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The 1105V polymorphism in glutathione S-transferase
P1, parental smoking and the risk for nonsyndromic
cleft lip with or without cleft palate
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Genetic variations in the detoxification enzyme glutathione $-transferase P1 (GSTPT) may modify the
teratogenicity of lifestyles, such as smoking. We investigated the role of the 1105V polymorphism in GSTP1,
parental periconception smoking, and their interaction with nonsyndromic cleft lip with or without cleft
palate (CL/P) risk in the offspring. The GSTP1 1105V polymorphisms were determined in Dutch non-
consanguineous Caucasians comprising of 155 CL/P triads (mother, father, child) and 195 control triads. The
analyses were also carried out on complete triads only (n=69 CL/P and n=95 controls). Transmission
disequilibrium testing and logistic regression analyses were performed. Neither maternal nor paternal
smoking increased CL/P risk; odds ratios (OR): 1.2, 95 confidence intervals (Cl) =0.7-2.0 and OR: 1.0, 95%
Cl=0.6-1.6, respectively. Carriership of the polymorphic Val105 allele in mothers may increase CL/P risk,
OR: 1.5, 95% Cl1=0.96-2.5. Children homozygous for the Val105 allele may show an increased risk of CL/P,
OR: 2.2, 95% Cl=0.8-6.4. Maternal smoking tended to increase CL/P risk in mothers and children carrying
Val105 alleles, OR=1.9, 95% Cl=0.9-4.0 and OR=2.2, 95% Cl =0.98-4.9, respectively. The highest risk for
CL/P in children carrying Val105 alleles with a smoking father was 1.7, 95% Cl=0.8-3.5. The GSTPT 1105V
polymorphism in mothers and/or children either alone or in combination with maternal smoking may
contribute to CL/P risk. Although of borderline significance, these results may underline the importance of
smoking cessation in the periconception period for the prevention of CL/P in future generations.
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Introduction

Orofacial clefts are complex congenital malformations
with a multifactorial aetiology.! In addition to genetic
predispositions, environmental factors, such as maternal
smoking during pregnancy, are strongly suggested to be
involved in the pathogenesis of nonsyndromic orofacial
clefts.!™*

Several mechanisms for the detrimental actions of
tobacco use have been proposed. Smoking increases the
levels of carbon monoxide, which has a high affinity for
haemoglobin,® thereby decreasing the availability of
oxygen to the embryo. Both hypoxia and nicotine lead to
vasoconstriction of foetal and maternal blood vessels
further reducing the supply of oxygen and essential
nutrients to the embryonic tissues during the critical
period of palatogenesis. Studies in mice have indeed
revealed that maternal respiratory hypoxia increases the
incidence of cleft lip with or without cleft palate (CL/P).®
Moreover, our group demonstrated the importance of
vitamins and minerals in the pathogenesis of these
congenital malformations.”~? On the other hand, smoking
may affect the expression of genes involved in palato-
genesis, such as matrix metalloproteinases,'® or modify the
concentration of important transcription factors, including
folate.!1'12 Moreover, allelic variants in several candidate
genes for clefting, such as TGFy, TGFf3 and MSX1, demon-
strated an interaction with smoking on CL/P risk.'3~!*

Current studies have mainly focused on the role
of maternal exposures and congenital malformations in
the offspring, as the mother is the environment of the
intrauterine development of the child. However, the
genetic background of the child is derived from both
parents, whose gametes may be affected by lifestyle
factors.'> Therefore, paternal lifestyle factors, such as
smoking, may generate cytotoxic effects'® and could as
such contribute to orofacial clefts in newborns.

The toxicity of smoking during embryogenesis varies in
time, dose and frequency of exposure, and is dependent on
metabolism and transfer of the toxins from the mother to
the embryo. Therefore, the detoxification capacity of the
parents as well as (extra)embryonic tissues may play a role
in the aetiology of orofacial clefts. Glutathione S-transferase
P1 (GSTP1), located on chromosome 11q13, is part of the
superfamily of glutathione S-transferases (GSTs), involved
in the detoxification of electophilic compounds by
glutathione conjugation.'” So far, GSTP1 is the only
isoform that is expressed in the placenta and in the
developing embryo as early as 8 weeks of gestation.'®'?

Genetic variations in (detoxification) enzymes may alter
their functionality. We previously demonstrated that
smoking mothers carrying the glutathione S-transferase
Theta 1 (GSTT1)-null genotype had a three-fold increased
risk for a child with a nonsyndromic orofacial cleft
compared to nonsmokers with at least one functioning
allele. The risk was almost five times greater in mothers and

GSTP1 polymorphisms, smoking and orofacial clefts
IPC Krapels et al

npo)

infants both having the GSTTI-null genotype.®> These
findings have been confirmed by Lammer et al,?° who also
revealed an interaction between the glutathione S-transfer-
ase M1 (GSTM1)-null genotype and maternal smoking on
CL/P risk. Similarly, polymorphisms in endothelial nitric
oxide synthase, an enzyme involved in folate-homocysteine
metabolism, affect CL/P risk in combination with maternal
smoking.*!

For GSTP1, the 1105V polymorphism, an amino-acid
change of isoleucine to valine at codon 105 in exon 5, leads
to decreased enzyme activity.?? GSTP1 is important in the
detoxification of toxic compounds present in tobacco
smoke.?® Just recently, Ramirez et al** and Shi et al*® could
not find an association between the GSTP1 1105V poly-
morphism and CL/P. However, in their unadjusted Danish
data, they showed a two-fold increased CL/P risk in
homozygous 105V foetuses with a smoking mother.?®
Data on paternal smoking were not available in their study.
Studies in knockout mice lacking gstp1 in a clean environ-
ment did not result in abnormal phenotypes. Their
development was affected, however, when exposed to
toxicants only.?®

The aims of this study were (1) to investigate the GSTP1
1105V polymorphism in case and control triads in a Dutch
population (mother, father, child) and (2) to evaluate the
interactions between this polymorphism and periconcep-
tion parental smoking and orofacial cleft risk.

Materials and methods
Study population

We performed a case—control triad (mother, father, child)
study at the Radboud University Nijmegen Medical Center
in Nijmegen and at the Erasmus MC, University Medical
Center in Rotterdam in The Netherlands, and recruited 485
nonsyndromic orofacial cleft (395 CL/P and 90 cleft palate
(CP)) and 274 control triads between October 1998 and
August 2002. The participation rate of the cases was 72%.
The study design has been described in detail by Van Rooij
et al.® In summary, case families were recruited in
collaboration with the 10 largest cleft lip and palate teams
in The Netherlands and the parents and patients organiza-
tion for clefts (VSOP/BOSK). In every cleft lip and palate
team, the orofacial cleft was classified and diagnosed as
being nonsyndromic by a clinician according to a standard
registration form developed by the Dutch Association for
Cleft Palate and Craniofacial Anomalies (NVSCA).?” The
control triads were parents and their healthy child without
a major congenital malformation, enrolled by the case
parents, for example, friends, acquaintances or neighbours,
and by nurseries and public health centres in Nijmegen
and surroundings. Only one affected child per family was
included in the study. The controls were not related to the
cases. The study moment was chosen at approximately 14
months after the delivery of the index child. From these
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485 case and 274 control triads, DNA for genotyping was
available for 271 CL/P, 63 CP and 233 control triads, seven
CL/P and eight control triads were excluded due to
genotyping errors. Also, incomplete triads consisting of
one or two non-Dutch non-Caucasian parents, consangui-
neous parents and triads for which not all periconception
data were known were excluded. Owing to the rather small
numbers in the CP group and the presumed different
aetiology of CP compared to CL/P, we did choose to analyse
the CL/P group only. Owing to the poor quality of the DNA
samples isolated from the buccal swabs, any GSTPI1 data
either for the mother, father or the child were available for
155 CL/P triads and 195 control triads.

The Central Committee of Medical Research with Humans
in The Hague, The Netherlands and the local Medical
Ethical Committees of all participating hospitals approved
the study protocol. A written informed consent was
obtained from every participant before participation.

Data collection

A general questionnaire was mailed to all parents and
completed at home. The questionnaire was checked for
completeness and consistency by the researcher in a
personal interview during a hospital visit or by a telephone
interview. Smoking was defined as the use of tobacco
(cigarettes, cigars or pipe) in the periconception period.
Data on potential confounders such as parental age,
education, a family history for clefts and periconception
health and lifestyle factors, such as any use of alcohol,
medication (other than contraceptives, including iron
supplements) and multivitamins, were extracted. Pericon-
ception conditions that could affect the maternal detoxi-
fication capacity, such as liver and renal diseases of the
mother, were also recorded. The educational level was
categorized into low (primary/lower vocational/intermediate
secondary/intermediate vocational) and high (higher
secondary/higher vocational or university) education. A
family history for clefts was defined as two or more first
(brothers, sisters, parents, children), second or third degree
affected relatives of the index child. We did not choose to
define a positive family history as one or more affected
first, second or third degree relatives as one affected family
member could still represent a sporadic case. The maternal
periconception period was defined as the period of 3
months before conception until 3 months after concep-
tion, and that of the father as 3 months before conception
until 2 weeks after conception.

For genotyping, DNA from mothers, fathers and children
were extracted from stored blood samples or buccal swabs.
The majority of the DNA of the children was obtained
through buccal swabs, due to parental refusal to have a
blood sample taken from the child. These buccal swabs
were taken by the researcher or the parents of the child.
The standardized instructions for taking the buccal swabs
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from the inner side of both cheeks by the case and control
parents were the same.

Laboratory determinations

Genomic DNA was isolated from whole blood using the
Puregene® genomic DNA isolation kit according to the
instructions of the manufacturer (BIOzym, Landgraaf,
The Netherlands). The buccal cell DNA was isolated from
cheek cells as described previously.?® After preparation, the
genomic DNA was stored at 4°C until use.

The GSTPI exon 5 polymorphism was detected by
polymerase chain reaction (PCR).?® The digestion of GSTP1
PCR products, using Alw26l restriction enzyme, resulted
in fragments of 105 and 327 bp for the non-polymorphic
Isoleucinel0S5 allele and 105, 107 and 220bp for the
variant ValinelOS allele. Sigma-Genosys Ltd. (Pampisford
Cambrigdeshire, United Kingdom) synthesized all primers.
Chemicals needed for PCR were purchased from Promega
(Madison, WI, USA). The primers used were PiF2306: 5'-GT
AGTTTGCCCAAGGTCAAG-3' and PiR2721: 5'-AGCCACC
TGAGGGGTAAG-3".* Based on the above described PCR
analyses, all individuals could be divided into homozygote
wild-type, heterozygote or homozygote variant genotypes.
For accuracy, all genotyping was performed by one
technician and checked by another, whereas the anon-
ymized samples of the case and control groups were
analysed together and decoded afterwards.

Statistical analyses

The data for age were compared between the study groups
by Wilxocon’s rank sum tests. All other variables were
tested by 4> test. The Fisher’s exact (two-sided) test was
used if cells containing less than the expected count of five
occurred in the analysis. The risk for CL/P was estimated by
odds ratios (OR) with 95% confidence intervals (CI) where
wild-type genotypes served as reference. Hardy—Weinberg
equilibrium was tested by y* test and the transmission
disequilibrium test (TDT) was performed to assess linkage
disequilibrium between the polymorphic allele and CL/P
risk. Risk estimates for the interaction between the GSTPI1
Vall0S allele and parental smoking were computed by
logistic regression analyses, in which non-exposed homo-
zygote wild types served as reference.

Potential confounders were evaluated by logistic regres-
sion analyses. With the exception of the variable of age,
all possible confounders were entered in the multivariate
model as a dichotomous variable. Significance was defined
as P<0.05 (two-sided). All statistical analyses were per-
formed using SAS Statistical Analysis System version 8.2
(SAS institute Inc., Cary, NC, USA).

Results
The demographics of the triads and periconception
exposures of the parents are depicted in Table 1. Mothers



of a child with a CL/P were less educated and more CL/P
children were boys compared to the controls (P<0.05).
Children with a CL/P were slightly older at the study
moment (P<0.01) and their fathers tended to use more
medication periconceptionally (P=0.06) than controls.
Nine case mothers and two controls used topical cortico-
steroids (Pulmicort® or Beclomethasone in eight case and
two control mothers, one case mother used Hydrocorti-
sone for dermatological problems). None of the mothers
used anti-epileptic drugs, retinoids or other anti-folates,
such as methrotrexate. Two case and one control mothers
suffered from diabetes mellitus during pregnancy. Only
one control child had a family history for clefts compared
to nine children with CL/P. Four CL/P mothers and five
case fathers had a cleft compared to none of the controls.
No maternal liver or renal diseases were reported in the
periconception period.

Overall, neither maternal nor paternal smoking was a
risk factor for CL/P, OR: 1.2, 95% CI=0.7-2.0 and
OR=1.0, 95% CI=0.6-1.6, respectively. When nonsmoking
mothers with a smoking partner were classified as smokers
and vice versa, smoking was not a significant risk factor for
CL/P, OR: 0.9, 95% CI=0.6-1.5.

All the GSTP1 genotypes both in cases and controls were
in Hardy—Weinberg equilibrium. The allele frequency of
the variant Val10S5 allele was 37% in CL/P cases and 33%
in controls. The GSTP1 Vall0S allele was not transmitted
significantly more frequently from heterozygous parents to
the CL/P child than the expected 50% (TDT; P>0.05;
n=69 CL/P and 95 control triads).

Table 2 depicts the associations between the GSTPI1
genotypes and CL/P risk. Heterozygosity or homozygosity
for the Vall0S5 allele in mothers, albeit not significantly,
increased CL/P risk 1.5-fold, OR: 1.5, 95% CI=0.9-2.5 and
OR 1.5, 95% CI=0.7-3.2, respectively. Children carrying
two Vall05 alleles had a 2.2-fold increased CL/P risk, OR:
2.2, 95% CI=0.8-6.4. Of the 16 Val105/Vall05 children
(nine CL/P and seven controls), two CL/P and two control
mothers were homozygous as well, 11 (seven CL/P and four
controls) were heterozygous and from one control mother
the genotype was unknown. Of the fathers of these
children, five (four CL/P and one control) were homo-
zygous as well and 11 heterozygous (five CL/P and six
controls). Of the nine CL/P children homozygous for the
Val10S allele, two had a cleft lip, three a cleft lip with a cleft
alveolus and four a cleft lip with a CP.

The results of the interaction analyses of the GSTPI
genotype and parental smoking in the periconception
period are demonstrated in Table 3. Mothers and/or their
children carrying Val105 alleles had a nearly two-fold risk
for CL/P when the mothers smoked in the periconcep-
tional period. When smoking fathers were excluded in this
analysis to correct for possible passive smoking, the risk for
a child carrying Val105 alleles and a smoking mother for
CL/P was OR: 2.3, 95% CI=0.5-11.9. This is in contrast to
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Table 1 Demographics of the case and control triads of
mother, father and child®

CcL/pP Controls

Mothers N=131 N=171
Age (years) 30.5 (25.0-37.0) 30.8 (25.2-37.2)
(median (P5-P95))°
Low education
(n, % yes)©
Affected with clefts 4 (3.1) Q***
(n, % yes)

80 (61.5) 80 (46.8)*

Periconception use of (n, % any use)
’

Medication® 43 (33.1) 46 (26.9)
Multivitamins 18 (13.7) 24 (14.0)
Alcohol 57 (43.5) 84 (49.1)
Smoking’ 34 (26.0) 40 (23.4)
Fathers N=126 N=155
Age (years) 33.7 (27.4-41.4) 34.0 (26.9-43.3)

(median (P5-P95))°
Low education

(n, % yes)*

Affected with clefts 5 (4.0) Q***
(n, % yes)

72 (57.1) 81 (52.3)

. . %
Periconception use of (n, % any use)?

Medication® 24 (19.1) 17 (11.0)
Multivitamins 11 (8.7) 10 (6.5)
Alcohol 108 (85.7) 132 (85.2)
Smoking’ 51 (40.5) 63 (40.7)
Children N=94 N=131

Age (months) 15.6 (12.0-50.4) 14.4 (8.4-36.0)**
(median (P5-P95))"

Boys (n, % yes) 63 (67.0)
Positive family history 9 (9.6)
(n, % yes)'

69 (52.7)*
1 (0.8)%**

CL/P, cleft lip with or without cleft palate.

**-test P<0.05; **;2-test P<0.01; CL/P=cleft lip with or without
cleft palate; ***Fisher’s Exact test P<0.05.

?Only those individuals are analysed from whom genetic data were
available.

PAge at the delivery of the index child; missings: two control fathers.
“Low: primary/lower vocational/intermediate secondary/intermediate
vocational education; missing: one CL/P mother.

9Defined as the period of 3 months before to 3 months after
conception of the index child.

®The use of any medication other than oral contraceptives, including
iron supplements; missing: one CL/P mother.

fAny smoking of tobacco such as cigarettes, cigars or pipe.

9Defined as the period of 3 months before to 2 weeks after conception
of the index child.

hAge at study moment, missings: three CL/P children.

'Defined as the presence of two or more, first, second or third degree
relatives with clefts of the index child.

smoking fathers carrying this risk allele, OR: 0.9, 95%
CI=0.5-1.8. The highest CL/P risk with paternal smoking
was observed for children with Val105 alleles: OR: 1.7, 95%
CI=0.8-3.5. Since this effect could possibly be the result
of a simultaneously smoking mother, we re-analysed these
data in children with a smoking father only, which
revealed a risk estimate of 1.4, 95% CI=0.5-3.6 compared
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Table 2 Glutathione S-transferase P1 (GSTPT) genotypes and the risk of cleft lip with or without cleft palate (CL/P)

cL/p Controls OR 95% ClI OR 95% CF
GSTP1 genotype N=131 N=171
Mother
Homozygote variant 16 (12.2) 18 (10.5) 1.5 0.7-3.2 1.5 0.96-2.5
Heterozygote 70 (53.4) 77 (45.0) 1.5 0.9-2.5
Homozygote wild type 45 (34.4) 76 (44.4) 1.0 Reference 1.0 Reference
N=126 N=155
Father
Homozygote variant 18 (14.3) 17 (11.0) 1.3 0.6-2.7 0.9 0.6-1.5
Heterozygote 57 (45.3) 78 (50.3) 0.9 0.5-1.4
Homozygote wild type 51 (40.5) 60 (38.7) 1.0 Reference 1.0 Reference
N=94 N=131
Child
Homozygote variant 9 (9.6) 7 (5.3) 2.2 0.8-6.4 1.4 0.8-2.4
Heterozygote 49 (52.1) 63 (48.1) 1.3 0.8-2.3
Homozygote wild type 36 (38.3) 61 (46.6) 1.0 Reference 1.0 Reference

OR, odds ratio, 95% Cl, 95% confidence interval.

20dds ratio with 95% Cl comparing the homozygote variant (Val105/Val105) and heterozygote (Val105/lleu105) genotypes to the homozygote wild-

type (lleu105/Ileu105) genotypes.

to wild-type nonsmokers. Our conclusions were only
marginally affected after adjustment for parental age,
education, a positive family history for clefts or the use of
alcohol, medication and multivitamins (data not shown).

To increase the validity of the results, we also performed
all above-mentioned analyses for those triads for which
genetic data were available for the mother, father and child
(n=69 CL/P and 95 control triads). Significant differences
between CL/P and controls were observed for the male
child (P<0.05) and fathers using medication periconcep-
tionally (P=0.05). Again, more case parents had clefts
themselves and case children more often had a positive
family history for clefts compared to controls (P<0.05).
Homozygosity for the Val105 polymorphism in mothers
and in children approximately three-fold increased
CL/P risk, OR: 2.8, 95% CI=0.99-7.7 and OR: 2.3,
95% CI=0.9-8.7, respectively. Homozygosity in fathers
increased CL/P risk about two-fold, OR: 1.8, 95%
CI=0.6-5.3. The risk estimates for the interaction between
maternal or child carriership of GSTP1 Vall05 alleles and
maternal smoking were only marginally altered, OR:1.9,
95% CI=0.8-4.9 and OR: 1.9, 95% CI =0.7-4.7. However,
for children, almost similar risk estimates were observed in
carriers without periconception smoking exposure, OR:
1.9, 95% CI=0.9-4.2. These results could thus point to a
more deleterious effect of smoking rather than a gene-
environment effect. The interaction between the carrier-
ship of GSTP1 Vall05 alleles in fathers or children and
periconception smoking of the father were unchanged,
OR: 1.0, 95% CI=0.4-2.3 and OR: 1.8, 95% CI=0.7-4.3,
respectively.

Of the parents from whom genetic data were available,
approximately 62% of the controls were recruited by cases
and 38% by nurseries and public health centres in the
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surroundings of Nijmegen. This was due to the lack of
permission of some participating centres to recruit controls
by the case families. The social background appeared to be
different between the control groups. Because smoking and
social background are associated, we analysed the control
groups separately and showed that the smoking frequen-
cies were comparable, for example, mothers: 25.7 versus
19.7%, P=0.37, and fathers: 44 versus 34.6%, P =0.25. Also
comparing case mothers with both control groups sepa-
rately did not change CL/P risk by smoking, OR: 1.0, 95%
CI=0.6-1.8 and OR: 1.4, 95% CI=0.7-2.9, respectively.
Similar results were observed in the fathers, OR: 0.9,
95% CI=0.5-1.5 and OR: 1.3, 95% CI=0.7-2.5, respec-
tively. The distribution of the GSTP1 polymorphism was
independent of control selection and adjustment for
educational level did not alter the results.

Case mothers tended to use medication more frequently
compared to controls (P>0.05). To further reduce aetiologic
heterogeneity, we also performed all above-mentioned
analyses excluding mothers using drugs or having illnesses
known to be associated with clefts, such as topical
corticosteroids and diabetes. Comparable results to our
initial analyses were revealed.

Discussion
This study suggests that the GSTPI 1105V polymorphism
in the mother or in the child, alone or in combination with
periconception maternal smoking, increases CL/P risk.
Although the results are of borderline significance, the
hypothesis that a decreased detoxification of toxic com-
pounds present in tobacco smoke, as a result of the GSTP1
1105V polymorphism, interferes with normal development
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Table 3 The interactions between glutathione S-transferase P1 (GSTPT) genotype and parental periconception smoking on

the risk of cleft lip with or without palate (CL/P)

GSTP1 genotype Smoking CL/P/controls N/N OR 95% ClI
N=131/171
Mother
Homozygote variant/heterozygote Yes 23/20 1.9 0.9-4.0
No 63/75 1.4 0.8-2.4
Homozygote wild type Yes 11/20 0.9 0.4-2.1
No 34/56 1.0 Reference
N=60/77
Mother and child
Homozygote variant/heterozygote Yes 14/12 2.2 0.8-6.0
No 28/31 1.7 0.7-3.9
Homozygote wild type Yes 5/10 0.9 0.3-3.3
No 13/24 1.0 Reference
N=94/131
Child
Homozygote variant/heterozygote Yes 2117 2.2 0.98-4.9
No 37/53 1.2 0.7-2.3
Homozygote wild type Yes 10/15 1.2 0.5-3.0
No 26/46 1.0 Reference
N=126/155
Father
Homozygote variant/heterozygote Yes 33/39 0.9 0.5-1.8
No 42/56 0.8 0.4-1.5
Homozygote wild type Yes 18/24 0.8 0.4-1.8
No 33/36 1.0 Reference
N=56/69
Father and child
Homozygote variant/heterozygote Yes 19/18 1.4 0.5-3.6
No 16/23 0.9 0.4-2.4
Homozygote wild type Yes 8/11 1.0 0.3-3.0
No 13/17 1.0 Reference
N=94/131
Child
Homozygote variant/heterozygote Yes 28/28 1.7 0.8-3.5
No 30/42 1.2 0.6-2.4
Homozygote wild type Yes 13/22 1.0 0.4-2.4
No 23/39 1.0 Reference

OR, odds ratio, 95% Cl, 95% confidence interval.

of the lip, alveolus and/or palate is supported. Also, our
results on the interaction between smoking and the 1105V
polymorphism are in line with data of Shi et al.?®

The 1105V polymorphism has also been associated with
other health effects, such as lung cancer, bladder cancer
and head and neck cancers.**~3?> A common mechanism
for polymorphisms in GSTP1 and smoking, in the aetiology
of both cancer and orofacial clefts could be an increase in
DNA damage due to the decreased detoxification of toxins
and carcinogens. In this context, Liu et al demonstrated
that individuals with susceptible GSTP1 genotypes experi-
enced an increased risk of DNA damage elicited by
pesticide exposure.®* This mechanism, however, does not
explain why the cells of the lip, alveolus and/or palate, in
particular, are vulnerable to DNA damage. From the nature

of birth defects associated with maternal smoking, such as
orofacial clefts,'~* craniosynostosis,** gastroschisis®* and
congenital heart defects,®® one may suggest that smoking
may have a detrimental affect on neural crest cell
migration and differentiation, and on biologic processes,
such as apoptosis, involved in the fusion of tissues.

Our results show a nonsignificant association between
the GSTP1 Val10S allele and CL/P risk. It is not likely that
the GSTPI1 1105V polymorphism is a candidate locus for
CL/P, as none of the homozygous GSTP1 Val1l05 mothers
had clefts themselves and there was no preferential
transmission of the VallO5 allele from heterozygous
parents to the CL/P children. This indicates, especially in
a complex malformation as clefts, that other genes than
GSTP1 are mainly involved.
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The limitations and strengths of the study have to be
discussed. Although our study populations consisted of
larger numbers, genetic data were only available of 155
CL/P and 195 control triads. This was mainly due to the
low amount and the poor quality of the DNA of the
children, isolated from buccal swabs. All clefts were
surgically closed before the study moment. Moreover, the
buccal swabs were taken by the researcher or the parents of
the child. The standardized instructions for taking the
buccal swabs by the case and control parents were the same
and the swabs were taken from the inner side of both
cheeks. Therefore, it is not very likely that the place of
sampling explains the poor quality of the DNA. We also
speculated that differences in oral mucosa between
children with or without CL/P could explain the quantity
or quality of the DNA samples. However, so far differences
in oral mucosa between children with and without CL/P
are not reported. Based on our current experience and that
of others, it has become clear that the DNA concentration
derived from buccal swabs is highly dependent on the
quality of the medium (antibiotics, fungicides, and so on)
in which the brushes are preserved after sampling. This is
our main explanation of the poor DNA quality and
resulting low numbers. In future studies, we would advise,
when blood of the children is not available, to isolate DNA
from saliva samples.

Strengths of the study are that the data are substantiated
by the analyses of the complete triads, and that our allele
frequencies of the GSTP1 1105V polymorphism were
comparable with those published by others.??° Moreover,
the case-parents design allows for the inclusion of both the
parental and child data and for transmission equilibrium
testing.

This study adds to the current knowledge on smoking
and orofacial clefts."~* Our data on smoking were collected
retrospectively, which may introduce the possibility of
recall bias. We minimized this issue by standardizing
the design and moment of data collection at around 14
months after delivery, which is the same season as the
child’s first anniversary to facilitate recall. Nevertheless,
our figures on maternal smoking were comparable to
other Dutch data from the same period being in the
range of 25-35%.%73® Evidence that recall bias is not
frequent in case-control studies and that it is merely
non-differential further substantiates the validity of our
data.®®3? However, maternal smoking alone was not a risk
factor for CL/P in our study. It is conceivable that in the
Dutch population, maternal smoking only increases CL/P
risk in combination with a specific genetic background, for
example, particular GSTP1 or GSTT1 genotypes.®

Our data are unique because data of the father are also
included. We hypothesized that the paternal GSTP1 Val105
allele, alone or in combination with smoking, may induce
genotoxic effects in spermatozoa and ultimately could
contribute to CL/P in offspring. It is known that smokers
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have higher levels of DNA damage in their sperm.'® In this
context, the presence of the GSTP1 enzyme in seminal
fluid further substantiates its role in the protection of
spermatozoa against (oxidative) damage.*® However, our
results did not reveal a significant association between the
paternal GSTP1 Val10S allele, alone or in combination with
paternal smoking and CL/P offspring. Possible explana-
tions may be that DNA damage in sperm can be repaired to
a certain extent, that alternative metabolic pathways are
being used or that other GSTs compensate for the deficient
GSTP1 enzyme.*!

Besides the intrinsic detoxification pathways, exogenous
antioxidants present in fruits and vegetables are also an
important defence against toxic compounds. In our
population, the antioxidant intake through supplements
was comparable between cases and controls. However, in
2004, we demonstrated in the same study group that
mothers of a child with an orofacial cleft had a lower
dietary intake of foods rich in antioxidants compared to
controls.® Those mothers, when also carrying the Val105
allele and smoking, may be at the highest risk. However,
due to the relatively small sample size, this could not be
investigated. In this regard, it is of interest that Persson
et al** revealed that the addition of 250g of mixed
vegetables to a normal diet reduced the levels of GSTP1
mRNA in human lymphocytes. The authors speculate on a
compensatory downregulation of the endogenous antiox-
idant system as a result of the increased external supply.*>
Thus, women who want to become pregnant should stop
smoking and increase their dietary intake of antioxidants
independent of their genetic background.

In conclusion, our data suggest a possible role for the
GSTP1 Vall05 allele in mothers and children alone or in
combination with maternal smoking, in the pathogenesis
of nonsyndromic CL/P. These data should be further
investigated in larger studies and in other populations as
well. As the genetic constitution is not modifiable, these
findings emphasize the importance of preconception
counseling of mothers-to-be on amendable lifestyle factors,
such as smoking and dietary habits, in order to reduce the
birth prevalence of CL/P in future generations. Thus, our
data support the advice of cessation of smoking during
pregnancy and support the results of a recent meta-
analysis.*
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