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Haploinsufficiency: 

When one functional copy of a gene is not enough 

• Over 660 genes lead to human disease due to haploinsufficiency



Source: Chemical Genetics and Drug Target Discovery. 
Jay Yang, Singer Instruments, Roadwater, TA23 0RE.

Current treatments for haploinsufficient diseases
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• Time
• Cost
• Primarily to treat symptoms

• Dosage
• Tissue-specificity
• Gene length

• Low HDR frequency
• Custom tailoring

‘Standard’ Drugs Gene Therapy CRISPR gene editing

Limitations
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Gilbert LA et al. Cell. 2013

Perez-Pinera.P et al. Nature Methods 2013
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CRISPRa

CRISPRa as a therapeutic for haploinsufficiency?



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

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

SIM1, an important obesity gene

Yazdi FT PeerJ 2015
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SIM1 haploinsufficiency leads to severe obesity
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Sim1 haploinsufficiency leads to severe obesity
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Can we rescue Sim1 haploinsufficiency with 
CRISPRa?
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CRISPRa for either Sim1 promoter or enhancer 
rescues the obesity phenotype
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Matharu et al.  
Science 2019



Cis-regulatory elements determine dCas9-VP64 
tissue activation

pCAG dCas9-VP64

dCas9-
VP64Sim1
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Can we develop it as a therapeutic?

AAV

Martini SV Braz J Med Biol Res 2011

4.7kb packaging
capacity



3,230 predicted haploinsufficient  genes

660 haploinsufficient  disease causing genes

Many genes cannot get packaged in AAV
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VP64
dCas9

Pr. sgRNA + 
mCherry

Enh. sgRNA + 
mCherry

+

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) 

+
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Weight 
gain?

Matharu et al.  Science 2019

AAV CRISPRa hypothalamus stereotactic injections reduce food intake

9 months post injection



3,230 predicted haploinsufficient genes

660 haploinsufficient disease causing genes
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Many neurodevelopmental genes are too long to fit into an AAV

44 out of 102 ASD-associated

genes from ASC, including:

ANK2 DSCAM POGZ
ANKRD11 GRIN2B SCN2A
ARID1B KDM6B SETD5
ASH1L KMT2C SHANK2
CHD2 MED13L SHANK3
CHD8 NRXN1 SYNGAP1
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Fu et al., medRxiv 2021

SCN2A is the top associated gene with ASD 



Scn2a CRISPRa rescues synaptic deficit in mature mice

Tamura BioRxiv, 2022
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