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Blood disorder

G6PD deficiency

(mediterranean)

Beta-Thalassemia

Sickle cell disease

Porphyria

Ferritin Deficiency

Dyserythropoietic

anemia

Hemophila A

Hemophilia B

Fanconi anemia

Von Willebrand

Gene

G6PD

HBB

HBB

HMBS

FTL

CODAN1B

F8

F9

FANCA

WVF

Mutation

€563 C>T
Exon 6

G>A
Intron 1 (+110)

CTOAST
Exon 1

©.33+1 G=AT
Exon 1/ Intron 1

c310G>T
Exon 3

©.281 A>G
Exon 6

©.8976 C>T
Exon 27

c.169 C>T
Exon 2

€295 C>T
Exon 4

©.4976 C>T
Exon 28

Codon
change

TCC>TTC
Ser>Phe p.183

TGG>TAG

GAG>GTG
Glu>Val

p7

Intron retention
67 bp

GAG>TAG
Glu>Ter p.104

TAT>TGT
Tyr>Cys p.94

CGA>TGA
Arg>Ter p.2326

CAA>TAA
Gin>Ter p.57

CAG>TAG
Gin>Ter p.99

CGA>TGA
Arg>Ter p.1659

Name and sequence (5'->3) of the Repair-PPRH

RHp-GEPD-E6-C (99 nf)
GCCGTCACCAAGAACATTCACGAGTCCTGCATGAGCCAGATGTAAGGC
TTGGGCAACGGGAGGGAAGGGCGRANAGGCGGGAAGGGAGGGCAACGG
RHp-HBB-11-C (91 nt)

ACTGACTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAG
1AAMAGAAAGGGGAAGAAMGAIHAGAAAAGAAGGGGAAAGAAAA

RHp-HBB-E-T (81 nt)
CATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGT
GGGGCAAGGTGAACGHHGCAAGTGGAACGGGG

RHp-HMBS-E1-T (97 nt)
GCAATGCGGCTGCAACGGCGGTGAGTGCTGAGCCGGTGACC!
GGAAGGAATGGGGAAATCAGAGAGHIGAGAGACTAAMGGGGTAAGGAAGG
RHp-FTL-E3-C (93 nt)
TGAAGCTGCCATGGCCCTGGAGAAAMAGCTGAACCAGGCCHt
(GGAAMAGAGGGGGAGAGAGCAGHHIGGAAMGAGGGGGAGAGAGCAG
RHp-C150RF41-E5-T (102 nt)
GAGCCATTAATGAGGGCGCATAGTCCACCTCATTGGCCAGGTCCAGGAGCACTGGGG
CAGGAGGTAAMAAGTGGTGAGGHHGGAGTGGTGAAAATGGAG

RHp-F8-E27 (87 nt)

CGTTACTGACTCGCTACCTTCGAATTCACCCCCAGAGTTGG
GGCAGTGGAGAGGGAGGAGHHGAGGAGGGAGAGGTGACGG

RHp-F9-E2 (100 nt)

ATTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCTitit
AAGAAAAACTGAAATGTAAAMGAAHIAAGAAAATGTAAAGTCAAMAAGAA
RHp-FANCA-E4 (99 nt)

GOCTTGAGGCTTGATCCTGCAAMGCAGAGCCTTAAAG
GGGGAGAATAGATGCAAGGGAAAAAIAAAAAGGGAACGTAGATAAGAGGGG
RHp-VWF-E28 (103 nt)
GACGCTCOCCCGAGAGGCTCCTGACCTGGTGCTGCAGAGGTGCTGCTCCGGAGAGG
GGCTGCAGAAGGGGTGGGAGAGGGGANAGGGGAGAGGGTGGGGA

The design of the different repair-PPRHs was performed as follows: () Finding triplex targeting sites near the mutation using the TFO searching tool (http://utw10685.utweb.utexas.

edu/tfor) (Gaddis et al,, 2006); i) Devising the corresponding polypurine hairpin core (underlined sequences); (i) Determining the repair domain of the repair-PPRH corresponding to
the homologous sequence of the mutation site but containing the corrected nucleotide (green). In the case of a long-distance repair-PPRH, an aditional 4-5 thymidine loop is added
between the hairpin core and the repair domain. The abbreviation of the gene responsible for the blood disorder, the position of the mutation end the affected codon are given for each
case. The position of the mutation is referred to the translation start site (ATG). TER, termination codon.
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Name
(Brand name)

Onasemnogene abepanvovec
(ZOLGENSMA®)

Betibeglogene autotemcel
(ZYNTEGLO®)

Voretigene nepanvovec
(LUXTURNA®)

Alipogene tiparvovec (GLYBERA®)
STRIMVELIS®

Tisagenlecleucel (KYMRIAH®)

Axicabtagene ciloleucel
(YESCARTA®)

Talimogene laherparepvec
(IMLYGIC®)

Vendor

Novartis

bluebird bio

Spark Therapeutics

UniQure
Orchard Therapeutics

Novartis
Kite Pharma

Amgen Inc

*Withdrawn in 2017, kES thousands of euros.

Indication

Spinal muscular atrophy

Transfusion dependent
B-thalassemia

Leber's congenital amaurosis

Lipoprotein lipase deficiency

Severe combined
immunodeficiency due to
adenosine deaminase deficiency
(ADA-SCID)

Bacute ymphoblastic leukemia
Type of non-Hodgkin lymphoma

Melanoma

Type of
indication

Rare disease

Rare disease

Rare disease

Rare disease
Rare disease

Cancer
Cancer

Cancer

Approval region

2019 (USA)

2019 ()

2017 (USA)

2012 (EU)
2016 (V)

2017 (USA)
2017 (USA)

2015 (USA and EU)

Price (KEY)

2125
1676
850

1.000
594

475
373

65
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-GACCOTGSTCTACCGACAAGGGACTCGGEGAT.
7bp dol  LGACGGTGGTCTACCG+++++++GGACTGCGGCOAT..
M2 75 del  GACGOTGGICTACCGAR 4 +4+GOACTGCGGCGAT.
M3 185D 601 LGAGOG++o4s 4144411+ COACTGCGOCONT..
He dbp ins  GACGOTGGRCTACCOACIANCCGGGGACTGCGOCGAT-.
M5 1bp dol  GACGOTGGRCTACCGACACCGGGGACTGCOCOAT..
M6 2bp del  _GACGOTGGTCTACCGA+ACCGGGGACTCTOCGAT.
7 Aikp do - CCCGGACTGRGRCEAT.
B1 Top del  GACGGTGGTCTACCG+++++++GOGACTGCCGCGAT.
B8 245p do _oac: -vvvzcccoconr..
B9 4bp del  LGACGOTGGICTACH+-AACCCOGOACTOCCOEOAT.
D10 AT;C ins LGACGGTGGTCTACCOACATCCCGRCGACTECGICTNT .
BI1 35p dol  GACGOTGGICTACCGACH++CGGGGACTCCCOCOAT-

B12 10hp del GACGOTGGICTACCGACH+++++++++TGCGOCOAT.
@ B13 19bp de) LGACCGTGGICTACCGA +ossesessssssessl
B e e e eraeseant
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Cell line Gene

DF42 dhfr

DAS

DP12B

DI33A

bus

DA7

s23 aprt

S1

S62

Mutation

c541

Exon 6

c. 541

Exon 6
€370-2
Intron 4

c. 493

Exon 6

c. 136 +1
Exon 2/Intron 2

c.235
Exon3
&d

Exon 1
c. 180
Exon2
c. 505
Exon 5

Base change

Substitution
G>T
Deletion
(G)
Substitution
A>T
Insertion
(+G)
Double
substitution
GG > AA
Substitution
G>T
Substitution
G>T
Substitution
c>G
Substitution
G>T

Coding change References

STOP in place Solé et al., 2016
STOP at +584

(normal termination is at +562)
Exon 5 skipped
STOP at +504
STOP at +505

Exon 2 skipped
STOP at +139

STOP in place
STOP in place Félix et al., 2020
STOP in place

STOP in place

Position numbers refer to the translational start site (ATG). The correction of the mutant cell lines using repair-PPRHs can be found in the referenced papers.
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Genotype

4
C57BL/6

+/+

Littermate
+/Slc48al
Littermate
Sic48a1/Sic48al
Littermate

RBC
(10°6)

9.052
0.42)
10.186
037)
10.763
(0:28)
10.150
(0.63)

Hemoglobin HCT (%)

(grdL)

15.2
(050)
15.54
(0.50)
16.26
(1.25)
15.38
0.98)

4650
(1.91)
44.22
(1.65)
45.91
(3.41)
44.10
(2:80)

Mev (L)

4876
(1.45)
43.48
@37)
44.60
@.28)
43.48
(1.84)

nF/M

532

84/4

105/5

Mean and Standard Deviation (parentheses) for each value are shown. The number of
animals analyzed and the sex distribution are shown in the right column. We did not
observe any differences in males and females so the data are pooled.
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Modification(s)

Modification location

Effect on genome editing
efficiency

References

MSP
cEt

PS

“addlitionally validated in vivo.

Terminal residues.
Terminal residues
Spacer (PAM-distal region)

Spacer (tracrRNA-binding
regior)

Spacer (Seed region)
Terminal residues.

Spacer (PAM-distal region)
Spacer (tracrRNA-binding
regior)

Spacer (Seed region)
Spacer (PAM-distal region)
Spacer (tracrRNA-gbinding
region)

Spacer (Seed region)

Spacer (PAM-distal region)
Spacer (tracrRNA-binding
region)

Spacer (Seed region)
Spacer (Seed region,
Casg-non-nteracting
residues)

Whole crRNA

*additionally validated in human primary cells.
2'-O-methyl (M or 2'-O-Me); 2’-O-methyl 3 phosphorothioate (MS); 2’ -O-methyl-3' -thioPACE (MSP); S-constrained ethy! (cEt); 2'-fluoro (2'-F); and phosphorothioate (PS).

A

2

Hendel et al., 2015a; Rahdar
etal, 2015

Hendel et al., 2015a; Basila
etal., 2017; Finn et al., 2018

Yinetal., 2017; Finn et al.,, 2018;
Mir etal., 2018

Yinetal., 2017; Finn et al.,, 2018;
Mir et al., 2018

Yinetal., 2017; Mir et al., 2018
Hendel et al., 2015a

Rahdar et al., 2015

Rahdar et al., 2015

Rahdar et al., 2015
Rahdar et al., 2015
Rahdar et al., 2015

Rahdar et al., 2015;
etal, 2019

Yin et al., 2017; Mir et al., 2018
Yin et al., 2017; Mir et al., 2018

"Reilly

Yin etal., 2017; Mir et al., 2018
Yinetal., 2017; Mir et al., 2018

Rahdar et al., 2015
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Modification(s) Modification location Effect on genome editing specificity References
Deoxyribonucleotide substitution CrRNA S t Kartie et al., 2018
Spacer (PAM-distal region) t Yin etal,, 2018
MP Spacer (positions 5 and 11) [ Ryan et al., 2018
LNA ‘Spacer (positions 10-14) 1 Cromwell et al., 2018
BNANC Spacer (positions 10-14) t Gromwell et al., 2018
tru-gRNA ' end of the spacer t Fu etal, 2014
9oXX0 GRNA &' end of the spacer 1 Choetal, 2014

*additionally validated in human primary cells.
2-0-methyl-3 -phosphonoacetate (MF); locked nucleic acids (LNA); N-methyl substituted BNAs (2',4'-BNACIN-Me)); truncated GRNA (tru-gRNA); and two added guanine residues
on the § end of the spacer sequence (ggXXso gANA).
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Model Delivery Target BE Efficiency References
p- Cellline BS/BS HEK29T ~ Plasmid chemical ~ SCD mutation ABE-NRCH 41% Millr et al., 2020
hemoglobinopathies cells transfection
HEK293T cells —198 HBG1/2 (HPFH) ABE7.10 30% Gaudelli et al.,
2017
HEK293T cells —175/~118/~116  ABEmax 27-52% Koblan et al., 2018
HBG1/2 (HPFH)
HEK293T cells —198 and ~175 ABESe 24% Richter et al., 2020
HBG1/2 (HPFH)
HEK293T cells Erythroid-specific ABESe 54.4% Richter et al,, 2020
BCL11A enhancer
HUDEP2-A%y Lentiviral transdiuction  —117 HBG1/2 (HPFH) hyeASA-BEdmax  50% Zhang etal.,
2020a
Primary cells  p-2AG/g-204>0)  Plasmid HBB 28 (A>G) BESYEE-BES  28% Liang et al., 2017
patients fibroblasts  electroporation mutation
and cloned embryos (fibroblasts) and
intracytoplasmic
injection of BE3
MRNA (embryos)
HD HSPCs mMRNA electroporation —198 and —199 ABE variants  50% Gaudelli et al.,
HBG1/2 (HPFH) 2020
HD and RNP electroporatin —114and —115 hA3A-BE3 20% Wang et al., 2020
B-thalassemia HBG1/2 (HPFH)
patient HSPCs.
p/p-2n-0) HBB 28 (A>G) ©ABANS7G)-BE3 22% Gehrke et al.,
erythroid precursors mutation eA3ANS7Q)-BE3 2018
B~/p-26-0) HSPCs HBB 28 (A>G) GABAINS7Q)-BE3  68% Zeng etal., 2020
mutation
SCDand Enythroid-specific GABAINS7Q)-BE3  86-93% Zeng et al., 2020
p-thalassemia BCL11A enhancer
patient HSPCs*
SCD patient HSPCs* —175 HBG1/2 (HPFH)  ABET.10 58% Mayuranathan
etal, 2020
SCD patient HSPCs* mMRNA/RNP SCD mutation ABESe-NRCH  80/44% Yen et al., 2020
electroporation
CART-celltherapy  Primary cells ~ Human primary  mRNA/RNP TRAC, B2M, and BE4 coBE4 35/80% Webber et al.,
Tells electroporation PDCDI 90%/ND 2019
Human primary  mRNA electroporation B2M, CD7, PDCD1,  ABE8.20-m 98% Gaudeli et al.,
Teells CIITA, TRAC, and 2020

“tested in vitro and in xenotransplantation experiments in immunodeficient mice.

HD, healthy donor; ND, non-determined.

CBLB
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Phase Product name Clinical trial ~ Vector Therapeutic Disorder Sponsor Status Results

element
i Lentiglobin (HPV569)  LGOO1 SINLY B(T87Q) ™ Bluebird Bio Completed 1 patient (BO/BE): 1/1 TI
I TNS9.3.55 NCTO1639690  SIN LV Widtype ™ Memorial Active/Not recriiing Insufficient engraftment and clinical benefit
B-globin Sloan-Kettering
Cancer Center
7 Lentiglobin (BB30S)  NCTO1745120 SINLV BIS7Q) ™ Bluebird Bio Completed Total: 16/18 reached primary endpoint. Non-B0/B0: 8/10
(HGB-204) TI; 2/10 73% and 43% reduction of ATV. BO/B0: 3/8 Ti;
1/8 Tl for 13 months; 4/8 53% reduction of ATV
7 Lentiglobin (BB30S)  NCTO2151526  SIN LV BT87Q)  TM&SCD  Bluebird Bio Completed TM: 3/4 T SCD: three patients had HbAB(T87Q)
(HGB-205) contribution of 47.9%, 7.9% and 25.8%
il ZYNTEGLO NCT02140554  SIN LV B(T87Q) scD Bluebird Bio Active/Not recruiting Group A (BMH; n = 7): HbAb(T87Q) 0.5-1.2 g/dl. Group
(Lentiglobin BB305) (HGB-208) B (BMH &MA; n = 2): 3.2-7.2 g/dl. Group C (MA; n =
32): 22/32 >40% of HbAW(TB7Q) contribution (total Hb
9.6-15.1 g/dlL; HoA(T87Q) 2.7-8.9 g/clL). 19/32:
Complete elimination of VOCs at 24 months after
treatment
i ZYNTEGLO NCT02006202  SIN LV BU87Q) ™ Bluebird Bio Active/Not recriting HbAB(TB7Q) contribution of: 79.8% (6 months; n
(Lentiglobin BB305) ~ (HGB-207) 74.2% (12 months; n = 8); 77.2% (18 months; n = 2)
i ZYNTEGLO NCT03207009  SIN LV BIS7Q) ™ Bluebird Bio Active/Recriting 15 TOT patients. 6/8 evaluable patients Tl for median
(Lentiglobin BB305) (HGB-212) 13.6 MPT (Median Hb: 11.5 g/di). 11/13 patients Tl >7
MPT with HbAB(T87Q) 8.8-14.0 g/dl
Longterm  ZYNTEGLO NCT02633943  SIN LV BT87Q)  TM&SCD  Bluebird Bio Enroling by invitation 32 patients (22 phase I/I; 10 phase ll): 14/22 and 9/10
follow-up  (Lentiglobin BB305) T (T1 patients remained Tl for median 39.4 months
(min-max:19.4-69.4 months)
7 OTL-300 (GLOBE) NCT02453477  SIN LV Widtype ™ IRCCS San Raffagle ~ Closed 7 patients (B0 or severe f-+). Adults: 3/3 reduced
B-globin - Telethon transfusion requirement. Children: 3/4 pedatric patients
m
Long-term  OTL-300 (GLOBE) NCT03275051  SIN LV Widtype ™ Orchard Active/Not recriting 8/9 patients (B0 or severe p-+) reached primary endpoint
follow-up B-globin Therapeutics after 1 year. Adults: 3/3 reduced transfusion requirement.
Children: 4/6 TI; 1/6 reduced transfusion requirement;
1/6 no reduced transfusion requirement due to poor
engraftment
71 ARU-1801 (RVT-1801)  NCT02186418 SIN LV N scp Aruvant Active/Recniting 2 BS/BO patients with RIC: Excellent safety, feasibilty,
(G16D) minimal post-transplant toxicity, and sustained
genetically modified cells in PB and BM over 1 year after
treatment
7 Lent-BAS3-FB NCT02247843  SIN LV BTB7TQ/E2  SCD Donald Kohn Active/Recriting No results published yet
2A/G16D) (University of
California)
4 DREPAGLOBE NCT03964792 SIN LV B(T87Q/E2  SCD Assistance Publique  Active/Recruiting No results published yet
(GLOBE1-pAS3) 2//G16D) - Hopitaux de Paris
I BCH-BB694 NCT03282656 SIN LV miRNA - SCD David Wiliams Active/Recruiting 6 patients treated. 6/6: Stable HbF induction
BCL11A (Boston Children’s (20.4-41.3%). Robust increase in F-cells among RBCs.
Hospital) (68.9-93.6%).
CsL200 NCT04091737  SINLV N scp CSL Behring Active/Recriting No results published yet
(G16D) +
ShRNA734
(BCL11A)

TM, -thalassemia major; SCD, Sickle cell disease; Tl, Transfusion independent; ATV, Annual transfusion volume; BMH, Bone marrow harvest; MA, Mobilization/apheresis; MPT, Months post-treatment; RIC, Reduced-intensity conditioning
regimen; VOC, Vaso-occlusive crises; PB, Peripheral blood; BM, bone marrow.
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Phase

i

170

7

7

7

Long-
term
follow-
up

Product name

ST-400

BIWO003

CTX001
(CLIMB-111)

CTX001
(CLMB-121)

CTX001

Clinical trial

NCT03432364

NCT03653247

NCT03655678

NCT03745287

NCT04211480

NCT04208529

Target cell

CD34*

CD34*

CD34*

CD34*

CD34*

CD34*

Delivery

Electroporated
mMRNA

Electroporated
MRNA

Electroporated
RNP

Electroporated
RNP

Electroporated
RNP

Electroporated
RNP

Nuclease

ZFN

ZFN

CRISPR-Cas9

CRISPR-Cas9

CRISPR-Cas9

CRISPR-Cas9

Target gene & effect

Disruption of erythroid
enhancer of BCLT1A
gene

Disruption of erythroid
enhancer of BCL11A
gene

Disruption of erythroid
enhancer of BCL11A
gene

Disruption of erythroid
enhancer of BCL11A
gene

BCL11A binding site
disruption HBG
promoter

Disruption of erythroid
enhancer of BCL11A
gene

Disorder

™

SCD

™

SCD

™

T™M & SCD

TM, beta thalassemia major; Tl, Transfusion independent; DPT, Days post-treatment; MPT, Months post-treatment; VOC, Vaso-occlusive crises.

Status

Active/Not
recruiting

Recruiting

Recruiting

Recruiting

Recniting

Sponsor

Sangamo

Bioverativ (Sanof)

Vertex
pharmaceuticals
inc.

Vertex
pharmaceuticals
inc.

Shanghai Bioray
Laboratory Inc.

Vertex
pharmaceuticals
inc.

Results

Five patients (3/5 prelim.
data): 1/3-23% on-target
indels 2.7 g/dl HbF (0.9 g/dl at
baseline); 2/3-73% on-target
indels <1 g/dl HbF; 3/3-54%
on-target indels 2.8 g/dl HbF

No results published yet

13 patients treated. TM: 7/13
Tl with 3-18 months of
follow-up. Total Hb from 9.7 -
14.1 g/dL and fetal Hb levels
from 409 - 97.7%

6 patients treated. VOC-free:
3/3;3-15 months after
CTX001 infusion. Total Hb
from 11.6 - 13.2 g/dL and
fetal Hb levels from 31.3 -
48%.

2 patients: 1 MPT HbF levels
increased to 76 and 97 g/L.
HbF (total Hb 129 and 115
/L. resp) Tl at 76 DPT





OPS/images/fgeed-03-604371/crossmark.jpg
©

2

i

|





OPS/images/fgeed-02-617780/fgeed-02-617780-g003.gif
LV-mediated strategies

4 Gene addition

s BCL11A knock-down

JRU- n——

¢ Forced chromati

puca -






OPS/images/fgeed-02-617780/fgeed-02-617780-g004.gif
o A

Mictohomology endjoning

Nomhomologous end-joining | - Homology-irectedrepair






OPS/images/fgeed-02-617780/fgeed-02-617780-g005.gif
RISt nucesse RIS Cartza nucesse

Hsion prime editor
Nickase

o1on cyine






OPS/images/fgeed-02-617780/fgeed-02-617780-g006.gif
‘Genome editing strategies

" A Torgeting BCLIIA erythoidspectic enhancer elements

)

e
[n:.

o






OPS/images/fgeed-02-617780/crossmark.jpg
©

2

i

|





OPS/images/fgeed-02-617780/fgeed-02-617780-g001.gif





OPS/images/fgeed-02-617780/fgeed-02-617780-g002.gif





OPS/images/fgeed-02-601541/fgeed-02-601541-t002.jpg
Cas9 variant

Cas9 Cas9
Cas9-hGem  Cas9-hGem

Cas9-hCtiP  Cas9-hCtiP
Cas9-GSG-CtiP*
Cas9-TGS-CtIP**

Cas9-hGem-hCtIP

Cas9-UL12  Cas9-UL12

Cas9-hGem-UL12

Cas9-dn53BP1 Cas9-dn53BP1

Cas9-DN1S

Description

Wid-type Cas9
hGeminin is degraded by the APC/Caht
complex during G1 phase when the NHEJ
pathway is selectively active over HDR
(Gutschner et al,, 2016)

hCHIP “HDR enhancer element” is involved in
the DNA end resection. Involved in recruiting
other factors to initiate repair (Charpentier
etal, 2018).

UL12 increases recombination by the
single-strand annealing (SSA) pathway and
inhibits NHEJ (Balasubramanian et al., 2010),

A mouse dominant negative 538P1 is
expected to reduce acoumulation of 538P1 at
the DSB site, thus suppressing NHEJ (Pauisen
etal, 2017)

Amino acids 1,231-1,644 of human 538P1;

Cas9-GSG-DN1S* (Jayavaradhan et al., 2019)

*GSG—signifies a 12 amino acid linker made up of repeating Gly-Ser-Gly residues

(GGGS)x3.

““TGS—signiies & 12 amino acid linker mede up of repeating Tyr-Gly-Ser residues

(TGS) x4.
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DNA RFs

CHIPE/CHIPOE

PALB2®

RAD52
dn53BP1

Description

T847E mutant acts as a CDK- mediated
phosphomimetic.; S249D mutant increases
BRCA recruitment to DSB (Orthwein et al., 2016)
KR mutation in the BRCAT binding pocket allows
for PALB2/BRCAT binding irrespective of cell
cycle (Orthwein et al., 2015)

“Inhibitor of 53BP1” is an ubiduitin variant that
binds to 538P1 and prevents its accumulation at
aDSB (Canny et al., 2018)

Improves SSTR (Paulsen et al., 2017)

Dominant negative form of 53BP1; inhibits NHEJ
(Paulsen et al., 2017)
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Integration strategies Advantages Disadvantages References
A Endogenous locus Physiological Gene-specific Umov et al., 2005;
\ g transgene strategy Lombardo et al., 2007; Li
xxnx“.—.—mn expression Limited to gene etal, 2011; Genovese
% Corrects body mutations etal,, 2014; Vot et al.,
multiple mutations 2014; Dever et al., 2016;
Hubbard et al., 2016;
Schiroli et al., 2017;
Sweeney et al., 2017; Kuo
etal, 2018; Wang et al.,
2019; Rai et al., 2020;
Wang L. et al., 2020
B Superactive transgene Accommodates Partial gene Barzel et al., 2015; Sharma
promoters (ALB, Enh e diferent disruption etal, 2015; Davidoff and
HBA) Wl-w transgenes Limited to non-cel Nathwani, 2016;
X Supraphysiological autonomous Lacharawee et al., 2018;
expression disorders Chen et al., 2019; Conway
Few Extensive otal., 2019; De Caneva
integrationsrequired  validation required etal., 2019; Ou et al., 2019,
2020; Zhang et al., 2019;
Wang Q. et al, 2020
c Tolerant to Accommodates Artficial promoters De Ravin ot al., 2016; Diez
integration different required etal, 2017; Stephens ot al.,
(AAVST, CCRS, transgenes Variable expression 2018, 2019; Gomez-Ospina
Rosa26) etal, 2019; Scharenberg
etal., 2020
D Chromatin Fine gene No Schenkwein et al, 2020
domains (NAD) regulation proof-of-principle
Far from in clinically relevant
oncogenic genes models
E Disease-modifier Improve Extensive Vot et al,, 2013; Wiebking
genes (CCRS, therapeutic effect validation required etal, 2018
HBA) Lower Limited to well-
therapeutic threshold known diseases
F Specificity Improved CAR Off-targets Eyquem et al., 2017;
Exchange expression and Translocations risk MacLeod et al., 2017;
(TCR, BCR) potency (for multiple edits) Greiner et al., 2019;

Hartweger et al., 2019;
Moffett et al., 2019; Voss
etal, 2019

Scissors: nuclease; Solid arrows: promoters; Enh, enhancers; TAD, topologically associating; d, domain; Solid ovals: histone modifications; Solid squares: DNA modifications.
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Integration strategies
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A Endogenous locus Fansgens Physiological Gene-specific Umov et al., 2005;
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multiple mutations 2014; Dever et al., 2016;
Hubbard et al., 2016;
Schiroli et al., 201
Sweeney et al., 2017; Kuo
etal, 2018; Wang et al.,
2019; Rai ot al., 2020;
Wang L. et al., 2020
B Superactive transgene Accommodates Partial gene Barzel et al., 2016; Sharma
promoters (ALB, Enh - diferent distuption etal, 2015; Davidoffand
HBA) nxx-“-—.mn transgenes Limited to non-cell Nathwani, 2016;
X Supraphysiological autonomous Lacharawee et al., 2018;
expression disorders Chen et al., 2019; Conway
Few Extensive etal, 2019; De Caneva
integrations required  validation required etal., 2019; Ouet al,, 2019,
2020; Zhang et al., 2019;
Wang Q. et al, 2020
c Tolerant to Accommodates Arifical promoters De Ravin et al., 2016; Diez
integration different reqired etal., 2017; Stephens ot al,
(AAVST, CCRS, transgenes Variable expression 2018, 2019; Gomez-Ospina
Rosa26) etal, 2019; Scharerberg
etal., 2020
b) Chromatin Fine gene No Schenkwein et al, 2020
domains (NAD) regulation proof-of-principle
Far from in clinically relevant
oncogenic genes models
£ Disease-modifier Improve Extensive \oit et al., 2013; Wiebking
genes (CCRS, therapeutic effect validation required etal., 2018
HBA) Lower Limited to well-
therapeutic threshold  known diseases
F Specificity Improved CAR Off-targets Eyquem et al, 2017;
Exchange expression and Translocations risk MacLeod et al, 201
(TCR, BCR) potency (for multiple edits) Greiner et al., 2019;

Hartweger et al., 2019;
Moffett et al., 2019; Voss
etal, 2019

Scissors: nuclease; Solid arrows: promoters; Enh, enhancers; TAD, topologically associating; d, domain; Solid ovals: histone modifications; Solid squares: DNA modifications.





