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Parkes Weber Syndrome

RASA1 mutation

N Engl J Med 2014; 371:2114

Breast Cancer

BRCA1 and BRCA2

JAMA. 2004;292(11):1317–1325

Lingual Papillomas

PTEN c.635−1G→A

N Engl J Med 2017; 377:e22

Segmental Neurofibromatosis

NF1

N Engl J Med 2015; 372:963
Muscular Dystrophy

DMD mutation

N Engl J Med 2014; 371:e35

>6000 known genetic diseases
Sickle-cell disease

Haemophilia

Cystic fibrosis

Down syndrome

Cancer susceptibility

Tay–Sachs disease

Angelman syndrome

Color blindness

Canavan disease

Charcot–Marie–Tooth disease

Cri du chat

Familial Hypercholesterolemia

Haemochromatosis

Klinefelter syndrome

Neurofibromatosis

Phenylketonuria

Polycystic kidney disease

Prader–Willi syndrome

Turner syndrome

Spinal muscular atrophy
.

.
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Gene Editing Therapeutics find and rewrite

these causes of disease.
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Deep public interest
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Agriculture
Selective 
breeding

Random 
mutagenesis

Gene 
targeting

Zinc finger 
nucleases

TALE-effector 
nucleases

CRISPR-Cas

A long history before the recent breakthroughs
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CRISPR-Cas (Cas9, Cas12, Cas13…)
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Cas9 – targets DNA

Cas12 – targets DNA

Cas13 – targets RNA
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CRISPR 2.0, 3.0,…. a right-click for biology

Base editing

Transposases

Epigenetic modifiers

Prime editing

Rusk, Nature Methods, 

2013

Chen et al., Nature Comms, 2021

Klompe, Nature, 2019

Anzalone et al., Nature, 2019
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Gene editing pervades biomedical research

Disease interrogation

How genes manifest function?

Screens 

Which genes responsible for function?

Identified & deciphered many previously unknown genetics:

• Infections, genetic diseases, cancer vulnerabilities, fundamental biological insights…

• Monogenic vs Polygenic

• Incomplete penetrance

• Incomplete knowledge

• Can establish causality, but… 

in vitro, ex vivo, animal models, 

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

Cataracts

Brain (MECP2)

Cardiovascular
Lowering 

cholesterol (PCSK9)

https://ghr.nlm.nih.gov/condition/beta-thalassemia

Sickle cell anemia

Hemophilia

Thalassemia

Cancer immunotherapy

Heart, aging (LMNA)

Cystic fibrosis (CFTR)

Ran et al., 2015

Santiago-Fernández et al., 2019

Jarrett et al., 2017

Schwank et al., 2013

Wu et al., 2013

Swiech et al., 2014
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Gene editing is in the clinic

Multiple successful clinical trials, 

even though still early phases

Clinical trials around the world

CRISPR 

(n=41)

Gene Therapy 

(n=921)

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
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Ex vivo –

Cells outside body

Germline –

Egg, Sperm

Somatic –

Organs in body

Gene editing across the whole body

Delivery (viruses, liposomes, nanoparticles) 

determines which cells and organs are targeted 

Modeling with mini human organs (organoids)

Mature organoids35 days28 days6 days

Guo Ke

Park Jung Eun

Brain

Lung

Eye

Liver

Tumour

etc…

However, 

1. Delivery is not 100% specific

• Some cells might be 

unintentionally targeted – e.g. 

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

Tay et al., 2020
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Germline editing – very few studies

• Is efficient

• Copies maternal sequence

• Non-mosaic

• Well tolerated without apparent 

toxicity

• Non-viable zygotes

• Editing found to be inefficient

• Non-viable zygotes

• Editing found to be inefficient

• 3 studies

• Large deletions of 

DNA in embryos

• He Jiankui

• No scientific nor 

ethical merit

• Incomplete CCR5 

knockout 🡪 not 

anti-HIV

• Bypassed well-

established norms 

& checks
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Treatment not efficient

Toxic to the patient

Up to 96% of us might react 

adversely to NATs

Hard challenges are being worked on

Specificity

Safety

Immune responses

Efficacy

Delivery

Machinery

Understanding of mechanisms

Engineered safer 

CRISPR

Bioinformatics & 

Hyper-accurate 

CRISPR

Chen et al., 2017

Hu et al., 2018
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Genetic therapies change lives… but…?

Hard challenges go beyond technology

Luxturna - Spark TX

“FDA experts offer a unanimous 

endorsement” – Science

Glybera – uniQure

“First gene therapy approved” –

Nature

Packshot of Glybera, © uniQure B.V.

Packshot of Luxturna, © Spark Therapeutics

From 0% 
survival 

to 100%

From 111 
bleedings 

to 4
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CONFIDENTIAL

Impact (beyond) diseases

Photos: Inverse & Science Magazine

EPAS1, EGLN1, PPARA  

genes

High altitude adaptation

Tibetans

PDE10A gene

Aquatic adaptation

Bajau People 

• CCR5 – HIV/AIDS resistance

• MSTN – Hyper-muscular 

• APOE2 – Low Alzheimer’s risk 

• PCSK9 – Low coronary disease

• FUT2 – Norovirus resistance 

.

.

.
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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

i.e. The Internet

Perennial questions that go beyond technology development; 

Scientists can help understand, progress, and unlock 

tremendous benefits.

Science, Health and Policy-relevant 

Ethics in Singapore (SHAPES)
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CONFIDENTIAL



Thank you


