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Abstract: 

Spinocerebellar ataxia type 3(SCA3) is a degenerative neurological 

disorders caused by trinucleotide repeat expansion within the ataxin-3 gene. 

It is characterized by multi-system involvement and diverse clinical 

phenotypes, which cannot be fully explained the length of the CAG repeats. 

One possible explanation for the phenotypic heterogeneity could be the 

presence of mitochondrial DNA mutations that modify disease severity. To 

explore the role of Mitochondrial DNA(mtDNA) variations in SCA3 

pathogenesis, we analyzed polymorphisms of six mitochondrial genes, 

MT-LT1, MT-ND1, MT-CO2, MT-TK, MT-ATP8 and MT-ATP6, in 102 

unrelated SCA3/MJD patients and 100 healthy controls. The results showed 

that there were 24 variations of those mtDNA genes in the SCA3 patients 

and only 10 in the unrelated healthy controls. There was no difference of 
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the relative mtDNA copy number variation between the SCA3 patients and 

healthy controls（93.20 vs. 89.66, P>0.05）. In the group of SCA3 patients, 

the relative mtDNA copy number showed a negative correlation between 

the number of CAG repeats（r=-0.210，P＜0.05), but did not correlate with 

the age at diagnosis, the age of onset, disease duration, ICARS scores and 

SARA scores. Our research demonstrated that the frequency of mutated 

mtDNA in SCA3 patients was higher than that in the healthy group. The 

mtDNA relative copy number in SCA3 patients was not significantly 

different compared to the healthy group. Thus, the copy number might not 

be treated as a biomedical indicator when measuring the severity of illness 

in SCA3 patients.  

Keywords: SCA3/MJD, mitochondrial DNA, mutation, the relative 

mtDNA copy number 

Introduction 

Spinocerebellar ataxia type 3 (SCA3), also known as Machado-Joseph 

Disease (MJD), is the most common form of SCA worldwide and 

characterized by progressive cerebellar ataxia of the gait and limbs, 

dysarthria, dysphagia and pyramidal signs. Meanwhile, SCA3/MJD is 

variably associated with other symptoms such as nystagmus, muscle 

atrophy, dystonia, extrapyramidal signs and autonomic dysfunction. The 
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expansion of a CAG tract in the coding region of the SCA3-causative gene 

ATXN3 (chromosome 14q32.1) translates into an expanded polyglutamine 

tract at the C-terminus of the ataxin-3 protein. There is consensus that the 

toxic gain-of-function mutant ataxin-3 plays a fundamental role in SCA3 

pathogenesis(YU et al. 2009; NOBREGA et al. 2013). However, the distinct 

pathogenic mechanisms of the CAG repeat expansion remain unclear, and 

toxicity of the widely expressed polyglutamine protein cannot fully explain 

the selective neuronal degeneration seen in this disease(MARUYAMA et al. 

1995; PADIATH et al. 2005; YU et al. 2009; RAMOS et al. 2015).  

Mitochondrial DNA, which exists completely apart from the nuclear 

genome, contains 16,569 base pairs and codes for 37 genes. These genes 

are all necessary for the synthesis of mitochondrial proteins. Mitochondrial 

dysfunction can decrease ATP production, increase toxic free radicals and 

disrupt cytoplasmic calcium balance, leading to excitotoxicity and 

apoptosis(PETROZZI et al. 2007). Mitochondrial dysfunction associated with 

several degenerative neurological diseases(WALDBAUM and PATEL 2010; 

PAREYSON et al. 2014). 

Nuclear DNA or mtDNA mutations can both cause mitochondrial 

dysfunction. Several groups have explored the relationship between 

spinocerebellar ataxia and mutations in mitochondrial DNA, such as 

Casali(CASALI et al. 1999), Chinnery(CHINNERY et al. 2002) and Bing-Wen 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 18, 2017. ; https://doi.org/10.1101/101238doi: bioRxiv preprint 

https://doi.org/10.1101/101238
http://creativecommons.org/licenses/by-nc-nd/4.0/


Soong(LEE et al. 2007) and have found mtDNA single nucleotide variants 

(SNVs) and relative mtDNA copy number variations in SCA families and 

some sporadic patients. Based on these findings, we wondered whether 

mtDNA mutations might play a role in SCA3/MJD pathogenesis. 

Polymorphisms and the relative copy number of the highly mutated 

parts of mitochondrial genes, including MT-LT1 (tRNALeu), MT-TK 

(tRNALys), MT-ND1 (NADH dehydrogenase subunit I), MT-ATP6/8(ATP 

synthase subunit 6/8) and MT-COII (Cytochrome C oxidase subunit II), are 

increasingly being recognized as causing or modifying neurological disease. 

Thus, our study aims to analyze the polymorphisms and the relative 

mtDNA copy number variation in mtDNA genes of MT-LT1, MT-ND1, 

MT-CO2, MT-TK, MT-ATP8 and MT-ATP6 in 102 SCA3/MJD patients and 

100 healthy controls, to determine whether there is a correlation between 

the mtDNA mutations and clinical phenotypes in SCA3/MJD patients.  

Results 

Polymorphisms analysis of the mtDNA 

   Among the 102 patients of SCA3/MJD, a total of 24 SNVs were 

detected in the genes of MT-LT1, MT-ND1, MT-CO2, MT-TK, MT-ATP8 

and MT-ATP6, two of which were previously reported SNPs, and 22 of 

which were novel variants (Tab. 1-1). Only 10 SNVs were detected in the 

100 healthy controls (Tab. 1-2). The T8772C variant was found in both 
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patient and control groups. 

Tab. 1-1 SNVs in mtDNA found in SCA3/MJD patient gruop 

Sample 

no. 

Region Gene Nucleotide 

changes 

Amino acid 

changes 

Case number Previously 

reported 

1 8584 MT-ATP6 G→A Ala→Thr 11(10.78%) no 

2 8684 MT-ATP6 C→T Thr→Ile 2(1.96%) yes 

3 8701 MT-ATP6 A→G Thr→Ala 48(47.06%) no 

4 8860 MT-ATP6 A→G Thr→Ala 54(52.94%) no 

5 9053 MT-ATP6 G→A Ser→Asn 2(1.96%) no 

6 8877 MT-ATP6 T→C null 3(2.94%) no 

7 8793 MT-ATP6 T→C null 1(0.98%) no 

8 8856 MT-ATP6 G→A null 1(0.98%) no 

9 8794 MT-ATP6 C→T His→Tyr 8(7.84%) no 

10 8964 MT-ATP6 C→T null 3(2.94%) no 

11 8772 MT-ATP6 T→C null 1(0.98%) no 

12 9123 MT-ATP6 G→A null 3(2.94%) no 

13 8823 MT-ATP6 T→C null 1(0.98%) no 

14 8657 MT-ATP6 C→T Thr→Ile 1(0.98%) no 

15 8718 MT-ATP6 A→G null 1(0.98%) no 

16 8563 MT-ATP6 A→G Thr→Ala 1(0.98%) no 

17 8572 MT-ATP6 G→A Gly→Ser 1(0.98%) no 
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18 8974 MT-ATP6 C→T Leu→Phe 1(0.98%) no 

19 8515 MT-ATP8 C→T null 2(1.96%) no 

20 8414 MT-ATP8 C→T Leu→Phe 2(1.96%) yes 

21 8459 MT-ATP8 A→G Asn→Asp 3(2.94%) no 

22 8440 MT-ATP8 A→G null 1(0.98%) no 

23 8473 MT-ATP8 T→C null 1(0.98%) no 

24 8485 MT-ATP8 G→A null 1(0.98%) no 

 

Tab. 1-2 Mutations in mtDNA found in healthy controls 

Sample 

no. 

Region Gene Nucleotide 

changes 

Amino acid 

changes 

Case number Previously 

reported 

1 3435 MT-ND1 C→T null 1(1%) no 

2 8772 MT-ATP6 T→C null 2(2%) no 

3 8945 MT-ATP6 T→C Met→Thr 1(1%) no 

4 8956 MT-ATP6 A→G Ile→Val 1(1%) no 

5 8540 MT-ATP8 T→C Leu→Pro 1(1%) no 

6 8730 MT-ATP6 A→G null 3(3%) no 

7 8785 MT-ATP6 C→T Leu→Phe 1(1%) no 

8 8940 MT-ATP6 C→T null 2(2%) no 

9 8970 MT-ATP6 C→T null 1 no 

10 9080 MT-ATP6 A→G Asn→Ser 1 no 
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Analysis of the relative mtDNA copy number 

There was no difference in the mtDNA copy number （SCA3/MJD：

93.20, healthy controls: 89.66, P>0.05, Fig.1-1）between SCA3/MJD 

patients and healthy controls. In the SCA3/MJD patient group, the relative 

mtDNA copy number had a negative correlation with the number of CAG 

repeats（r=-0.210，P＜0.05, Fig.1-2) but did not correlate with the age at 

testing, the age of onset, disease duration, ICARS or SARA score 

(Tab.2-2). 

Tab. 2-1 Clinical and molecular parameters of SCA3/MJD patients and controls 

 Controls (n=100) SCA3/MJD (n=102) P value 

Age 42.46±4.90 40.20±10.13 — 

Age of onset — 33.73±9.06 — 

Disease duration — 6.49±3.59 — 

CAG repeat — 75.57±4.00 — 

ICARS scores — 26.68±13.37 — 

SARA scores — 9.98±4.65 — 

Ataxia — 92 — 

Dysarthria — 74 — 

Dysphagia — 12 — 

Wet cough — 62  
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Nystagmus — 85 — 

Diplopia — 16 — 

Relative mtDNA  

copy number 

89.66±30.28 93.20±48.68 0.682 

*p<0.05，statistical significance. 

Tab. 2-2 Spearman test of relative mtDNA copy number with various parameters in SCA3/MJD 

patients 

Variable Relative mtDNA copy number 

correlation coefficient 

P value 

Age -0.059 0.557 

Age of onset 0.006 0.954 

Disease duration -0.185 0.063 

CAG repeat -0.210 0.034* 

ICARS scores -0.111 0.266 

SARA scores -0.143 0.152 

*p<0.05,statistical significance.

Fig.1-2 Negative correlation of the relative 

mtDNA copy number with the number of 
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Discussion 
Mitochondrial DNA is considered as the smallest chromosome, 

containing only approximately 16,569 base pairs and coding for 37 genes. 

It is located in the mitochondria, which are completely separated from the 

nuclear genome. Mutations in mtDNA can cause failure of oxidative 

phosphorylation and the ATP synthesis, contributing to the oxidative stress 

and neuronal death found in many neurodegenerative conditions(ZEVIANI et 

al. 2012)9[12], such as Alzheimer’s disease(SHENG et al. 2012), Parkinson’s 

disease(BOSE and BEAL 2016)11[14], Huntington’s disease and 

diabetes(TRUSHINA and MCMURRAY 2007; SCHAPIRA 2008). The 

pathogenesis of SCA3/MJD is complex, and the role of oxidative stress, if 

any, is unclear. Our research aimed to discover mtDNA mutations that 

might explain some of the phenotypic variability in SCA3/MJD.   

Many groups have reported mtDNA mutations in various hereditary 

ataxia syndromes. Morgan-Hughes(PULKES et al. 1999) and his partners 

Fig.1-1 Relative mtDNA copy number in 

SCA3/MJD and controls 
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reported 4 patients had ataxia symptom in 14 MELAS (mitochondrial 

encephalomyopathy with lactic acidosis and stroke-like episodes) patients 

with mtDNA A3243G mutation. Also, MERRF (myoclonus epilepsy 

ragged-red fibers) patients with A8344G mutation of mtDNA were reported 

to be ataxic. Neuropathy-ataxia-retinitis pigmentosa syndrome patients also 

have T8993C and T8993G mtDNA mutations.  

Mitochondrial morphological change is also considered as an indicator 

of mitochondrial dysfunction. Electron microscopy of liver tissue revealed 

mitochondrial morphological changes in a patient with SCA7 (HAN et al. 

2010).In our study, we analyzed the mutations in several commonly 

reported mtDNA genes, including MT-LT1, MT-ND1, MT-CO2, MT-TK, 

MT-ATP8 and MT-ATP6. Interestingly, we found 22 new SNVs in ATP8 

and ATP6. Among these SNVs, the variant rates of A8701G and A8860G 

were high (47.06% and 52.94%, respectively), and both cause replacement 

of the threonine with alanine. Threonine is neutral polar amino acid, and 

alanine is neutral non-polar amino acid. Thus, the threonine to alanine 

mutation may cause a structural change in the translated product, but 

whether it will cause a failure in energy metabolism is still unclear. Only 

when the mutation rate of the mtDNA reaches a certain threshold do the 

cells and organelles may show functional changes(CHEN et al. 2015). In our 

study, the SNV rate in mtDNA is much higher in SCA3/MJD patients than 
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the normal controls, which may indicate a role for mtDNA mutation in 

SCA3 pathogenesis. It is unclear whether these mutations are modifiers of 

disease, or whether they are a consequence of changes caused by repeat 

expansion in the ataxin-3 gene.  

In previous studies, it was shown that mtDNA copy numbers from 

peripheral leucocytes in MELAS patients or MERRF patients correlated 

negatively with the mtDNA mutation rate(CHABI et al. 2003). In an 

SCA3/MJD cell model, decreased antioxidant activity lead to increased 

mtDNA damage, including a decreased mtDNA copy number and the loss 

of 4977 base pairs2. In another cohort of SCA and Huntington’s disease 

patients, Bing-Wen Soong showed that the decrease in mtDNA copy 

number from peripheral white blood cells negatively correlates with the 

number of CAG repeats, and proposed that mtDNA copy number could be 

a marker for these trinucleotide repeat diseases(LIU et al. 2008). We 

analyzed the mtDNA copy numbers variant from peripheral white blood 

cells in both SCA3/MJD patients and healthy controls, and found a 

negative correlation between the relative mtDNA copy number and the 

number of CAG repeats in SCA3/MJD patients. There was no correlation 

with the age at testing, the age of onset, disease duration, ICARS scores or 

SARA scores, and we did not observe a significant difference in relative 

mtDNA copy number between SCA3/MJD patients and healthy controls. 
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In summary, our study demonstrated that the frequency of mutated 

mtDNA in SCA3/MJD patients was higher than in the healthy group, 

suggesting that poly-Q repeat length in this disease may be associated with 

mutations in mtDNA. The mtDNA relative copy number in SCA3/MJD 

patients was not significantly different compared with the healthy control 

group, indicating that mtDNA copy number is not a biomarker for disease 

severity in SCA3/MJD patients. 

 

Subjects and methods 

Patients and controls 

One hundred and two unrelated SCA3/MJD patients (53 males and 49 

females), confirmed molecularly, and 100 unrelated healthy controls (50 

males and 50 females), matched by age and sex, were recruited for the 

study from Xiangya Hospital, Central South University, China between 

June 2007 and June 2015. The study was approved by the Expert 

Committee of Xiangya Hospital of the Central South University in China 

(equivalent to an Institutional Review Board). Written informed consent 

was obtained from all subjects. None of the subjects had a history of 

exposure to occupational carcinogens, familial history of cancer, benign or 

malignant tumors, smoking, drinking or other unhealthy habits, 

hypertension, cardiovascular diseases, inflammatory disease, kidney 
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disease or diabetes other than SCA3/MJD. Informed consent was obtained 

from all participants. A 5-10 ml sample of blood was collected in heparin 

after venipuncture. Total DNA, extracted with phenol–chloroform, was 

stored at -20 centigrade.  

Polymorphisms analysis of the mtDNA 

The two pairs of primers (Tab.3) used to amplify and sequence the 

mtDNA SNVs were previously published(SAFAEI et al. 2009). The first pair 

is ONP25 and ONP185, used for amplifying MT-TK, MT-ATP8, MT-ATP6 

and a portion of the MT-CO2 gene in the mtDNA (approximately 1078 bp). 

The another pair is ONP82 and ONP164, used for amplifying MT-LT1 and 

a portion of the MT-ND1 gene in the mtDNA (about 363 bp). The PCR 

conditions were as follows: predenaturation at 94℃ for 5 minutes, 35 

cycles of 94℃ for 1 minute, 60℃ for 1 minute, 72℃ for 1 minute (363 

bp fragment for 35 seconds), followed by a final extension at 72℃ for 10 

minutes. The amplified fragments were purified and sequenced by Sanger 

sequencing on a 3730 Genetic Analyzer sequencing machine (Applied 

Biosystems). SNPs that have been previously reported were identified by 

comparison with the Polymorphism Database in NCBI and TSC (bSNP 

Http://www.ncbi.nlm.nih.gov/SNP/ ； TSC http://snp.cshl.org/), and 
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mutations that have been previously reported were identified by 

comparison with the Human Gene Mutation Database 

(http://www.hgmd.cf.ac.uk/ac/index.php). 

 

Tab.3 Primers used for screening the mutation of the mtDNA 

Name of primers Primer sequence Length(bp) 

ONP25：8161-8180 CTA CGG TCA ATG CTC TGA AA 

1078 bp 
ONP185：9239-9219 TAC TAT ATG ATA GGC ATG TGA 

ONP82：3187-3216 CTC AAC TTA GTA TTA TAC CC 

363 bp 

ONP164：3550-3530 GAT GGT GAG AGC TAA GGT CG 

Analysis of the relative mtDNA copy number 

The relative mtDNA copy number was measured using real-time PCR 

for the ND1 gene and normalized against the reference gene β-globin. 

Pooled DNA from the Health Study participants served as the reference 

DNA pool, used to create a fresh standard curve on which the system was 

calibrated, which ranged from 0.16 to 20 ng/μL. All samples were assessed 

in triplicate, and the average of all three measurements was calculated. We 

used primers from Liu et al(LIU et al. 2003) for this study(Tab.4). The PCR 

conditions for β-globin and ND1 were 95℃ for 30 seconds, 35 cycles of 

95℃ for 5 seconds, 57℃ for 20 seconds and 72℃ for 15 seconds. 

Tab.4  Primers used for real-time PCR analysis 
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Name of primers Primer sequence Length(bp) 

ND1：F AAC ATA CCC ATG GCC AAC CT 

153bp 

ND1：R AGC GAA GGG TTG TAG TAG CCC 

β-globin：F GAA GAG GCC AAG GAC AGG TAC 

268 bp 
β-globin：R CAA CTT CAT CCA CGT TCA CC 

 

Statistical analysis 

   Statistical analysis was carried out with SPSS 22.0 and Excel 2010. All 

data were expressed as the means ± standard deviation. The Mann-Whitney 

U test was used for comparison of the relative mtDNA copy number 

between SCA3/MJD patients and healthy controls, and correlations of 

relative mtDNA copy number with CAG repeat, age at detection, age of 

onset, disease duration, ICARS scores and SARA scores were assessed by 

the Spearman correlation test. The data were considered significant when 

the P value was less than 0.05. 
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