Original Article

The Frequency of DYT1 (GAG Deletion) Mutation in
Primary Dystonia Patients from Iran

Mohammad Hamid, Ph.D.!, Mohammad Taghi Akbari, Ph.D.2**, Gholam Ali Shahidi, M.D.4,
Zahra Zand, B.Sc.5

1. Molecular Medicine Division, Biotechnology Research Center, Pasteur Institute of Iran, Tehran, Iran
2. Medical Genetics Department, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

3. Tehran Medical Genetics Laboratory, Tehran, Iran

4. Neurology Department, Tehran University of Medical Sciences, Hazrat Rasool Hospital, Tehran, Iran

5. Science and Research Branch, Islamic Azad University, Tehran, Iran.

* Corresponding Address: P.O.Box: 14115-111, Medical Genetics Department, Faculty of Medical Sciences,

Tarbiat Modares University, Tehran, Iran
Email: mtakbari@modares.ac.ir

Received: 25/May/2010, Accepted: 21/Sep/2010
Abstract
Objective: To determine the frequency of DYT1 mutation in Iranian patients affected with
primary dystonia.

Materials and Methods: In this study, we investigated 60 patients with primary dysto-
nia who referred to the Tehran Medical Genetics Laboratory (TMGL) to determine the
deletional mutation of 904-906 del GAG in the DYT1 gene. DNA extracted from patients’
peripheral blood was subjected to PCR-sequencing for exon 5 of the DYT1 gene. The col-
lection of samples was based on random sampling.

Results: The deletional mutation of 904-906 del GAG in the DYT1 gene (15099 to 15101
based on reference sequence: NG_008049.1) was identified in 11 patients (18.33%). The
average age of affected patients with this mutation was 13.64 + 7.4 years.

Conclusion: It can be concluded that the DYT1 deletional mutation of 904-906 del GAG
has a high frequency in Iranian patients in comparison with other non-Jewish populations.
Therefore, this particular mutation may be the main representative of pathogenic DYT1

gene for a large proportion of Iranian patients with primary dystonia.
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Introduction

In 1897, Barraquer-Roviralta described a patient
with generalized dystonia under the term atheto-
sis (1). Dystonia are a group of movement disor-
ders of unknown etiology with involuntary mus-
cle contractions which lead to abnormal repeating
and tortuous moves of one or a few parts of the
body (2, 3). Moreover, cell bodies of dopaminergic
neurons appear to be enlarged in brains of dysto-
nia patients (4). There are two groups of dystonia
disorders: primary and secondary. In the primary
or early-onset type, inheritance is dominant with
low peneterance (30-40%) (5-8). This type of dis-
order is caused by a mutation in the DYT1 gene.
The DYT1 gene discovered in 1997 is located on
chromosome 9 and encodes a protein termed Tors-
in A. This protein is a member of a superfamily
of ATPases which is a DNA-binding protein with
particular homology to heat shock proteins. It is
expressed in several tissues, in particular in the
central nervous system (CNS) in the basal ganglia
(substantia nigra, thalamus, globus pallidus) and

cerebral cortex. It is also thought to be involved
in cellular trafficking of the dopamine transport-
er and other membrane-bound proteins (9). This
gene (also named TOR1A) is the only identified
gene responsible for type 1 dystonia and the 3 bp
deletion (GAG) in exon 5 (15099 t015101 based
on reference sequence: NG _008049.1) is the most
common causative mutation. The deletion results
in the loss of one of a pair of glutamic acid resi-
dues near the carboxy terminus in a conserved
region of ATP-binding proteins (Torsin A) with
unclear function (10). This disorder is commonly
observed in infancy and adolescence and usually
manifests before 26 years of age. Due to lack of
any other accompanying neurological abnormali-
ties, this disorder is also called primary torsion
dystonia (PTD). In secondary dystonia, the disor-
der usually takes place as a result of a background
disease condition which might be of genetic origin
(such as Wilson syndrome) or acquired due to the
effects of some drugs. The disorder in most PTD
patients begins with involvement of a limb (leg or
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hand) with gradual expansion to other parts of the
body, becoming generalized (10).

Our aim in this study was to determine the fre-
quency of the 3-bp deletion (GAG) in exon 5 of
the DYT1 gene in patients with primary dystonia as
the first study in the Iranian population.

Materials and Methods

Patients

Actotal of 60 patients (34 males and 26 females) sus-
pected of DYT1 who referred to the Tehran Medi-
cal Genetics Laboratory (TMGL) were investigat-
ed to determine the deletional mutation of 904-906
del GAG in the DYT1 gene. The Ethics Committee
of Pasteur Institute of Iran approved this atudy. A
neurologist diagnosed the type of disorder accord-
ing to the Fahn et al. Dystonia classification criteria
(2), which is based on the involvement of different
body sites causing twisting, repetitive movements
or abnormal postures. Following written informed
consent from the patients or their parents, 10 ml
of peripheral blood was taken from each individ-
ual, collected in EDTA tubes and kept at -20°C.
Whole-blood DNA extraction was carried out by
the standard method of salting out (11).

PCR condition

Utilizing the primers listed in table 1, a 205 bp
fragment from exon 5 of the DYT1 gene was am-
plified as follows:

94°C for 5 minutes for initial denaturation fol-
lowed by 32 cycles at 94°C for 1 minute, 60°C for
1 minute and 72°C for 1 minute. Final extension
was carried out for 5 minutes at 72°C. The PCR
final volume was 62 pl containing the following:

Normal allele

Mutant allele

50 mM KCI, 10 mM Tris-HCI at pH=8.3, 50 mM
MgCl, 0.2 mM dNTPs, 10 pM of each of the
forward and reverse primers, 0.5 unit Tag DNA
polymerase (CinnaGen, Iran) and 500-1000 ng ge-
nomic DNA. Amplification of the 205 bp was mon-
itored by electrophoresing 10 pl of the PCR product
on 1.5% agarose gel, stained with ethidium bromide
and visualized by exposing to UV light.

Table 1: Oligonucleotide primers used for amplifying the
specific fragment for exon 5 of the DYTI gene

Primer Sequence PCR product
DYTIF 5'-CCTGGAATACAAACACCTA-3" 205 bp
DYTIR  5-GGCTGCCAATCATGACTGTC-3'

Sequence analysis

The sequencing reactions were performed by the
chain termination method as described elsewhere
(12, 13) by ABI 3730 XL sequencer (Applied Bio-
systems, Foster City, CA). Amplification for cycle
sequencing was conducted utilizing the same for-
ward and reverse primers used for initial amplifica-
tion of the target gene (Macro Gene, Seoul, Korea).

Statistical analysis

Quantitative variables were expressed as means +
SD while qualitative variables were expressed as
percentages.

Results

In this study 60 patients suspected of type 1 dysto-
nia were selected and after amplifying the specific
fragment for exon 5 of the DYT1 gene (205 bp)
and DNA sequencing, we analyzed the rate of 3 bp
GAG deletional mutation (Fig 1).

Miant alicie

AL dishetion

i

GGCTGAGGAGATGA
Leeenen 11
GGCTGAGATGACAT

f

GAS deletion

Fig 1: Sequence analysis showing GAG deletion mutation of the DYTI gene in heterozygous form

compared with normal control.
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Table 2: Frequency of the GAG deletion mutation in a group of Iranian patients and the mean age at onset of dystonia

Study group Sex Number

Mean age in all patients Mean age in positive DYT1 Number (%)

(years £+ SD) patients (years £+ SD)
Patients with Male 34 20.4+9.7 11.6+34 5(8.3)
type 1 dystonia
Female 26 19.65 +8.2 15.33+£9.6 6 (10)
Total 60 20.08 +9.05 13.64+7.4 11 (18.33)

There were 36 (57%) males and 26 (43%) females.
Table 2 summarizes data related to the average age
of the patient population and those with positive
findings for the mutation. Females (10%) had the
highest mutation frequency. The age of the affected
patients positive for the GAG deletion mutation was
lower compared to the total patient population.

Discussion

The frequency of the GAG deletion mutation in
exon 5 of the DYT1 gene in a group of Iranian pa-
tients with PTD was determined by DNA sequenc-
ing. This mutation is the most common cause of
type 1 dystonia studied. Its frequency was 18.33%
in the studied population (Table 2). This mutation
has been reported with 90% and 70% frequency
amongst Ashkenazi and non-Ashkenazi Jewish
populations, respectively (14). Compared to find-
ings for other non-Jewish populations of European
and East Asian origin, the frequency of this muta-
tion in Iranian patients of this study is very high.
The frequency of this mutation in different popula-
tions summarized in table 3 confirms this conclu-
sion. The only exception, Russian patients (62%),
is due to their admixture with the Ashkenazi Jewish
population (15). Therefore, the frequency of this
DYT1 deletional mutation derived from this study
is different from the non-Jewish population of Eu-
rope and East-Asia, and remarkably high. Consid-
ering the fact that Jewish communities are closed
with regard to marriage with the non-Jewish popu-
lation, the likelihood of admixture with the Iranian
population is very remote. As a result the observed
high frequency for the GAG deletion in Iranian pa-
tients must have an independent cause and possi-
bly a particular "founder effect” might have been
involved. Also, in this study patients with the GAG
deletion compared to the total patient population
had a lower average age of 13.64 + 7.4 years versus
20 years. This average age was approximately simi-
lar to other populations (16, 17).

Due to technical advances in recent years, interest in
functional surgical approaches in dystonia has been
renewed, in particular deep brain stimulation (DBS)
of the globus pallidus and pallidotomy. Although

experience with this approach is still limited, pre-
liminary results in patients with primary general-
ized dystonia, especially DYT1 GAG deletion carri-
ers, seem to show better response than patients with
other types of dystonia (9, 18). Therefore, DBS may
be helpful in selected early onset torsion dystonia
patients with severe generalized dystonia.

Table 3: Summary of frequency of DYTI (GAG deletion)
amongst non-Ashkenazi Jewish patients in European and
Asian countries

Population Total % Positive DYT1
patients (GAG deletion)
patients
Europeans
French
(Dhaenens et al., 2005) (21) 104 0 0
Germans
(Maniak et al., 2003) (22) 89 0 0
(Grundmann et al., 2003) (23) 45 6.67 3
(Kamm et al., 2000) (24) 37 0 0
(Kamm et al., 1999) (25) 45 6.67 3
Italian
(Zorzi et al., 2002) (26) 27 741 2
Serbian
(Major et al., 2001) (27) 34 294 1
Danish
(Hjermind et al., 2002) (28) 103 097 1
Asian
Japanese
(Matsumoto et al., 2001) (29) 159 062 1
South-west Chinese
(Zhang et al 2010) (30) 71 1.4 1
Taiwanese
(Lin et al., 2006) (31) 189 1.5 3
South Korean
(Im et al 2004) (32) 162 3.1 5
Singaporeans
(Jamora et al, 2006) (33) 54 0 0
Iranian
This study 60 18.33 11
Conclusion

The high frequency of the GAG deletional mutation
of DYT1 in Iranian PTD patients compared to other
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non-Jewish populations is quite outstanding. There-
fore, this mutation is responsible for a significant pro-
portion of affected Iranian patients. For genetic diag-
nosis of the remainder of the patients, more analyses
of other genes implicated in primary dystonia, such
as the DYT6 (THAP1) gene, are necessary (19, 20).

Acknowledgments

We

thank the staff of Tehran Medical Genetics

Laboratory (TMGL) for their contribution in this
study and our patients for their collaboration. The
study has been supported by a grant from TMGL.
There is no conflict of interest in this article.

References
1.

10.

1.

12.

13.

14.

15.

Goetz CG, Chmura TA, Lanska DJ. History of dystonia:
part 4 of the MDS-sponsored history of movement disor-
ders exhibit, Barcelona, June, 2000. Movement Disorders.
2001; 16(2): 339-345.

Fahn S, Bressman SB, Marsden CD. Classification of dys-
tonia. Adv Neurol. 1998; 78: 1-10.

Bressman SB. Dystonia update. Clin Neuropharmacol.
2000; 23(5): 239-251.

Ozelius L, Kramer PL, Moskowitz CB, Kwiatkowski DJ,
Brin MF, Bressman SB, et al. Human gene for torsion dys-
tonia located on chromosome 9g32-q34. Neuron. 1989;
2(5): 1427-1434.

Bressman SB, de Leon D, Brin MF, Risch N, Burke RE,
Greene PE, et al. Idiopathic dystonia among Ashkenazi
Jews: evidence for autosomal dominant inheritance. Ann
Neurol. 1989; 26(5): 612-620.

Zilber N, Korczyn AD, Kahana E, Fried K, Alter M. Inherit-
ance of idiopathic torsion dystonia among Jews. J Med
Genet. 1984; 21(1): 13-20.

Fletcher NA, Harding AE, Marsden CD. A genetic study of
idiopathic torsion dystonia in the United Kingdom. Brain.
1990; 113(Pt 2): 379-395.

Pauls DL, Korczyn AD. Complex segregation analysis of
dystonia pedigrees suggests autosomal dominant inherit-
ance. Neurology. 1990; 40(7): 1107-1110.

Zorzi G, Zibordi F, Garavaglia B, Nardocci N. Early onset pri-
mary dystonia. Eur J Paediatr Neurol. 2009; 13(6): 488-492.
Ozelius LJ, Hewett JW, Page CE, Bressman SB, Kramer
PL, Shalish C, et al. The early-onset torsion dystonia gene
(DYT1) encodes an ATP-binding protein. Nat Genet. 1997;
17(1): 40-48.

Miller SA, Dykes DD, Polesky HF. A simple salting out
procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res. 1988; 16(3): 1215.

Sanger F, Nicklen S, Coulson AR. DNA sequencing with
chain-terminating inhibitors. 1977. Biotechnology. 1992;
24: 104-108.

Hamid M, Karimipoor M, Zeinali S, Akbari MT, Kokabi L,
Mahjoubi F. Molecular Analysis of HS-111 and 3HS1 Varia-
tions in -Thalassemia Intermedia Patients with High Levels
of HbF. Yakhteh Medical Journal. 2010; 11(4): 418-423.
Ozelius LJ, Page CE, Klein C, Hewett JW, Mineta M, Leung
J, etal. The TOR1A (DYT1) gene family and its role in early
onset torsion dystonia. Genomics. 1999; 62(3): 377-384.
Slominsky PA, Markova ED, Shadrina M, lllarioshkin SN,
Miklina NI, Limborska SA, et al. A common 3-bp deletion

CELL JOURNALaknew, Vol 13, No 1, Spring 2011 58

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

in the DYT1 gene in Russian families with early-onset tor-
sion dystonia. Hum Mutat. 1999; 14(3): 269.

Valente EM, Warner TT, Jarman PR, Mathen D, Fletcher
NA, Marsden CD, et al. The role of DYT1 in primary torsion
dystonia in Europe. Brain. 1998; 121(Pt 12): 2335-2339.
Bressman SB, de Leon D, Kramer PL, Ozelius LJ, Brin
MF, Greene PE, et al. Dystonia in Ashkenazi Jews: clinical
characterization of a founder mutation. Ann Neurol. 1994;
36(5): 771-777.

Kamm C. Early onset torsion dystonia (Oppenheim's dys-
tonia). Orphanet J Rare Dis. 2006; 27(1): 48.

Bonetti M, Barzaghi C, Brancati F, Ferraris A, Bellacchio E,
Giovanetti A, et al. Mutation screening of the DYT6/THAP1
gene in ltaly. Mov Disord. 2009; 24(16): 2424-2427 .

Xiao J, Zhao Y, Bastian RW, Perlmutter JS, Racette BA,
Tabbal SD, et al. Novel THAP1 sequence variants in pri-
mary dystonia. Neurology. 2010; 74(3): 229-238.
Dhaenens CM, Krystkowiak P, Douay X, Charpentier P,
Bele S, Destee A, et al. Clinical and genetic evaluation in
a French population presenting with primary focal dysto-
nia. Mov Disord. 2005; 20(7): 822-825.

Maniak S, Sieberer M, Hagenah J, Klein C, Vieregge P.
Focal and segmental primary dystonia in north-western
Germany--a clinico-genetic study. Acta Neurol Scand.
2003; 107(3): 228-232.

Grundmann K, Laubis-Herrmann U, Bauer |, Dressler D,
Vollmer-Haase J, Bauer P, et al. Frequency and pheno-
typic variability of the GAG deletion of the DYT1 gene in
an unselected group of patients with dystonia. Arch Neu-
rol. 2003; 60(9): 1266-1270.

Kamm C, Naumann M, Mueller J, Mai N, Riedel L, Wissel J,
et al. The DYT1 GAG deletion is infrequent in sporadic and
familial writer' s cramp. Mov Disord. 2000; 15(6): 1238-1241.
Kamm C, Castelon-Konkiewitz E, Naumann M, Heinen F,
Brack M, Nebe A, et al. GAG deletion in the DYT1 gene
in early limb-onset idiopathic torsion dystonia in Germany.
Mov Disord. 1999; 14(4): 681-683.

Zorzi G, Garavaglia B, Invernizzi F, Girotti F, Soliveri P,
Zeviani M, et al. Frequency of DYT1 mutation in early on-
set primary dystonia in Italian patients. Mov Disord. 2002;
17(2): 407-408.

Major T, Svetel M, Romac S, Kostic VS. DYT1 mutation in
primary torsion dystonia in a Serbian population. J Neurol.
2001; 248(11): 940-943.

Hjermind LE, Werdelin LM, Sorensen SA. Inherited and
de novo mutations in sporadic cases of DYT1-dystonia.
Eur J Hum Genet. 2002; 10(3): 213-216.

Matsumoto S, Nishimura M, Kaji R, Sakamoto T, Mezaki T,
Shimazu H, et al. DYT1 mutation in Japanese patients with
primary torsion dystonia. Neuroreport. 2001; 12(4): 793-795.
Zhang SS, Fang DF, Hu XH, Burgunder JM, Chen XP,
Zhang YW, et al. Clinical feature and DYT1 mutation
screening in primary dystonia patients from South-West
China. Eur J Neurol. 2010; 17(6): 846-851.

Lin YW, Chang HC, Chou YH, Chen RS, Hsu WC, Wu WS,
et al. DYT1 mutation in a cohort of Taiwanese primary dys-
tonias. Parkinsonism Relat Disord. 2006; 12(1): 15-19.

Im JH, Ahn TB, Kim KB, Ko SB, Jeon BS. DYT1 mutation
in Korean primary dystonia patients. Parkinsonism Relat
Disord. 2004; 10(7): 421-423.

Jamora RD, Tan EK, Liu CP, Kathirvel P, Burgunder JM,
Tan LC. DYT1 mutations amongst adult primary dystonia
patients in Singapore with review of literature comparing
East and West. J Neurol Sci. 2006; 247(1): 35-37.




