Genetic engineering in non-human primates for brain disorder research
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The need for additional genetic models in neuroscience research

Genetic engineering in mice has revolutionized biomedical research. However, its impact
on developing treatments for brain disorders has been limited.

" imitations of rodent models for brain disorders:

1. Huge differences in both structure and function between rodent and human brain.
Evolutional divergence in behaviors and underlying circuits.

Difficulty in studying higher brain function, e.g. cognition, executive function and emotion.
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Numerous failures in translating preclinical success in rodents to clinical trials in humans
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The need for additional models in neuroscience research

The lack of predictive animal models is considered one of bottlenecks to the development of new
drugs for brain disorders

MGIuR5 antagonists and Fragile X syndrome
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Correction of Fragile X Syndrome in Mice

Chronic Pharmacological mGlu5 Inhibition
Corrects Fragile X in Adult Mice

R&D

Roche abandons another Fragile X R&D program after Phll trials flunk out

PDE10 inhibitor and Huntington disease
Neuron

Phosphodiesterase 10A Inhibition Improves
Cortico-Basal Ganglia Function in Huntington’s
Disease Models
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Pfizer Amaryllis trial ends in disabpointment: no
improvement in Huntington's disease symptoms
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Genome-editing in primates to generate genetic models
and cell type-specific tools for brain disorder research

Common marmoset

Small (~350q), ~14 years of life span, New World monkey

140 days gestation

Mature in 1-1.5 years

Continuous (non-seasonal) breeders

Give birth twice a year and produce twins/triplets each birth
Very social and communicative

Cvynomolgus macaque

Large (7-20Ib), ~30 years of life span, native to Southeast Asia

160 days gestation

Mature in 3.5 years

Very similar to rhesus monkey
Continuous (non-seasonal) breeders
Similar brain structure to humans
Great for study of higher brain function




Genome-editing in embryos by CRISPR
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Fertilized eggs

Embryo transfer to
surrogate mother
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Transgenic marmoset

Transgenic primates

Disease models (knockouts and knockins):

Gene deletions
Gene insertions
Point mutations

Conditional mutations

Genetic tools (knockins and transgenes):

Cell type-specific Cre lines
Cell type-specific indicators

Cell type-specific actuators



Generation of PV-Cre knock-in monkeys

Macaque Parvalbumin (PV) locus
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Generation of PV-Cre knock-in monkeys

PV-Cre knock-in monkey
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TTCTCCACTCTGGTGGCTGAAAGCTATGAAGCACTGACTGCCGGAAGCGGAGCTACTAACTTCAGCCTGLT

Knock-in efficiency: 60-70%

Aida et al. Unpublished



Generation of Opsin knock-in monkeys

AAVS1-FLEX-ChrimsonR knock-in monkey
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RADS51 significantly increases homozygous knockin rates
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Direct testing of interhomolog repair
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Shank3 mutations cause autism spectrum disorder
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Cynomolgus macaque monkeys with Shank3 mutations

Heterozygous Shank3 deletion
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Shank3 mutant macaques show lower motor activity and sleep disruption
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Shank3 mutant macaques show impaired social interaction
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Altered resting state local connectivity in Shank3 mutant macaques
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Generating Shank3 mutant marmosets with CRISPR/Cas9

CJ_SHANK3_gRNA#A
|G6GGCCEAAGAGGAGCGCT

Marmoset SHANK3 WT sequence iOCI TTGGCCCCOOGCCCCCATOCAGTC
b PBKSII-18-119_Brain_clol == 5GCTGGGGECCOAAGAGGAGCGCCCOOOCACCCCOBAGTTBOCCCCBBCCCCCATECAGTE

b pBKSII-18-119_Bran_cloi = ;GCTGGEEECCGAAGAGGAGCGCCCGGGCACCCCGGAGTTGGCCCCGGECCCCATGTAGTC

b PBKSII-18-119_Brain_dol == 36 TGOGGECCGAAGAGGAGCOCCCOOGCACCCCOBAGTTOACCCCBOCCCCCATOCAGTE
» PBKSII-18-119_Brain_Rar %= SGCTGGGEGCCGAAGAGGAGCGCCCGEGCACCCCGGAGTTGGCCCCRECCCCCATGCAGTC
» DBKSII-18-119_Brain_Rar <= ;G(TOGGGOCCOAAGAGGAGCOCCCOGOCACCCCOBABTTAGCCCCHACCCCCATACAGTE
b PBKSII-18-119_Brain_Rar == 5GCTGGGGGCCGAAGAGGAGCGCCCGGGCACCCCOGAGTTGGCCCCEGCCCCCATGCAGTC
b PBKSII-18-119_Brain_Rar <= G TOOOGGCCOAAGAGGAGCOCCCOGOCACCCCOGAGT TOGCCCCOOCCCCCATOCAGTC
b PBKSII-18-119_Brain_clol == 36CTGGEGECCOAAGABGAGH = == mmmmmacaaaaaas T6GCCCCBEECCCCCATGCAGTH
b pBKSII-18-119_Brain_Rat <= G0 TOOG0GGCCOAAGAGGAGG= Y GOCCCCOOCCCCCATACARTE
b PBKSII-18-119_Brain_Rar #== ;GCTGGGEECCOAAGAGGAGH- TGGCCCCBBCCCCCATGCAGTE
b DBKSII-18-119_Brain_Rar <= ;GCTGGGOGCCOAAGAGOAGG === e e e e e e e e ¥ GGCCCCGOCCCCCATOCAGTC
b PEKSII-18-119_Brain_Rar 4= ;6CTGGGGGCCGAAGAGGAGC- TGGCCCCBECCCCCATGCAGTC
b pBKSII-18-119_Brain_Rar #== ,GCTGGGGGCCGAAGAGGAGH T GGCCCCGGCCCCCATGCAGTE
b PBKSII-18-119_Brain_Rar <= ;56CTGGGGGCCGAAGAGGAGC- T GOCCCCBOCCCCCATOCAGTE
b PBKSII-18-119_Brain_Rar #== 5GCTGGGGGCCGAAGAGGAGRRmsasm s sss s e T GGCCCCGGCCCCCATGCAGTC
b PBKSII-18-119_Brain_Rar <= 5GCTGGGGECCOAAGAGGAGCE TGOCCCCEECCCCCATGCAGTC
» pBKSII-18-119_Brain_Rar %= ;GCTGGGGGCCEAAGAGGAGT === = === === === === T GGCCCCGGCCCCCATGCAGTC

Live birth of two Shank3 mutant marmosets

Heterozygous 18-base pair Shank3 deletion in exon 21, resulting in a frameshift and

premature stop codon—mimic a human ASD mutation.



Automated 3D behavioral tracking

Tracking 2 marmosets

Collaboration with David Hayden and John Fisher Il (CSAIL MIT)



Testing learning and cognition in homecage box

Elias Issa and Jim DiCarlo
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