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Syndrome

ABSTRACT

Background and objective: Huntington's disease (HD) is an
autosomal dominant disorder that mainly affects adults.
Although mutations in the IT15 gene have been known as the
main cause of the disease, patients with HD like (HDL)
syndrome have mutations in genes other than the IT15 gene.
In this study, we investigate the frequency of mutations in
SCAI17/TBP, JPH3 and PRNP genes in patients with HDL
syndrome.

Methods: The frequency of mutations in SCAI17/TBP,
JPH3 and PRNP genes was studied in 56 patients with HDL
phenotype but without trinucleotide expansion in the ITI5
gene. DNA was extracted from peripheral whole blood by the
salting out method. PCR was performed using specific primers
for each gene. PCR products were separated on
polyacrylamide gel. Sequencing was performed on some
samples to confirm the PCR results.

Results: We found neither trinucleotide expansion in the
JPH3 and SCAI17, nor octapeptide insertion in the PRNP
gene.

Conclusion: Based on the results, Iranian patients with
HDL syndrome do not have mutation in the TBP, JPH3 and
PRNP genes. However, this result may be due to population
differences, rarity of the mutations in the studied genes and
the small number of study subjects. Therefore, studies with a
larger study population that investigate other mutations, such
as point mutations in the mentioned genes may help clarify
the exact cause of HDL phenotype in Iranian patients.
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INTRODUCTION

Huntington's disease (HD) is a progressive
neurodegenerative disease which mainly
occurs in adults (1). The most important
clinical symptoms of the disease include
movement disorders, chorea, psychological
disorders, epilepsy, mood changes and
depression. The average age of onset is
between 30 to50 years; however, 5 to 10
percent of the patients develop the disease
before the age of 20, a condition known as the
juvenile HD (2).
Huntington's disease is caused by the CAG
repeat expansion (poly-glutamine) in the
coding region of IT15 (HTT) gene located at
4p16.3. Patients with HD-like (HDL)
syndromes have symptoms similar to HD but
do not have the trinucleotide expansion in the
IT15 gene. There are three HDL syndromes
(HDL1, HDL2 and HDL4) with autosomal
dominant inheritance and one (HDL3) with
recessive inheritance (3).
HDL1 disease or transmissible spongiform
encephalopathy (prion disease) is a rare,
progressive neurodegenerative disorder that
affects one in every 1,000,000 people
annually. The age of onset of HDL1 is 25-45
years. The symptoms include cognitive
difficulties, ataxia and myoclonic seizures,
personality changes, psychiatric symptoms,
fatigue, emotional numbness, dysarthria,
dementia and motor disturbance with chorea
(4, 5). The disease is caused by the insertion of
octapeptide repeats in the PRNP gene, which
is located on the short arm of chromosome 20.
The octapeptide repeat region lies between
codon 51 and 91, which includes a
nonapeptide (Pro-Gln- (Glu) 4-Trp-Gly-GlIn)
followed by an octapeptide (Pro-His- (Gly) 3-
Trp -Gly-GIn). With each repeat, 24
nucleotides (8 amino acids) will be added to
the gene. Normally, there are four octapeptide
repeats in the PRNP gene. In HDL1 patients,
the repeat numbers is increased to 11-13,
which produces an abnormally long cellular
prion protein. It is not clear that how abnormal
proteins  destroy neurons and  cause
characteristic features of HDL1 (6).
Huntington's disease-like 2 (HDL2) is caused
by CAG/CTG expansion in the JPH3 gene
located at 16g23. Normal and pathogenic
alleles have 6-28 and 44-57 repeats,
respectively. Alleles with 29-40 repeats are
unstable (7).
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The disease usually appears at the age of 29 to
41 and has a 10 to 20 years survival time.
Clinical symptoms of the disease include
hypokinesia (rigidity, bradykinesia), tremor,
dysarthria, psychological symptoms,
emotional and cognitive abnormalities,
convulsion and chorea. HDL2 is a rare and
most commonly observed in Africa (8).
Huntington's disease-like 4 (HDL4), also
known as spinal cerebellar ataxia type 17
(SCAL7), is caused by a mutation in the
TATA-binding protein (TBP) gene, which is
located at 6927 and contains eight exons. The
CAGI/CAA repeats are located in exon 3 of
this gene. Normal alleles have 25-42
CAG/CAA repeats. The pathogenicity of
alleles with 43 and 44 repeats is uncertain.
Furthermore, alleles with up to 49 repeats have
incomplete penetrance (9,10). Main symptoms
of HDL4 include uncoordinated movement,
dementia, involuntary movement, psychosis,
seizure and rigidity. The age of onset (3-75
years) and clinical presentation are extremely
variable (11).

HDL3 is mapped to 4p15.3 and has recessive
inheritance. The responsible gene for this
disease is not known (12).

In HDL syndromes, the repeat number is
significantly correlated with early onset and
disease severity (13). The aim of this study
was to evaluate frequency of the mentioned
mutations in the TBP, JPH3 and PRNP genes
of patients with HDL syndromes.

MATERIALS AND METHODS

In this study, we investigated the
expansion of trinucleotide repeats in the JPH3
and SCAL7/TBP genes and the insertion of
octapeptide repeats in the PRNP gene. We
recruited 56 unrelated HDL patients (34 men
and 22 women, mean age: 52 + 5 years) with
normal trinucleotide repeat numbers in the
IT15 gene, who were referred to the Tehran
Medical Genetics Laboratory between 2006
and 2010. Written consent was obtained from
patients or their guardians.

DNA was extracted from peripheral whole
blood using the salting-out method. The
quantity and quality of the extracted DNA was
assessed by a spectrophotometer (Nanodrop
2000c, Thermoscientific) (14). Three primer
pairs were designed to amplify the region of
interest of each gene (Table 1).
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Table 1. Sequence of the primers used for amplification of the JPH3, PRNPand TBP genes

Primer Sequences (5°= 3°) Product
length
JPH3-F AATCGATCTGTGCCTTCATTC 139 bp
JPH3-R GTTCCCTGCACAGAAACCATC
PRNP-F AAGCCTGGAGGATGGAACAC 233 bp
PRNP-R TTACTCGGCTTGTTCCACTGAC
SCA17-F CCTTATGGCACTGGACTGAC 245 bp
SCA17-R GTTCCCTGTGTTGCCTGCTG

Amplification was done using the Veriti 96
well Thermal Cycler (Applied Biosystems)
with  the following conditions: initial
denaturation at 95 °C for 5 min, followed by
32 cycles of 94 °C for 40 sec, 65 °C for 40 sec,
72 °C for 40 sec and final extension at 72 °C
for 10 min. PCR products were separated on
12% polyacrylamide gel stained with silver
nitrate. Also, for determining the exact number
of repeats, several samples from the studied
genes were sequenced by Macrogen Co.
(South Korea).

RESULTS

In this study, all patients had normal repeat
numbers (Figures 1-3). The average repeat
numbers for the JPH3 and TBP genes was 13-
15 and 33-35, respectively. In addition, the
average number of octapeptide repeats in the
PRNP gene was 3-4.
Figure 4 shows an example of the PRNP gene
sequencing result in one of the patients using
the forward primer.

Figure 1. PCR products of the PRNP gene amplification on 12% polyacrylamide gel. Columns 1 to 6: HDL
patients, column 7: normal control sample, M: 50 bp size marker

Figure 2. PCR products of the JPH3gene amplification on 12% polyacrylamide gel. Columns 1 to 6: HDL
patients, column 7: normal control sample, M: 50 bp size marker.
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Figure 3. PCR products of the 7BPgene amplification on 12% polyacrylamide gel. Columns 1 to 6: HDL
patients, column 7: normal control sample, M: 50 bp size marker.

R
e

—
-

300

.ico
100

-

Figure 4. Sequencing result of octapeptide region in the PRNP gene using the forward primer.
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DISCUSSION

Huntington's disease and HDL syndromes

are autosomal dominant disorders (except for
HDL3) characterized by  progressive
neurodegeneration, cognitive impairment and
behavioral abnormalities that occur in
adulthood. In 1993, abnormality in the IT15
(HTT) gene was identified as the causative
agent for HD (15, 16). However, it was found
that a number of patients with clinical
symptoms of HD do not have a three
nucleotide expansion in their IT15 gene. Later,
other genes such as PRNP, JPH3, SCA17 and
DRPLA were found to be responsible for HDL
symptoms.
In this study, 56 HDL patients with no
mutation in the IT15 gene were studied for
JPH3, PRNP and TBP genes abnormality. No
trinucleotide  expansion  or  octapeptide
insertion was found in the subjects. In a study
on 106 Brazilian patients, 37 and 29 patients
were affected by HD and HDL syndromes,

respectively. Moreover, 10.3% of the HDL
patients had mutations in the JPH3 gene and
were therefore diagnosed with HDL2 (17). In a
study in America on 538 patients with HDL
phenotypes, six patients had mutations in the
JPH3 gene. In Japan, no patient had JPH3
mutation (18). In Serbia and Montenegro, 198
HDL patients were studied for CTG repetition
expansion in the JPH3 gene using PCR and
sequencing. It was revealed that alleles had 11-
18 CTG repeats, so HDL2 is very rare in these
populations (19). Some studies have proposed
other genes as candidate for HDL diagnosis.
For instance, CREBBP and POU3F2 genes
were studied in Portuguese patients and there
was no mutation in the genes. In Japan,
mutation in the DRPLA gene was common
among HDL patients (20). Table 2 summarizes
a number of studies that have been performed
on these genes in different populations.
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Table 2. Frequency of HDL syndromes in different populations

Year of Study population Number Studied genes
study of subjects Frequency of mutations
1999 America and Britain 15 SCA1,2and 3and DRPLA 0
(13)
2001 African Americans 330 HDL2 1.2%
(13)
2002 Germany and Austria 1600 SAC17 9(0.005%)
(14) HDL2 0
2003 France (8) 252 HDL1,HDL2,SCA17and DRPLA HDL2=2(33%)
SCA17=2(33%)
2004 North America (13) 538 HDL2 6
2005 Yugoslavia (16) 48 DRPLA?23,17,SCAL HDLAIL,HDLZ and NFP 0
2007 South Africa (17) 50 HDL2 15(30%)
2006 Portugal (18) 107 SCA17,DRPLANFP,HDL1 and HDLZ 0
2008 258 DRPLA17,23,SCALHDL1,HDL2 FRDAand NFP SCA17=5(1.8%)
England (5) HDL1=1(0.4%)
FRDA=1(0.4%)
HDL2=1(0.4%)
2008 Poland (19) 224 DRPLASCAI7 and HDL2 SCA17=1(0.44%)
2011 Brazil (12) 29 ChAC,DRPLA1T,23,SCAI and HDL2 HDL2=3(10.3%)
ChAC=2(6.8%)
2014 Iran (the present 56 HDL1,HDL2and HDL4 HDL1=0
study) HDL2=0
HDL4=0
CONCLUSION

...... We found no mutation in the TBP, JPH3
and PRNP genes of patients with HDL
syndromes. However, this result may be due to
population differences, rarity of the mutations
in the studied genes and the small number of
study subjects. Therefore, studies with a larger
study population that investigate other
mutations, such as point mutations in the
mentioned genes may help clarify the exact
cause of HDL phenotype in Iranian patients.
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