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1. Clinical and pathological features of C9orf72-disease

2. Southern blotting to size the C9orf72 expansion

3. RNA foci and neuropathology

4. Gene expression profiling to determine prognostic biomarkers



47% of familial MND cases and 7% of sporadic MND cases.

Clinically and pathologically resembles the more common sporadic disease.

Overrepresentation of extramotor disease in patients and families.





5/61 (8.2%) patients had either a diagnosis of PD or a family 

history of PD.

We screened 518 patients with clinical parkinsonism and α-

synucleinopathy for the C9orf72 expansion.

Only one patient carried the expansion - similar to control 

frequency. This patient had a family history of ALS.

Two patients with clinical ALS and PD were identified, one 

carried the C9ORF72 expansion, the other did not.



3/61 (5%) patients had either a diagnosis or a family history of 

demyelinating disease.

We prospectively identified 7 patients with MS who subsequently 

developed ALS

80% of MS-ALS patients carried the C9orf72 expansion.  This is a 

significant association (OR 3·27, p<0·001). 

Zero from 215 pure MS cases carried the C9orf2 expansion.

C9orf72-ALS is more rapidly progressive in the presence of MS



CXCL10 is a cytokine thought to be neuroprotective in ALS.

CXCL10 is normally elevated in MND but in C9orf72-ALS it is 

reduced.

This is a potential therapeutic target.



SOUTHERN BLOTTING TO SIZE THE C9orf72

EXPANSION



EFFECT OF REPEAT LENGTH ON 

C9orf72 TRANSCRIPTION
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RNA FOCI AND RRM-CONTAINING PROTEINS
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RELATIVE DISTRIBUTION OF SENSE AND ANTISENSE RNA FOCI
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Purkinje Neurons Granule Neurons Motor Neurons

Case Antisense Sense P-value Antisense Sense P-value Antisense Sense P-value

1 26.40 6.40 2.37E-14 0.00 0.56 1.37E-12 3.33 1.00 0.02

2 4.30 1.10 0.002 0.03 1.10 9.63E-18 3.00 1.00 0.02

3 4.60 1.30 0.002 0.01 0.34 1.17E-07 5.40 2.44 0.02

4 6.30 1.40 6.88E-05 0.02 0.40 3.1E-07 14.90 1.50 5.65E-14

RELATIVE DISTRIBUTION OF SENSE AND ANTISENSE RNA FOCI



CELLULAR DISTRIBUTION OF RNA FOCI AND TDP-43

DAPI

TDP-43

Antisense

DAPI

TDP-43

Antisense

M
o
to

r 
N

e
u
ro

n



The presence of antisense foci correlates with TDP-43 mislocalisation in motor neurons.

Sense and antisense transcripts share similar binding partners.

The relative frequency of sense and antisense foci/dipeptide-repeat proteins varies between 

neuronal populations.  

A key event determining toxicity might be a propensity to produce antisense transcripts.

CONCLUSIONS FROM RNA FOCI WORK





GENE EXPRESSION PROFILING IN MOTOR NEURONS
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In C9orf72-disease we look forward to the forthcoming ASO trial 

Building C9orf72-disease models with particular focus on antisense 

transcription 

Fascinating insight into genetic architecture of ALS from early project MinE 

data - mtC9orf72 probably never works alone.

NEXT STEPS...
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