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1. Introduction
Huntington disease (HD) is a progressive hereditary 
neurodegenerative disorder that affects the central nervous 
system (1). HD is an autosomal dominant disease due to the 
expansion of CAG trinucleotide repeats in the HD gene (IT15) 
located at 4p16.3 and encoding a protein called huntingtin 
(2,3). The number of the repeats is normally between 6 and 
34 in healthy individuals, while it is expanded to more than 
40 repeats in people with HD (4,5). The expansion of CAG 
repeats results in an expanded polyglutamine sequence in 
the resulting protein, which leads to abnormal interactions 
of the huntingtin protein with other nuclear proteins. 
These abnormal aggregations in brain cells cause cellular 
death (6). In HD, the basal ganglia and the cerebral cortex, 
which control concentration, memory, and coordination of 
movements, are affected more than the other regions (7). 
The exact function of the huntingtin protein is unclear, but 
it is known to be associated with microtubules and synaptic 
vesicles, suggesting a role in the transport of substances or 
cell components along the microtubules to the synapses (the 
structures that facilitate communication between neurons) 
(8,9). In addition, there is some evidence that apoptosis 
plays a role in HD (10,11).

One of the major characteristics of HD is uncontrollable 
muscular movements, or chorea, and hence the name 
Huntington’s chorea of the disease (12). The other 
characteristics of the disease are short-term memory 
abnormalities, poor concentration, speaking problems, 
and cognitive (perception, awareness, thinking, and 
judgment) and psychological issues, such as mood swings, 
clumsiness, changes in gait, fidgety movements, irritability, 
depression, and uncharacteristic aggressive behavior, 
which can be quite different even among members of a 
single family (13,14). In addition, the rare phenomenon of 
“anticipation” has been observed in HD, which means that 
the age of onset and the severity of symptoms will decrease 
and increase, respectively, in subsequent generations 
(6,15). The anticipation phenomenon is believed to be 
the result of instability of the trinucleotide repeats during 
meiosis (16). 

Although the symptoms are usually detectable in the 
fourth decade of life, the age of onset is highly variable, in 
that symptoms are observed at early ages or in people as 
old as 90 years (17). The average life expectancy is almost 
15 years after the onset of symptoms (18,19). There is 
no complete therapy for HD, but in the case of an early 
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diagnosis, one might take advantage of therapeutics that 
alleviate the symptoms and control the progression of the 
disease. Early symptoms can be managed and alleviated 
with drugs, such as depleting agents and other forms of 
therapy, to improve the quality of life. In addition, chorea 
can be treated with dopamine receptor blocking drugs (20).

Based on comprehensive studies in different 
populations, the prevalence of the disease is estimated to be 
5 in 100,000 (18,19,21,22). However, there is no statistical 
information on its prevalence in northwestern Iran. 
Therefore, the aim of the present study was to estimate the 
prevalence of the disease in the area and to determine the 
number of CAG trinucleotide repeats in HD alleles.

2. Materials and methods 
2.1. Subjects
A group of 42 clinically affected and unrelated individuals, 
including 18 females and 24 males, were recruited. Blood 
samples were obtained from individuals for DNA testing 
after obtaining written informed consent. According to 
their clinical details, which were based on extensive records 
documenting their neurological examination, all patients 
showed typical HD symptoms such as chorea, movement 
impairment, cognitive disorders, and personality changes.

The probability of developing other neurodegenerative 
diseases was ruled out by pedigree analysis and clinical 
tests in all cases.

A group of 21 unaffected individuals was recruited as 
controls that were similar to the clinical cases age- and sex-
wise. The patients were referred to the outpatient clinic of 
Tabriz University of Medical Sciences between June 2012 
and April 2015, and a 5-mL blood sample was drawn 
from all the subjects. This study was approved by the 
ethical committee of Tabriz University of Medical Sciences 
(Tabriz, Iran).
2.2. DNA extraction
The salting-out method was used to extract genomic DNA 
from the peripheral blood of subjects and controls. To 
determine the DNA concentration and quality, extracted 
DNAs were analyzed by NanoDrop.
2.3. Polymerase chain reaction (PCR)
The basis of screening tests is to measure the sizes of 
the CAG repeats in each individual by performing PCR 
(23). The PCR amplification method was conducted for 
the IT15 gene in the Bio-Rad T100 thermal cycler. PCR 
amplification of the CAG repeat in the IT15 gene was 
performed with primers HD1 (5′-ATGAAGGCCTCCG 
AGTCCCTCAAGTCCTCC-3′, Tm: 75 °C) and HD3 
(5′-GGCGGTGGCGGCTGTT GCTGCTGCTGC-3′, Tm: 
79 °C) (2,23,24). The primer pair was designed by using 
a software tool from the NCBI database, available in the 
primer BLAST tool section.

To perform PCR, 7.5 µL of mix red from CinnaGen 
Company, 1 µL of forward primer, 1 µL of reverse primer, 

5 µL of Q-Solution, 1.5 µL of H2O, and 1 µL of DNA were 
added to microtubes for a final volume of 17 µL.

The thermal profile for PCR was as follows: 98 °C for 
15 min; 35 cycles of 98 °C for 1 min, 70 °C for 1 min, and 
72 °C for 2 min; and 72 °C for 10 min as final extension. 
2.4. Electrophoresis
The stained PCR products were used for electrophoresis 
on a 3% agarose gel containing Safe Stain. The sizes of 
visualized bands of the IT15 gene in healthy controls 
and HD patients were 100–120 and 200–250 base 
pairs, respectively. The number of CAG trinucleotide 
repeats in respective chromosomes of HD patients was 
estimated using the DNA fragment size determined by 
electrophoresis (Figure).

3. Results
The number of CAG repeats within the gene determines 
whether an individual has normal (5–26 repeats), normal 
with paternal meiotic instability (27–35 repeats), alleles 
with reduced penetrance (36–39 repeats), or HD-affected 
(>40 repeats) alleles. However, normal results do not 
guarantee a definite exclusion of developing HD, as there 
is still a probability that other very rare mutations may 
produce the HD phenotype. 

In this study, 42 patients were examined and 15 
affected individuals were diagnosed with heterozygous 
expanded CAG trinucleotide repeats in the IT15 gene. 
The number of trinucleotide repeats within a normal allele 
is approximately 20 to 26, whereas in mutant alleles it is 
approximately 40 to 70 (Table).

Figure. Analysis of PCR products containing the expanded CAG 
repeat at the IT15 gene. PCR products were analyzed on 3% 
agarose gel. Allele sizes were determined by comparison with a 
sequencing ladder (50 bp). 1- Ladder; 2- no DNA; 3- positive 
control; 4- patient; and 5- normal subject.
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The youngest affected individual was a 35-year-old 
patient with the most number of CAG trinucleotide repeats 
(70 repeats), which resulted in more severe symptoms, and 
the oldest affected individual was a 70-year-old patient 
with the least number of CAG trinucleotide repeats (40 
repeats) within one of the mutant HD alleles. 

The number of CAG trinucleotide repeats in affected 
individuals who were between 40 and 60 years old when 
symptoms emerged was 45–60. Therefore, the higher 
the number of repeats, the lower the age at the onset of 
symptoms and the more severe the symptoms.

Autosomal dominant inheritance could be documented 
in all but 2 patients who had no family history of the 
disease. The transmission of the disease was paternal in 10 
and maternal in 3 cases. There was no significant difference 
in the size of expanded CAG repeats between patients with 
paternal inheritance.

4. Discussion
In recent decades, a mechanism of mutation has been 
reported in humans, called dynamic mutation, which is 
the result of the expansion of trinucleotide repeats (25). 
HD, along with other neurodegenerative diseases such as 
Kennedy disease and spinocerebellar ataxias (1–3,6,7), 
is the result of CAG trinucleotide expansion in the 

corresponding gene, which results in polyglutamine tracts 
in the resulting protein (26,27).

In the present study, the expansion of CAG 
trinucleotides has been detected in 36% (15/42) of HD-
suspected individuals. This is the first molecular study of 
the disease in northwestern Iran. The results indicate a 
significant relationship between the length of the repeats 
and the age of onset. The length of CAG repeats in healthy 
individuals and the normal allele of the affected ones was 
20–26, while most of the patients between the ages of 41 
and 60 had nearly 50 repeats in at least one allele. The 
average lengths of CAG trinucleotide repeats in normal 
and HD alleles observed in this study are comparable 
to the findings of other studies (24,28). It should be 
mentioned that, using gel electrophoresis, it is only 
possible to determine the approximate number of repeats; 
to determine the exact number, sequencing of the exons of 
the gene is essential.

There is some evidence that shows that de novo 
mutations can be the cause of sporadic HD (24,28). In 
the population we studied, there were 2 (13%) individuals 
without a family history of HD.

The results showed that the expansion of CAG 
in consecutive generations occurs only when the 
mutant allele is inherited paternally (24,28). Therefore, 

Table. Molecular basis of Huntington patients.

Patient Sex Age at onset CN of normal allele CN of expanded allele Transmission

HD6 F 35 23 70 Paternal

HD9 M 41 26 50 Paternal

HD14 M 45 23 60 Paternal

HD17 F 47 23 50 Paternal

HD19 F 49 23 60 Paternal

HD21 M 51 23 50 Isolated

HD23 F 51 26 50 Maternal

HD26 F 53 23 50 Paternal

HD28 F 55 23 50 Maternal

HD32 M 57 26 45 Paternal

HD36 F 59 23 45 Paternal

HD37 M 60 20 50 Paternal

HD39 M 66 20 45 Paternal

HD42 M 67 23 50 Isolated

HD44 M 70 20 40 Maternal

F: Female, M: male, CV: copy number.
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meiotic instability of the HD allele takes place during 
spermatogenesis (29). In the present study, by analyzing 
the pedigrees of patients, it was observed that 66% (10/15) 
of the individuals inherited the mutant allele paternally and 
20% (3/15) inherited it maternally. In addition, in paternal 
inheritance, the patients had more severe symptoms at 
earlier ages as compared to their fathers. 

Regarding HD diagnosis, it is important to not 
misdiagnose the disease as other similar diseases, such 
as chorea gravidarum, hyperthyroid chorea, and vascular 
hemichorea, all of which have chorea-like symptoms. 
Unlike HD, these diseases are not hereditary and do not 
involve permanent speech and cognitive disorders (25). 

In recent years, several diseases with symptoms 
similar to HD have been identified. These are referred to 
as HD-like (HDL) diseases. HD includes approximately 
90% of hereditary chorea cases, while HDL includes only 

1% (6,15). Phenotypic overlap between HD and HDL is 
a major challenge for HD diagnosis. There are several 
mutations in various genes that bring about HDL diseases, 
such as HDL1, HDL2, and HDL4, all of which have an 
autosomal dominant inheritance. HDL3 is probably 
inherited in an autosomal recessive pattern, which means 
that both copies of the gene in each cell have mutations 
(8,9,18).

In the population that we studied, those who 
did not have HD mutations, i.e. CAG trinucleotide 
expansion, probably had HDL mutations. Therefore, it is 
recommended that along with HD mutations, researchers 
evaluate common HDL mutations.

Acknowledgment
We thank all the patients for providing blood samples for 
this scientific research.

References

1. Heston LL, Folstein, SE. Huntington’s disease: a disorder of 
families. J Nerv Ment Dis 1991; 179: 512.

2. Group HsDCR. Huntington’s Disease Collaborative Research 
Group: A novel gene containing a trinucleotide repeat that is 
expanded and unstable in Huntington’s disease chromosomes. 
Cell 1993; 72: 971-983.

3. Kremer B, Goldberg P, Andrew SE, Theilmann J, Telenius 
H, Zeisler J, Squitieri F, Lin B, Bassett A, Almqvist E et al. A 
worldwide study of the Huntington’s disease mutation: the 
sensitivity and specificity of measuring CAG repeats. New Engl 
J Med 1994; 330: 1401-1406.

4. Andrew SE, Goldberg YP, Kremer B, Telenius H, Theilmann 
J, Adam S, Starr E, Squitieri F, Lin B, Kalchman MA et al. The 
relationship between trinucleotide (CAG) repeat length and 
clinical features of Huntington’s disease. Nat Genet 1993; 4: 
398-403.

5. Rubinsztein DC, Leggo J, Coles R, Almqvist E, Biancalana V, 
Cassiman JJ, Chotai K, Connarty M, Craufurd D, Curtis A et 
al. Phenotypic characterization of individuals with 30–40 CAG 
repeats in the Huntington disease (HD) gene reveals HD cases 
with 36 repeats and apparently normal elderly individuals with 
36–39 repeats. Am J Hum Genet 1996; 59: 16.

6. Sharp AH, Loev SJ, Schilling G, Li SH, Li XJ, Bao J, Wagster 
MV, Kotzuk JA, Steiner JP, Lo A et al. Widespread expression 
of Huntington’s disease gene (IT15) protein product. Neuron 
1995; 14: 1065-1074.

7. Glass M, Dragunow M, Faull R. The pattern of 
neurodegeneration in Huntington’s disease: a comparative 
study of cannabinoid, dopamine, adenosine and GABA A 
receptor alterations in the human basal ganglia in Huntington’s 
disease. Neuroscience 2000; 97: 505-519.

8. Cattaneo E, Zuccato C, Tartari M. Normal huntingtin function: 
an alternative approach to Huntington’s disease. Nat Rev 
Neurosci 2005; 6: 919-930.

9. Li SH, Li XJ. Huntingtin–protein interactions and the 
pathogenesis of Huntington’s disease. Trends Genet 2004; 20: 
146-154.

10. Mattson MP. Apoptosis in neurodegenerative disorders. Nat 
Rev Mol Cell Bio 2000; 1: 120-130.

11. Hickey MA, Chesselet MF. Apoptosis in Huntington’s disease. 
Prog Neuro-Psychoph 2003; 27: 255-265.

12. Hayden MR. Huntington’s chorea. Springer Science+Business 
Media 2012; 2: 15.

13. Paulsen JS. Cognitive impairment in Huntington disease: 
diagnosis and treatment. Curr Neurol Neurosci 2011; 11: 474-
483.

14. Roos RA. Huntington’s disease: a clinical review. Orphanet J 
Rare Dis 2010; 5: 40.

15. Ranen NG, Stine OC, Abbott MH, Sherr M, Codori AM, 
Franz ML, Chao NI, Chung AS, Pleasant N, Callahan C et al. 
Anticipation and instability of IT-15 (CAG)n repeats in parent-
offspring pairs with Huntington disease. Am J Hum Genet 
1995; 57: 593.

16. Wheeler VC, Persichetti F, McNeil SM, Mysore JS, Mysore SS, 
MacDonald ME, Myers RH, Gusella JF, Wexler NS. Factors 
associated with HD CAG repeat instability in Huntington 
disease. J Med Genet 2007; 44: 695-701.

17. Ross CA, Tabrizi SJ. Huntington’s disease: from molecular 
pathogenesis to clinical treatment. Lancet Neurol 2011; 10: 83-
98.

18. Myrianthopoulos NC. Huntington’s chorea. J Med Genet 1966; 
3: 298.

19. Reed TE, Chandler JH. Huntington’s chorea in Michigan. I. 
Demography and genetics. Am J Hum Genet 1958; 10: 201.

http://dx.doi.org/10.1097/00005053-199108000-00020
http://dx.doi.org/10.1097/00005053-199108000-00020
http://dx.doi.org/10.1056/NEJM199405193302001
http://dx.doi.org/10.1056/NEJM199405193302001
http://dx.doi.org/10.1056/NEJM199405193302001
http://dx.doi.org/10.1056/NEJM199405193302001
http://dx.doi.org/10.1056/NEJM199405193302001
http://dx.doi.org/10.1038/ng0893-398
http://dx.doi.org/10.1038/ng0893-398
http://dx.doi.org/10.1038/ng0893-398
http://dx.doi.org/10.1038/ng0893-398
http://dx.doi.org/10.1038/ng0893-398
http://dx.doi.org/10.1016/0896-6273(95)90345-3
http://dx.doi.org/10.1016/0896-6273(95)90345-3
http://dx.doi.org/10.1016/0896-6273(95)90345-3
http://dx.doi.org/10.1016/0896-6273(95)90345-3
http://dx.doi.org/10.1016/S0306-4522(00)00008-7
http://dx.doi.org/10.1016/S0306-4522(00)00008-7
http://dx.doi.org/10.1016/S0306-4522(00)00008-7
http://dx.doi.org/10.1016/S0306-4522(00)00008-7
http://dx.doi.org/10.1016/S0306-4522(00)00008-7
http://dx.doi.org/10.1038/nrn1806
http://dx.doi.org/10.1038/nrn1806
http://dx.doi.org/10.1038/nrn1806
http://dx.doi.org/10.1016/j.tig.2004.01.008
http://dx.doi.org/10.1016/j.tig.2004.01.008
http://dx.doi.org/10.1016/j.tig.2004.01.008
http://dx.doi.org/10.1038/35040009
http://dx.doi.org/10.1038/35040009
http://dx.doi.org/10.1016/S0278-5846(03)00021-6
http://dx.doi.org/10.1016/S0278-5846(03)00021-6
http://dx.doi.org/10.1007/s11910-011-0215-x
http://dx.doi.org/10.1007/s11910-011-0215-x
http://dx.doi.org/10.1007/s11910-011-0215-x
http://dx.doi.org/10.1186/1750-1172-5-40
http://dx.doi.org/10.1186/1750-1172-5-40
http://dx.doi.org/10.1136/jmg.2007.050930
http://dx.doi.org/10.1136/jmg.2007.050930
http://dx.doi.org/10.1136/jmg.2007.050930
http://dx.doi.org/10.1136/jmg.2007.050930
http://dx.doi.org/10.1016/S1474-4422(10)70245-3
http://dx.doi.org/10.1016/S1474-4422(10)70245-3
http://dx.doi.org/10.1016/S1474-4422(10)70245-3
http://dx.doi.org/10.1136/jmg.3.4.298
http://dx.doi.org/10.1136/jmg.3.4.298


1884

SHEKARI KHANIANI et al. / Turk J Med Sci

20. Tyagi S, Tyagi LK, Shekhar R, Singh M, Kori M. Symptomatic 
treatment and management of Huntington’s disease: an 
overview. Global Journal of Pharmacology 2010; 4: 6-12.

21. Stevens DL. Heterozygote frequency for Huntington’s chorea. 
Adv Neurol 1973; 1: 191-208.

22. Myrianthopoulos N. Huntington’s chorea: the genetic problem 
five years later. Adv Neurol 1973; 1: 150.

23. Warner J, Barron L, Brock D. A new polymerase chain reaction 
(PCR) assay for the trinucleotide repeat that is unstable and 
expanded on Huntington’s disease chromosomes. Mol Cell 
Probe 1993; 7: 235-239.

24. Lima e Silva TC, Serra HG, Bertuzzo CS, Lopes-Cendes 
I. Molecular diagnosis of Huntington disease in Brazilian 
patients. Arq Neuro-Psiquiat 2000; 58: 11-17.

25. Pearson CE, Sinden RR. Trinucleotide repeat DNA structures: 
dynamic mutations from dynamic DNA. Curr Opin Struc Biol 
1998; 8: 321-330.

26. Shao J, Diamond MI. Polyglutamine diseases: emerging 
concepts in pathogenesis and therapy. Hum Mol Genet 2007; 
16: R115-R123.

27. Zoghbi HY, Orr HT. Glutamine repeats and neurodegeneration. 
Annu Rev Neurosci 2000; 23: 217-247.

28. Hormozian F, Houshmand M, Sanati M, Ghiasvand R, 
Banoie M. Molecular analysis of the (CAG)N repeat causing 
Huntington’s disease in 34 Iranian families. Indian Journal of 
Human Genetics 2004; 10: 53.

29. Leeflang EP, Tavaré S, Marjoram P, Neal CO, Srinidhi J, 
MacFarlane H, MacDonald ME, Gusella JF, de Young M, 
Wexler NS et al. Analysis of germline mutation spectra at 
the Huntington’s disease locus supports a mitotic mutation 
mechanism. Hum Mol Genet 1999; 8: 173-183.

http://dx.doi.org/10.1006/mcpr.1993.1034
http://dx.doi.org/10.1006/mcpr.1993.1034
http://dx.doi.org/10.1006/mcpr.1993.1034
http://dx.doi.org/10.1006/mcpr.1993.1034
http://dx.doi.org/10.1590/S0004-282X2000000100002
http://dx.doi.org/10.1590/S0004-282X2000000100002
http://dx.doi.org/10.1590/S0004-282X2000000100002
http://dx.doi.org/10.1016/S0959-440X(98)80065-1
http://dx.doi.org/10.1016/S0959-440X(98)80065-1
http://dx.doi.org/10.1016/S0959-440X(98)80065-1
http://dx.doi.org/10.1093/hmg/ddm213
http://dx.doi.org/10.1093/hmg/ddm213
http://dx.doi.org/10.1093/hmg/ddm213
http://dx.doi.org/10.1146/annurev.neuro.23.1.217
http://dx.doi.org/10.1146/annurev.neuro.23.1.217
http://dx.doi.org/10.1093/hmg/8.2.173
http://dx.doi.org/10.1093/hmg/8.2.173
http://dx.doi.org/10.1093/hmg/8.2.173
http://dx.doi.org/10.1093/hmg/8.2.173
http://dx.doi.org/10.1093/hmg/8.2.173

