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Very interested in collaboration with Palestinian 
groups

j.hardy@ucl.ac.uk

• Eg. collect blood samples from neurodegenerative 
disease cohorts

• Send student to UCL to be trained to do the 
analysis
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Overproduction of deposited proteins leads to mendelian 
disease
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Original Amyloid Hypotheses (1984/5).
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Overproduction of deposited proteins leads to mendelian 
disease
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Amyloid Gene Identification
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Presenilin with APP in the Active Site
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The Tauopathies
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AD/FTDP-17 - Pathways to neurodegeneration
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Gopal Thinakaran, and Edward H. Koo J. Biol. Chem. 2008;283:29615-
29619

Proteolytic processing of APP always drawn with 
“soluble”Aβ 
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GWAS… largely not 
obviously amyloid related



r.guerreiro@ucl.ac.uk

Guerreiro R, et al. JAMA Neurol. 2013 Jan;70(1):78-84.
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TREM2 in Alzheimer’s disease

Guerreiro R, et al. N Engl J Med. 2013 Jan 10;368(2):117-27.

r.guerreiro@ucl.ac.uk
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19
TREM2 is the gene whose expression is most altered 
during plaque development in transgenic mice

CRND Mice

“Consistent with the 
results described in 
a previous study we 
have shown that the 
expression of 
TREM2 rises in 
parallel with a rise in 
cortical levels of 
beta amyloid” 
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21 Transcriptome sequenced amyloid mouse 
brains

• Q1: is there an over representation of significant 
associations with AD in the Aβ response module?
─ Yes: p~10(-41)

• Q2: is there an over representation of significant 
associations with AD even when we discount declared 
loci?
─ Yes: p~10(-10)

• So…  which genes within the module are contributing to 
this?



17/07/2018 00:04

Page 1 of 2file:///Users/dsalih/Documents/RNA-seq/Mouseac%20RNA-seq%20Oct17/Networkanalysis%20FINAL%20Jul18/visant_visml43.svg

Immune network associated with amyloid plaques

GWAS hit Predicted gene



Many genes are upregulated 
on plaque contact 
(dependent on trem2)
A few are upregulated distant 
from plaque (presumably by 
diffusing cytokines)
Very few genes are neuronal 
or astroglial



`ABCA7 and TREM2 both involved in microglial phospholipid metabolism
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• Amyloid deposition is almost entirely apoe dependent
• Dementia depends on PRS (i.e. microglia are key)

What is Downstream of Amyloid Deposition? (1)
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KO-ing TREM2 exacerbated the connection tau pathology indicating 
the restraining influence of the appropriate microglial response

What is Downstream of Amyloid Deposition? (2)
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Conclusions

• 1) Genetic variability in the response to amyloid deposition is a 
component of Alzheimer risk: i.e. how well you cope with 
amyloid deposition is important.  Most of this response appears 
to be microglial

• 2) Two phases of disease (at least): (a) amyloid deposition (b) 
response to this deposition
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Summary For Alzheimer’s Disease

• 1) Genes involved in early onset mendelian disease are involved in AB 
production

• 2) Some risk loci also seem to be involved in APP metabolism….  but
• 3)The majority of loci involved in late onset disease are either or both 

microglial and involved in lipid metabolism
• 4) They are amyloid responsive in mouse transgenic analyses
• 5)….and they are involved in amyloid clearance
• 5) We suggest that APP/AB metabolism disrupts membranes and that this 

disruption links the two processes.
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Locus Inheritance Onset Gene Function

PARK1/4 Dominant 30-70 SNCA Vesicle	fusion?

PARK2 Recessive Teens PKRN Mitophagy

PARK6 Recessive Teens PINK1 Mitophagy

PARK7 Recessive Teens DJ1 Mitophagy

PARK8 Dominant 50-70 LRRK2 Autophagy	control?

PARK9 Recessive Teens ATP13A2 Lyosomes

PARK14 Recessive Teens PLA2G6 Not	clear

PARK15 Recessive Teens FBXO7 Mitophagy

PARK17 Dominant 50-70 VPS35 Endosomes

PARK19 Recessive Young DNAJC6 Endosomes

PARK20 Recessive Teens SYNJ1 Endosomes

PARK21 Dominant 30-70 DNAJC13 Endosomes

Unassigned X	linked 30-50 RAB39B Not	clear
Unassigned High	risk 30-70 GBA Lysosomes

Parkinson’s disease 
mendelian loci
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PD GWAS: 40K cases, 1M controls
Many loci are lysosomal or 
mitochondrial
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• Synuclein metabolised through lysosome
• Increased expression of synuclein inhibits GBA
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Summary for Parkinson’s disease

• Too much synuclein
• “Weak” lysosome function….neuronal or glial 

or both?
• Synuclein is metabolised through the 

lysosome and too much inhibits lysosome
• or

• Failure in mitophagy
• Mitophagy is mechanism for removing 

damaged mitochondria through the lysosome
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Sporadic tauopathies: Risk Genes for PSP and CBD

• MAPT

• MOBP    Myelin sheath

• EIF2AK3   Unfolded protein response
• STX6    Ubiquitin proteasome pathway?

• TRIM11   Ubiquitin proteasome

38

38



Tangle Tau is Cleared by the Ubiquitin Proteasome
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Overall suggestions
• In all diseases, genetic overproduction of protein 

leads to autosomal dominant disease
• In all diseases, other genes are involved in 

protein/damage clearance: Aβ/microglia, 
SNCA/lysosomes, tau/ubiquitin proteasome.

• Perhaps there is nothing intrinsically distinctive 
about the proteins…   they are “just” the highest 
expressed proteins of their disposal class.

• Maybe the more important issues, is the age 
dependent failure of the clearance pathway
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Why are there nearly always “co-pathologies”?
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…perhaps the connection between pathologies is not direct but 
relates to overloaded degradative pathways?
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Anti amyloid antibodies from 1999

• Early antibodies 
prevented amyloid build 
up but did not remove 
amyloid.

• ….except when there was 
blood vessel damage 
(ARIA) which allowed 
antibody to flood the brain

ARIA = Amyloid Related Imaging Abnormality
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CH van Dyck et al. N Engl J Med 2022. DOI: 10.1056/NEJMoa2212948

Lecanemab Primary and Secondary Endpoints (25% slowing at 18 
months): still declining though also still diverging from placebo



So……. treatment has a slight benefit but…..

• Recruitment was at early stage of disease and 
had to be amyloid positive by PET or CSF
– Diagnostic accuracy of AD is ~70% in specialist centres

in US
• Administration was intravenous every two weeks

– Injection formulation in trial now
• ARIA required monitoring by MRI every 3 months

– Although most ARIA was asymptomatic (but see next 
slide)

• Expense of drug?  Expense of monitoring?
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Amyloid Antibody Review and Predictions 
(2022)
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Theoretical slide: when drug drives Ab level 
below 20, cognitive benefit is seen
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Prediction for ‘Sporadic Alzheimer’s  Disease (AUC ~84%)

5
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Donanemab also works (as predicted by model): 
plaque removal is key.
Data seems to suggest earlier treatment has greater 
beneficial effect
Earler treatment should, perhaps, lead to less ARIA
Two drugs should lead to price competition 52



Intrathecal antisense to MAPT reduces CSF tau 
levels
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On the “Jack” curves when are treatments 
attempted?
Jack CR, Holtzman DM. Neuron. 2013 80:1347-58. 



My view…now that FDA has approved!!!
• We now “know” what anti-amyloid drugs need to do 

and this will speed up development of other drugs….  
which may be better and which would bring the price 
down

• Avoiding ARIA would be great and maybe possible
• Blood and genetic analyses are in process to make 

diagnosis easier and more generally accessible
• This is a wake up call to organize dementia services 

for this and future Alzheimer therapies.
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Future Research Questions…

• Will anti-amyloid therapies halt disease (not in 
current trials).
– Perhaps if started earlier?
– What is the “residual” substrate of pathology 

(neuropathology investment needed).
• What would be the effect of drug holidays?
• How should we design clinical trials:-

– Of other anti amyloid therapies
– Of non amyloid therapies?
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Policy and costs

• Present NHS diagnosis at most centres is inadequate
• Present versions of drugs needs intrathecal (doctor’s 

administration) (sub cutaneous versions are on the way)
• Presently drugs require regular MRIs for ARIA reasons (maybe 

earlier administration will make this less of a worry and maybe 
more experience will lessen concern; usually a problem in first 
6 weeks.

• Cost of antibodies is always high…. ~£25K a year in this 
case….  But better quality of life and less nursing home care 
etc.  Two drugs means more competition…

57



My view……

• These are the first successful therapies….  
• They. “teach” us what antiamyoid therapies need 

to do…. both better and safer drugs will follow
• More drug companies will invest
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1903 Wright Brothers: First powered flight
1919 London to Paris: First scheduled flight 
and first transatlantic flight
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