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Hemoglobinopathies

genetic disorders of hemoglobin

» encompass all genetic disorders of hemoglobin
 originally found mainly in Mediterranean area and large parts of Asia and Africa
« among the most common inherited diseases worldwide (7% carriers)

* two main groups:
« thalassemia syndromes: a- and B-thalassemia
 structural hemoglobin variants: e.g. HbS (sickle cell disease)
» highly variable clinical manifestations:
« from mild hypochromic anemia
 to lifelong, transfusion-dependent anemia with multiorgan involvement
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hemoglobinopathies

genetic disorders of hemoglobin

» encompass all genetic disorders of hemoglobin
 originally found mainly in Mediterranean area and large parts of Asia and Africa
« among the most common inherited diseases worldwide (7% carriers)

Region Gene carriers

Africa 5 to 30% o ':]

Arab nations 5 to 40% sotocatanceris [
Up to 60% regionally

Central Asia and India 10 to 20%

South-East Asia 5 to 40%

Up to 70% regionally
USA and Central America | 5 to 20%

Italy 7t09%
Greece 6to7%
Turkey 710 10%
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hemoglobinopathies

treatment

Supportive:
» periodic blood transfusions for life
« combined with iron chelation

Curative:
« Allogeneic hematopoietic stem cell transplantation is the
preferred treatment for severe forms of thalassemia

- Gene Therapy

@ Institut
x Transfusionsmedizin
=% & Gentherapie 5




Gene Therapy

Main methods

Conventional Gene Transfer Gene Editing

Continuous Vector  Restituting

pharmacotherapy gene
@:
@ b 2 ﬁ(—\.

'0

: ;igo (replacement) . :
%o

analogue)

Often: symptomatic, Often: curative, Often: curative,
chronic application one-off application one-off application
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Gene Therapy Strategies

exemplified for sickle cell anemia

CAC CTG GJ\C TGA GGA CTC CTC
EEE Em ] § HNE EEE

HBB GUG GAC CUG ACU CCU GAG GAG
EE BN NEN EEE »

fva[ His | Leu | Thr ) Pro | Glu Glu

CAC CTG GAC TGA GGA CAC CTC
BS allele EEE Em i HEE EEE
GUG GAC CUG ACU CCU GUG GAG

EE BN NEN EEE

\I"al His Thr ﬁ!) Glu

Gene Addition

- LV: overexpression of 3-Globing;q
CD34" cell "\ f<

purification
Genome Editing (correction)

@ " - Correction of 3S allele (GTG>GAG)

Quality
Control
— Genome Editing (knockout)

- Introduction of a
_ compensatory mutation

@ |nstitut © Cambridge University Press: Yannaki, E., Emery, D., & Stamatoyannopoulos, G. (2010). Expert Reviews in Molecular Medicine
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Zynteglo®

a.k.a. Lentiglobin

The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 APRIL 19, 2018 VOL. 378 NO. 16

Gene Therapy in Patients with Transfusion-Dependent

A Patients Who Stopped Transfusions

B -ThaIaSSlea Hemoglobin Level at Last
Study Visit (g/dl)
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s5D SA 0.3Kb 1.5Kb 1.2Kb T T T T T T 1
0 6 12 18 2 10 36 42

Months since Drug Product Infusion
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Gene Therapy Strategies

exemplified for sickle cell anemia

CAC CTG GJ\C TGA GGA CTC CTC
EEE Em ] § HNE EEE

HBB GUG GAC CUG ACU CCU GAG GAG
EE BN NEN EEE »

fva[ His | Leu | Thr ) Pro | Glu Glu

CAC CTG GAC TGA GGA CAC CTC
BS allele EEE Em i HEE EEE
GUG GAC CUG ACU CCU GUG GAG

EE BN NEN EEE

\I"al His Thr ﬁ!) Glu

Gene Addition

- LV: overexpression of 3-Globing;q
CD34" cell "\ f<

purification
Genome Editing (cor on)

@ c - Correction of 3° all TG>GAG)
Quality
Control

— Genome Editing (knockout)

- Introduction of a
_ compensatory mutation

@ |nstitut © Cambridge University Press: Yannaki, E., Emery, D., & Stamatoyannopoulos, G. (2010). Expert Reviews in Molecular Medicine
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Globin synthesis (%)

Regulation of B-globin locus

BCL11A as a master regulator
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P4

First approved CRISPR Medicine

Exa-Cel (Casgevy®) = hemoglobinopathies

CRISPR-
Cas9

>

Bone marrow

{ \!
y
-

Hematopoietic
stem cell
|

A Transition from Fetal to Adult Hemoglobin B Targeting of Editing Site

BCL11A is a transcription factor Guide RNA
responsible for the repression
of HbF expression
DNA
Fetal (HbF) Adult (HbA) i

b+ el 2+

1004 BCLI1IA
a !
£ 754 B i Erythroid
- 3 enhancer region
] :
1 o omtmmms | pcriun ===
cf i in TDT and SCD B -
g H
o 254

SgRNA target sequence PAM
e

’ ORIGINAL ARTICLE

Exagamglogene Autotemcel for
Transfusion-Dependent 3-Thalassemia

F. Locatelli, P. Lang, D. Wall, R. Meisel, S. Corbacioglu, A.M. Li, J. de la Fuente,
A.J). Shah, B. Carpenter, J.L. Kwiatkowski, M. Mapara, R.I. Liem, M.D. Cappellini,
M. Algeri, A. Kattamis, S. Sheth, S. Grupp, R. Handgretinger, P. Kohli, D. Shi,
L. Ross, Y. Bobruff, C. Simard, L. Zhang, P.K. Morrow, W.E. Hobbs, and
H. Frangoul, for the CLIMB THAL-111 Study Group*

ORIGINAL ARTICLE

Exagamglogene Autotemcel
for Severe Sickle Cell Disease

H. Frangoul, F. Locatelli, A. Sharma, M. Bhatia, M. Mapara, L. Molinari, D. Wall,
R.l. Liem, P. Telfer, AJ. Shah, M. Cavazzana, S. Corbacioglu, D. Rondelli,
R. Meisel, L. Dedeken, S. Lobitz, M. de Montalembert, M.H. Steinberg,

0
H J H é 3 s 5 : rAc.TcrAGTccAAcaMCAanCTmAYQ:AcEcrcCAGGAAG M.C. Walters, M.J. Eckrich, S. Imren, L. Bower, C. Simard, W. Zhou, F. Xuan,
Months bafors Bith Monthi aftes Utk ATSASAICAC I CORUIGICANCGRAMATAGICTECCACSICCTTC P.K. Morrow, W.E. Hobbs, and S.A. Grupp, for the CLIMB SCD-121 Study Group*
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Pivotal Phase 3 Trial of Exa-cel in Participants With TDT

Open-label

r Stage 1 —‘ ¢7 Stage 2 * * Stage 3A/ Stage 3B —; ‘_ Stage 4A/ Stage 4B _$ ‘— solloves trid —¢
Screening CD34* HSPCs collected Cells returned Conditioning Exa-cel Follow-upto Additional follow-up
(G-CSF & plerixafor for TDT) ready for use chemotherapy infusion Month 24 after CLIMB-131
(busulfan) exa-cel infusion
L J - Neutrophil o o
- - ‘ engraftment and - -
discharge

CRISPR-Cas9
editing

Central
manufacturing
facility

Cellsfrozen;
release testing

Study Design  Global, multicenter, open-label, single-arm, 2-year Phase 3 trial of a single infusion of exa-cel (NCT03655678)

Enrichment

52 (as of data cutoff: 16 January 2023); 12 to 35 years of age with TDT, including B%/B° genotypes, defined as a history of 2100 mL/kg/year or
>10 units/year of packed RBC transfusions in the previous 2 years

Participants
Primary Efficacy Endpoint  Proportion of participants transfusion independent for 212 consecutive months while maintaining a weighted average hemoglobin =9 g/dL (TI12)
Key Secondary Efficacy Endpoint  Proportion of participants transfusion independent for 26 consecutive months while maintaining a weighted average hemoglobin >9 g/dL (TI6)

*  Full Analysis Set: participants who received exa-cel infusion

Analyee Primary Efficacy Set: participants followed for 216 months after exa-cel infusion (evaluable for primary & key secondary endpoints)

Participants who complete CLIMB THAL-111 can enroll in CLIMB-131 for 13 years of additional follow-up
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Full Analysis Set

Number of mobilization cycles, median (range)
Exa-cel dose: 10° x CD34* cells/kg, mean (range)
Duration (months) of follow-up after exa-cel infusion,® mean (range)
Neutrophil Engraftment®

Time to neutrophil engraftment (days), median (range)
Platelet Engraftment®

Time to platelet engraftment (days), median (range)

Lo Participants with
8.4 (3.0, 19.7) Any AES, (%)
20.1 (2.1, 48.1)
AEs related to exa-cel, n (%)?
os\a
29.0 (12, 56) AEs related to busulfan, n (%)

AEs Grade 3/4, n (%)

44.0 (20, 200) SAEs, n (%)

[ Primary Endpoint: TI12 J
., 100% -
‘é [91.4% (32/35) ]
a e 80% -
) 95% Cl: 76.9, 98.2
EN
S 2 60% - P < 0.0001
S ¥
€ Lo
g5
£ c
8 < 20% A
g
(-8
0%

Ti12

A

VERTEX

@ 104

Hemoglobin (g/dL) (M

SAEs related to exa-cel, n (%)*2
AEs leading to death, n (%)

Any malignancies, n (%)

Post-exa-cel AE Overview
N =52

52 (100.0)
13 (25.0)
51(98.1)
46 (88.5)
17 (32.7)
2(3.8)
0
0

All Participants

nforHb 51526047484545 44 43 38 30 24 15 10
nfor HOF 5152 4048484345 43 35 27 23 15 10

T T T T T T

6 1

6 1

T T T T T T
BL123456 9 12 16 18 21 24 27 30 33 36 42

Months Post-Infusion

13
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Participants Who Achieved Transfusion Independence (TI112)

Maintained Transfusion Independence From 13.3 to 45.1 Months

RBC Transfusion
Volume Before

Participants (n?ff'f;"\;'éﬂr; 24 Months Prior to Screening After Exa-cel Infusion Fuﬁs::-‘up
x T DRI S e 33 * Participants stopped transfusions after a mean of 35.2
ke 253 . . .o 322 357
4 131 325 355 . .. -
s = BF o days (PES); once TI12 achieved, all participants remained
B 126 282 30.8
kad 127 264 304 - .
4 o ——————— a2 207 transfusion independent
ﬁ,: 1 e — = 2L
I e T e e 20 4
- P L R R B T T TR TR R e— 236 HP H 1
¥ R e s — w7 s * Three participants did not achieve TI12; however, had
o B | —-— i e substantial clinical benefit
18¢ 131 MW PR Merr ® e e e ¢ tee e e ee o 73 238
197 189 sese se sessnssn ae eo s o s N 20.4 236
i o L L S “ 23 - 1 participant had a relative reduction in annualized red
gg z%; e — .,s Primary Efficacy Set gjg blood cell transfusion volume of 83.9%
= B e — oas (PES) £ . .
w Cr e ez 1o - 2 participants stopped red blood cell transfusions
0 e — 7y 14 14.5 months and 12.2 months after exa-cel and have
32¢ 264 a0 182
= T —————— i e been transfusion-free for 7.3 months and 4.0 months,
357 237 reees S er Heres 80 4 40 o0+ S 13.3 161
36 214 .. - E R === 13.0 15.4 .
5 R R — = bascine pariod s respectively
ig ?gé e S I : ”1:)9 = Time from exa-cel to last adjudicated 1;%
41 140 B S -— 11 RBC transfusion for post-transplant 135 . L. . .
a2 [ ot liaiaoe Bttt — "10s support ar TOT dissase management 11 As of April 16, 2023, all 3 participants who did not achieve
44 164 HAE Ittt ahs & 8 20t e s s ats o 97 = 60-day washout period after last 1.9 .
P ot R Sy RBC transfusion 7 ‘ 78 TI12 stopped transfusions 14.5, 12.2, and 21.6 months
47 300 SHBIED HEEP O b et bt bttt oo ¢ 1T Time without RBC transfusions starting 4.9 . . .
@ [ IR SR B — il from end of washout period to data cut 44 after exa-cel infusion, and were transfusion-free for 10.3,
50 125 D Y [X # RBC transfusion 28 h
pl B9 |- 2! 7.0, 2.8 months

T T T T T T 1
-24 -12 Screening/Exa-cel 12 24 36 48
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Pivotal Phase 3 Trial of Exa-cel in Participants With Severe SCD

Open-label
Stagel Stage 2 Stage 3 Stage 4 -
¥ & 17 g IR} g [ R ] g 17y rollover trial 1
Screening CD34+ HSPCs collected Cells returned Conditioning Exa-cel Follow-up to Additional follow-up
(plerixafor for SCD) ready for use chemotherapy infusion Month 24 after CLIMB-131
. (bus.u\fan) exa-cel i:fusion .
Neutrophil
- # # engraftment and # #

discharge

CRISPR-Cas9
editing

Central
manufacturing
facility

Study Design | Global, multicenter, open-label, single-arm, 2-year Phase 3 trial of a single infusion of exa-cel (NCT03745287)

Cells frozen;
release testing

Enrichment

Participants | 44 (as of data cutoff: 14 June 2023); 12 to 35 years of age with severe SCD and a history of 22 severe VOCs per year in the previous 2 years
Primary Efficacy Endpoint | Proportion of participants free of severe VOCs for 212 consecutive months (VF12)
Key Secondary Efficacy Endpoint Proportion of participants free from in-patient hospitalization for severe VOCs for 212 consecutive months (HF12)

* Full Analysis Set: participants who received exa-cel infusion

Analyses * Primary Efficacy Set: participants followed for 216 months after exa-cel infusion (evaluable for primary & key secondary endpoints)

Participants who complete CLIMB SCD-121 can enroll in CLIMB-131 for 13 years of additional follow-up
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VERTEX VERTEX-

15




Participants Treated With Exa-cel Achieved Clinically Meaningful

and Durable Benefit - Free From VOCs

Annualized
Sevare VOCs.

24 Months Prior to Screening

After Exa-cel Infusion

Prior to Screening Total
Participant  (per year) Follow-up
I 7 <« WE S 4 1455 <81
2 85 136.2 393
3 4 2024 123 353
@ 25 130.6 332
B 55 128.8 320
6 95 1289 314
7 4 1283 a7
E 6 256 288
9 3 BTSOSS 1546 &6 B1& \gé 283
100 2 i G 281
- 2 o Primary Efficacy Set =
12 25 1 24.0 (PES) 269
13 5 1235 25
1ar 85 | 23.7 %2
15+ 4 1234 26.0
16* 25 1234 26.0
17 > | 22.2 251
18 25 118.2 206
190 2 1178 204
200 3 116,5 22
a1 2 117.2 19.7
22" 25 o
23" 55
24+ 2
5 2
= Total Hb and HbF
2 25
28" as
200 4
30* a5
31 185
an 3
) i
34 2
35 a5 £ 141
36 35 .
a7 2 *
3 35 £ 3
3 25 . - * e w124
a0 25 - (3 £ @
41 a5 o oo e ¢ e e e -
a2 45 £ . *> Ne e X
43 25 » * + c 10
4 as P = — 3 &3 £ - 3 s
T T T T T T 3
-24 -20 -16 -12 -8 -4 =
I B9
)
w ]
W 6
T
2 ad
© M Hb for Adolescents (12 to 17 years)
§ M Hb for Adults (18 to 35 years)
T 29 @ HbF for Adolescents (12 to 17 years)
'2 @ HbF for Adults (18 to 35 years)
0]
AlforHb 12 11 12 12 12 11 1 8 ] ] [
n2forHb 31 31 31 31 29 30 27 26 = 2 2 s 7
MforHoF 12 11 12 12 12 11 1 8 ] L
2forHBF 31 31 31 31 28 28 27 2 E P 2z ® 1
1 1 I 1 [ 1 1 1 I 1 1 1 1
BL1 2 3 4 5 6 9 12 15 18 21 24

VERTEX

Months Post Infusion

Participants stopped transfusions after a median

of 20 days

Primary Endpoint: VF12

Proportion of Participants

Achieving VF12 (%)

100%

80%

60%

40%

20%

0%

VF12

96.7% (29/30)

95% Cl: 82.8,99.9
P < 0.0001
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Genotoxicity

side effects of employing engineered genome editors

~1% <10% ~5-60% <99% <90% <3%
ON-target OFF-target
e |00 L
L
7. o K I -~ N  — W L
loss-of-heterozygosity, chromosome loss, deletions/ indels indels translocations
loss-of-imprinting truncations inversions (reciprocal / non-r.)

\
on-target aberrations < off-taraet aberrations >
f
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Genotoxicity

side effects of employing engineered genome editors

~1% <10% ~5-60% <99% <90% <3%
ON-target OFF-target
. | —
]
ul u l l X e
Y/l |l | G
loss-of-heterozygosity, chromosome loss, deletions/ indels indels translocations
loss-of-imprinting truncations inversions (reciprocal / non-r.)
LOF - LOF LOF LOF
GOF - GOF GOF GOF
- CNV CNV - CNV
expression LOF: loss-of-function; GOF: gain-of-function; CNV: copy-number-variation

Worst-case-scenario: = LOF in tumor suppressor gene(s)

= GOF in proto-oncogene(s)
- GOF fusion gene product

@, Institut
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Off-Target Analysis

Casgevy®

Sequence similarity

Computational identification of all
genomic sites with <3 mismatches;
or =2 mismatches and 1 DNA/RNA bulge

S

Laboratory-based

Empirical detection with GUIDE-seq
of sites with potential for DNA
double-stranded breaks

Y

Y

Candidate regions identified
N = 1 on-target site (positive control)
N = 171 candidate off-target sites

Candidate regions identified
N = 1 on-target site (positive control)
N = 52 candidate off-target sites

|

l

P
] Hybrid-capture high-coverage sequencing of candidate regions |
Number of CD34+ HSPC donor samples: N=4
Number of sites (on-target and candidate off-target): N = 224 regions
Sequencing depth (median): 15,188-fold
Editing detection threshold: =0.2%
On-target region (editing detection): 1ofl
~ Candidate off-target region (editing detection): 0 of 223 |
N -

@ Institut

Frangoul et al. (2021) N Engl J Med
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Off-Target Assays

in silico —in vitro —in cellula

~1% <10%
N
W
loss-of-heterozygosity, chromosome loss,
loss-of-imprinting truncations

on-target aberratic

Patents: US11319580, EP3856928
Turchiano et al. (2021), Cell Stem Cell
Rhiel et al. (2023), Front Genome Ed

4 ( I
~5-60% <99% <90% <3%
ON-target OFF-target
O | —
-Illll— [ ] 1 N
deletions/ indels indels translocations
inversions (reciprocal / non-r.)
\

ns : <: off-tar%et aberrations >

CAST-Seq

- identification of lead candidates

- evaluation of mitigation strategies
- preclinical risk assessment in clinically used cell type

Klermund et al (2024), Mol Ther
@ I[nstitut

>

LLOD 1 event in 10,000 cells
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Erythroid
enhancer region
BCLIIA 1&:{ i ——y - =

SgRNA target sequence PAM

TAGTCTAGTGCAAGCTAACAGTTGCTTTTAT&ZACAGGCTCCAGGAAG
ATCAGATCACGTTCGATTGTCAACGAAAATAGTGTCCGAGGTCCTTC

| S
GATAL binding site

@ Institut

On- / Off-Target Effects

CAST-Seq Analysis of BCL11A locus

ON: chr2: 60495266 - 60495267, - strand

read coverage (log2 CPM)
3

0 L

60485000 60490000 60495000 60500000

60505000
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Double-Hit Strategy

DDXDD
N —

100 .
Hl Excision
enhancer regnon 80+ Total Indels
3 3 g 60=
BCLIIA r e i =
2 40-
20-
sgRNA target sequence PAM
Vi L} 1 0 I T T T T
TAGTCTAGTGCAAGCTAACAGTTGCTTTTATCACAGGCTCCAGGAAG ,(\- .\/0 ,1)) ,& r§) ,\9 ,1)) ,§) ,]/Q
ATCAGATCACGTTCGATTGTCAACGAAAATAGTGTCCGAGGTCCTTC PRSI SR SR S i L s
¥ o & AT AT AT
ey FESEg T
GATAL binding site )
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Chromosomal translocation analysis

CAST-Seq analysis of BCL11A edited HSCs

CTX 1U 2U 2D
C = & = = = o B 2 = o
R e S R = Ry SIS
K %‘?I,r / \%j 1,9@/,' \% 1,%@/ \?%g 7;@ / /\%
-4 | B 7%5'1 \ e ””5: | B i, | \%4
e | , g | 163 : 140 15
& 55 a0\ ’55 2\ Igs R\ 2
N ‘4 B /4 "% /4 BY% /4
S8 B N g Y o L NS 4
% 6@ % N~ > N % -..._____,/ (ﬁ . — (ﬁ
St *:ﬂg:,ggaﬁg “:ﬂ]i:,aﬂg \%”5‘_‘3?"
CTX+1U CTX+2U CTX+2D
e : ny: ° 2"1‘:“&” Vv 2 3@3_;; h. a
o3 @ ffim% %@““ﬁ—var—\i’% @é;'@?*/ ﬁl]{% .
S 2 % ol . ‘%ﬁ- 1957 ¢ / \%
5 % / \ 185 4 / \ 18 ’ %
18 | \%4 L] \%A \
1 e |l
1% \ I 55 ‘% \ I 55 , 5
B / \ /
\‘%%\ / i‘? N N 7 ﬁ
~ %;\"‘--_.-dg@ s "%@\_—#?ﬂ 9
(@) IYnStitU[ T mapapte TR 2%
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P4

On-Target Aberration Analysis

CAST-Seq coverage plots of BCL11A edited HSCs

CTX

ON: chr2: 60495266 - 60495267; - strand

]
8

&

read coverage (log2 CPM)
o 3

o

60485000 60490000 60495000 60500000

1U

ON: chr2: 60495367 - 60495368; - strand

60505000

read coverage (log2 CPM)
x & 3 8

0

60485000 60490000 60495000 60500000

EVENT DEL INV

[nstitut

Transfusionsmedizin

80505000

% large aberrations

100+

80+
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Take Home Messages

v' Genome Editing (nucleases, base editors) is a clinical reality
with ~70 active interventional clinical trials worldwide
with 15t CRISPR Medicine approved in the EU (Casgevy®, ~2 Mio.€ / treatment)

v Genome Editing (nucleases, base editors)
can be highly specific = few to no off-target effects
on-target effects still difficult to mitigate

v'  Exa-Cel (Casgevy)
safe and efficacious in treatment of SCD and TDT
therapeutic effect: rapid increase in HbF levels - persistent
one-off medication to cure patients with SCD and TDT
long-term effects ???

@ Institut
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Extra Slides
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Outlook

LCR HbF
A i,
HbS o~ /|
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Approved Gene Therapies

15 approved gene therapy medicinal products in the EU (as of Feb. 2024)

L Appli- Vector Trade- Approv.
. SR 108t name by Ema_| Manutacturer

3-Thalassemia, Sickle-cell anemia (HBB) Exvivo CRISPR CD34+ cell Casgevy® 2024 Vertex / Crispr Therapeutics
P ADA - severe combined immunodeficiency (ADA) RVV CD34+ cell Strimvelis® 2016 Fondazione Telethon Italy
% Metachromatic Leukodystrophy (ARSA) LVV CD34+ cell Libmeldy® 2020 Orchard Therapeutics
% Inherited retinal dystrophy (RPE65) In vivo AAV2 retina Luxturna® 2018 Spark Therapeutics / Novartis
g Spinal muscular atrophy (SMN1) AAV9 nerves Zolgensma® 2020 AveXis / Novartis
g L-amino acid decarboxylase deficiency (DDC) AAV2 brain Upstaza® 2022 PTC Therapeutics
- Hemophilia A (Factor VIII) AAVS5 liver Roctavian® 2022 BioMarin Europe
Hemophilia B (Factor 1X) AAV5 liver Hemgenix® 2023 CSL Behring
Ex vivo LVV Kymriah® 2018 Novartis
B-cell leukemia / B-cell ymphoma (CD19) RVV T cell Yescarta® 2018 Kite Pharma / Gilead
" LVV Breyanzi® 2022 Celgene / Bristol-Myers Squibb
g Mantle cell lymphoma (CD19) RVV T cell Tecartus® 2020 Kite Pharma / Gilead
8 Multiple myeloma (BCMA) txx T cell él;?\?yrﬂﬁg ;8;; ‘JCaerLgsir;e / Bristol-Myers Squibb
Melanoma (GM-CSF) In vivo HSV1 tumor Imlygic® 2015 Amgen
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active interventional clinical trials

as of May 2024 (© ClinicalTrials.gov)

CRISPR-Cas Base & Prime
Nucleases Edltors

43 clinical trials:

ZFN TALEN

4 clinical trials:
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Delivering Genome Editing Tools

Editing the Genome
In vivo genome editing ex vivo genome editing

injection

. transplantation ~ CRISPR-Cas
protein or

TALEN mRNA
4% HDR template

Liver Blood stem cells

Eye T lymphocytes
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