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Introduction

Spinocerebellar ataxias (SCAs) are a heterogeneous group
of neurodegenerative disorders characterized by progressive
cerebellar ataxia of gait and limbs, dysarthria, dysphagia
and other neurological signs. The genetic classification of
the autosomal dominant types of SCAs is associated with
more than 30 loci. Several of these SCAs (SCA1, 2, 3, 6, 7,
17) are due to cytosine adenine guanine (CAG) repeat expan-
sions in the coding regions of the corresponding genes trans-
lated into abnormally long polyglutamine stretches (Stevanin
et al. 2000). Most of the CAG repeat disorders are charac-
terized by autosomal dominant heredity and anticipation (i.e.
earlier onset age and increasing severity in successive gen-
erations). However, our earlier study did not find correla-
tion between age of onset and the expanded CAG repeat
number at various SCA loci (Gul et al. 2014). Apart from
these, a novel mutation in SCA12 type was described which
consisted of trinucleotide repeat expansion in the noncoding
region of SCA12 gene (Holmes et al. 1999).

SCA12 gene is located on chromosome at position 5q31-
q33. The CAG tract lies at 5′UTR and encodes the brain-
specific subunit of the serine–threonine protein phosphatase,
PP2A. The normal, nonpathogenic number of CAG repeats
has been established in different ethnical populations, ranges
9–18 (Fujigasaki et al. 2001) and 7–28 (Holmes et al. 1999).
The pathogenic CAG repeat expansions was observed to be
66–78 in patients of German origin (Holmes et al. 1999)
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and of 55–69 in Indian SCA12 families (Fujigasaki et al.
2001; Srivastava et al. 2001). Clinically, the distinguishing
feature is early prominent action tremor in the limbs, but
can occur in the trunk, neck, lips and tongue (Cho et al.
2008; O’Hearn et al. 2012). Postural tremor (tremor at rest)
and intention tremor (tremor with purposeful movements)
are also observed. Signs of cerebellar dysfunction (e.g. ataxia
and dysmetria) tend to be less prominent and less disabling
in individuals with SCA12 than in other types of SCA.

In different populations, the disease prevalence of these
ataxias has shown to be associated with the presence of large
normal alleles (LNA) at the respective loci (Squitieri et al.
1994; Takano et al. 1998; Goldberg et al. 1993). Screening
of populations for establishing normal and expanded ranges
for that particular geographical region helps in proper molec-
ular diagnosis. The repeat numbers which are considered as
LNA fall in 5–10% of the upper repeat number, when they
are arranged/plotted in ascending order as described earlier
(Alluri et al. 2007). In the present study, all the repeats were
from the healthy individuals (n = 200) and from nondisease
alleles of patients (n = 376).

An attempt was also made to establish the normal repeat
ranges and LNA at SCA12 locus to enable proper molec-
ular diagnosis. The role of triplet repeat expansion beyond
threshold size in disease pathogenesis has been defined; how-
ever, the exact role of lower repeats in disease pathogenesis
is still unknown in these types of disorders. Notably, the lower
repeats may also result in abnormal phenotype, as it has been
noted in diseases such as spinal and bulbar muscular atrophy
(SBMA) (Kooy et al. 1999). The lower repeats were not found
in controls which indicate that lower repeats at these loci may
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play a role in diseases pathogenesis. Various studies (Deutsch
et al. 2006; Chen et al. 2009) revealed that lower repeats at
SCA12 genelocus are susceptible to Alzheimer’s disease and
essential tremor. Till date, there are no studies carried out on
CAG repeat analysis in SCA12 gene from southern region
of India. Therefore, we aimed to determine the CAG repeat
expansions in SCA12 gene from southern population of India.

Materials and methods

Ethics committee

Ethical approval was obtained from the ethical committee
of Kamineni Hospitals and Nizams Institute of Medical Sci-
ences, Hyderabad, India. Clinical, personal and family his-
tory was obtained from patients by a personal interview with
patients/attenders, in a well-designed proforma. A three gen-
eration pedigree was recorded with relevant medical history
of the family members. The study was carried on 288 cases
which included 186 males and 102 females aged between 5
and 76 years with the mean age (±SD) of 35.6 ±15.9 years.

Patient recruitment

Patients diagnosed for various neurodegenerative diseases
with triplet repeat expansions were recruited. These cases
were diagnosed based on the clinical symptoms and MRI,
ENMG, EEG and CT scan findings. All these cases were refer-
red to the Department of Genetics and Molecular Medicine,
Kamineni Hospitals, Hyderabad, for molecular diagnosis.
All these diseases showed overlapping symptoms making it
difficult for the clinicians to identify the disease precisely.

Samples

For this study, we selected 188 patients referred with various
triplet repeat diseases from different regions of Telangana
and Andhra Pradesh. For molecular analysis, 2 mL of the
venous blood was collected from patients. Healthy controls
(n =100) were selected from general population without any
family history of neurological diseases, who had visited the
Kamineni hospitals.

DNA and molecular analysis

For molecular diagnosis, DNA was extracted from peripheral
blood leucocytes by using salting out technique, which was
routinely used in our laboratory (Khan et al. 2015). CAG
repeat analysis was performed for 288 samples including
100 normal individuals and 188 patients. Analyses for CAG
repeats were performed using thermal PCR using the fol-
lowing pairs (forward and reverse) of oligonucleotides as
described by Bahl et al. (2005). Amplification of the frag-
ment was performed with forward primer 5′-GCCAGCG
CACTCACCCTC-3′ and reverse primer 5′-CTGCTGGGA
AAGAGTCGTGC-3′. Oligonucleotides were synthesized
by Bioserve Biotechnology (Hyderabad, India). Total vol-
ume of 25 μL of PCR reaction (0.2 mL Eppendorf tube) was
carried out for 35 cycles with an initial denaturation at 95◦C
for 5 min followed by cycling at 95◦C for 30 s, annealing
for 40 s at 60◦C. The PCR products obtained were analysed
by electrophoresis, on a 2% agarose gel stained with ethid-
ium bromide. Molecular weight analysis and sizing of alleles
were performed by using UVI Tech software (UK).

Statistical analysis

Possible differences between patients and controls in the nor-
mal repeat frequency distributions were assessed using two
nonparametric tests: the two sample Kolmogorov–Smirnov
test and the Mann–Whitney U test. Allele frequencies at each
locus were estimated by the gene counting method. Statistical
analyses of differences in controls and patient groups are in
the frequency of LNA, performed with the Fisher exact test
(t-test). To perform statistical analyses of the differences in
the frequencies of large normal allele between patients and
controls, we defined large normal allele as in Takano et al.
(1998). In this study, alleles longer than 15 CAG repeats were
considered as large alleles and less than 15 CAG repeats were
identified as normal alleles.

Results
In this case–control study, only one case (0.5%) (figures 1&2;
table 1) was found to have 56 repeats in SCA12 gene which is
an expansion in the pathological range according to defined

1          2         3       4           5          6          7       

Figure 1. Ethidium bromide-stained 2% agarose gel showing amplified PCR products of SCA12 gene. Lane 1, patient sample showed 56
CAG repeats (expansion); lane 2, patient sample showed 26 CAG repeats; lane 3, patient sample showed 13 CAG repeats; lane 4, patient
sample showed 13 CAG repeats; lane 5, patient sample showed 27/19 CAG repeats; lane 6, control sample showed 12 CAG repeats; lane 7,
DNA size marker 100 bp.
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pathogenic repeat range (45–78) (Holmes et al. 1999). The
age of onset in patient III-2 (figure 2) was 50 years with the
clinical characteristics of tremor, oscillations in fingers and
hands, upper limbs were more affected than the lower limbs
(table 1). The patient showed an autosomal dominant pattern
of inheritance (figure 2). Her mother had the same symptoms
and died at the age of 59 (II-1, figure 2), hence the sample
is not available for molecular analysis. Although, the repeat
expansions in the pathological range based on published cri-
teria was found in only one case, however >26 repeats were
found in four patients and none in controls, which includes
two cases having an expansion at SCA1 locus (table 1). All
these patients exhibit clinical feature of SCA12 type, i.e.
tremor. Out of these five cases, three cases had expansion
at different SCA loci, i.e. SCA12 and SCA1. The other two
cases had age at onset in the second decade of their life and
could not be categorized as SCA12 type since their repeats at
SCA12 locus do not fall in the expanded range based on the
published expansion range.

A total of 575 pooled chromosomes from 288 individu-
als were analysed for the distribution of the repeat number
alleles (excluding expanded allele). At SCA12 locus alle-
les ranged between 6–27 CAG repeats with 92% of them
having repeats between 7–21 CAG repeats (figure 3) and
this did not differ markedly from the ranges reported pre-
viously (Bahl et al. 2005) from the south Indian population
(8–23 CAG repeats). The most frequent allele in the patient
group (20.2%) and control group (16%) was 10 and 11 CAG
repeats, respectively.

At SCA12 locus, LNA is considered as >15 repeats
(Takano et al. 1998; Silveira et al. 2002; Brussino et al.
2010). The percentage of LNA in patient group and control
group was 32% and 35.5%, respectively based on published
criteria. Since, 17 CAG repeats were found more in controls,
LNA in the present study was taken as >18 (figure 3). The
percentage of LNA in patient group was 19.33% and 15.5%
in the controls based on the present study criteria (figure 4).

Figure 2. Three generation pedigree of the patient with SCA12
expansion. Ta
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Figure 3. Distribution of alleles in patients and controls at SCA12 locus.

The prevalence of SCAs in various populations has been
correlated with the percentage of LNA. To study the fre-
quency of triplet repeat expansion in our two groups rela-
tive to the frequency of normal alleles of larger size at the
SCA12 locus, we used the criteria of Takano et al. (1998). In
the present study, LNA allele distribution were assessed from
the healthy individuals (n = 100) and from nondisease alleles
(n = 188). At the SCA12 locus, the frequency of LNA >15
repeats in the present study was 0.33. The percentage of LNA
at SCA12 locus was 32% and 35.5% in patients and controls,
respectively (figure 4). There is no published literature on the
frequency of LNA at SCA12 locus from India. The frequency
of LNAs in the present study is significantly higher than the
frequencies reported in Portuguese and Brazilian populations
(table 2).

Figure 4. LNA at SCA12 locus based on published and the present
study criteria.

In the present study, lower repeats at SCA12, i.e. six CAG
repeats were identified in two patients and none in controls.
These two patients had age at onset at 30 years with gait and
speech disturbances. However, tremor was not identified in
these patients. One patient is walking with support and the
other has lumbar spondylosis and sensory neuropathy (table 3).

Discussion

Earlier studies reported SCA12 as rare among SCA subtypes
in Indian population (Fujigasaki et al. 2001). The recent
literature showed a notable incidence of SCA12 in
north Indian population, accounts for 7% of all SCAs
(Srivastava et al. 2001). In another study, it accounts for
16% of all SCAs (Bahl et al. 2005) in north India. The
database study from north India also showed frequency of
12% (Faruq et al. 2009). The present study on SCA12 is the
first study from southern India which reports the first case
of SCA12.

Table 2. Frequency of LN alleles in the present study compared
with other populations.

Present Portuguese group Brazilian group
Gene study (Silveira et al. 2002) (Silveira et al. 2002)

SCA12 (>15) 0.33 0.03 (<0.0001) 0.05 (0.0001)

P values indicated in parentheses are obtained from chi-square anal-
ysis when comparison was between the present study and other
studies using MedCalc 7.6.0.0.
The frequencies of LNAs in this study at SCA12 locus were quite
high when compared with Portuguese and Brazilian populations.
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Table 3. Clinical details of the patients with lower repeats than the normal range at SCA12 locus.

Family Repeats Clinical details
Gene Age Sex Onset history Consanguinity observed Gait Speech Eye Any other

SCA12 36 Male 30 No No 12/6 + + – Walking with support
SCA12 32 Male 30 No No 11/6 + + – Lumbar spondylosis, sensory neuropathy

Lower repeats at SCA 12, i.e. six CAG repeats were identified in the two patients and none in the controls. These two patients had age at
onset at third decade with gait and speech disturbances.

The CAG repeat length in the normal chromosomes at the
SCA12 loci was found to be highly polymorphic in Indian
population and ranged from 7–32 CAG repeats (Bahl et al.
2005, 2009), which indicates wide heterogeneity of SCA12
gene in Indian population. In this study, alleles had repeat
range between 6–27 with 92% of chromosomes having
repeats between 7–21 (figure 3) and this did not differ
markedly from the ranges reported previously (8–23 CAG
repeats) from north Indian population (Bahl et al. 2005).

The causative mutation remains unidentified in 187
patients in the present study at SCA12 locus due to the fact
that molecular diagnosis was based on the published patho-
logical ranges, which are mostly arbitrary based on associa-
tion studies (van de Warrenburg et al. 2002; Martindale et al.
2012). Although in the current study, expansions in the patho-
logical range based on published criteria was found in only
one case, however >26 repeats were found in four patients
and none of them in controls. These patients were reassessed
for clinical features (table 1) and were found to have char-
acteristic features of SCA12 in two cases and the other
two had an expansion at SCA1 locus. This raises the ques-
tion regarding the pathological threshold of the expanded
repeats. Hence, we earlier proposed to reevaluate the thresh-
old of abnormal repeat expansion at various SCA loci which
includes SCA12 gene also (Gul et al. 2014).

LNA are relatively unstable and undergo expansion to
reach an intermediate range from which further expansion
to the disease range takes place. Therefore, a study on the
percentage of LNA in any population would be an indirect
reflection of the prevalence of the disease in that population.
This was found to be true in African and Israeli populations
(Goldman et al. 1996; Mor-Cohen et al. 1997). A similar
study involving White and Japanese ADCA patients and nor-
mal individuals observed that the prevalence of SCAs is
highly correlated with the frequency of LNAs in the normal
population (Takano et al. 1998). The frequencies of LNAs in
this study at SCA12 locus were quite high when compared
with other populations (table 2). This study supports more
prevalence of SCA12 in south Indian population.

Expression of expanded polyglutamine proteins leads to
numerous cellular abnormalities, mediated at the protein
level by a toxic gain in function conferred, at least in part, by
misfolding of the repeat domain (Gatchel and Zoghbi 2005).
Yet, protein misfolding due to expansion of polyglutamine
tracts may not be the only mechanism for neurodegenerative
diseases, repeats lower than normal range may also result in

abnormal phenotype, as has been noted in diseases such as
SBMA (Kooy et al. 1999). In the present study, lower repeats
were identified in two patients and none of them in controls
which indicate that lower repeats at these loci may play a role
in disease pathogenesis. Lower repeats at SCA12 gene locus
are risk factors for Alzheimer’s disease and essential tremor
disorders (Chen et al. 2009). This study is the first study
from India where six CAG repeats at SCA12 locus have been
found in a clinically diagnosed ataxia patient.

Conclusions

This study indicates that an unexpectedly high proportion of
the ataxic patients have repeat lengths in the SCA12 gene
which is longer than the control group, thereby raising the
question if the currently used cut-off length for normal/
elongated CAG repeat should be reconsidered or changed.
The frequencies of LNAs in this study at SCA12 locus were
quite high when compared with other populations. The study
supports more prevalence of SCA12 in South Indian popula-
tion. It also suggests that repeats more than the normal range
may also play an important role in disease pathogenesis.
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