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ABSTRACT: Myotonic dystrophy type 1 (DM1) is due to an unstable expansion of CTG repeat in the DMPK gene (19q13.3). The
CTG repeat is highly polymorphic (5 to 37) in healthy individuals. According to the hypothesis that expanded (CTG)n alleles originated
from larger normal alleles, there may exist a correlation between the prevalence of DM1 and the frequency of large size normal alleles.
Strong linkage disequilibrium between different length alleles and the three biallelic markers, Alu, Hinfl and Taql, has been reported.
Objective: To determine the distribution of normal alleles, the frequency of larger normal alleles and analysis of the three biallelic
markers, in healthy Iranian controls. Material and Methods: Polymerase chain reaction (PCR) was conducted on two hundred unrelated
healthy individuals from different ethnic groups living in Iran to determine the size of the alleles. Markers were analyzed by PCR/RFLP
on 174 chromosomes from other control healthy individuals. Results: Our data reveals that 23.7% of alleles had 5 CTG repeats and
7.2% of alleles had >18 CTG repeats. The analysis of haplotypes revealed that 75% of CTGS5 and 80% of CTG>18 had the (+++)
haplotype. Conclusion: The frequency of alleles with CTG>18 in Iran is similar to that of Western Europe and Japan.

RESUME: Expansion CTG et analyse d’haplotype du géne DM1 dans une population iranienne en santé. La dystrophie myotonique de type 1
(DM1) est due a une expansion instable d’une répétition CTG dans le gene DMPK (19q13.3). La répétition CTG est tres polymorphe (de 5 a 37
répétitions) chez les sujets sains. En se basant sur I’hypothese selon laquelle les alleles porteurs d’une expansion (CTG)n proviennent d’alléles normaux
de grande taille, il pourrait exister une corrélation entre la prévalence de la DM1 et la fréquence des alleles normaux de grande taille. Un déséquilibre
de liaison marqué entre des alleles de différentes tailles et trois marqueurs bisalléliques, Alu, Hinfl et Taql a été rapporté. Objectif : Le but de 1’étude
était de déterminer la distribution des alleles normaux ainsi que la fréquence des alléles normaux de grande taille et d’analyser ces trois marqueurs
bisalléliques chez des sujets témoins iraniens en santé. Matériels et méthodes : La taille des alleles a été déterminée par réaction en chaine de la
polymérase (PCR) chez deux cents sujets iraniens en santé, non apparentés, appartenant a différents groupes ethniques vivant en Iran. Cent soixante-
quatorze chromosomes provenant de sujets témoins en santé ont été analysés par PCR/RFLP pour identifier les marqueurs. Résultats : Selon nos
données, 23,7% des alleles avaient 5 répétitions CTG et 7,2% des alleles avaient plus de 18 répétitions. L’analyse d’haplotype a montré que 75% des
alleles porteurs de 5 CTG et 80% des alleles porteurs de plus de 18 CTG étaient également porteurs de 1’haplotype (+++). Conclusion : La fréquence
des alleles porteurs de plus de 18 CTG est semblable a celle qu’on retrouve en Europe de 1’Ouest et au Japon.
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Myotonic dystrophy type 1 (DM1) is an autosomal dominant
disorder with an incidence of 1 in 8,000 births in Caucasian
population. It is the most common form of muscular dystrophy
in adults. The clinical features of this disease, though quite
variable, are myotonia, muscle weakness and wasting, cataract,
involvement of cardiac, smooth and respiratory muscles,
endocrine insufficiency and frontal baldness.! The genetic defect
is caused by the unstable amplification of CTG trinucleotide
repeats in the 3'-untranslated region of the protein kinase gene,
DMPK, on chromosome 19q13.3% and the promoter region of the
SIX5 gene.? The CTG repeat number varies among healthy
individuals from 5 to 37 and is stably transmitted from parents to
children. Myotonic dystrophy type 1 patients have CTG repeat
numbers from 38 to 4000 or more with remarkable variability in
clinical symptoms and age-of-onset both between and within
families 2#
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It has been suggested that large normal alleles could be more
unstable® and that these larger alleles could serve as a reservoir
for such mutations in expanded alleles of DM1 patients.5
Findings from human populations around the world indicate that
the frequency of alleles with more than 18 repeats in a given
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population may show the prevalence of DM1 in that population.’?
CTG repeats have also been reported to be useful in diagnosing
cognitive deficits in DM1 patients as the blood CTG repeat
expansion size correlates well with cognitive deficit in classical
DM1.10

Myotonic dystrophy type 1 has been reported to be more
prevalent in Western Europe and Japan with an incidence of 2.2-
5.5/100,000 and 5.5/100,000 respectively.'' Myotonic dystrophy
type 1 is less prevalent in South-East Asians!? and is rare or
absent in Southern and Central Africans.® Myotonic dystrophy
type 1 has been reported to be rare in a Middle East country,
Kuwait." To the best of our knowledge, the prevalence of DM1
has not been reported in Iran. The aim of this study is to
determine the number of (CTG)n repeats in the DM1 gene in 200
unrelated healthy Iranian individuals with no family history of
DMI1. According to the United Nations press, the Iranian
population is divided into eight ethnic groups, as shown in Table
1. We collected our population sample according to the different
Iranian ethnic groups which are genetically distinct depending
on their geographic origin. Thus, our results are representative of
the whole Iranian population.

Haplotype studies in the DM1 locus have been performed in
different countries using three biallelic markers, including the 1
kb Alu insertion/deletion located in intron 8,'* Hinfl RSP located
in intron 9 and Taql RSP located 15 kb centromeric to the CTG
repeats in the 3' UTR of the DMPK gene. Haplotype analyses
have demonstrated a complete allelic association between DM-
causing alleles and these markers. On the basis of these
observations, it was proposed that all DM-causing alleles have a
common origin possibly on a predisposing haplotype.'> These
three markers and the linkage disequilibrium pattern among the
latter led to a model for the CTG behavior given by Tishkoff et
al 8 They suggested that the mid-sized alleles are the most ancient
and higher and lower numbers of CTG repeats arose from these
ancestral chromosomes. DM mutated alleles and (CTG)>18
share the same haplotype of Alu(+)-Hinfl(+)-taql(+) which

Table 1: Demographic data of study group according to
ethnicity

Ethnic groups Percent Individuals*
Persian 51% 102
Azeri 24% 48
Gilaki &

Mazandarani 8% 16
Kurd 7% 14
Arab 3% 6
Others 7% 14
Total 100% 200

*#50% male and 50% female
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Distribution of Allelic Frequency at DMPK Locus in
Healthy Iranian People
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Figure: Distribution of allelic frequency at the DMPK locus in healthy
Iranians.

indicates insertion of Alu repeats and existence of Hinfl and
Taql1 restriction sites. Thus, these expanded mutated alleles arose
from alleles with more than 18 CTG repeats.'> Accordingly, we
conducted a study on 174 other normal alleles according to the
ethnicity described above to find the haplotype pattern in healthy
Iranians.

MATERIALS AND METHODS

After approving this study by the ethical committee at
University of Social Welfare and Rehabilitation Sciences 200
unrelated healthy individuals with no family history of DMl
participated in this study. We collected our samples from healthy
volunteers, the majority of them college students (informed
consent forms obtained). Deoxyribonucleic acid (DNA) was
extracted from peripheral blood leukocytes. We used polymerase
chain reaction (PCR) with primers 96 and 1022 to amplify the
region of the DMPK gene including the CTG repeat. The PCR
products were separated on 8% polyacrylamide gels along side a
25-base pair standard DNA ladder. To estimate the size of the
alleles, we used Lab Works TM Software (Version 4.0 for
Windows).We also performed PCR/RFLP analysis of the three
markers Alu, Hinfl and Taql in a second distinct group of 174
control normal alleles including both parents of each sample in
order to be able to analyze the results of Haplotype analysis.'*!3

RESULTS

The analysis of 400 chromosomes showed 25 different allele
sizes ranging from 5 to 28 CTG repeats. Figure 1 shows the
allelic frequency with peaks at 5, 8 and 13 CTG repeats.
Considering 18 repeats as a cutoff point, repeat sizes are divided
into four subgroups according to the number of CTG repeats: 5,
6-8,9-17, and 218.% Alleles with five repeats were found among
23.75% of the study group. The subgroup with 9-17 CTG repeats
was the largest subgroup of this study, which included 183 of the
400 chromosomes (45.75%). The frequency of alleles with 18 or
more repeats was 7.25%, which falls within the Hardy-Weinberg
equilibrium for this locus. The heterozygosity value is estimated
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Table 2: Association of (CTG)n frequency with observed haplotypes

Alu-Hinf1-Taq1 Haplotype Frequency (%) (CTG)5
(+++) 40.23 74.32
(+--) 1.15 1.36
(--+) 2.88 2.7
---) 37.36 6.76
-+-) 4.02 2.7
-++) 12.64 9.46
(++-) 1.72 2.7

(CTG)6-8 (CTG)9-17 (CTG)=18
0 12.19 80
0 1.1
0 33
75 62.64
25 44
14.29 20
1.1 0

to be 92% using 1-Y 12 where r is the frequency of each single
allele.

The result of 2 analysis of these data in comparison with
Europe, Japan, Southern Africa and Kuwait, a neighboring
country of Iran in the Middle East shows that the frequency of
the =218 CTG repeat alleles in Iran is lower than in Japan
(%2=0.367, P=0.55)® and in Europe (x> = 1.76, P = 0.183)%!¢ but
it is significantly higher than that of Africa (32 = 23.53,P=0)""3
and Kuwait (32 = 5.06, P = 0.024).* Significant differences
between the allele frequencies of the Iranian and Kuwaiti
populations were found for the CTG 9-17 subgroup (32 =0.312,
P = 0.58) but not for the CTG 5 subgroup (x> = 0918, P =
0.342).13

The haplotype analysis of 174 alleles detected seven of the
eight possible haplotypes of the three biallelic markers. The most
frequent are (+++) and (---) that together account for 77.59% of
the total. Haplotype (+++) is strongly associated with CTG 5
(74.32%) and CTG>18 (80%), whereas haplotype (---) is
strongly associated with CTG 6-8 (75%) and CTG 9-17
(62.64%). The distribution of the normal alleles in the 174
chromosomes ranges from 5 to 24 CTG and 42.53% of alleles
have five repeats while 21.84% alleles have 12 CTG repeats and
20.69% have 13 CTG repeats [Table 2].

DiISCUSSION

Myotonic dystrophy is an autosomal dominant disorder with
amean prevalence of 1 in 8,000 in several populations, excepting
the two isolates in the Saguenay region of Québec (1 in 479) and
in the Basque region of Spain (1 in 3800) which show the highest
prevalence rates in the world.!""'7!8 According to the haplotype
analysis for Alu, Hinfl and Taql markers, it has been suggested
that (CTG)=18 alleles have arisen from the (CTG)5 alleles, and
that (CTG)=18 alleles could serve as a reservoir for new
mutations, as such alleles may become unstable and expand to
full mutation alleles, causing DM1.” However, in African
populations, large normal alleles with more than 18 repeats have
arisen from (CTG)9-17 alleles.®® As a result, the distribution of
the CTG repeats and their correlation with Alu, Hinfl and Taql
alleles may be different in different populations, which shows the
origin of DM1 in a given population.® Hence, it is necessary to
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determine the prevalence and the origin of DM1 in different
populations.

The prevalence of DM1 in Iran is unknown, thus leading us
to conduct this study to find the frequencies of normal alleles in
the healthy population and thereby estimate the prevalence of
DML. The results of this study indicate that among the healthy
Iranian population 7.25% of alleles are (CTG) =18, which is not
low compared to those frequencies in Europe, Japan, Africa and
Kuwait. In a study of the healthy Yugoslav population, 8.72% of
alleles were (CTG) =18 (2 = 0.664, P = 0.418), very similar to
our results.'® Although Kuwait, a neighboring country, showed
low prevalence, Iran has a much higher frequency of alleles
(CTG) =18, perhaps the result of the different ethnic groups that
live in Iran.

The haplotype analysis of 174 chromosomes from healthy
Iranians shows that the most common haplotypes are (+++) and
(---) while (+--) is least observed [Table 2]. The (+++) haplotype
is strongly associated with CTG 5 and CTG >18, while the (---)
haplotype is associated with CTG 6-8 and CTG 9-17, similar to
the results of haplotype studies in European countries. !

Therefore, the high frequency of large alleles in the healthy
populations of both Iran and Europe, combined with the
similarity in haplotypes, reinforces their similarities in the
ancestral haplotype, the origin of the DM1 mutation, as well as
the reservoir for recurrent DM mutations.

With such a debilitating effect, the determination of this high
frequency of large alleles in the Iranian population should better
guide health care authorities in Iran to adjust the level of
attention to DM1 as a medical issue and consider prevalence
study as a next step, and the importance of prenatal diagnosis for
prevention as a national program. However, this requires the
involvement of a multidisciplinary group of health care
professionals with experience and dedication to the disease,
which can only be achieved with the support and encouragement
of the medical community.
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