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The Centre for Misfolding Diseases
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We established the Centre for Misfolding Diseases in 2014
with the mission is to discover the molecular origins of misfolding diseases
and to use this knowledge to develop methods to combat them.



The Chemistry of Health Laboratory

Since 2018, Centre for Misfolding Diseases is hosted
in the Chemistry of Health Laboratory in central Cambridge.

The Chemistry of Health Laboratory was funded through a UK program
to promote early-stage partnerships between academia and industry.



The Chemistry of Health Incubator

Chemistry of Health hosts a state-of-the art incubator space to facilitate the translation
into clinical applications of the research carried out in the University of Cambridge.

This Chemistry of Health Incubator hosts spin-out companies that focus
on the development of analytical, diagnostic and therapeutic tools.




Alzheimer’s disease
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The annual cost of dementia is larger than that of
cancer and heart disease combined (UK data).

Source: Alzheimer’s Research Trust



Funding dementia research

Dementia receives ten times less research funding than cancer,
despite causing a similar number of deaths
and costing twice as much to our healthcare system.

Source: Alzheimer’s Research Trust



Percentage Changes in Selected Causes of Death (All Ages) Between 2000 and 2013

Percentage

70
60
50
40
30
20
10

0

-10

-20

-30

-40

-50

Cause
of Death

1 1 1 1 1 ]
Breast Prostate Heart Stroke HIV Alzheimer's
cancer cancer disease disease

Among the leading causes of death worldwide, this condition
is currently the only one that we cannot prevent, cure or even slow down.

Source: Alzheimer’s Association 2015



Alzheimer’s disease is associated with protein aggregation

Alzheimer's
Healthy disease
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The molecular hallmarks of Alzheimer’s disease are aberrant protein deposits,
primarily formed by AB (amyloid plagues) and by the protein tau (neurofibrillary tangles).



Drug discovery to prevent protein aggregation
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We restore the stability of the native state by pharmacological chaperones



Tafamidis prevents the aggregation of transthyretin

Functional forms of TTR
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Tafamidis is an approved drug for transthyretin familial amyloid polyneuropathy.

It has the mechanism of action of a pharmacological chaperone.



Approved drugs that prevent misfolding and aggregation
by stabilising the native state

Drugs approved by the FDA/EMA for the treatment of protein misfolding diseases.

Protein misfolding Protein name Drug name Brand name  Chemical structure Mechanism of action Year of FDA Year of EMA
disease approval approval
Transthyretin Wild-type or Mutant ~ Tafamidis Vyndagel® i Binding to the two thyroxine binding sites 2019° 20117 and 2020°
amyloidosis (ATTR)? TTR* or J\Efj’\ “/ of native tetrameric TTR endowing TTR
Vyndamax® N with thermodynamic and kinetic stability
Fabry disease (FD)” Mutant o-GAL A° Migalastat or DGJ Galafold® * i Binding to the active site of the fully folded 2018 2016
" °'~‘ ~~° enzyme (a-GAL A) with consequent
N stabilization
Cystic fibrosis (CF)° F508del mutant Ivacaftor (VX-770) Trikafta® Ivacaftor promotes channel gating of 2019° 2020°
CFTR® Tezacaftor (VX-661) or CFTR, whereas the correctors putatively
elexacaftor (VX-445)  Kaftrio® bind to distinct domains of CFTR enabling
their folding
Sickle cell disease Hb with E6V in Voxelotor or GBT440 Oxbryta® Covalent/reversible binding of the 2019 pending
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Stabilisation of the native states of disordered proteins
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disease

Healthy

Challenge: There are no stable binding pockets



Disordered proteins make up 1/3 of the human proteome
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Disordered binding

Drug binding is enhanced by an increase in entropy

F=E-TS



Stabilisation of the native state of AB: 10074-G5
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The small molecule 10074-G5 binds AB monomers, stabilises the native disordered state,
and inhibits AR aggregation in a dose-dependent manner

Heller et al Sci. Adv. 2020
Lohr et al Nature Comp. Sci. 2021
Lohr et al ACS Chem. Neurosci. 2022



AlphaFold predictions of protein structure

ure.com/nmeth / January 2022 Vol.19 No. 1

liature methods

Method of the Year 2021:
Protein structure prediction




Transformer-based screening of pharmacological chaperones

Affinity Head| pKi

SNAG nc

Taamton

&

Protein
Encoder

Al replaces the high-throughput
experimental screening
of large chemical libraries

A A P

Lyl b o

8430156 4177438

Zhang et al. bioRxiv 2023.11.27.568880



Al-driven discovery of pharmacological chaperones
for AB in Alzheimer’s disease

-
o
S

@
o

o
o

Y
S

~N
o

Normalized fluorescence intensity

DMSO
10074-G5

ove0e000se
o
&

10 12

8
Time /h

D3 D4

D8

K,;=4.59+0.17 uM  K,=6.62+1.33 uM

10074-G5 )C o d
K4=2.05+0.15 uM

S~
g

D22

g %ﬁgw

In vitro aggregation assay

Response (nm)
e g 13 =

Normalized t;;

Response (nm)
£ 8 8 E 8 B

100 150 ) 200
Time (min)

100 150 2 200 250 300
Time (min) |

In vitro binding assay

15
I * k%
.

0.0 T %]'*‘:l

‘w\u\w\u\ee
ORSESANAN
0000
‘:999
e

IPSC-derived cortical neurons

Zhang et al. bioRxiv 2023.11.27.568880



Ligand-Transformer unlocks undruggable targets

Our current targets include:

* AB (Alzheimer’s)

» a-synuclein (Parkinson’s)

* tau (Alzheimer’s)

« TDP-43 (ALS)

« mHTT exonl (Huntington)

* prion protein (prion disease)
* p53 (cancer)

* c-myc (cancer)

 kinases (cancer)



Alzheimer’s failures in clinical trials
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Al is creating transformative tools to address this challenge
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