, located on chromosome 3 at 3pil.1
and comprising 17 exons (also known as EK4, ETK, HEK,
ETK1, HEK4, and TYRO4), belongs to the ephrin receptor
subfamily of the protein-tyrosine kinase family (8).
EPHA3 is involved in several developmental processes
including morphogenesis, cell adhesion, movement,
contraction, and regulation of axon guidance (9-11).
Animal studies have shown that B-type ephrin is highly
expressed in the pre-fusion epithelium of the palatal
shelves, suggesting its potential role as a candidate gene
for CLP (12). Another study indicated that EPHA3 is
highly expressed in palatal mesenchymal cells during
palatal development (13).

The rs7632427 polymorphism, located in the 3 "UTR of
EPHA3, plays a controlling role in the progression of
NSCL/P (14). Additionally, rs7632427 has been associated
with NSCL/P (15). These studies suggest that EPHA3 is
crucial in the development of the lip and palate and
may participate in the pathogenesis of NSCL/P.

2. Objectives

We conducted this investigation to examine the
association between EPHA3 variations and susceptibility
to NSCL/P in a sample population from southeast Iran.

3. Methods

This case-control study included 150 patients with
NSCL/P and 152 healthy subjects. The control samples
consisted of unaffected, unrelated individuals without a
family history of clefting, collected as randomly
selected, population-based controls from Zahedan. All
patients were diagnosed independently and were
screened by a multidisciplinary team of specialists to
exclude cleft-associated syndromes, such as DiGeorge,
Stickler, Nager, and Van der Woude syndromes. The

design of this investigation was based on previous

studies (16). The project was approved by the local Ethics
Committee of Zahedan University of Medical Sciences
(IR.Zaums.REC.1398.122), and written informed consent
was obtained from all participants or their parents.
Blood samples from all participants were collected in
tubes containing EDTA and stored at -20°C prior to DNA
extraction. Genomic DNA was extracted using the
salting-out method.

3.1. Genotyping

Genotyping of the variants was performed using
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP), Tetra-ARMS, and ARMS-PCR
methods.  The

temperatures, restriction enzymes, and product sizes

primer  sequences, annealing
are displayed in Table 1. PCR was conducted using prime
Taq premix (Genet bio, South Korea) according to the
manufacturer’s suggested procedure. Each 0.20 -
milliliter PCR reaction tube contained 1 microliter of
genomic DNA (~ 100 ng/mL), 1 microliter of each primer
(10 pM), 10 microliters of 2X Prime Taq premix, and 7

microliters of ddH,O for the PCR-RFLP and ARMS-PCR
methods (and 5 microliters of ddH,0 for the Tetra-ARMS

PCR method). The PCR conditions included an initial
denaturation at 95°C for 5 minutes, followed by 30
cycles of 30 seconds at 95°C, annealing at the
temperature listed in Table 1 for 30 seconds, and an
extension at 72°C for 30 seconds, with a final extension
of 72°C for 5 minutes. The PCR products (10 yL for PCR-
RFLP) were digested by appropriate restriction enzymes
as specified in "Table 1", analyzed by agarose gel
electrophoresis, and visualized on a UV
transilluminator.

3.2. Statistical Analysis

Data analysis was performed using the statistical
package SPSS 20 software (IBM Corp., Armonk, NY, USA).
The associations between EPHA3 variants and NSCL/P
risk were evaluated by odds ratios (ORs) and 95%
confidence intervals (CIs) under different genetic
models. SNPstats software was utilized for haplotype
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Table 1. The Primers Used for the Detection of EPHA3 Polymorphisms Using PCR-RFLP, ARMS-PCR or Tetra-ARMS Methods

Pol hi Restrict
0 ymorphism Primer Sequence (5’ -3’) Method Annealing, °C estriction Fragment, bp
EPHA3 Enzyme
F: TTTTGAAAAGATGTACCTGGTGGA Tallele = 233: C
157650466 PCR-RFLP 58 Ddel -
R: TCTACAACAGATGAGCACTTCTG allele=210+23
F(G allele): AGAAGCTATAGCCTACCGCCAG
rs1398197 F (A allele): AGAAGCTATAGCCTACCGCCAA ARMS-PCR 58 Product size = 211
R: ACCAGGAGCCACCCAGTTACAT
F: GAAGGGGAGAACTTAGACAAGATGATT 94
rs17801309 PCR-RFLP 62 BstXI G allelf =294;A
R: TGTCCAGACACCATTAAGCCAGTCACCAG allele =263 +31
151054750 FO: CATCAAACCTTCTTCTGGACCAAAG
RO: CGGTAGTCAGTACCTCAGATCTACCACTAA Control =285; T
Tetra-ARMS PCR 60 allele=200;C
FI (T allele): CACTGCAAGGAAATCTTCACGTGT allele=133
RI (C allele): GTGTCACAAGAACTGTACTCCCCG
F: GCCTTTTCTTCAGTGTCTAACT Tallele=307; C
17632427 PCR-RELP 56 Becl

R: ACTCTTCACTTGCTTCACTCAT

determination. P-values less than 0.05 were considered

statistically significant.
4. Results

A total of 302 subjects, comprising 150 NSCL/P
patients and 152 unrelated healthy subjects, were
evaluated. The demographic characteristics of the
subjects are shown in Table 2. Of the 150 patients, 54 had
a cleft lip (CL), 51 had a CLP, and 45 had a CP. No
statistically significant differences were found between
the groups regarding sex and age (P=0.352 and P=0.101,
respectively). Genotypic and allelic frequencies of EPHA3
gene polymorphisms are presented in Table 3. The
findings showed that the rs1398197 polymorphism
significantly decreased the odds of NSCL/P in a
heterozygous codominant model (OR = 0.58, 95% CI =
0.36-0.94,P=0.027, GAvs. GG), a dominant model (OR =
0.56,95% CI=0.35- 0.89, P = 0.014, GA+AA vs. GG), and an
allelic model (OR = 0.62, 95% CI = 0.43 - 0.91, P = 0.014, A
vs. G). The rs1054750 variant was associated with
protection against NSCL/P in codominant (OR = 0.62,
95% CI = 0.39 - 0.99, P = 0.047, TC vs. TT) and dominant
models (OR = 0.62, 95% CI = 0.39 - 0.98, P = 0.042, TC + CC
vs. TT). No significant association was detected among
1517801309 polymorphisms and NSCL/P. rs7650466 and
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allele=190 +117

157632427 were not polymorphic in the study. Stratified
analysis was conducted according to CL, CLP, and CP
(Table 4). The results suggested that the GA genotype.

Table 2. Demographic Characteristics of Cases and Controls

. Controls(n CLP(n CL(n= CP(n= CLP(n P-
Characteristics =152) =150)  54) 5) =51) Value
7.62t 874t  7.76% 631t
+
Age(y) 9-09£9.05 5.55 5.64 5.58 5.24 0101
Sex 0.352
2
Male 85(55.9) 92(61.3) (63340) (6070) 31(60.8)
20 18 20
Female 67(44.1) 58(38.7) (37.0)  (40.0) (39.2)

2 Values are expressed as mean + SD or No. (%).

Table 3. Genotypic and Allelic Frequencies of EPHA3 Genes Polymorphisms Among
Cases and Controls and Their Association with Non-syndromic Cleft Lip with or
Without Cleft Palate

Polymorphism EPHA3 Cases Controls OR (95%CI) P-Value
rs1398197
Codominant

G/G 97(64.7)  77(50.7) 1

GJA 46(30.7) 63(41.4) 0.58(0.36-0.94)  0.027

AJA 7(4.6) 12(7.9) 0.46 (0.17-1.23) 0.123
Dominant

GIG 97(64.7)  77(50.7) 1

G/A+AJA 53(353)  75(493)  0.56(0.35-0.89) 0.014
Recessive

G/G+G/A 143(95.4)  140(92.1) 1
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Polymorphism EPHA3 Cases Controls OR (95%CI) P-Value

AJA 7(4.6) 12(7.9) 0.57(0.22-1.49) 0.248
Allele

G 240(80.0)  217(71.4) 1

A 60 (20.0) 87(28.6)  0.62(0.43-0.91) 0.014
1517801309
Codominant

G|G 120(80.0)  116(76.3) 1

GJA 26 (17.3) 31(20.4) 0.81(0.45-1.45) 0.479

AJA 4(2.7) 5(3.3) 0.77(0.20-2.95) 0.773
Dominant

G|G 120(80.0)  116(76.3) 1

G/A+AJA 30(20.0) 36(23.7) 0.80 (0.46-1.39) 0.439
Recessive

G|G+GJA 146(973)  147(96.7) 1

AJA 4(2.7) 5(33) 0.81(0.21-3.06) 0.750
Allele

G 266(88.7) 263(86.5) 1

A 34(11.3) 41(13.5) 0.82(0.50-1.33) 0.422
151054750
Codominant

1T 100(66.7)  84(55.2) 1

T/C 48(32.0) 65(42.8)  0.62(0.39-0.99) 0.047

c/c 2(13) 3(2.0) 0.56 (0.09-3.43) 0.525
Dominant

T/T 100(66.7)  84(55.2) 1

T/C+C|C 50(333) 68(44.8) 0.62(0.39-0.98) 0.042
Recessive

T/T+T/C 148(98.7)  149(98.0) 1

c/C 2(13) 3(2.0) 0.67(0.11-4.08) 0.663
Allele

T 248(82.7)  233(76.6) 1

C 52(17.3) 71(23.4) 0.88(0.59-1.31) 0.526

?Values are expressed as No. (%) except otherwise indicated.

Table 4. Genotype and Allele Frequencies of EPHA3 Gene Polymorphisms in Subjects
with Confidence Interval, Cleft Lip with Cleft Palate, and Cleft Palate

OR OR OR
Polymorphism Control CL (95%CI), CLP (95%CI), CP (95%Cl),
P-Value P-Value P-Value
rs1398197
30 35 32
G/G 77(50.7) (55.6) 1 (68.6) 1 (1) 1
0.81 0.49 0.46
20 (0.42- 14 (0.24- 12 (0.22-
GlA 63(414) (370) 157, (275) 0.99), (267) 0.96),
0.541 0.044 0.037
0.86 0.37 0.60
4 (0.26- 2 (0.08- (0.06-
AJA 12(7. 1(2.2
I 09 a4y 286, o) 1m), 'C? 559,
0.799 0.189 0.652
Allele
217 80 84 76
€ (71.4)  (740) L (82.4) L (84.4) L
A 87(28.6) 28 0.87 18 0.53 14 0.46
(25.9) (0.53- (17.6) (030- (15.6) (0.25-
4

OR OR OR
Polymorphism Control CL  (95%CI), CLP (95%CI), CP  (95%CI),
P-Value P-vValue P-Value
1.44), 0.94), 0.86),
0.592 0.028 0.013
1517801309
116 45 40 35
763 83.3 78.5 77.8
Gl (763)  ( Toomss) N !
0.75 0.65 1.07
9 (0.33- 7 (0.27- 10 (0.48-
G 31204) 6 G70),  (37) 160), (222) 2.40),
0.487 0.352 0.871
232
0 . 4 (0.59- 0
AlA 563) (o0 (78) 907, (0.0
0.215
Allele
263 99 87 80
G 1 1 1
86.5 917 853 88.9
6 ) )
0.58 0.80
111(0.58
A 4(35) 9 (0.27- 15 2(0;; 10 (0.38-
(83) 1.24), (14.7) 0'757’ (11.1) 1.67),
0.159 . 0.555
151054750
36 32 32
T/T 84(55.2) (66.7) 1 (627) 1 (711) 1
0.57 0.77 0.52
1IC 65 16 (0.29- 19 (0.40- 13 (0.26-
(42.8) (29.6) 112), (37.3) 148), (28.9) 108),
0.104 0.43 0.077
156
(0.25- 0 0
clc 3(20) 2B7) Y97y (0.0) - (0.0)
0.634
Allele
T 233 88 1 83 1 77 1
(76.6)  (815) (81.4) (85.6)
0.95 0.96 0.71
20 (0.55- 19 (0.55- 13 (0.37-
¢ 7(234) (185) 165, (186) 168) (14.4)  135)
0.866 0.89 0.291

2Values are expressed as No. (%) except otherwise indicated.

5. Discussion

The pathogenesis of NSCL/P is influenced by genetic
and environmental factors (4, 17, 18). Previous studies
have highlighted the role of the EPHA3 gene in
susceptibility to NSCL/P, noting variations across
different populations (14, 15, 19). This study aimed to
evaluate the association between EPHA3 polymorphisms
rs7650466, rs1398197, 1517801309, 151054750, and
1s7632427, and the odds of NSCL/P. Our results
demonstrated that the rs1398197 and rs1054750 variants
significantly reduced the odds of NSCL/P. However, no
found between the
1517801309 polymorphism and NSCL/P in our
investigation. Additionally, the rs7650466 and rs7632427
variants were not polymorphic in our study population.

significant association was

Health Scope. 2024;13(2): e142145.
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The findings from our stratified analysis suggested
that the GA genotype and A allele of the rs1398197 variant
significantly decreased the odds of both CP and CLP. Pan
et al. examined the association between six loci
(rs7590268, 1s7632427, rs12543318, rs1873147, rs8001641,
and rs742071) and the risk of NSCL/P. They found that the
1s7590268 variant was associated with an increased risk
of NSCL/P, while rs7632427, rs12543318, and rs1873147
exhibited protective effects. No relationship was found
between rs742071 and rs8001641 and the risk of NSCL/P
in their study, underscoring the role of these genes in
craniofacial development and their potential
association with common orthopedic birth defects (15).

Chen et al. evaluated the impact of five SNPs in EPHA3
on the risk of NSCL/P and found that only the rs7650466
variant was associated with a decreased risk of NSCL/P.
The other four SNPs showed no statistically significant
differences between the NSCL/P and control groups in

their study (20).

They hypothesized that EPHA3 plays a crucial role in
the development of cranial and maxillofacial structures.
Additionally, they found that this polymorphism could
alter the binding site of miR - 2052 to the 3-UTR of
EPHA3. A decrease in binding capacity led to reduced
expression of EPHA3 and a decreased incidence of
NSCL/P (20). There are some limitations to this study,
including the relatively small sample sizes. Another
limitation is that we did not examine the biological
functions of the polymorphisms. In summary, our
results suggest that variations in the EPHA3 gene may
contribute to NSCL/P susceptibility. Future large-scale,
well-designed studies with diverse ethnicities are
of EPHA3 gene

needed to confirm the role

polymorphisms in NSCL/P risk.
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