S g > A 1 - ~
I;/ e | 4 i : . ) Y
o7 % 0y . > 5 5 " n P . "(

Q 3

A ‘ ‘. P € raNe B 2 -
; s ol7 - veiln ! B "™ S 7 g )
/ e’ & ? Ry T e D ¢ & ¥ N F
sy N A M s RN Tl s A 3 N
;o S Vol L/ oK AeT 1 Y 8 ) s/ : “ ) > g
s ; Pt Tow” g A O R £ , . ‘ e .

J A RN TR Ty Y -
/

7 e g . s &2, § t L9 ¢y € '
. L - : RS, R o 2o A M ; 14 3
/’ f L Lt B - g o o » 4
- 7 ’ % i J ’ 3 Lh " |
’ / P s ] % 7o
\ - : » .-
y ri J



Disclosures

Equity holder and scientific advisor for Encoded Therapeutics

Equity holder and member of scientific advisory board for
Regel Therapeutics

Equity holder and member of scientific advisory board for
Neomer Diagnostics



10 12M4. 16 18 20 22 24 26 28 30 32/84 36 3840 42 62 64 66 68 74
R R HHHHHH e R
11 13 15 17T 19nBimaauR5 27 29 31 33 35 7 39 41 : 69







Promoters

TSS
250bp



Enhancers

Enhancers



Silencers

Silencer

Enhancers



Insulators

Insulator Silencer

Enhancers



Haploinsufficiency:
When one functional copy of a gene is not enough

Gene levels
2 normal MXDOOOOOA m
copies dODDVO E ~ F
1 normal MOOOODOC m
& 1 mutant copy MDDDDDA E l F

* QOver 660 genes lead to human disease due to haploinsufficiency



Current treatments for haploinsufficient diseases

‘Standard’ Drugs
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Source: Chemical Genetics and Drug Target Discovery.
Jay Yang, Singer Instruments, Roadwater, TA23 ORE.

Limitations
* Time
* Cost
* Primarily to treat symptoms

Gene Therapy

Dosage
Tissue-specificity
Gene length

CRISPR gene editing

Low HDR frequency
Custom tailoring






CRISPRa as a therapeutic for haploinsufficiency?
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SIM1, an important obesity gene

Transcription factor that is:
-Required for hypothalamic development
-Part of the Leptin pathway and controls food intake

~ Leptin /
L el LEptin B2
%% - Melanocortin

Adipose Pathway
Tissue TUB )

pr/Ang @(
Paraventriculus
Nucleus Pathway

— Y S
Energy ~
Expenditure — @ @@

/ Energy
l Food Intake \ / I Expenditur
Yazdi FT PeerJ 2015 Food Intake

SIM1 mutations are the second most prevalent coding
mutations found in severely obese individuals.




SIM1 haploinsufficiency leads to severe obesity
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Sim1 haploinsufficiency leads to severe obesity




Can we rescue Sim1 haploinsufficiency with
CRISPRa?

Hypothalamus enhancer
(Kim M. HMG 2013)
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CRISPRa for either Sim1 promoter or enhancer
rescues the obesity phenotype
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Can we develop it as a therapeutic?

4.7kb packaging

capacity

AAV vector receptors

RESSS
Clathrin-coated pit
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@ Endosome

! Transgene
| expression
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Viral genome

Endosomal
escape

Martini SV Braz ] Med Biol Res 2011




Many genes cannot get packaged in AAV

Gene count
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Generated AAV for dCas9-VP64 and also for either
sgRNA (targetting Sim1 promoter or enhancer)

AAV-DJ serotype (chimera of type 2, 8 and 9)



AAV CRISPRa hypothalamus stereotactic injections reduce food intake
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Many neurodevelopmental genes are too long to fit into an AAV

Gene count
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44 out of 102 ASD-associated
genes from ASC, including:
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SCN2A is the top associated gene with ASD
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72 genes associated with ASD at FDR = 0.001

Fu et al., medRxiv 2021



Scn2a CRISPRa rescues synaptic deficit in mature mice

Intracranial CRISPRa delivery %
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