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BACKGROUND: Cleft lip with or without cleft palate
(CL/P) is the most frequent craniofacial malformation
seen in man. The etiology of CL/P is complex involving
both genetic and epigenetic (environmental) factors, and
the genes play an almost deterministic role in the normal
development of craniofacial structures. This study was
aimed at ascertaining the association of HLA microsatellites
in CL/P patients.

MATERIALS AND METHODS: Case DNA was obtained
from 76 patients (40M and 36 F, average age 7.8 years,
range 1-16 years). Unaffected individuals from the same
geographical area without population mixing included as
controls (n=154, 76 M and 78 F, average age 8.2 years,
range 2—17 years). All DNA samples were purified from
peripheral blood by standard techniques.

RESULTS: Four microsatellites were compared in
this case-control study. C1_2_5 locus was the most
polymorphic marker with 15 observed alleles while
C1_4_1 had the least number of alleles. Three of the four
markers viz MIB,C1_4_1 and C1_2_5 showed a significant
association of microsatellite alleles with CL/P. Five alleles
(MIB_326,332,350; C1_4_1-213 and C1_2_5-204) were
seen with an increased frequency among the test samples,
whereas two alleles (C1-4_1_217, and C1_2_5_196) had
an increased frequency among the control samples. One
allele (C1-4-1-209) had an increased frequency in patient
group but was not observed in the controls.
CONCLUSION: The role of HLA complex in the
pathogenesis of CL/P is speculative and has not been
established so far. The result of this study shows that a
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few alleles have an increased frequency of expression in
the diseased group which suggests that these alleles may
predispose the individuals to clefting. This finding may be
beneficial to aid in early diagnosis and plan intervention
strategies.
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Introduction

Craniofacial anomalies (CFA) are a diverse group of
deformities in the growth of the head and facial bones.
There is no single factor solely responsible for these
abnormalities. Instead, there are many factors that may
contribute to their development, including combination of
genes, environmental factors, and folic acid deficiency.
Some of the most common types of craniofacial
anomalies include cleft lip and/ or cleft palate (CL/P),
cleft lip (CL), cleft palate (CP) and craniosynostosis
(premature closure of sutures).

The frequency of occurrence of CL/P has been
computed on a global scale and is estimated to be 1
in every 800 new born babies.!"! Accurate data on the
frequency of occurrence of these disorders is inherently
handicapped by the heterogeneity of oro-facial clefting,
lack of standard criteria for collection of data and
in particular, the lack of and /or failure to apply an
internationally comparable classification for oro-facial
clefting.

The study of oro-facial clefts has a rich history in human
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genetics. One of the first birth defect loci mapped using
DNA based polymorphisms was that for the X-linked
cleft palate and ankyloglossia mapped by linkage to
Xg21-g22.2! Studies have suggested loci for clefts on
chromosomes 2, 4, 6,17 and 19.5% Only loci on 6p
have consistently shown linkage to CL/P.68 Association
studies have also been used to examine candidate genes
in CL/P, many genes have been evaluated which include
TGF-a, interferon regulatory factor-6(IRF-6),1°! muscle
segment homeobox gene (MSX-1),"%" TGF-B3 and
retinoic acid receptor- oo (RARA)."? MSX-1 and TGF- 33
are the two strongest candidate genes for cleft lip and
palate in humans.[*®

The human leukocyte antigen (HLA) loci are the
most polymorphic human proteins, and by virtue of their
extreme polymorphism HLA typing can be used to identify
a subset of population who are at an increased risk of
developing or inheriting a particular disease or anomaly.
The MHC region (HLA loci) is saturated with numerous
microsatellites that are in linkage disequilibrium with
various alleles of the HLA genes. “Microsatellite” is the
term used to describe tandem repeats of short sequence
motifs, no more than 6 bases long and have been found
in every organism investigated so far. Microsatellites
are highly polymorphic and are therefore useful
genetic markers in studies of disease gene mapping.
Studies on the relationship of HLA haplotype and CL/P
are found to be very few especially in the context of
people of Indian ethnic extraction. Four microsatellite
markers around the HLA class 1 genes were studied
for their putative association with non-syndromic CL/P.

Materials and Methods

Case DNA was obtained from 76 subjects (40 males
and 36 females, average age 7.8 years, range 1-16
years) belonged to the state of Kerala, south India with
non-syndromic CL/P. Subjects with isolated CP, known
teratogenic exposure and other recognized anomalies
and /or developmental delay were excluded from this
study. Unaffected individuals from the same geographical
area without evidence of population mixing, migration
and /or ethnic stratification, who have had no craniofacial
anomalies or any family history to the effect were enrolled

as controls (n=154, male 76 and female 78, average age
8.2 years, range 2-17 years). All DNA samples were
purified from peripheral blood by standard techniques!'!
after the subjects provided written informed consent and
approval was obtained from the institutional “Human
Ethical Committee” (HEC).

Sample collection

Peripheral blood samples of volume 10 ml were
collected by anti-cubital vein puncture from patients and
controls in plastic falcon tubes containing EDTA.

Quantification of DNA

The quality and quantity of genomic DNA was
checked using an UV spectrophotometer (Biospec
1601; Shimadzu, Japan). The quality of DNA was
checked by taking the ratio of absorbances at 260 nm
and 280 nm (260/280) respectively. A ratio between
1.7 and 1.8 indicates good quality DNA without protein
contamination. The absorption of 10D (A) is equivalent
to approximately 50 ugm/ml of double stranded DNA.
The concentration of DNA in 1 ul of DNA sample was
calculated using the following equation, absorbance at
260 nm x dilution factor (50) x 1 OD at 260 nm of DNA
/1000.

Polymerase chain reaction was performed to amplify
the DNA stocks and to check for the allelic variants. The
extracted DNA samples along with the primers for the
genes underwent PCR amplification. The sequencing of
the PCR product was carried out on agarose gel slice
containing the amplified DNA fragments using Flour S™
multi-imager system (Biorad).

HLA microsatellite analysis

Four microsatellites around the HLA class 1 genes
were selected to study their association with CL/P. The
selected microsatellites were MIB (D6S2810), C1_2_A
(D6S2793),C1_2_5(D6S2811),and C1_4_1 (D6S2927).
The loci were amplified using primers labeled with
fluorescent dyes. The sense strand primers were labeled
with 6-FAM, 6-TET, and 8-HEX dyes at the 5’ end while
the reverse primers were unlabelled. Amplification was
carried out in a total reaction volume of 15 ul containing
50 ng DNA, 2.5 mM dNTPs, 1.5 mM MgCl,, 5 units of
amplitag and 10X amplitaq gold buffer.
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Primers used for microsatellite analysis
MIB — 6FAM — 5 -CTACCATgACCCCCTTCCCC
5" — CCACAgQTCTCTATCAgQTCCA
C1_4_1-6FAM -5 —CgAgAgAACAACTggCAggACTg
5 — gACAgTCCTCATTAgCgCTgAgg
C1_2 5-6TET-5—-CAgTAgTAAgCCAgAAQCTATTAC
5" — AAgTCAAgCATATCTgCCATTTgg
c1_2_A - 8 HEX - 5’ -
AATAgCCATgAgAAgCTATgTgggggAg
5 — CTACCTCCTTgCCAAACTTgCTgTTTgTg

A multiplex PCR was used for the amplification of all
four microsatellites simultaneously in one PCR reaction
(MJ Research Thermal Cycler-PTC 200). The molecular
weights of the reaction products were calculated using
the “Applied Biosystems” software, “Gene Scan 3.1”.

Statistical analysis

The allele frequencies for the four microsatellites were
calculated using SPSS 1.0 software. The individuals in
each allele category was compared with that of controls
using Fisher’s exact ‘1’ test and a ‘P’ value of less than
0.05 was considered as significant.

Results

Four microsatellites were compared in this case-
control study [Figure 1]. All the four markers were highly
polymorphic in the control as well as patient samples.
C1_2_5locus was the most polymorphic marker with 15
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Figure 1: Gene scan depicting allelic frequencies and
extend of polymorphism in the test and control cases.

observed alleles [Table 1], while C1_4_1 had the least
number of alleles [Table 2]. Alleles showing marked
differences in frequency between test and control cases
were statistically analyzed using Fisher’s exact test. A
‘P’ value of < 0.05 was considered as significant. Three
of the four markers namely MIB [Table 3], C1_4_1 and
C1 _2_5 showed significant association of microsatellite
alleles with cleft lip and palate. Five alleles (MIB_326,332,
350; C1_4_1-213 and C1_2_5 — 204) were seen with
a significantly increased frequency among test cases,
whereas two alleles (C1_4_1 -217 and C1_2_5 -196)
had an increased frequency among the control samples.
One allele (C1_4_1 -209) had an increased frequency
in the patient group but was not observed in the control
samples. None of the alleles in the C1_2_A locus
[Table 4] recorded significant comparison.

Discussion

Human leukocyte antigens (HLA), also referred to
as major histocompatibility complex (MHC) antigens,
the genetic loci of which is situated on the short arm
of chromosome 6 (6p21). They are membrane bound
molecules with a peptide binding domain that interacts
with the “T” cell receptor.['™ HLA molecules are divided in
to class 1 and 2, which are distinct in structure, function
and expression pattern. The class 1 and 2 molecules

Table 1: C1_2_5 The microsatellite markers exhibiting
polymorphism of allelic frequencies and their
percentage distribution among cases and controls

is depicted. Alleles showing marked differences in
frequency between test and control cases were analyzed
using Fisher’s extract test.

Allele No of Percentage No of Percentage Fishers
cases controls test
(n=72) (n=154) 'P' value
178 1 1.3 1 0.6 0.537
184 2 2.7 2 1.3 0.594
186 1 1.3 - -
188 1 1.3 4 2.6 1.000
190 1 1.3 2 1.3 1.000
194 8 111 21 13.6 0.674
196 6 8.3 33 21.4 0.015*
198 8 111 17 1.1 1.000
200 5 6.9 7 4.5 0.527
202 2 2.7 7 4.5 0.722
204 11 15.2 8 5.2 0.018*
206 12 16.6 20 12.9 0.539
208 5 6.9 16 10.4 0.471
210 7 9.7 5 3.2 0.057
214 2 2.7 - - -

*P values are <0.05 = Significant
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Table 2: C1_4_1 Table 3: MIB
Allele Noof Percentage Noof Percentage Fishers Allele Noof Percentage Noof Percentage Fishers
cases controls test cases controls test
(n=176) (n=154) ‘P’ value (n=176) (n=154) 'P value
209 14 18.4 0 - y 326 15 19 14 9.1 0.033*
213 29 38.1 20 12.9 0.000* 332 5 6.5 > 13 0.041*
217 10 13.1 56 37 0.000* 336 11 14.4 37 24 0.12
221 10 13.1 24 15.6 0.696 338 1 13 0 ; .
225 13 171 32 20.8 0.597 340 3 39 D) 13 0.335
*P values are <0.05 = Significant 342 14 18.4 21 13.6 0.337
344 4 5.2 21 13.6 0.071
346 9 11.8 21 13.6 0.836
Table 4: C1_2_A 348 5 6.5 13 8.4 0.796
Allele No of Percentage Noof Percentage Fishers ggg ? 11055 g 1.9 0'0_07
cases controls ' y
test 'P value o — Signifi
(n=69) (n=154) P values are <0.05 = Significant
232 17 24.6 30 19.4 0.381
234 16 23.1 29 18.8 0.474 HLA-A11, HLA-B35 and HLA-DRw6 in cleft patients
236 5 7.2 4 2.6 0.139 . .
238 16 23.1 33 21.4 0.861 as against normal control population. Bonner et al,l"®
240 1 1.4 4 2.6 1.000 ;
244 o o8 o 13 0.589 reported an increased frequency of HLA-A24 and
246 3 4.3 7 4.5 1.000 HLA-A28 in caucasian and Mexican American males
248 5 7.2 21 13.6 0.258 . L
250 3 4.3 10 6.5 0.759 respectively. Similarly Watanabe et al,l'"® performed
254 1 1.4 8 5.2 0.280

are the most polymorphic human proteins, some of
which have over 400 allelic variants. The HLA gene
complex encompasses three constituent regions; in the
centromeric end of chromosome 6 is the class 2 loci,
while near the telomeric end of the short arm is the class
1 region. Located between the class 1 and 2 regions is
the class 3 region containing around 75 genes encoding a
variety of proteins. The principal class 1 genes are those
coding the o chains of six isoforms of HLA viz A,B,C,E,F
and G. In addition, there are HLA- H,J,K,L forms which
are non-functional pseudogenes closely related to
the functional class 1 genes in nucleotide sequence.
Microsatellite markers have facilitated identification of
a number of disease genes, depending on the extent
of linkage disequilibrium occurring between the disease
and marker loci. As the microsatellites are located very
close to the putative disease genes, any mutation or
polymorphism of the genes would be reflected in these
microsatellites as well. It has been predicted that the
HLA region microsatellites should maintain a high level
of disequilibrium (linkage) with selected MHC alleles,
to act as effective markers of disease related HLA loci.

The role of HLA complex in the pathogenesis of non-
syndromic CL/P has not been explained well; however,
the association has been reported consistently.!'®
Wegener et all'” reported an increased frequency of

HLA studies on Japanese patients and reported that the
frequency of HLA-Cw7 was significantly higher in that
population. However, many studies failed to establish
a linkage to HLA in non-syndromic cleft lip and palate
patients.2%

Heredity is undoubtedly one of the most important
factors to be considered in the etiology of these
malformations. However, there is increasing evidence
that environmental factors are important as well.
According to Fogh- Anderson,?" slightly less than 40% of
the cases of CL/P are genetic in origin, whereas slightly
less than 20% of the cases of isolated CP appeared to
be genetically derived. Most investigations indicate that
the inheritance pattern in CL/P is different from that in
isolated CP. The mode of transmission of the defect is
uncertain. This has been discussed by Bhatia,?? who
pointed out that the possible main modes of transmission
are either by a single mutant gene producing a large
effect, or by a number of genes (polygenic inheritance),
each producing a small effect which together create this
condition. It should be pointed out that cytogenetic studies
have failed to reveal visible alterations in chromosomal
morphology of the affected individuals.?® Bixler % has
expanded upon this concept and it is presumed that every
individual carries some genetic susceptibility for clefting,
but if this is less than the threshold level, there is no cleft.
When the individual susceptibilities of both parents are
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added together in their offspring, a cleft occurs if the
threshold values are exceeded. The second form of
cleft is monogenic or syndromic and is associated with
a variety of other congenital abnormalities. Since these
are monogenic, they are of a high risk type.

Although there is insufficient evidence that nutritional
disturbances cause cleft palate in human beings (non-
syndromic), abnormal dietary regimens have caused
developmental clefts in animals.?4 Cleft palate has
been experimentally produced in new born rats by
feeding diets either deficient or excessive in vitamin A
to maternal rats during pregnancy. Riboflavin deficient
diet fed to pregnant rats has also produced offsprings
with a high incidence of cleft palate. The administration
of cortisone to pregnant rabbits has induced similar
clefts in their offsprings. Emotional or traumatic stress
may play a significant role in the etiology of human
CP, since stress induces increased functional burden
on the adrenal cortex and secretion of hydrocortisone.
However, Fraser and Warburton® have reported data
which indicate that neither maternal emotional stress nor
the lack of a prenatal nutritional supplement was causally
related to the occurrence of CL/P. Despite the numerous
clinical and experimental investigations, the etiology of
CL/P in human beings is still largely unknown. It must be
concluded, however, that heredity is probably the most
important single factor.

The role of HLA complex in the pathogenesis of CL/P
is still speculative and has not been established so far.
However, anecdotal reports and the results of this study
show that a few alleles have an increased frequency of
expression in the diseased group which suggests that
these alleles may predispose the individuals to develop
CL/P. On the contrary, whether the alleles which showed
an increased frequency of expression in the non-affected,
healthy individuals exert a protective effect against cleftis
rather speculative at present. Further analysis of the data
to ascertain the predominant haplotype of the diseased
individuals would be beneficial to aid early diagnosis and
planning intervention strategies.
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