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Jennifer Doudna

“We have a responsibility to pursue
CRISPR’s enormous potential to
achieve previously impossible
solutions to some of the world’s big

challenges —
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Human Nature

Human Nature is a provocative exploration of CRISPR's far-reaching implications, through
the families it's affecting, and the bioengineers who are testing its limits. How will this new
power change our relationship with nature? What will it mean for human evolution? To
answer these questions we must look back billions of years and peer into an uncertain
future.
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CRISPRpedia

CRISPRpedia is a free, textbook-style resource that explains and
illustrates all things CRISPR.
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CRISPR Clinical Trials: A 2023 Update

March 17, 2023 / Perspectives

By Hope Henderson




Che New York Times

The invention of CRISPR gene editing gave us remarkable
treatment powers, yet no one should do a victory lap. Scientists can

We Can Cure Disease | rewrite a person’s DNA on demand. But now what? Unless things

SR change dramatically, the millions of people CRISPR could save will
never benefit from it. We must, and we can, build a world with
CRISPR for all.

By Fyodor Urnov
Dr. Urnov is a professor of molecular and cell biology at the University of California, Berkeley,
and a gene editor at its Innovative Genomics Institute.

Dec. 9, 2022




Fyodor Urnov
Imagine
CRISPR Cures

Berkeley
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Imagining CRISPR Cures | Fyodor Urnov | TEDxBerkeley
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15K views 1 year ago
Fyodor Urnov explores the future of CRISPR and how it has the potential to save lives. Professor Fyodor Urnov is a Professor of Molecular and Cell Biology at the

University of California, Berkeley, and is a Director at its Innovative Genomics Institute, leading the Center for Translational Genomics and directing the Technology &
Translation division. A pioneer in the field of therapeutic genome editing, Fyodor’s research focuses on advancing genome editing technology and pushing ' ...more




An IGl Task Force explored solutions to affordability
and access challenges for genomic medicines

innovativegenomics.org/atf-report/

Task Force Design

Health Policy Expert

Subgroup on
Pricing and Access

IGI Facilitator:
Director,
Therapeutic
Delivery

Subgroup on

Manufacturing

and Regulation .

IGI Facilitator:
Director,
Manufacturlng;

Melinda Kliegman, Ph.D.
Director of Public Impact

Policy & Engagement Manager

Dynamic cost-plus approach
888 anchoring price to COGS can drop

Subgroup on.

o Qumisioning __ Gommmentfundr prices by 10X

IGI Public Impact Team

IGI Facilitator:
Director, Technolo a9y
& Translation.

Subgroup on i
Intellectual Property
and Licensing

Manufacturing Innovation
Point-of-care manufacturing,
automation, and platformization

IGI Facilitator:
Director,
Intellectual Property

Global access provisions
Empower TTOs to negotiate
access into licensing agreements

A tripartite business model

mn s Academic-Nonprofit-Public Benefit
ikl @_I
——— Corporation

Manar Zaghlula, Ph.D.



https://innovativegenomics.org/atf-report/




Leading causes of death in Leading causes of death in low-income countries

upper-middle-income countries
) 2000 @ 2019

) 2000 @ 2019
1. Neonatal conditions
1. Ischaemic heart disease @ O
i\ ‘
2. Lower respiratory infections
2. Stroke o O
O O
3. Ischaemic heart disease
3. Chronic obstructive pulmonary disease . L ]
O
4. Stroke
4. Trachea,kbronchus, lung cancers . O [ ]
O
5. Diarrhoeal diseases
5. Lower respiratory infections o O
—0
6. Diab " 6. Malaria
. Diabetes mellitus o O
O—@
7. Road injury
7. Hypertensive heart disease O
—0O9
8. Alzheimer's disease and other dementias 8. [uherculosis ® O
O—@
9. Stomach cancer 9. HIV/AIDS ® O
- (
10. Road injury 10. Cirrhosif_?f the liver
_Q SRR——._)
0 1 2 3 4 0 200 000 400 000 600 000
Number of deaths (in millions) Number of deaths
® Noncommunicable @ Communicable @ Injuries ® Noncommunicable @ Communicable @ Injuries

Source: WHO Global Health Estimates. Note: World Bank 2020 income classification. Source: WHO Global Health Estimates. Note: World Bank 2020 income classification.



What can genome editing do for human health? 5

Three types of connections:

1. Specific variants in a given gene causes a specific disease (HBB E6V -> sickle cell
disease) with very high (sometimes certain) likelihood.

2. Specific variants in a given gene strongly predispose to a given disease (BRCA1 ->
breast cancer — ca 60-80% lifetime risk; ApoE4->AD 14x risk).

3. Cumulative effect of variants at many positions in the genome increase the risk
of disease (~250 variants drive about 25% of IBD risk; ~100 variants drive about
40% of CAD risk) — “polygenic risk scores”




Diseases and human genetic variation

1. Specific variants in a given gene causes a specific disease (HBB E6V -> sickle cell
disease) with very high (sometimes certain) likelihood.



Ca 6,000 Mendelian conditions affecting 350,000,000 people

OMIM"®

An Online Catalog of Human Genes and Genetic Disorders
Updated August 23, 2023

Search OMIM for clinical features, phenotypes, genes, and more... Q

# 603903
SICKLE CELL DISEASE

Alternative titles; symbols

SICKLE CELL ANEMIA

Phenotype-Gene Relationships

Phenotype Phenotype Gene/Locus
Location Phenotype MIM number Inheritance mapping key Gene/Locus MIM number
11p15.4 Sickle cell disease 603903 AR 3 HBB 141900

S ‘17’ PheneGene Graphics ~ [2]

v TEXT

A number sign (#) is used with this entry because sickle cell disease is the result of mutant beta
globin (HBB; 141900) in which the mutation causes sickling of hemoglobin.

https://www.omim.org/

https://www.omim.org/entry/603903
https://www.omim.org/entry/141900
https://www.genome.gov/dna-day/15-ways/rare-genetic-diseases

ILL+

* 141900
HEMOGLOBIN--BETA LOCUS; HBB

HGNC Approved Gene Symbol: HBB
Cytogenetic location: 11p15.4  Genomic coordinates (GRCh38): 11:5,225,464-5,227,071 (from NCBI)

Gene-Phenotype Relationships

Phenotype Phenotype
Location Phenotype MIM number Inheritance mapping key
11pl15.4 Delta-beta thalassemia 141749 AD 3
Erythrocytosis, familial, 6 617980 AD 3
Heinz body anemia 140700 AD 3
Hereditary persistence of fetal hemoglobin 141749 AD 3
Methemoglobinemia, beta type 617971 AD 3
Sickle cell disease 603903 AR 3
Thalassemia, beta 613985 3
Thalassemia-beta, dominant inclusion-body 603902 AD 3
{Malaria, resistance to) 611162 3
PheneGene Graphics ~ [
TEXT

¥ Description

The alpha (HBA1, 141800; HBA2, 141850) and beta (HBB) loci determine the structure of the 2 types
of polypeptide chains in adult hemoglobin, HbA. Mutant beta globin that sickles causes sickle cell
disease (603903). Absence of beta chain causes beta-zero-thalassemia. Reduced amounts of detectable
beta globin causes beta-plus-thalassemia. For clinical purposes, beta-thalassemia (613985) is divided
into thalassemia major (transfusion dependent), thalassemia intermedia (of intermediate severity),
and thalassemia minor (asymptomatic).


https://www.omim.org/
https://www.omim.org/entry/603903

Diseases and human genetic variation 5

2. Specific variants in a given gene strongly predispose to a given disease (BRCA1 ->
breast cancer — ca 60-80% lifetime risk; ApoE4->AD 14x risk).
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Even though it’s a far-off prediction, it must be unsettling for you.

Yeah, there was an intensity to navigating it. Most of us, we like to avoid speaking about death in the hope that we'll somehow avoid it.
We all have this belief that we'll figure it out. Then to all of a sudden be told some big indicators are actually pointing to this as the route

which is going to happen, the reality of it sinks in. Your own mortality.

https://www.vanityfair.com/hollywood/2022/11/chris-hemsworth-exclusive-interview-alzheimers-limitless



Chris Hemsworth is homozygous for the E4 allele of ApoE 5
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Diseases and human genetic variation 5

3. Cumulative effect of variants at many positions in the genome increase the risk
of disease (~250 variants drive about 25% of IBD risk; ~100 variants drive about
40% of CAD risk) — “polygenic risk scores”

All effect types are subject to modulation by environment/lifestyle + by other genes.



Finding genetic signatures of complex disease

A Genome-Wide Association Study, often abbreviated as GWAS, is a method used in biomedical research to
find connections between specific genetic variations and particular diseases or traits.

Here's a simple way to understand it:

1. Genetic Variations: Everyone's DNA contains small differences, which can influence how we look, how our
bodies work, and our health. These variations are like tiny changes in a vast instruction manual.

2. Comparing Groups: In a GWAS, scientists compare the DNA of two groups of people: those with a certain
trait or disease (like blue eyes or diabetes) and those without it.

3. Looking for Patterns: They scan the entire genome (all the genetic material) of each person, looking for
specific genetic differences that are more common in the group with the trait or disease.

4. Finding Links: If a certain genetic variation is found more often in people with the condition, it suggests that
this part of the genome might be related to developing that trait or disease.

5. Understanding Risks: This helps scientists understand which genes might contribute to diseases, how these
genes work, and potentially how to predict, prevent, or treat these conditions.

Nice job, ChatGPT-4



Association mapping identifies
haplotypes for disease susceptibility
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Diseases and genome editing for them 5

1. Specific variants in a given gene causes a specific disease (HBB E6V -> sickle cell
disease) with very high (sometimes certain) likelihood.

Major progress for SCD, thalassemia, degenerative disease

2. Specific variants in a given gene strongly predispose to a given disease (BRCA1 ->
breast cancer — ca 60-80% lifetime risk; ApoE4->AD 14x risk).

Neurodegenerative disease trials — 3-5 years away

3. Cumulative effect of variants at many positions in the genome increase the risk
of disease (~250 variants drive about 25% of IBD risk; ~100 variants drive about
40% of CAD risk) — “polygenic risk scores”

First 10 subjects dosed for CAD






2020 Nobel Prize: Jennifer Doudna, IGl, UC Berkeley

Basic science discovery: 2012 -> CRISPR gene editing

Prize shared with Dr Emmanuelle Charpentier



0.3% of human genome B-form DNA - 12 bp

6.6€9 bp diploid in contrast to bacteria and yeast, HIGHLY resistant to targeted change



B-form DNA - 12 bp DNA repair
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DSB — acutely genotoxic

Dividing human cells experience up to 50 DSBs per cell cycle

Multiple pathways of DSB-R highly conserved across evolution



Double Strand Break (DSB) Repair: Two Major Pathways
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Schematic provided by Dr Lorraine Symington, Columbia University



DSB-driven editing

DNA

Double-strand break
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Innovative Genomics Institute | CRISPRpedia
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I 2012: Jennifer Doudna + Emmanuelle Charpentier
RNA-gmded genome editing

A Programmable Dual-RNA-Guided

DNA Endonuclease in Adaptive
Bacterial Immunity

Martin Jinek,*%* Krzysztof Chylinski,3'4* Ines Fonfara,” Michael Hauer,ZT
Jennifer A. Doudna,™*”*t Emmanuelle Charpentier*t
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Innovative Genomics Institute | CRISPRpedia



1 guide RNA
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Jinek et al Science (2012) 337: 816-821 | Pacesa et al Cell (2022) 185: 4067-4081.



I How to program Cas9




I How to program Cas9

constant

—

sequence

sgRNA AUCCCUGUACACCCGCGAAA

programmable

AATAACTATTGACCTAGGGACATGTGGGCGCTTTGCCCCCCTTTCAGGTAAACC

e
[TATTGATAACTGGATCCCTGTACACCCGCGAAACGGGGGGAAAGTCCATTTGC

SpyCas? PAM: 5" NGG 3



I How to program Cas9

AUCCCUGUACACCCGCGAAA

RN .
ANATAACTATTGACCTAGGGACATGTGGGCGCTTTGCCCCCCTTTCAGGTAAACC

LR R EE R TP EECEE T FER Rt e e e bl
[TATTGATAACTGGATCCCTGTACACCCGCGAAACGEGGGGGARAAGTCCATTTGC



”Considerable potential” in clinical data: a timecourse

Promising
efficacy
signals in
clinical trial
data
for genome
editing
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A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive
Bacterial Immunity

Martin Jinek,™?* Krzysztof Chylinski,>** Ines Fonfara,* Michael Hauer,’t
Jennifer A. Doudna,’***4 Emmanuelle Charpentier*}
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“Considerable potential” made clinically real
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Sickle Cell / Beta Thalassemia

CRISPRTX/Vertex Therapeutics

Cause: Point mutation in HBB / var.
Delivery: Ex-vivo, electroporation RNP
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“Considerable potential” — a portrait gallery

THE CRISPR REVOLUTION

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

June 23, 2020 - 5:04 AM ET
Heard on Morning Edition

-

ROB STEIN
-

° 6-Minute Listen ° ° e

ear, has been at home in Forest, Miss., with

He Inherited A Devastating Disease. A A Gene-Editing Experiment Let These
CRISPR Gene-Editing Breakthrough Patients With Vision Loss See Color
Stopped It Again

June 26, 2021 - 1115 AM ET September 29, 2021 - 9:00 AM ET

Heard on All Things Considered

Heard on Al Things Considered
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ntion of gene-editor infusions for the treatment of genetically-based Carlene as a congenital eye disorder, volunteered to let doctors edit the genes in her retina using CRISPR




Editing In the clinic:
ex vivo




Sickle cell disease

NIH:

“Sickle cell anemia is the
most common inherited
blood disorder in the United
States, affecting about
100,000 Americansor 1 in
500 African Americans. SCA
is characterized by episodes
of pain, chronic hemolytic
anemia and severe
infections, usually beginning
in early childhood.”
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Sickle cell disease — an unmet medical need of enormous urgency
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Our genome encodes multiple beta-like globins
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Clinical genome editing for SCD involves reactivating HbF
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THE CRISPR REVOLUTION

In A 1st, Doctors In U.S. Use CRISPR Tool
To Treat Patient With Genetic Disorder

July 29, 2019 - 5:18 AMET
Heard on Morning Edition

-
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o~y

D 0 O ©

° 6-Minute Listen

Victoria Gray, 34, of Forest, Miss., volunteered for one of the most anticipated medical experiments in decades: the first
attempt to use the gene-editing technique CRISPR to treat a genetic disorder in the U.S.

Mere

h Rizzo/NFR

THE CRISPR REVOLUTION

A Young Mississippi Woman's Journey
Through A Pioneering Gene-Editing
Experiment

December 25, 2019 - 7:.00 AM ET
Heard on All Things Considered

ROB STEIN

° 22-Minute Listen ° ° e

Victoria Gray, who has sickle cell disease, volunteered for one of the most anticipated medical experiments in decades: the

first attempt to use the gene-editing technique CRISPR to treat a genetic disorder in the United States.
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Victoria Gray has been cured of SCD by CRISPR - 2020

THE CRISPR REVOLUTION

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

June 23, 2020 - 5:04 AMET
Heard on Morning Edition

Dr. Haydar Frangoul met with Gray in June to discuss the results of her latest tests. Gray hasn't had any of the severe pain
attacks she used to experience since receiving infusions of genetically altered cells nearly a year ago.

Amanda Stults/Sarah Cannon/TriStar Centennial



2023: transplantation of edited HSPCs resolves major symptoms
SCD in 32 subjects

FDA advisers see no roadblocks for gene-

Historical editing treatment for sickle cell disease
f/ec‘;:: Updated October 31,2023 - 4:30 PMET

v/ 32.3 Heard on Morning Edition
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"It's really life-changing," says Victoria Gray, when describing the gene-editing treatment for sickle cell disease that she
received as part of a clinical trial in 2019.
Orlando Gili for NPR



Panel Says That Innovative Sickle Cell
Cure Is Safe Enough for Patients

The decision by an advisory committee may lead to Food and
Drug Administration approval of the first treatment for
humans that uses the CRISPR gene-editing system.

& Sharefull article =[]

Dana Jones, with her daughter Kami, now 20, resting in a hospital bed in San Antonio in 2020 after being
admitted during a blood transfusion to ease her and her sister’s pain from sickle cell disease. Ilana Panich-
Linsman for The New York Times

By Gina Kolata
Gina Kolata has reported on gene therapy for nearly 30 years and on
sickle cell disease since 2018.

Oct. 31, 2023

A panel of experts said on Tuesday that a groundbreaking
treatment for sickle cell disease was safe enough for clinical use,



RNA-guided targeted engineering without a DSB
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Base-edited CAR-T for pediatric leukemia

Electroporation Base Editing Transduction and Infusion

mRNA encoding Base-editor protein

base editor sgRNA Lentivirus containing DNA encoding
A i ) chimeric antigen receptor that

Wd‘% _J—‘J‘_‘JL . ,,U“VN = I recognizes CD7 (CAR7)

Deamination enzyme

mRNA encoding Single guide (sg)
base editor RNAs that
target TRBC, CD7, C—Tonthe
and CD52 Opposite Strand
(So G —A on the
C —T on the Coding Strand Coding Strand)
« Electroporation creates temporary f 1
pores in plasma membrane iGA =Arg CAG=Gln 1AA =Gln  TGG=Tryp
. ngNI'\s and mRNA pass through e dne S s Transduction
pores in membrane TGA
TAA

L ]
Premature Stop Codons 3 Gene Knockout

cD7

CD52

Quality control
and infusion

Translation of base-editor mRNA
into base-editor protein

Ablation of TRBC, CD7, and CD52 expression
in the allogeneic T cell results in:

‘ Risk of graft-versus-host disease (because
no T-cell receptor)

‘CAR T-cell fratricide (because no CD7)

1 Resistance to depletion by alemtuzumab CART cell kills
(because no CD52) tumor leukemia cell

Figure 1. Base-Editing Donor T Cells to Target T-Cell Leukemia.
Qasim NEJM 2023
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* | Unleashing CRISPR on Cancer

Teknologi Baru Selamatkan Seorang Remaja

= Article  Figures/Media Metrics
dari Kanker Darah Tak Tersembuhkan 0
In this episode of “Intention to
< Treat,” host Rachel Gotbaum Audio Interview
explores the story of a teenager
© who's now in remission from Unleashing CRISPR on Cancer (26:25)

w

previously relapsed lymphoblastic
leukemia and talks with the

+ Download

investigator who developed the “off-
the-shelf” CAR T cells that made her treatment possible.

Slide courtesy Dr Waseem Qaseem
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https://www.wired.com/story/crispr-treatment-donegal-amy/

SCIENCE DEC 28, 2822 7:B8 AM

Crispr’s Quest to Slay Donegal Amy

A trial using the gene-editing tool inside the body hints at treating, or even curing, a rare fatal disease—and is changing a community in the process.

= 7)iL donegallive
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You are in: > DONEGALLIVE > LOCAL NEWS

Knockout blow for 'Donegal
Amyloidosis'

Successful gene editing clinical trial for Donegal Duo

Knockout blow for Donegal Amyoidosis - James Green - NTEPS://WwWw.donegallive.ie/news/news/647574/knockout-blow-for-donegal-amyloidosis.html



Intellia Therapeutics — CRISPR KO for amyloidosis:
In Vivo LNP-mRNA delivery

A Intravenous Infusion of NTLA-2001

NTLA-2001

TTR-specific
SgRNA

Complementary
sequence to
TTR gene

Streptococcus
pyogenes (Spy) |

ApoE opsonization
of LNP in circulation

ApoE protein

Cas9 mRNA |
Lipid nanoparticle

Rapid distribution to liver
through hepatic artery

B NTLA-2001 LNP Uptake in Hepatocytes
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J Translation of Cas9 mRNA
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NUCLEUS Cas9-sgRNA ribonucleoprotein
enters nucleus
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C Cleavage of DNA at TTR Gene Sequence by Cas9

Genomic DNA
Complementary
3

Ribonucleoprotein induces Targeted DNA

unwinding of chromosomal cleavage

DNA, then binds to DNA at

TTR gene, inducing

targeted DNA cleavag 3 v 5
5 A 3

Endogenous DNA repair
through nonhomologous end
joining results in introduc-
tion of indels into TTR gene,
leading to frameshift
mutations that prevent
production of functional TTR
protein




2022: Intellia Therapeutics SeeEE -
CRISPR-Cas9 can be programmed to cut a specific sequence of DNA
in a patient by simply changing the guide RNA

Disease 1: TTR Amyloidosis Disease 2: Hereditary Angioedema

Gene: KLKB1 on chr 4

Mean (SD) % plasma kallikrein reduction by dose level
0 |
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- [ T Maximum reduction
E B L by week 8

Gene: ATTR on chr 20a
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93% target gene knockout in patient liver 92% target gene knockdown in patient liver

OCT 18, 2023

Intellia Therapeutics Announces FDA Clearance of Investigational New Drug (IND) Application to Initiate a Pivotal
Phase 3 Trial of NTLA-2001 for the Treatment of Transthyretin (ATTR) Amyloidosis with Cardiomyopathy
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Human genetics identify target for CRISPR intervention

in prevalent disease

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Sequence Variations in PCSK9, Low LDL,
and Protection against Coronary Heart Disease

Jonathan C. Cohen, Ph.D., Eric Boerwinkle, Ph.D., Thomas H. Mosley, Jr., Ph.D.,
and Helen H. Hobbs, M.D.

ABSTRACT

BACKGROUND

A low plasma level of low-density lipoprotein (LDL) cholesterol is associated with
reduced risk of coronary heart disease (CHD), but the effect of lifelong reductions
in plasma LDL cholesterol is not known. We examined the effect of DNA-sequence
variations that reduce plasma levels of LDL cholesterol on the incidence of coronary
events in a large population.

METHODS

We compared the incidence of CHD (myocardial infarction, fatal CHD, or coronary
revascularization) over a 15-year interval in the Atherosclerosis Risk in Communi-
ties study according to the presence or absence of sequence variants in the propro-
tein convertase subtilisin/kexin type 9 serine protease gene (PCSK9) that are associ-
ated with reduced plasma levels of LDL cholesterol.

RESULTS

Of the 3363 black subjects examined, 2.6 percent had nonsense mutations in PCSK9;
these mutations were associated with a 28 percent reduction in mean LDL choles-
terol and an 88 percent reduction in the risk of CHD (P=0.008 for the reduction;
hazard ratio, 0.11; 95 percent confidence interval, 0.02 to 0.81; P=0.03). Of the 9524
white subjects examined, 3.2 percent had a sequence variation in PCSK9 that was
associated with a 15 percent reduction in LDL cholesterol and a 47 percent reduc-
tion in the risk of CHD (hazard ratio, 0.50; 95 percent confidence interval, 0.32 to
0.79; P=0.003).
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P=0.008

Coronary Heart Disease (%)

No Yes
PCSK9142X or PCSK9679X

88% reduction in disease risk



In vivo genome editing for CAD using LNP-Cas9 mRNA delivery

Sequential dosing in NHPs: >90% reduction of plasma PCSK9 protein ve/r\/e
followed by >90% reduction observed of plasma ANGPTL3 protein A
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Oct 23, 2023

Verve Therapeutics Announces Clearance of
Investigational New Drug Application by the U.S. FDA for
VERVE-101 in Patients with Heterozygous Familial
Hypercholesterolemia



New Gene Editing Treatment Cuts
Dangerous Cholesterol in Small Study

The trial involved only 10 patients, but it suggests cholesterol car

And while more trials in a broader range of patients will need to be
carried out, gene editing experts and cardiologists said the
bepemananilsaduesd with sl teatment G patantyat treatment had the potential to transform preventive cardiology.

isk of heart di : . e . ..
BSOrhestaIsense “Even for seasoned veterans of this field like myself, this is a day

we will look back on,” said Fyodor D. Urnov, a gene editor at the

Innovative Genomics Institute in Berkeley, Calif. “I see today as

crossing a Rubicon, in a good way. This is not a small step. Itis a
leap into new territory.”

& sharefullartice &> []

Impressed with the data and the potential it shows, the
pharmaceutical giant Eli Lilly paid $60 million to collaborate with
Verve Therapeutics and opted to acquire additional rights to
Verve’s programs for an additional $250 million. If the editing
continues to look promising, Eli Lilly expects to help with larger
studies.

“Until now, we thought of gene editing as a treatment we should

A colored 3-D computed tomography angiogram scan of a heart with atherosclerosis, a reserve for very rare diseases where there is no other treatment’”
condition that can be caused earlier in life by familial hypercholesterolemia. Vsevolod . . L. . . . .
Zviryk/Science Source said Dr. Daniel Skovronsky, Eli Lilly’s chief scientific and medical

— officer. “But if we can make gene editing safe and widely available,
Yy Gina Rolata
@ Gina Kolata has been reporting for more than a decade on genes that affect heart Why not go after a more common disease?”

disease risk and treatments to block them.



Che New York Times

The invention of CRISPR gene editing gave us remarkable
treatment powers, yet no one should do a victory lap. Scientists can

We Can Cure Disease | rewrite a person’s DNA on demand. But now what? Unless things

SR change dramatically, the millions of people CRISPR could save will
never benefit from it. We must, and we can, build a world with
CRISPR for all.

By Fyodor Urnov
Dr. Urnov is a professor of molecular and cell biology at the University of California, Berkeley,
and a gene editor at its Innovative Genomics Institute.

Dec. 9, 2022
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$2 9 mllllon Summer 2023

BioMarin said Roctavian's $2.9 million price tag reflects “the possibility of
freedom from years” of infusions, which cost about $800,000 annually
for a typical patient. The price is less than the $3.5 million announced last
year for a similar gene therapy for hemophilia B, a less common form of
the disease. Jun29, 2023

o go.com

https://abcnews.go.com » Health » wireStory » gene-ther... &

$2.9 million gene therapy for severe hemophilia is approved ...

$3.2 million

Sarepta's (ticker: SRPT) $3.2 million one-time treatment—which will be
marketed under the name Elevidys—is the first gene therapy approved
to treat DMD, a progressive and fatal condition that manifests in early
childhood. The $3.2 million price tag makes Elevidys one of the most
expensive medicines in the world. Jun23 2023

Barron's
)

https://www.barrons.com > Biotech and Pharma » Feature %

Sarepta's $3.2 M Gene Therapy Just Got Approved ... - Barron's



'@“ Fyodor Urnov @UrnovFyodor - Sep 22, 2021

& Dr. Bennett is a hero and inspiration to all of us in cell and gene therapy
for taking Luxturna from preclinical to approval (a "yes we can" moment

for the field).

I'm excited she's taking on other indications in the eye space - unmet
need is huge.

JATHTISOT1dL ENDPOINTSNEWS

endpts.com
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@ Helaine Fonseca
& ©@helaine fonseca

Tenho duas filhas com indicagao para receberem #Luxturna, no Brasil me
foi negado judicialmente e recentemente foi negado a incorporagao ao
SUS, preciso de ajuda para ter acesso a esse tratamento.

Me ajudem!



