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Background and aims: 

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder characterised by motor neuron depletion and a translocation of TDP-43 protein from the nucleus to form cytoplasmic aggregates. TDP-43 has a number of roles including DNA processing. Thus, we are studying 2 aspects of DNA pathology: methylation and damage.
Aim 1: A pathological investigation of the localisation and levels of DNA methylation and methylating proteins in C9orf72-ALS, sALS and control spinal cord, motor cortex and frontal cortex using immunohistochemistry (IHC).
Aim 2: Examine DNA methylation in motor neurones by combining laser capture microdissection with Illumina array analysis.
Aim 3: To ascertain whether epigenetic modification of DNA in leads to an alteration in the transcriptome of astrocytes or neurons.  This work is pending. 
Aim 4: To undertake a detailed pathological investigation of the extent of DNA damage using H2AX (now completed) and DNA-PK (performed by another group) immunohistochemistry.  
Results: 

Aim 1:

We have used immunohistochemistry for 5mC, 5hmC and TDP-43 (figure 1) and found 1) residual lower motor neurones show greater levels of DNA methylation and hydroxymethylation in MND (figure 2).  2) No alterations in glial cells or neurones of the motor cortex or frontal cortex.  3) There is a significant interaction of TDP-43 pathology on DNA methylation and hydroxymethylation:  Neurones with TDP-43 pathology show lower DNA methylation and hydroxymethylation (figure 3).
We have also demonstrated that this technology works in zebrafish, allowing us to deploy these methods in zebrafish models of disease. 

Aim 2

We have assessed DNA methylation using Illumina microarray and demonstrated widespread abnormalities affecting a multitude of pathways.  Overall, there was greater methylation in MND cases caused by C9orf72 mutations (C9MND) than controls.  Sporadic MND cases were intermediate between control and C9MND cases (figure 4) but not significantly different from either.  We have attempted to validate this using a combination of bisulphite conversion and next generation sequencing.  While this generated some data, the DNA quality was not of sufficient quality to allow validation.  
Aim 3:  Gene expression data has been sourced and is being compared with the NGS data.  There is some overlap between the two datasets. However, this work is ongoing.    
Aim 4: H2AX, work completed; DNA-PK, work performed by another group.  

Conclusions: 

There is no evidence from our studies for a relationship between TDP-43 pathology and DNA damage as indexed by H2AX.  There is significant abnormal DNA methylation and hydroxymethylation as indexed by both immunohistochemistry and methylation array.  This effect is peculiar to lower motor neurones. It is not seen in glia or cells in the forebrain.  

When looked at as a whole, the population of lower motor neurones that are residual at autopsy show greater levels of methylation and hydroxymethylation.  However, when the population of residual neurones is simultaneously assessed for TDP-43 pathology it is apparent that there is significantly lower DNA methylation and hydroxymethylation in cells with TDP pathology.  This is not seen in healthier cells that do not have TDP-43 pathology.

This is reflected in the analyses of lower motor neurones that we have performed using a microarray platform:  there is greater methylation in residual neurones from MND cases than in control cases.  
We suspect that the apparent higher methylation levels in residual lower motor neurones may be a survival effect:  There is variable methylation in the population of motor neurones.  Hyper methylation is neuroprotective, so TDP-43 pathology affects, and ultimately kills, lower motor neurones that are hypo methylated.  The mean level of methylation of the residual population, after losing hypo methylated motor neurones will be greater.  However, we only have correlational data, so cannot infer any direction of causation without any certainty.  This speculation is the basis for future grant proposals to try to elucidate this.    

How Closely Have the Original Aims been Met:

We have met most of our initial aims.  With two exceptions: 

1) Our original assay for DNMT immunohistochemistry failed and, despite trialling many antisera and protocols, have not managed to resurrect this.  We have, however, managed to extend our 5mC and 5hmC technology for use in zebrafish models.  
2) We hoped to develop a next-generation sequencing-based protocol to validate our microarray assessments of methylation.  While we managed to generate some data, this was not of sufficient quality for robust analysis.  This was most probably due to the fragmented nature of post mortem DNA.  
Outputs:  Poster presentation at the British Neuropathological Society 2018. Oral and poster presentations at the British Neuropathological Society 2019.  PhD thesis write-up near complete with some final bioinformatics analyses to be performed.   A paper will duly be prepared for publication following PhD thesis submission.  
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Figure 2: Differences in global levels of 5mG and 5hmG in motor neurones of the anterior horn are present

nd disease (mean £SD).

her 5mC is observed in SALS and GIALS cases than controls (p=0.0001 and 0.0002 respectively). No
difference was observed between the two diseased groups (p=0.48).

B) Significantly higher 5mG is observed in SALS and G9ALS cases than controls (;
difference was observed between the two diseased groups (p=0.88).
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A:5mC. High levels of methylation were present in motor neurone nuclei positive for TDP43. However, a significantly
lower percentage of motor neurone nuclei displayed immunopositivity for 5mG when nuclear TDP43 was lost,
=0.00002.

B: 5hmG. High levels of methylation were present in motor neurone nuclei expressing TDP43. However., a significantly
ity for 5hmG when nuclear TDP43 was lost.

lower percentage of motor neurone nuclei displayed immunoposi
p=<0.00001.




[image: image4.png]60000000

Mean MethylationTotal
]
H
H
3

20000000

000
Control sals coALs

Figure 4: A signifioant difference in methylation levels is present between
control and GOALS in MethylationEPIC array data (mean SD).

Asignificant difference in number of methylated sites was detected between control
and G9ALS groups (p=0.011).





