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TGTTTH CCTTC GAGTTECCTCGANE GGOAEGE lGLbGGTGibiGMGTmGCﬁTG :.
\GAGG l scm uﬂ%rrrcc CAGG acacacc;c'rqc TG CTA CCCTOTE
| AAG CAGG, AGAGGGTGAGA hm CTAGC ﬂe**e ;
GAGAGG GT’I"!‘ CGG’IGT@CG@CL: TAAGTCCCTTGGA AGGGCG TAGAGGGTGAGAATCEC AARGG] ECETREGT i
G m!rcqcaqt:u;r@cuer CTTIGGA hmeGTC AGAGGGTGHGAATCRE GTAC GTGGTCGSTKG@QM RCCGT ?"--.‘f'." CCCTTCGAC
GGGERGEGGREGGTETAAGT cuwcarc bTCHTALﬁ(:GGTC&GMT@CGr“T(IG CTTGCACCC :'i,'
mcxcc qeernccmacccapccrwrumwm@on GOGGTGTCACAGAGGGTGAGARTCE _-GT '
AGEGGATGTTTTGGGTRCEGECCEGGTET TTCTTGGAACAGARTGTCAGAGAGGGTGAGRATCCCGTC
CAGAGCGEGETTTGCAGT TGGETGEAGEE TAAGT TCCTTGG AMCAGGTCATCATAGAGGGTGAGASTCCE
Gmaerrrncccw@cqccor'rcnacnccnmumrr‘am'rcanbaemnAumccarmcrcmcc
'rxcncchnruacmrrnmcn,mrufm'ocn&uacabemﬂcacmAr:,@;rnbamece'r
&GGﬂImeﬂibf‘T(xCﬂC’ﬂ‘A'ATTCCCTCf’AA’Cbbb&tuCCALA':AbbbTbﬂbAmPTAtGG
a’r TTETGGEGECGTGECT TCC CAGTTCCCTGGARC COGAE GECACAGAGGGTGAGAGEECEGTATGGTICGGACACE,
mTGbTCAGGCAK:CTTCTl.aAGTCCCTTGGhACAGGGCuCC&TAl‘AGGGTCAFAGC@CGTATAGTC CGATCCAATGTAAS
MG‘AGGC TTCGGGTAGGACCCAGTCTAT GTTECT TCGARCAGGACGTCATAC ﬁGu“TuAGAlTCCCGTTCETG rcemrc TCCTACT?
,GAGS\GGQ CGGTGATGGEGCTGTCCTAAGT TCCTT GGAACAGGAT GACATAGAGGGT GAGATCCCC GTGECT GGGTGGET GTCCATCTCER
,a Gcrmmgqcmaccnccwoncocn AL,(GGFACGCCTT&CAU‘GTCALAlICOCCTLEGGI‘IGGAWCﬁG@:‘IKZT AA
TGETTTGGGT GARRC GCCAGTCTAAGTTCCTTGGAACAGG GTCATAGAGGGTGAGAATCCC GTAT GTGﬂCTGGi&HTGmﬂGgT
%AGAGG ATGETTTGGEGTTGGEGGEGGTCTAAGTTECCTGGRACAGG #;gGCﬂbAGbGTGAl. EGTACGTGGGEGECTGK
TGCAGAGGGTGETTTIGGTGTTCGTGGEGGTCTAAGTTCE TTCGAACAGG GCAGAGGGTGAGA GITTGTGGTEGEATG
GGATGCTTTTAGGCAGECGECCGTETANGTTCCTIGGANCAGGACGTCATAGAGG GTCACM‘I‘CCCGTATGTGMZCGGCTCAGGCRC
AGGHTGHI’TTGGbGJ\AGOCGOCTGTCTA&bTTCCTTGb AGGACGTCATAGAGGGTGAGAATCCE GTATGTGACAGGARAT GGCAL y
GC&‘JGGGTGC‘I‘TTI"GCE‘I‘TG(IGUCGGTCTMG’I"I‘CC GGRACAGGACATE GEAGAGGGTGAGAATCCEGT, cmoocoecmc;m

>G§T GETTETGGGEAGEGAGECGGTETARGTCTCTTGCANCAGGGEGTCATAGAGGGTGAGARTCCCGTATGEGACCCGEEGEGCACCCTCCACGANC
CRCCATCETTCT CACTCOCCACE CACCTA A GTTCE TT GGAAC AGGAC GTCATAGAGGGTGAGAATCEE GTATGCGGTCGGARAGGCGETC TATAC
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(Image: McGovern Institute for Bra.1 Research at MIT)
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Gene Editing Offers Hope for Treat
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THE GENE HACKERS

A powerfil new technology enables us to manipulate our DNA more easily than ever before.

BY MICHAEL SPECTER

0060

t thirty-four, Feng Zhang is the F."\
youngest member of the core

A faculty at the Broad Institute of

Harvard and M.LT. He is also among the
most accomplished. In 1999, while still a

Genetic engineering

Editing humanity
A new technique for manipulating genes holds great promise—but rules are needed to

govern its use
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A Powerful New Way to Edit DNA
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Genome editing

The age of the red pen
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Why Gene-Editing Technology Has Scientists Excited

JOURNAL REPORTS: HEALTH CARE

Researchers explore the idea of treating disease by replacing defective genes
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It is now easy to edit the genomes of plants, animals and humans
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Gene editing

Even CRISPR

A new way to edit DNA may speed the advance of genetic engineering
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Gene Drives

Malaria in 2015 - 212,000,000 cases, 429,000 deaths (WHO)
Zika virus — 1,845 infected pregnant women in US (CDC)






World Hunger & Genetically Modified Organisms (GMOs)

795 million people worldwide suffering from chronic undernourishment (1:9)
161 million with growth defects
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Therapeutic Gene Editing
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o . « Cancer immunotherapy

* Viral infection
 Cystic fibrosis
Blindness

Glaucoma
Hemophilia

Enzyme deficiencies
Bacterial infection
Immunodeficiences
Sickle cell disease
 Thalessemias
-y « Epidermolysis bullosa
> . * Muscular dystrophies

Maeder and Gersbach, Molecular Therapy (2016)



Somatic Cell Gene Editing Clinical Trials

Trial # Phase Editor Target Gene Disease Sponsor Status
NCT00842634 Phase1 ZFNs Tcells CCR5 HIV Sangamo, Inc. Completed
NCT01044654 Phase1 ZFNs Tcells CCR5 HIV Sangamo, Inc. Completed
NCT01082926 Phase1 ZFNs Tcels GR Cancer Sangamo, Inc. Completed
NCT01252641 Phase 2 ZFNs Tcells CCR5 HIV Sangamo, Inc. Completed
NCT01543152 Phase %2 ZFNs Tcells CCR5 HIV Sangamo, Inc. Completed
NCT02225665 Phase 2 ZFNs Tcells CCR5 HIV Sangamo, Inc. Active
NCT02500849 Phase1 ZFNs HSCs CCRS5 HIV Sangamo, Inc. Recruiting
NCT02695160 Phase1 ZFNs Liver Albumin Hemophilia B Sangamo, Inc. Recruiting
NCT02702115 Phase1 ZFNs Liver Albumin MPS | Sangamo, Inc. Recruiting
NCT03041324 Phase1 ZFNs Liver Albumin MPS Il Sangamo, Inc. Recruiting
NCT02735083 Phase1 TALENs Tcells TCR & CD52 Cancer Cellectis/Pfizer/Servier, Inc. Enrolling
NCT03399448 Phase1 CRISPR Tcels TCR &PD-1 Cancer Univ. Pennsylvania Recruiting
NCT03690011 Phase1 CRISPR Tecells CD7 Cancer Baylor Not yet recruiting
NCT03655678 Phase 2 CRISPR HSCs Globin Beta Thal CRISPR Therapeutics Recruiting
NCT03745287 Phase 2 CRISPR HSCs Globin Sickle cell CRISPR Therapeutics Recruiting
Phase 1 CRISPR Retina CEP290 LCA10 Editas Medicine



Germline Gene Editing




Germline/Embryo Editing

Mutant ~ CRISPR-Cas9

sperm IVE
. . Implantation
1-cell 1-cell = 8-cell

WT 00CYleS  embryos  embryos  embryos Blastocyst

www.ipscell.com



Germline/Embryo Editing

PGD would usually miss
mosalclsm

Off-target effects
Unknown embryo genome

Mutant sequence CRISPR-Cas9

Problem arise here =

abortion or high-risk
sperm IVE pregnancy?
. . Implantation
1-cell 1-cell = 8-cell
Blastocyst
WT oocytes embryos  embryos embryos y
Mutating some e — www.ipscell.com
WT embryos Optimization likely requires

1000s of embryos



Germline Gene Edltlng

Rewriting Life

EXCLUSIVE: Chinese
scientists are creating
CRISPR babies

Adaring effortis under way to create the first children whose
DNA has been tailored using gene editing.

AP

‘ Chinese researcher claims first gene-edited babies

By MARILYNN MARCHIONE ~ November 26, 2018

by Antonio Regalado  November 25,2018
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