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Gene Editing Therapeutics find and rewrite ;
these causes of disease.
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The blueprint of life
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Genomic Vaccines Fight Disease in L YN

Ways Not Possible Before =f "

Vaccines composed of DNA or RNA, instead of protein, could enable rapid development of
preventives for infectious diseases




A long history before the recent breakthroughs

Nobel Prize in Chemistry 2020
(seminal study 2012)

THE NOBEL PRIZE
IN CHEMISTRY 2020
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Emmanuelle
Charpentier

“for the development of a method
for genome editing”
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Pecking order
Broiler chickens, weight at 56 days old

Bred until: 1957 1978
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Source: "Growth, efficiency, and yield of commercial broilers from 1957, 1978, and 2005" by Zuidhof et al.

The Economist

Selective Random Gene Zinc finger TALE-effector CRISPR-Cas

breeding mutagenesis targeting nucleases nucleases




CRISPR-Cas (Cas9, Cas12, Cas13...)
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adjacent motif
/K (PAM)
Guide RNA

Cas9 —targets DNA

Casl2 —targets DNA

Casl1l3 —targets RNA




CRISPR 2.0, 3.0,.... aright-click for biology

Base editing |

Binds DNA

Removes C
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Mutant gene
causing disease
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Chen et al.,
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Repairs DNA
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Corrected gene

Nature Comms, 2021
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Prime editing tool nicks
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Anzalone et al.,

Nature, 2019
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Transposases |

Epigenetic modifiers ]

Nuclease null Cas9

Histone/
DNA modifying

Guide RNA

Rusk, Nature Methods

2013




Gene editing pervades biomedical research

Disease interrogation Screens
How genes manifest function? Which genes responsible for function?
Multiple CRISPR-gRNAs, GeneA GeneB GeneC
Targeting gene X each targeting a different gene ,
in cells; giving 2 populations @ @ @ @ @ @ @
Cells with change in gene X \ Cells with change in function X
ANDATX, Examine ° ..
': function X Y : _
sy OOO® <D
' ) - Examine
Cells without change in gene X Q0 function X Cells withiout chanige

Identified & deciphered many previously unknown genetics:
 Infections, genetic diseases, cancer vulnerabilities, fundamental biological insights...

« Can establish causality, but... * Monogenic vs Polygenic

in vitro, ex vivo, animal models, * Incomplete penetrance
extrapolation * Incomplete knowledge



Treating the broad spectrum of genetic diseases (list goes on...)

Heart, aging (LMNA)
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Sickle cell anemia
Hemophilia
Thalassemia

Cancer immunotherapy

Liver HeartMuscle Lung
Santiago-Fernandez et al., 2019

Lowering

cholesterol (PCSKQ) Red Blood Cells
CyStIC fIbI’OSIS (CFTR) Pcsk9-sg1

@®Uninjected 0.5x 10" ®2 x 10"

3D-organoid cultures
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Gene editing is in the clinic

Multiple successful clinical trials,
even though still early phases

A Year In, 1st Patient To Get Gene
Editing For Sickle Cell Disease Is
Thriving

*June 23, 2020 5:04 AM ET

Blind Patients Hope Landmark
Gene-Editing Experiment Will

Restore Their Vision
*May 10, 2021 5:00 AM

ET

CRISPR gene editing proves safe in
a clinical trial

+10 FEBRUARY 2020 nature




Gene editing across the whole body

Delivery (viruses, liposomes, nanoparticles)
determines which cells and organs are targeted

However,
1. Delivery is not 100% specific
« Some cells might be
unintentionally targeted — e.qg.
targeting liver but germline
unintentionally targeted.

2. Delivery is not 100% efficient

« Within each organ, some cells
are treated successfully while
some are not.

« In somatic organs: medically
justifiable?

* In germline or embryos:
mosaicism in the offspring
where a mixture of cells with
small genetic differences

-

EX vivo —

Cells outside body

Germline —
Egg, Sperm

U
Tay et al., 2020

Somatic -
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Modeling with mini human organs (organoids)

6 days

28 days

35 days
v.."\\

Mature organoids

Guo Ke
Park Jung Eun

[ Brain
Lung
Eye
Liver
Tumour

_etc... 0



Germline editing — very few studies

Correction of a pathogenic gene
mutation in human embryos

Hong Ma'#, Nuria Marti-Gutierrez'*, Sang-Wook Park?*, Jun Wu'*, Ye ¢!, Keiichiro Suzuki’, Amy Koski', Dongmei Ji',

Tomonari Hayama', Riffat Ahmed', Hayley Darby', Crystal Van Dyken' , Eunju Kang', A.-Reum Pa ik Kim*,
Sang-Tae Kim?, Jianhui Gong™*"*, Ying Gu**7, Xun Xu™®7, David Battaglia'?, Sacha A. Krieg”, David M. Lee”, Diana H. Wu?,
Don P. Wolf', Stephen B. Heitner'”, Juan Carlos Izpisua Belmonte®§, Paula A '8, Jin-Soo Kim?*§, Sanjiv Kaul'’§ &
Shoukhrat Mitalipov'!%§

NATURE | VOL 548 | 24 AUGUST 2017
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CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes

Puping Liang, Yanwen Xu, Xiya Zhang, Chenhui Ding, Rui Huang, Zhen Zhang, Jie Lv, Xiaowei Xie, )
Yuxi Chen, Yujing Li, Ying Sun, Yaofu Bai, Zhou Songyang, Wenbin Ma, Canquan Zhou™", Junjiu Huang™

Guangdong Province Key Laboratory of Reproductive Medicine, the First Affiliated Hospital. and Key Laboratory of Gene
Engineering of the Ministry of Education, School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China
B4 Correspondence: hjunjiu@mail sysu.edu.cn (J. Huang), zhoucanquan@hotmail.com (C. Zhou)

Recewved March 30, 2015 Accepted April 1, 2015

* Non-viable zygotes
«  Editing found to be inefficient

* |s efficient

« Copies maternal sequence

« Non-mosaic

Well tolerated without apparent
toxicity

J Assist Reprod Genet @ .
CrossMark
DOI 10.1007510815-016-0710-8

TECHNOLOGICAL INNOVATIONS

Introducing precise genetic modifications into human 3PN
embryos by CRISPR/Cas-mediated genome editing

Xiangjin Kung' + Wenyin He'- Yuling Huang ' - Qian Yu'- Yaoyong Chen' -
Xingcheng Gao' « Xiaofang Sun '+ Yong Fan'

 Non-viable zygotes
« Editing found to be inefficient

CRISPR EDITING WREAKS
CHROMOSOMAL MAYHEM
IN HUMAN EMBRYOS

Studies showing large DNA deletions and reshuffling
heighten concerns about heritable genome editing.

been peer-reviewed' ?, But t:
thev aiva crisnticre a annd Inn

By Heidi Ledford

« 3 studies
« Large deletions of
DNA in embryos

. He Jiankui

* No scientific nor
ethical merit

* Incomplete CCR5
knockout [J not
anti-HIV

 Bypassed well-
established norms
& checks
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Hard challenges are being worked on

Safety

Bioinformatics &

Specificity ’ Hyper-accurate
CRISPR

Similar sequences in
the genome might be
unintentionally targeted

Immune responses ]

£ Upto96% ofus miht react v &
x adversely to M Engineered safer
CRISPR
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Genetic therapies change lives... but...?
Hard challenges go beyond technology

Luxturna - Spark TX

“FDA experts offer a unanimous
endorsement” — Science
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Hemophilia B Gene Therapy with a High-Specific-Activity
Factor IX Variant

From 111
bleedings

to4

Glybera — uniQure

‘First gene therapy approved” —
Nature

the NEW ENGLAND

JOURNAL o MEDICINE

Single-Dose Gene-Replacement Therapy for Spinal Muscular
Atrophy

From O%
survival

to 100%

I\/II"[' T
Technology
Review

$2 million
would save her life.
Could youpay?
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Impact (beyond) diseases

EPAS1, EGLN1, PPARA
genes

High altitude adaptation
Tibetans

CCR5 - HIV/AIDS resistance
MSTN — Hyper-muscular
APOE2 — Low Alzheimer’s risk
PCSK9 - Low coronary disease
FUTZ2 — Norovirus resistance

hotos:.Inverse & Science Magazine



New medicines bring real challenges;
Scientists can help to understand & unlock tremendous benefits

The Straits Times, 1976

The Straits Times, 1959

The Straits Times, 1980

Producing ‘carbon copy’
human bem T

%SllP[R BABIES
. —T0 ORDER

Perennial questions that go beyond technology development;
Scientists can help understand, progress, and unlock

tremendous benefits.

Acceptance of gene editing

Amajority finds use of human genome editing for

therapeutic purposes acceptable, including somatic .EE“ e editing giving
and germline edits. Public opposition increases for babies a much reduced
disease risk
@ Agree @ Neither  Disagree Worried
1 |
Somatic 68
therapy
| | Enthusiastic
49%

to l-nldn' a qnlcl buck? Few other developments
monl md locul issues lnvolvedi

la tho lnodora knowledge and its
oitation as o!thcmlldutryo!
10T OLOG! “‘ C8. | c. The Internet

mmmmtorm..aﬁa—ﬂnmhﬂo

melding of computers and communications that

to make the 80s as monumental an in

-drlm social change as was the ustriai
Revolution.

Germline
therapy

applications aimed at enhancement.
\/ enhancement
enhancement

Germline

| | SOMEWHAT

RER . .

[ A B
0 50 100 PEW RESEARCH CENTER

Percent of respondents

Somatic

SCIENCE 11 AUGUST 2017 « VOL 357 ISSUE 6351

Science, Health and Policy-relevant
Ethics in Singapore (SHAPES)

9% N>

Centre for Biomedical Ethics
Yong Loo Lin School of Medicine
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