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Abstract  

Background: Evidence suggests that mitochondrial DNA (mtDNA) variation at a population level may influ-

ence susceptibility to, or the clinical progression of Multiple Sclerosis (MS).  

Objective: To determine if mtDNA population variation is linked to the clinical progress of MS.    

Methods: Using the complete mtDNA sequences of 217 MS patients, we applied the new ‘variant load’ 

model, designed as a framework by which to examine the role of mtDNA variation in the context of complex 

clinical disease.  

Results: No significant association was detected between mtDNA ‘variant load’ and the clinical measures of 

progression.   

Conclusion: Our results show that mtDNA population variation does not play a substantial role in the clinical 

progression of MS; however, modest effects and/or effects in a subgroup of patients cannot be entirely ex-

cluded as a possibility. The results further illustrate the method’s applicability to other disease phenotypes, to 

use in conjunction with quantitative patient measures, to test for a statistical relationship between mildly dele-

terious mtDNA variation and disease progression.  
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Introduction  

Mitochondrial DNA (mtDNA) is present as 100-1000’s copies per cell. Rare inherited mtDNA mutations that 

cause classic mitochondrial disease are present as a mixture of mutated and wild-type mtDNA molecules 

within cells, a phenomenon termed heteroplasmy (1). mtDNA has been implicated in MS susceptibility in 

some case-control studies using the haplotype association model, but not in others (2, 3).  

However mtDNA also shows high levels of population variation termed a homoplasmic inheritance pattern. 

Here variants are present on all mtDNA copies within cells, with some of these changes predicted to be mildly 

deleterious and potentially have a role in the progression of multifactorial disease (4). Building on this a fur-

ther approach a ‘variant load model’ (VLM) has been developed. This suggests that mtDNA variants that are 

less common at the population level may be regarded as either a factor that increases disease susceptibility, or 

one that may modulate the course of complex disease. This is considered biologically plausible, as rarer vari-

ants are more likely to be mildly deleterious (4, 5). The VLM does not attempt to link a single mildly deleteri-

ous variant with disease, but rather suggests that the cumulative effect of such variants might be more com-

mon in patients with certain diseases, or a more rapid course of disease. 

In this report we consider whether MS disease characteristics are affected by the level of mildly deleterious 

inherited mtDNA population variants harbored by patients from the UK MS Society Tissue Bank (UKMSTB).  

Methods  

Patient cohort and brain tissue collection and mtDNA sequencing 

MS post-mortem brain tissue samples were provided by the UKMSTB (https://www.imperial.ac.uk/medi-

cine/multiple-sclerosis-and-parkinsons-tissue-bank). The study was approved by the national NRES commit-

tee (08/MREC09/31+5). DNA was extracted from snap frozen tissue blocks from the cerebellum (n = 217) at 

Source Bioscience (https://www.sourcebioscience.com). Next Generation sequencing using Fluidigm technol-

ogy (Illumina) was carried out at a mean depth of 5,000x per site (5). 

Data analyses 

Complete mitochondrial genomes were analysed using mtDNA-Server (http://haplogrep.uibk.ac.at) (6). 

Pathogenicity status was assessed using MitoMap (https://www.mitomap.org/MITOMAP) (7) and accepted 

http://haplogrep.uibk.ac.at/
https://www.mitomap.org/MITOMAP
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scoring criteria (8). The MutPred software (http://mutpred.mutdb.org), assigned a ‘pathogenicity’ score be-

tween 0-1 (an amino acid change). A score of zero predicts the variant to be benign, a score >0.5 is classified 

as an “actionable hypothesis”, predicting an effect on protein function. The scores >0.5 and >0.7 were then 

summed to produce the variant load. Low scoring variants were excluded, in accordance to previously pub-

lished guidelines (5).  

Statistical analyses 

Correlation analysis was performed using either a Pearson’s Correlation Coefficient or Spearman’s Rho. Fish-

ers t-test and contingency analysis were used as indicated in the text. Analyses were performed using SPSS 

Statistics software (v25; IBM corporation, Chicago, USA). The threshold for significance was set at 0.05 with 

appropriate correction for multiple testing being employed where a significant result was found. 

Results  

Heteroplasmy analysis  

The sequence data was examined for variants previously linked to inherited mitochondrial disease (1, 7, 8). A 

single variant tRNA-Phe m.622G>A (7), was detected in the dataset. The heteroplasmy level was 1.45%, well 

below levels (>60%) that associate with disease (1, 8).  

The impact of potentially mildly deleterious mtDNA variants on the course of disease      

A summary of cohort attributes can be seen in Table 1, with a summary of the statistical results being shown 

in table 2 with detailed information concerning mtDNA variant load scores for each cohort member being 

shown in Supplemental Table 1. The correlation of mtDNA variant load calculated from MutPred scores of > 

0.5 with clinical outcomes was investigated using Pearson correlation giving the following results : age of 

symptom onset (p=0.88), age of disease progression (p=0.31), age at death (p=0.19), time from symptom on-

set to needing a wheelchair (p=0.05), time between symptom onset and death (p=0.13), time between symp-

tom onset and the onset of the secondary progressive phase (p=0.69), and time from the onset of the second-

ary progressive phase to death (p=0.15). Thus, there was only one result of significance from all the correla-

tions conducted between clinical phenotypes and mtDNA variant load.  This being the time from symptom 

http://mutpred.mutdb.org/
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onset to the time that the patient was required to use a wheelchair (p=0.05) this result was no longer signifi-

cant after correction for multiple testing. The number of relapses patients experienced in the first two years of 

disease was also considered, as more than two relapses being considered a poor prognostic indicator (9). This 

analysis was conducted using a Student’s t-test, with the variant loads of those with greater than two relapses 

being compared to those with fewer; again, no significant difference was seen (p=0.89). Similar non-signifi-

cant effects was seen when variant load was calculated using only amino acid changes with a MutPred value 

>0.7 (p=0.8).  

Post-mortem whole brain weight was also correlated with mtDNA variant load using a Pearson’s Correlation 

with a non-significant relationship between brain weight and mtDNA variant load (p=0.91). A qualitative 

post-mortem measure of inflammation, the degree of inflammation was considered in the context of the 

mtVLM using a Spearman’s Rho; and was not significant (p=0.39) (10).      

(10).      

 

Discussion  

Prior studies on the role of population mtDNA variation in MS considered whether common mtDNA popula-

tion variation acts as a susceptibility factor; however, such reports revealed inconsistent results (2, 3). Here, 

for the first time, we present a detailed investigation concerning the putative role of mtDNA population varia-

tion in the clinical course of MS by using a new association model namely the VLM. The VLM focuses on 

mtDNA variants in the protein encoding genes predicted by computational methods to be mildly deleterious, 

which could potentially contribute to the disease process in considers the action of these variants in synergy 

(4, 5). We applied the VLM by correlating the calculated variant load of each patient with various central dis-

ease outcomes, as per the patient records. This analysis did not produce any significant correlations. Thus, by 

using a large, clinically well-described sample set of MS patients with complete mtDNA sequence data, our 

data refutes a strong association between mtDNA variation and several distinct measures of clinical progres-

sion in MS. However, we did find borderline significant associations with the length of disease and its impact 

on wheelchair use, prior to correction for multiple comparisons, implying a larger study may offer further 
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sights. The advantage of the UKMSTB dataset is that we have a full history with pathological outcome but 

this level of detail results in smaller numbers that is a major a limitation in genetic studies.  

Additionally, results do not eliminate the possibility of more moderate associations, nor the possibility of sig-

nificant associations in subsets of MS patients, e.g. patients with primary progressive MS. The current results 

also do not completely exclude the possibility of detecting an association between mtDNA variation and other 

quantified variables such as those obtained from scoring histopathologically-stained patient brain specimens. 
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Indicator of MS Progression Minimum Maximum Mean SD Deviation 

 

Variant load using only the 

scores > 0.5  

 

Variant load using only the 

scores > 0.7 

 

Post-mortem delay before 

brain tissue collection 

 

0 

 

 

0 

 

 

5.00 

 

3.41 

 

 

2.12 

 

 

48.00 

 

0.42 

 

 

0.04 

 

 

18.38 

 

0.6 

 

 

0.22 

 

 

7.67 

Patient age at disease onset  9.00 60.00 30.70 8.99 

Age of disease progression  20.00 74.00 42.86 10.36 

 

Wheelchair use commenced  

 

18.00 

 

77.00 

 

46.98 

 

11.94 

 

Patient age at death  

 

34.00 

 

92.00 

 

59.03 

 

12.25 

 

 

 

Table 1:   Attributes of the clinical cohort used in the current study.  

 

Variant load using only the scores > 0.5: Average variants loads of cohort members considering only variants 

thought to be at least mildly deleterious after assessment with http://mutpred.mutdb.org    
Variant load using only the scores > 0.7: Average variants loads of cohort members considering only variants 

thought to be pathogenic after assessment with http://mutpred.mutdb.org        

Patient age at disease onset: Age at first symptoms nowadays the first episode is considered the start of MS  

Age of disease progression: The age at which the patient entered the secondary progressive phase 

Wheelchair use commenced Age at which the patient required the use of a wheelchair 

Patient age at death: The age of the patient at death   

  

http://mutpred.mutdb.org/
http://mutpred.mutdb.org/
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Phenotype  Test applied  Uncorrected  p-value  

Age of symptom onset  Pearson's correlation p=0.88 

Age of disease progression  Pearson's correlation p=0.31 

Age at death Pearson's correlation p=0.19 

Time from symptom onset to needing a wheelchair  Pearson's correlation p=0.05* 

Time between symptom onset and death  Pearson's correlation p=0.13 

Time between symptom onset and the onset of the 

secondary progressive phase 
Pearson's correlation p=0.69 

Time from the onset of the secondary progressive 

phase to death  
Pearson's correlation p=0.15 

Number of relapses patients experienced in the first 

two years of disease, 2 vs 2+ 
t-test p=0.89 

Post-mortem whole brain weight  Pearson's correlation p=0.91 

Qualitative post-mortem measure of inflammation Spearman’s Rho p=0.39 

 

Table 2: Phenotypes considered in comparisons to mtDNA variant load. Note there is a result of borderline 

significance indicated with an * this is no longer significant after correction for multiple comparisons. 
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