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Origin of COVID19 epidemics

- First cases in December 2019

- Origin in Wuhan city market

- From animal reservoir to inter-
human transmission

- January 30 WHO declaration of
PHEIC (Public Health Emergency
of International Concern)

Origin of SARS-CoV-2
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TOTAL REPORTED 14.0AY CHANGE
Cases 106.9 million+ -26% —
Deaths 2.3 million+ 14,748 -13% —

Cross-species transmission relies on genetic mutations
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COVID-19: The many unknowns Diagnostic tests

Why men more than women? Why Swab
obese people? Why black people?

Why older people more affected? Detection of viral genome - RT PCR

(“molecular test”)

Why the happy hypoxia feature? Detection of viral proteins - lateral
Why lung thrombosis? immunochromatography (“antigenic test”)
Why intense sweating? Detection of viral genome - new CRISPR/
Cas9 tests
Why loss of sense of smell and taste?
Blood
Understanding the pathology underlying the disease Antibodi
can provide answers to some of these questions ntbodies
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Bussani et al. 2020. Lancet EBioMed 61, 103104



Extensive thrombosis

Patient: 277.20

Patent: 210.20
Thrombosis of the microvasculature

Patient: 210.20
Staining: HRE
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Patient: 210.20
Staining: HRE

Staining: HRE

Bussani et al. 2020. Lancet EBioMed 61, 103104
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Patient: 207.20
Probe: SARS-CoV-2

Patient: 207.20
Probe: SARS-CoV-2

In situ hybridisation for
SARS-CoV-2 RNA

Patient: 207.20
Probe: SARS-CoV-2

Patient: 207.20
Probe: SARS-CoV-2

SARS-CoV-2
S protein

SARS-CoV-2 spike
protein (gray) with
glycans scattered
around on its surface.
The structure jiggles,
which might affect how
antibodies or other
molecules bind with it

Lorenzo Casalino, Zied Gaieb, and
Rommie Amaro, UC San Diego

D-19 patients
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Patient: 210.20

Patient: 235.20
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Patient: 210.20
Staining: H&E
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Patient: 210.20

Patient: MIA20
Staining: H&E

Staining: H&E

Patient: MIATS
Staining: H&E

Bussani et al. 2020. Lancet EBioMed 61, 103104

Abnormally fused
cells (syncytia)

Powerful fusogenic activity of the SARS-CoV-2 S protein

Control
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Accelerated Article Preview

Drugs thatinhibit TMEM16 proteins block
SARS-CoV-2 Spike-induced syncytia

Therapies attempted -
(with no or little success) :
. Antiviral
COVlD_1 9 IS far maore Chloroquine/Hydroxychloroquine

Lopinavir/ritornavir (protease inhibitor)

Com p|eX thaﬂ a dISGaSG due Remdesivir (nucleoside analogue RdRp inhibitor)
. . . Favipiravir (nucleosid | RdRp inhibitor)
tO a virus that “S|mp|y” k|”8 aV|p.|ra\/|r nuo‘eo& e analogue p inhibitor)
Anti-cytokine storm
|U ﬂg Ce”S Antibodies against II-6 receptor (tocilizumab, sarilumab)
IL-1 receptor inhibitor (anakinra)
Anti-spike monoclonal antibodies

casirivimab/imdevimab (Regeneron)
bamlanivimab (Eli Lilly)

Scientifically unfounded Dott Is SARS-CoV-2 mutating?

therapies Panorama

Ema: il vaccino funziona se si rispetta I'intervallo
del richiamo

Lactoglobin

Ozone therapy —
Adenosine Lattoglobina® ,ommm
Ivermectin Lattoferrina y ]

... several others




WHO Variants of Concern

Beta /\ 4

WHO Variants of Concern

o Alpha

September

The principal concerns about omicron include
whether it is more infectious or severe than other
VoCs and whether it can circumvent vaccine
protection. Although immunological and clinical
data are not yet available to provide definitive
evidence, we can extrapolate from what is known
about the mutations of omicron to provide
preliminary indications on transmissibility, severity,
and immune escape. Omicron has some deletions.
and more than 30 mutations, several of which (eg,
69-70del, T951, G142D/143-145del, K417N,
T478K, N501Y, N655Y, N679K, and P681H)
overlap with those in the alpha, beta, gamma, or
delta VoCs. These deletions and mutations are
known to lead to increased transmissibility, higher
viral binding affinity, and higher antibody escape.
Delta (21A) Some of the other omicron mutations with known

> effects confer increased transmissibility and affect
- Delta (211) binding affinity. Importantly, the effects of most of

Delta

October 2020

Gamma
November 2020 Betc

Moy 2020
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CORONAVIRUS
VACCINES -

Sinopharm and Sinovac
(CoronaVac) (China)

Covaxin (India)

iip%v?c

Nature 580, 576-577 (2020)

Weakened virus
A virus is conventionally weakened for &
vaceine by being passed through animal o

Five out of many variants of interest and variants to be monitored

Inactivated virus
In these vaccines,
the wirus is rendered

human cells unb it picks up hat
make It loss able to cause disease. Codagentx
in Farmingdale, New York, is working with the
Serum Institute of India, a vaccine
manufacturer in Puna. to weaken SARS-CoV-2
by altering its genetic code 5o that viral
proteins are produced less efficlently.

chemicals, such as
formaldehyde, or heat

Making them, however,

requires starting with
large Guantities of
Infoctious virus.
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Omicron

Delta (21))

the remaining omicron mutations are not known,
resulting in a high level of uncertainty about how
the full combination of deletions and mutations will
affect viral behaviour and susceptibility to natural
and vaccine-mediated immunity.

Flow of genetic information

DNA

CORONAVIRUS
VACCINES -

Novavax

Clover Biopharmaceuticals
University of Queensland
Sanofi/GSK

Nature 580, 576-577 (2020)

PROTEIN

PROTEIN-BASED VACCINES
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CORONAVIRUS
VACCINES ——

Oxford/AstraZeneca
Cansino
J&J/Janssen
Sputnik V

Nature 580, 576-577 (2020)

Replicating viral vector
(such

Non-replicating viral vector
{such

"
"
.
The newly approved Ebola vaccine &
is an example of 3 viral-vector H
vaccine that replicates within .
cells. Such vaccines tend 1o be -
safe and provoke a strong immune
response. Existing immunty tothe
vector could blunt the vaccines =
effectiveness, however. .
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THEHISTORY OF MRNAVACCINES

mRNA with Ugids
tfor vaccines)

ATTR amyloidosis

No licensed vaccines use this
method, but they have a long

history in gene therapy.

Booster shots can be needed to
induce long-lasting immunity,
US-based drug glant Jobnson &

Johrson is working on this
appeoach.
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Coronavirus
spke peptide

Coronavirus
N spike gene

nature

Progressive fatal disease (death within 2-6 from diagnosis in case of cardiac involvement)
Accumulation of amyloid fibrils composed of misfolded transthyretin protein

Cardiac amyloidosis'

CORONAVIRUS
VACCINES ——

Moderna
Pfizer/BioNTech
CureVac
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CRISPR-Cas9 In Vivo Gene Editing for Transthyretin Amyloidosis

Julian D. Gillmore, M.D., Ph.D., Ed Gane, M.B., Ch.B., Jorg Taubel, M.D., Justin Kao, M.B., Ch.B.,

Marianna Fontana, M.D., Ph.D., Michael L. Maitland, M.D., Ph.D., Jessica Seitzer, B.S., Daniel O'Connell, Ph.D.,
Kathryn R. Walsh, Ph.D., Kristy Wood, Ph.D., Jonathan Phillips, Ph.D., Yuanxin Xu, M.D., Ph.D., Adam Amaral, B.A.,

Adam P. Boyd, Ph.D., Jeffrey E. Cehelsky, M.B.A., Mark D. McKee, M.D., Andrew Schiermeier, Ph.D.,

Olivier Harari, M.B., B.Chir., Ph.D., Andrew Murphy, Ph.D., Christos A. Kyratsous, Ph.D., Brian Zambrowicz, Ph.D.,

Randy Soltys, Ph.D., David E. Gutstein, M.D., John Leonard, M.D., Laura Sepp-Lorenzino, Ph.D.,
and David Lebwohl, M.D.

1) Acquired

2) Hereditary: due to >100 different pathogenic mutations in TTR

ATTR amyloidosis

50,000 patients worldwide
autosomal dominant inheritance

clinical
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Current therapies for ATTR amyloidosis

TTR Targets of Therapy

I What is gene editing?
g

These treatments produce symptoms relief, Qervelana Chnic
functional improvement and prolong survival,

but require long-term administration and are

fraught by major side effects

Gene editing technology Why gene editing?

Protein:DNA RNA:DNA * More extensive TTR knockdown is associated with greater improvement
-zinc finger nucleases (ZFNs) - " — « Monogenic, dominant disease
-transcription activator-like [Sasd —— « Limited and specific normal function of TTR (thyroxine and vitamin A transport)
effector nucleases (TALENS) pr—— . ) ) )
il *>99% TTR produced by the liver, for which targeting LNPs are available and

-clustered regularly e effective
interspaced short : !
palindromic repeat — —
(CRISPR)/Cas system ' NTLA-2001, an in vivo gene editing for i.v. infusion

Nature Roviews Geneics 15, 541-555 (2014)

Single dose NTLA-2001 results in > 95% reduction in Optimisation of TTR specific guides
serum TTR in mice and non human primates

Achieved Therapeutically Relevant and Sustained Serum TTR
Cell Reports Protein Reduction of 97% in Non Human Primates (NHP) After a
Single Dose of TTR LNPs.

A Single Administration of CRISPR/Cas9 Lipid
i i Robust and i

In Vivo Genome Editing

Graphical Abstract

+ + LINP delvery achioves >97% targe potein knockdown for at
s s

Liver editing was determined by NGS from a core needle liver biopsy
and circulating serum TTR concentration was determined by an
LC-MS/MS assay specific for the TTR protein.

Finn et al, 2018, Coll Reports 22, 2227-2235
February 27, 2018 © 2018 Intellia Therapeutics, Inc.
hitps://doi.org/10.1016/j celrep.2018.02.014

Prosented at the Second European Congress for ATTR Amyloidosis, Boriin,
September 1-3, 2019,




“The carrer system for NTLA-2001 is a LNP based on a proprietary ionizable liid, combined with a phospholipid, a pegylated lipid, and cholesterol, formulated in an aqueous bufer for ntravenous
The 'd a single guide RNA (sgRNA)

administration a (mRNA)
© thyretn (TTR) the cargo of the LNP for drug administration
Afer 2 d ety into the circulation, the L1 polpoprotein E (ApoE) and transported through the Iiver, where it s preferential
distibuted
ApoE opsonization
.
L of LNP in circulation
NTLA-2001 |

TTR-specific
sgR

Complementary
sequence to
TTR gene

ApoE protein

Rapid distribution to liver
through hepatic artery
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Lipid nanoparticle
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than 90% reduction in TTR protein (EC.),

Clinical study

Open-label, multicenter study

Single dose of NTLA-2001, total RNA dose of 0.1-0.3 mg per kilogram of body weight intravenously
Key eligibility criteria: age 18-80 years, a diagnosis of polyneuropathy due to hATTR amyloidosis
(with or without cardiomyopathy), body weight of 50-90 kg, lack of access to approved treatments for
ATTR amyloidosis.

Previous use of TTR stabilizers was permitted with a washout period (3 days for diflunisal).

No-observed-adverse-effect level (NOAEL): 3 mg per kilogram in monkeys, equivalent to 1 mg per
kilogram in humans. In accordance with allometric scaling based on total body-surface area and
application of a safety factor of 10, the maximum recommended starting dose was 0.1 mg per
kilogram.

To mitigate against potential proinflammatory effects of intravenous LNP infusions, patients received
glucocorticoid and histamine receptor type 1 and type 2 blockade before infusion.
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Sponsors: Intellia Therapeutics and Regeneron
Pharmaceuticals

Intellia Therapeutics Announces First Patient Dosed in
Phase 1/2 Clinical Trial of NTLA-2002 for the Treatment
of Hereditary Angioedema

REGENERON

SCIENCE TO MEDICINE"
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- TTRgene editing - TTR mRNA expression  TTR protein
production

T T T T T T T T
0.007 0.021 0.063 0.191 0.574 1724 5.172 15.517
sgRNA Concentration (nmol/liter)

Figure 2. In Vitro Evaluations of the Potency of NTLA-2001.

Shown is the relationship between increasing concentrations of sgRNA and
the consequent percentages of TTR editing, as well as TTR mRNA expres-
sion and TTR protein production in a single lot of primary human hepato-
cytes. The primary indel patterns were a single-nucleotide deletion or in-
sertion at the cut site, inducing a frameshift mutation (data not shown).



Potential off-target effect

SqRNA of NTLA 2001,

one ofthe seven locidenified with al three methods.
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+ Two study sites: Aukland, New Zealand and London, UK
+ 6 patients
« Age: 46-64,4M, 2 F
+  Mutations: p.T80A (3), p.S97Y (2), p.H110D
+ All had sensory polyneuropathy and HF NYA class |
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Safety
ot sl ot BT
Related Not related Related Not related Related Not related
Diarrhea 0 1(33.3%) 0 0 0 1(16.7%)
Nausea 1(33.3%) 0 o o 1(16.7%) 0
Infusion-related reaction 1(33.3%) 0 0 o 1(16.7%) 0
Skin abrasion 0 0 0 1(33.3%) 0 1(16.7%)
Headache 1(33.3%) 1(33.3%) 0 o 1(16.7%) 1(16.7%)
Vertigo positional 0 1(33.3%) 0 o o 1(18.7%)
Foreign body sensation in eyes 0 1(33.3%) 0 o o 1(16.7%)
Catheter site swelling 0 1(33.3%) 0 o 0 1(16.7%)
Acute sinusitis 0 1(33.3%) 0 o o 1(16.7%)
Thyroxine decreased 1(33.3%) 0 0 o 1(16.7%) 0
Rhinorrhea 1(33.3%) 0 o o 1(16.7%) 0
Proris o 1(33%) o o o 1(16.7%)
Rash 0 1(33.3%) 0 0 0 1(16.7%)

For each preferred term subjects reporting more than one

rug. Adverse events are

the
Goded o System Organ Class and Preferred Term using Medical Ditionary for Regulatory Activies, version 23,0 Related bonen s reported as

possibly or probably related to study drug after investigator assessment.

—== Control

= 15mg/kg 3.0 mg/kg
(N=3) (N=3)

6.0 mg/kg
(N=3) (N=3)

TTR Concentration
(% of baseline)
o
3

T T T T T T T 1
0 40 80 120 160 200 240 280 320 360

Figure 3. In Vivo Pharmacologic Properties of Cyn-LNP, the Nonhuman
Primate Surrogate of NTLA-2001.

Panel A shows mean reductions in the serum TTR protein concentration as
2 percentage of the baseline concentration in cynomolgus monkeys (three
per dose group) that received Cyn-LNP intravenously at doses of 1.5, 3.0,
and 6.0 mg of total RNA per kilogram of body weight on day 0 and were fol-
lowed up for 367 days. A control group that received no treatment is shown
for comparison. I bars indicate standard deviations for the three animals in
each group. Panel B shows the results of next-generation sequencing after
administration of Cyn-LNP to cynomolgus monkeys. The sgRNA target se-

Day quence is indicated in blue next to the required PAM sequence, shown in
red. [G/A] represents a naturally occurring single-nucleotide polymorphism
in the cynomolgus monkeys used in the study. The nucleotide position of

B indels relative to the cynomolgus monkey genome (build mfS, chromo-
Indel Some 18) are +1: 50681549-50681550. The primary indel pattern was a single-
Indel Size Sequence A nucleotide insertion at the cut site, inducing a frameshift mutation. An “N”
q TeQUENCY 4t the insertion site indicates a multinucleotide insertion (e.g., AA or AGG),
% which in aggregate constituted 1.03% of all indels. The remaining fraction
Wild type  AGACACA; “CAGCGAGGCAGAG[G/A]AGGAGCAG  — comprised deletions of various lengths.
+1 GAC T [G/A]AGGAGCAG  98.9
>+l AGAC TACCAGTCCANGCGAGGCAGAG [G/A]AGGAGCAG 103
‘All patients receivi ‘Al patients receivi
Preferred Term patlents recelving patients recelving Al patients
0.1 mglkg dose (n=3) 0.3 mglkg dose (n = 3)
Related Not refated Related No related Related Not relaled
Diarrhea 0 1(33.3%) 0 0 0 1(16.7%)
Nausea 1(33.3%) 0 0 0 1(16.7%) 0
Infusion-related reaction 1(33.3%) 0 0 0 1(16.7%) 0
Skin abrasion 0 0 0 1(333%) 0 1(16.7%)
Headache 1(33.3%) 1(33.3%) 0 0 1(16.7%) 1(16.7%)
Vertigo positional o 1(33.3%) 0 o o 1(16.7%)
Foreign body sensation in eyes 0 1(83.3%) 0 0 0 1(16.7%)
Catheter ste sweling 0 1(33.3%) 0 0 0 1(16.7%)
Acute sinusitis 0 1(33.3%) 0 0 3 1(16.7%)
Thyroxine decreased 1(33.3%) 0 3 o 1(16.7%) o
Rhinorthea 1(83.3%) 0 0 0 1(167%) 0
Pruritus o 1(33.3%) 0 0 0 1(16.7%)
Rash o 1(33.3%) 0 0 0 1(16.7%)

For each preferred term subjects reporling more than one adverse event are counted only once using the closest relationship to study drug. Adverse events are
coded to System Organ Class and Preferred Term using Medical Dictionary for Regulatory Activities, version 23.0. Related includes all events reported as

possibly or probably related to study drug after investigator assessment.

TTR protein reduction

A Chin in Srum TTR Concmrtionin Patients Who Recied 0.1 g

Eer—"—

&

bE&s.

&

3

4

ey e




https://www.nejm.org/doi/10.1056/NEJM0a2107454

10 genes that could be gene edited to
improve appearance, disease risk or
performance

g for extra-strong bones (LRP5 G171V/+)
ding for lean muscles (MSTN)
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Gene editing vs GMOs e

Process-based or product- al
based GMO regulations
W .

Traceability

o ox

Reversibility CRISPR on the farm s e

«petite pigs
«disease-resistant wheat and rice
«dehorned cattle
«disease-resistant goats
nin-enriched sweet oranges

Germline gene editing ©

Why is gene editing different from gene
therapy?

2018: announcement of the birth
of twin girls with edited genomes

el ack of definitive evidence

eStrategy: engineering mutations, inducing resistance to HIV
(silencing of CCRb), into human embryos (requiring IVF)

@The major problem is not gene editing itself but lack of safety
testing (other mutations, increased sensitivity to other diseases),
lack of standard procedures for recruiting, HIV people should not
undergo IVF

CRISPR and gene drive

namre
biotechnology

A CRISPR—Cas9 gene drive targeting doublesex
causes complete population suppression in caged
Anopheles gambiae mosquitoes

Kyros Kyrou! 2, Andrew M Hammond"2®, Roberto Galizi! @, Nace Kranjc! @, Austin Burtl,
Andrea K Beaghton', Tony Nolan'® & Andrea Crisanti'

In the human malaria vector Anopheles gambiae, the gene

P pts,
. that control sexes. The female transcript, unlke the
) (exon highly conserved in all far analyzed. We found
that CRISPS disruption of 5 boundary aimed at blocking the formation of functional AgdsxF
did not affect male development or fertilty, whereas females homazygous fo the disrupted aele showed an intersex phenotype
and complete steriity. A CRISPI spread rapidly

11 ge tothe point of total population b
collapse. Owing to functional constraint of the target sequence, no selection of alleles resistant to the gene drive occurred in

these laboratory experiments. Cas9-resistant variants arose in each generation at the target site but did not block the spread
of the drive.
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CRISPR and gene drive

State-of-the art of gene editing in humans?

Genome editing for human therapy

e NEW ENGLAND
JOURNAL o MEDICINE

Gene Editing of CCRS in Autologous CD4 T Cells
of Persons Infected with HIV

Ex vivo gene editing

ZFNs have been used to disrupt CCRS
(C-C motif chemokine receptor type 5)
expression in human T cells, and later
also in HSCs (phase I/11 trial ongoing),
to render these cells resistant to HIV
infection.

Ex vivo gene editing for haemoglobinopathies Ex vivo gene editing for haemoglobinopathies

@ CTX001 is an investigational ex vivo CRISPR gene-edited therapy
for patients suffering from Transfusion-Dependent B-Thalassaemia
(TDT) or severe Sickle Cell Disease (SCD).
® Haematopoietic stem cells are engineered to produce high levels of \
fetal hemoglobin (HbF; hemoglobin F) in red blood cells.
Partnership between CRISPR Therapeutics and Vertex
Pharmaceuticals Inc (Zurich and Boston).
@ CTX001 was granted Fast Track Designation by the U.S. Food and

nma:- Drug Administration for the treatment of SCD in January 2019.
@ Two Phase 1/2 studies, one in B-thalassemia and one in Sickle Cell D °
Disease, to assess the safety and efficacy of a single dose of
ten CTX001 in patients ages 18 to 35. In both studies, the first two
patients are treated sequentially and, pending data from these initial
- two patients, the trial will open for broader concurrent enrolment.
SNhiagane et @ Trial on B-thalassemia conducted at multiple clinical trial sites in
Q1DDDM § HDM Canada and Europe, with future addition of the United States. Trial
e ez on Sickle Cell Disease conducted at clinical trial sites in the United
States.



Victoria Gray, the first patient with SCD treated
with CRISPR in July 2019 Immunotherapy for cancer

1AM IMPORTANT

https:/ /innovativegenomics.org/ multimedia-library / meet-victoria-gray /

T Chimeric Antigen Receptor (CAR)-T cells
Immune checkpoint inhibitors to treat cancer

T oo it of tmmor cel ™ | | ok g o tomor coh Approved checkpoint inhibitors
Name Target Approved
Totor ol o Ipilimumab |CcTLA4 | 201
Niolumab PD-1 | 2014

Pembrolizumab - PD-1 ' 2014
Atezolizumab ‘ PD-L1 . 2016
Avelumab V PD-L1 . 2017
Durvalumab V PD-L1 . 2017
Cemiplimab 4 PD-1 » 2018

€6 5 ATAIS 3011 VOU M8 BRSUE 1 P

Seven active or recruiting trials in

First U.S. Patients Treated With CRISPR China are listed on the

As Human Gene_ Editi ng Tria Is Get ClinicalTrials.gov clinical trial database.
Unde rway NY-ESO-1-redirected CRISPR (TCRendo and PD1) Edited T Cells (NYCE T Cells) o ®
ol e ClinicalTrials.gov Identifier: NCT03399448 Doctors In China Lead Race To Treat

Cancer By Editing Genes

First CRISPR-based therapy trial that combines CAR-T and PD-1 i
immunotherapy With its CRISPR revolution, China becomes a world
University of Pennsylvania with the Parker Institute leader in genome editing
Autologous T cells transduced with a lentiviral vector to express a TCR with oy o
affinity to NY-ESO-1 and electroporated with CRISPR guide RNA/Cas9 to
disrupt expression of endogenous TCRa, TCRB and PD-1 (NYCE T Cells)
Patients with late-stage cancers (multiple myeloma, melanoma, synovial
sarcoma, myxoid/round cell liposarcoma) - 18 patients

@ Two patients treated, one with relapsed multiple myeloma and one with
relapsed sarcoma

Genome editing seems safe suggests first study in US patients
" s
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Safety and feasibility of CRISPR-edited T cells
in patients with refractory non-small-cell lung
cancer

You Lu®"5, Jianxin Xue'™, Tao Deng?', Xiaojuan Zhou'*, Kun Yu?*, Lei Deng’,
Xin Yi, Maozhi Liang’, Yu Wang?, Haige Shen®, Ruizhan Tong', Wenbo Wang’, Li
Jing Lit, Xiaoxi i i Jiang Zhu', Yongsheng Wang'*, Bingwen Zou',
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EXPLORING LIFE, INSPIRING INNOVATION

Man Receives First In Vivo Gene-Editing
Therapy

The 44-year-old patient has Hunter syndrome, which doctors hope to treat
using zinc finger nucleases.

it HEE0R -

funter syndrome, or 11 (MPS 1), is a | bya
deficient (or absent) enzyme, iduronate-2-suifatase (125). When the enzyme is defective or missing, the
sugars buid up and can cause developmental delays, organ problems, brain damage, and early death.

Sanaame

GENE THERAPY

In vivo genome editing of the albumin locus as a platform for protein

replacement therapy

- The treatment was safe to administer and
had acceptable side effects like fever, rash,
and fatigue.

- The desired edit was found in a median of
6% of T cells/patient before infusion back
into the patient.

- Off-target effects — unwanted changes at
various places in the genome — were
observed at a low frequency and were
mostly in parts of the genome that don’t
code for proteins. On-target effects
— unwanted changes at the target site
— were more common (median of
1.69%).

- Edited T cells were found in 11 out of 12
patients two months after the infusion,
although at low levels. Patients with higher
levels of edited cells had less disease
progression.

Key Points

In vivo gene editing

How does the treatment work?

Insertion of a replacement copy of the gene, using gene editing to snip the DNA helix of liver cells in a specific place
near the promotor for the albumin gene - NOT GENE CORRECTION

The cells fix the damage by inserting the DNA for the new gene, supplied along with the ZFNs, and the gene’s
activity is then controlled by the powerful albumin promoter.

FDA has approved 3 clinical trials exploiting these modified liver cells into a factory delivering the factor IX gene for
hemophilia B (NCT02695160), the a-L-iduronidase gene for mucopolysaccharidosis | (NCT02702115), and the
iduronidate-2-sulfatase gene for mucopolysaccharidosis Il (MPS II, Hunter syndrome) (NCT03041324).

This targeted approach should avoid the risks of insertional mutagenesis.
Because the body doesn’t need much of the enzyme, modifying just a small fraction of the liver’s cells should be
enough to treat the disease.

Although Hunter syndrome patients often receive weekly infusions of the missing enzyme, their blood levels drop
within a day. The hope is that the one-time gene-editing treatment—given as a 3-hour intravenous infusion—will
allow the liver to keep making the enzyme at a steady rate for years.

Flajw Snanma,"* Xavier M. Anguela, ' Yarnick Doyon ™ Thomas Wechsier,” Russse C. Deever.® Seot Srod®
D € Paschon.” Jefirey C. Mier,” Robent J. Dwvcuon.' Davia Shwak.* Shangahen Zhou" Jukanne Feders.!
Proig D. Gregory.” Micheel C. Holmes,” Edward J. Rstar,” and Kutherne A. Hon'?

Caveat: the 12S enzyme does not cross the blood-brain barrier, so the new treatment may not stop the brain
damage that can occur in Hunter syndrome (as for replacement therapy).

Do f et O e f P, P, 4. Vot Hen Wakes e, Prasegrnt P4, 3 “Sagame
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A human has been injected with gene-editing tools to cure his
disabling disease. Here's what you need to know

By Jocalyn Kaiser | Nov 15 §00PM

SB-913: 3 AAV6 vectors

1. intact IDS gene
2. ZFN binding upstream of the target site
3. ZFN binding downstream of the target site

i.v. infusion

low dose is not effective:
represents a de facto placebo arm

approval upon efficacy demonstrated
on clinical endpoints: six-minutes
walk and lung function

In vivo gene editing LCA10 Leber Congenital Amaurosis

@ Leber Congenital Amaurosis (LCA) is the most common cause of inherited
childhood blindness. LCA10 is the most common form of LCA. It causes severe
vision loss or blindness within the first few months of life.

Due to mutations in the centrosomal protein 290 kDa gene (CEP290,
MIM610142). Defects in this gene are also associated with Joubert syndrome
and nephronophthisis. As of today, 35 different mutations in CEP290 are
responsible for causing LCA.

In the retina, CEP290 is mainly located to the connecting cilium of
photoreceptors, where it plays an essential role in both cilium assembly and
ciliary protein trafficking.
Of the CEP290 mutations that result in LCA10, the most recurrent one,
accounting for up to 15% of all LCA cases in many Western countries, is a deep
intronic mutation (¢.2991+1655A > G) in intron 26 of the CEP290 gene
(hereafter referred to as “IVS26 mutation” or “IVS26 splice mutation”).

Widtypo




(29 | EDIT-101 Aims to Rescue Vision in LCA10

LCA10 Photoreceptor
Dogenerates b

Degeneration of outer
segment but cell body
remains intact

0 CEP290 lacking

EDIT-101

EDIT-101 subretinal
injection to remove
disease-causing mutation

Rescued Photoreceptor

By corrocting CEP290 peotein

R

i

Restoration of full-length
protein and rebuilding of
outer segment

LCA10 trial of CRISPR genome editing
treatment initiated

Single Ascending Dose Study in Participants With LCA10
ClinicalTrials.gov Identifier: NCT03872479

@ First in vivo gene editing trial - the Brilliance trial

@ AAVS5 vector carrying S. aureus Cas9 and a guide
targeting CEP290 intron 26.

@ Patients receive a single subretinal injection in one
eye following vitrectomy - 18 patients in up to five
cohorts across three dose levels

@ Editas Medicine in collaboration with Allergan -
currently recruiting patients volunteers throughout
the US.
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The history of mRNA vaccines ! 1987 - The landmark experiment by Malone

Proc. Natl. Acad. Sci. USA
Vol. 86, pp. 6077-6081, August 1989
Biochemistry

Cationic liposome-mediated RNA transfection
», hlocide (DOTMA)/ranslation]
ROBERT W. MALONE**%, PHILIP L. FELGNER?, AND INDER M. VERMA™S

*Molecular Biology and Virology Laboratory, The Salk nstitute, P.O. Box 83800, San Diego, CA 92138; "Department of Biokogy, University of California-San
Diego, La Jolla, CA 92093; and *Vical knc... 9373 Towne Centre Drive, Suite 100, San Diego, CA 92121

*He mixed strands of messenger RNA with droplets of fat
*He soaked human cells bathed in this genetic gumbo
*Cells absorbed the mRNA and began producing proteins from it

The RNA sequence used in the COVID-19 vaccine developed by Pfizer and BioNTech (W is a modified form of the uridine nucleotide, U)

First applications in cancer

CReVADS
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Advances in Brief

Cl ofa RNA P

Vaccine Vector!

ICVnCoV

Robert M. Conry,” Albert F. LoBuglio, Marci Wright, Lucretia Sumerel, M. Joyce Pike, Feng Johanning,
Ren Beajamin, Dan L, and David T. Curiel

cert completed phase 3

Dendritic Cells Pulsed with RNA are Potent
Antigen-presenting Cells In Vitro and In Vivo ICV2CoV @

By David Boczkowski, Smita K. Nair, David Snyder, and Eli Gilboa

pre-clinical development

From the Departinent of Stisgery, Dcke University Medical Center, Duthann, Nortk Caroling 27710

*Main problems for large scale use of mMRNA: unstable and expensive



Al lyssaviruses have evolved closely with distinct
natural reservoir hosts. The latter are animals
species in which a pathogen of an infectious
disease are maintained independently. For
lyssaviruses, these are a wide range of mammalian
species within the Carnivora and Chiroptera (bats)
orders with a global distribution.

CUREVAC

Lhe —A (:-eo‘ak@
Ottobre 2021 - Interrotta la rolling review del vaccino anti-COVID-19 CVnCoV dopo il ritiro da parte di CureVac AG

La rolling review & uno strumento regolatorio di cui 'EMAsi serve per accelerare la valutazione di un medicinale o vaccino
promettenti durante un‘emergenza sanitaria pubblica, come nel caso della pandemia da COVID-19. Di norma, tuti i dati
sullefficacia, la sicurezza e la qualita di un medicinale o di un vaccino e tutta la documen(az\one richiesta devono essere
presentati allinizio della valutazione nell'ambito di una formale domanda di Nel
Gaso dela roling roview, il GHMIP proweds ad esaminare | datl non appena diventan disporibi dagl st n corso. | dat sono
valutati nell'ambito di cicli di rolling review: non esiste un numero predefinito di cicli, in quanto il processo dipende dal dan che
diventano disponibili. Una volta che il CHMP stabilisce che vi sono dati sufficienti, 'azienda puo presentare una dom

formale di all in Grazie alla possibilta di esaminare i dati quando diventano d\spombl\l il
CHMP puo formulare un parere sull‘autorizzazione di un medicinale in tempi piis brevi.

Nella lettera inviata alPEMA, CureVac AG ha motivato la decisione di ritirarsi indicando di voler concentrare i propri sforzi su un
diverso programma di sviluppo di vaccini COVID-19. Come del ritiro, EMA i Tesame dei dati sul
vaccino e non completera la revisione. L'azlenda si risorva il dlrmo di richiedere un‘altra rolling review o di presentare una
domanda di all

Epidemiology of Rabies

Of all carnivore host reservoirs the domestic dog is Because of the high fatality rate, the prevention of rabies infection is of
responsible for more than 90% of all human rabies utmost importance.
fatalities worldwide.

ICV8102

[cutansous melanoms,
eortnom. squamous col eancer o skin,
[reac and ne

WHO strongly recommends discontinuation of the nerve tissue vaccine,

and replacement with modern vaccines.

Source: WHO

CUREVAC

che RNA pecple®

CV8102 (Study 1) - Phase 1

CV8102, a TLR7/8/RIG-1 agonist based on noncoding single stranded RNA, is designed to
modulate the tumor microenvironment after intratumoral injection and to induce a systemic immune

e response to control injected as well as non-injected distant lesions.
which is enrolling patients with advanced melanoma, cutaneous squamous cell carcinoma,
squamous cell carcinoma of head and neck, or adenoidcystic carcinoma, and superficially
injectable tumor lesions.

The trial is testing escalating doses of single agent CV8102 and CV8102 in combination with
licensed anti-PD-1 antibodies.

Study objectives:
« Primary: Safety, tolerability

+ Secondary: Clinical efficacy, changes in various immune parameters in blood and tumor tissue

More information about the CV8102 study can be found at ClinicalTrials.gov.

CV8102 is currently being studied in a Phase 1, open-label, dose escalation and expansion study,

MRNA vaccine for Rabies virus

CUREVAC

che RYA people®

CV7202 - Phase 1

ICV7202 CV7202 is a prophylactic nRNA-based vaccine encoding the rabies virus glycoprotein, RABV-G,
formulated with next generation lipid nanoparticle (LNP).

CV7202 is currently being studied in a phase 1, dose-escalation, open-label clinical trial.

lProphyiactc vaceinefor rabies

Study objectives:

+ Primary: Safety, reactogenicity

+ Secondary: Potential protective immune response, immunogenicity via geometric mean virus
neutralization tests (VNT)

Rabies, a viral disease that causes inflammation in the brain, still occurs in more than 150 countries
around the globe, with the infection responsible for more than 60,000 deaths every year, primarily in China
and India.

The company'’s chief scientific officer at the time, Steve Pascolo, was the first study subject: he

Zﬁnm;“;mummm,wm injected himselfwith mRNA and still has match-head-sized white scars on his leg from where a
o o ey et act-specifc dermatologist took punch biopsies for analysis.

More information about the CV7202 study can be found at ClinicalTrials.gov (NCT03713086).
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Massive inflammatory reaction by mRNA-based

: Lo From uridine to pseudo-uridine
vaccine for HIV/AIDS in mice

o s e it Vol 23, 165-1 oor
mRNA Is an Endogenous Ligand for Toll-like Receptor 3* Suppression of RNA Recognition by Toll-like
5 e oo ot eSO 00 Receptors: The Impact of Nucleoside Modification
, Maro Lamphier, and Drew Weissman and the Evolutionary Origin of RNA
Katalin Kariké,"* Michael Buckstein,2 Houping Ni,2 ¢ ?
. and Drew Weissman® . :
w2, = ‘fa ~ 'Department of Neurosurgery % tal o £l
- = - 2 2Department of Medicine | 1 |
Pr ) \ University of Pennsylvania School of Medicine . we A
Toll-like receptors are A o 3 Philadelphia, Pennsylvania 19104 ) " ° i . )
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MRNA-based keratinocyte . .
reprogramming into muscle and L7 !- HSCo | $4e wsmmure
pluripotent cells s : HSCI-supported research leads to new class of

therapeutics

December 13, 2018

Highly Efficient Reprogramming
to Pluripotency and Directed Differentiation
of Human Cells with Synthetic Modified mRNA

Biotech company Moderna, co-founded by HSCI scientist Derrick Rossi,is set to bring a new class of ireatments to patiens.
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Translate Fat breakthrough

A SANOFI COMPANY

Pieter Cullis, a biochemist at the University of British Columbia in
Vancouver, Canada, founded several companies, which pioneered
LNPs for delivering strands of nucleic acids that silence gene activity.

The pseudo-uridine debate
ov_g=3-3=|
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— L RNA :
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potr iy One such treatment, patisiran (Onpattro), is now approved @
~ _ . for the rare inherited disease hereditary transthyretin-
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COMD-10 RNA use lipkd — bubbles of
fats ~ 10 carry the molecubes Into cells. The mANA contains the code for cells to

LNP manufacturing . e e e e o Ao o e
Inside a AT -

VUCOUGYYY ”
m The vaccines made by Modema and
Plizer-BioNToch use MRNA that has been

COVID oot o 1
B

system reacting to the
A

vaccine o
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Uipids in ethancl

%
( lonizable Upsd

SIRNA In aqueous butler
The fatty manogarticla around the mANA is made of four
types of lipks molacule, One of these is ‘onizable’sin the
vaccine, many of these molecules have a positive charge
AT- mbines fats (di: in alcohol) with nucleic acids (dissolved in an acidic buffer) e

charge
reducing toxicity in the body.
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