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Ta6nuua 3. [pumepsl usyqeHus in vitro u in vivo nomeHyuana npuMeHeHus cucmem pedakmuposaHus 2eHoMa 015 JieveHus 3a60ae8aHuli

Table 3. Examples of in vitro and in vivo studies of the therapeutic potential of genome-editing systems

Cucrema
peAakTMpoBaHus /
BEKTOp / TpaHCreH

Editing system /
vector / trangene

CRISPR-Cas9 /
AAV8 /ren OTC
CRISPR-Cas9 /
AAV8 / OTC gene

CRISPR-Cas9 /
nnaasMuaHbIN
BekTOp PAEGP,
3aK/1H0YEHHbIN B
NIMNOCOMBbI / TeH
AGT
CRISPR-Cas9 /
liposome-PAEGP
plasmid vector /
AGT gene

TALEN, CRISPR-
Cas9/

GFP-NTF3, meue-
Has EGFP rupoBas
PHK / ren NTF3
TALEN, CRIS-
PR-Cas9 /
GFP-NTF3, EGFP
SGRNA / NTF3 gene

CRISPR-Cas9 /
AAV6 / reH IL2RG
CRISPR-Cas9 /
AAV6 / IL2RG gene

CRISPR-Cas9 /
aMPUDUIbHbBINA
HaHOKOMMNekc /
reH Bacel
CRISPR-Cas9 / am-
phiphilic nanocom-
plex /Bacel gene

CRISPR-Cas9 /
AAV6 / reH Dmd
CRISPR-Cas9 /
AAV6 / Dmd gene

CRISPR-Cas9 /

Ad / reH Sftpc
CRISPR-Cas9 / Ad /
Sftpc gene

3aboneBaHune
Disease

OeduunT OpHUTUH-
TpaHckapbamunasbl
(HapyweHue obmeHa
MOYEeBUHbI)
Ornithine trans-car-
bamylase deficiency
(urea cycle disorder)

MNepBuyHas runepokca-
nypus 1 tuna

Primary hyperoxaluria
type 1

MyTaums reHa NTF3,
BbI3bIBAOLLLAN HEW-
poaereHepaTUBHblE
3a60/1eBaHMA U NOTEPIO
cnyxa

NTF3 gene mutation
causing neurodegenera-
tive diseases and hearing
loss

X-CUENNEHHbIN TaXe-
Nblii KOMBUHUPOBaAH-
HbIH UMMYHOAEDUUNT
(MyTaums IL2RG reHa
X-XpOMOCOMbI)

X-linked severe combined
immunodeficiency (IL2RG
gene mutation in X-chro-
mosome)

bonesHb AnbureiimMepa
Alzheimer’s disease

Muoauctpodus
[ioweHHa
Duchenne muscular
dystrophy

BpoxaeHHbI neduunt
6enkoB cypdakTaHTa
Inherited surfactant
protein syndromes

KucTosHbii dpubpos
(MykoBMCLKNA03)
Cystic fibrosis
(mucoviscidosis)

Oeduunt
a-1-aHTUTpUncuHa
a-1-antitrypsin deficiency

Hoza
Dose

LleneBoW 1 KOHTPO/bHbIN BEKTOP:
5x10% KOMMi Ha MblLLb,

BekTop Cas9: 5x10%° konwii

Ha MblLWb

Target and control vector:

5x10" copies per mouse,

Cas9 vector: 5x10% copies per mouse

2x10° PH1-uMCK 6binu TpaHde-
uupoBaHbl 1 Mr PAEGP nnasmugpbl,
1 mr pUC19-sgRNA-T2 nnasmuabl

c ruposoit PHK u 1 mr CRISPR
HykneasHon MPHK

2x10° PH1-iPSCs were transfected
with 1 mg of PAEGP plasmid, 1 mg of
pUC19-sgRNA-T2 plasmid, and 1 mg
of CRISPR nuclease mRNA

TALEN: TpaHcdekumsa 300 Hr BeKTO-
poB GFP-NTF3 TALEs 1-5 c 0,8 Mkn
JiunodektammHa 2000

TALEN: transfection of 300 ng of GFP-
NTF3 TALE 1-5 vectors with 0.8 uL of
Lipofectamine 2000

Cas9:100 1M Cas9, 50 HM MmeueHoit
rnposoi PHK c 0,8 mkn RNAIMAX
unun Jinnodekrtammua 2000

Cas9: 100 nM of Cas9, 50 nM of eGFP
SgRNA with 0.8 ul of RNAIMAX or
Lipofectamine 2000

in vivo

Cas9 c rupgosoit PHK: 0,3 mn

33 MkM Cas9, 16,5 MKM MeueHo#
rmposoi PHK B 50% RNAIMAX nnu
JNunodektamuHe 2000

in vivo

Cas9-sgRNA complexes: 0.3 mL of
33 uM Cas9, 16.5 uM eGFP sgRNA

in 50% RNAIMAX or Lipofectamine
2000

28,4x10% CD34+ ['CK/Mbllb
28.4x10° CD34+ HSPCs/mouse

10 mkn komnnekca Cas9 ¢ rupgoBoi
PHK u nentugom R7L10

(B cooTHoweHuK 1:3 no mMacce)

10 pL of the Cas9-sgRNA complex
with R7L10 (1:3 w/w ratio)

(2,5-5)x10°BeKTOpHbIX FreHOMOB
Ha MblLlWb

(1-10)x10*? BEKTOPHbIX FrEHOMOB

Ha MbllWb (MPY MHOFOKPATHOM
BBEAEHMUM)

(2.5-5)x10% vector genomes per mouse
(1-10)*10* vector genomes per
mouse (for multiple injections)

10 mkn Bupyca ¢ 10 Mkn
TeodunamHa (1,6 Mr/mMn) Ha Mbliwb
10 pL of virus with 10 uL

of theophylline (1.6 mg/mL)

per mouse

Mogpenb
Model

in vivo
HoBopoxaeHHble
caMmupl Mblwweit spfash
in vivo

Newborn male spf*"
mice

in vitro
PH1-uMNCK
in vitro
PH1-iPSCs

in vitro:
o TALEN: HEK293T
KNETKK
in vitro
o TALEN: HEK293T
cells

e Cas9: U20S meve-

Hble EGFP penop-
TEpHbIe KNETKM.
e Cas9: U20S-EGFP
reporter cells
in vivo
e Cas9 c ruposoi

PHK: TpaHcreHHas

Atoh1-GFP Mbiwb
Ha 2 NOCTHaTaNb-
Hbl JEHb
in vivo

e Cas9-sgRNA com-
plexes: postnatal
day 2 transgenic
Atoh1-GFP mice

in vivo
HenetanbHo o6ny-
YyeHHble NSG Mbiwu
in vivo

Sublethally irradiated

NSG mice

e 6-MecsaYHble cam-

ubl 5XFAD Mblwen,
3KCnpeccupyome

APP yenoBeka

e 6-month-old
male 5XFAD mice
expressing human
APP

e 4-MecsaYHble
CaMLibl MbILLEN C

HOKMHOM reHa APP

e 4-month-old male
APP knock-in mice

e B6C57 caMLibl Mbl-

wen (KOHTPOSb)
e Male B6C57 mice
(control group)

C57BL/6-mdxA*<Y
MbllWb Ha 10-12-1
HeOene XusHu
10-12-week-old
C57BL/6-mdx* mice

Sftpc”*™Mbiwb ¢ MyTa-

umen reHa cypdak-
TaHTHoro C 6enka
Sftpc”*"mutant mice

R26™™6/* Mplb
R26m™M%* mice

Cnoco6 BBeaeHus
Administration
route

BucouyHas BeHa
Temporal vein

TpaHcdekumns
Transfection

TALEN/Cas: TpaHc-
dekumna c aimno-
bekTaMMHOM
TALEN/Cas:
transfection with
lipofectamine

in vivo: BO BHY-
TpPeHHee yxo
in vivo: inner ear

BHyTpubepnpen-
HblIV (B3pOCbIM
MbILWWAM), BHY-
TPUNEYEHOUHbIN
(3-4-nHeBHbIM
[LeTeHblwam)
Intrafemoral (adult
mice), intrahepatic
(4 days old pups)

Mnnokamn,
cpeaHuin Mo3r
Hippocampus,
midbrain

BHyTpuMbILWEYHO
Intramuscular

B peTpo-op6u-
TaNbHYI0 CUHYC-
HYI0 BEHY
Retro-orbital
injection

BHyTpramMHunoTu-
Yyeckun
Intra-amniotic

WcTounnk
Reference

Pesynbrar
Result

25 1 35% renaToLMTOB IKCNPeCCHPOBaNU LieneBon [32]
reH yepes 3 u 8 Hefl. COOTBETCTBEHHO Noc/ie BBeAe-

HMA, YTO B 4 1 3 pa3a Bbille, YeM y rpynmbl KOHTPONS

25 and 35% of hepatocytes expressed the target gene

in 3 and 8 weeks after administration, which is 4 and 3

times higher than that in the control group, respectively

MponeMoHcTpupoBaHa cneunduUyHas skcnpeccus
LLeIeBOro reHa B renatouuT-noAo6HbIX KneTKax.
AkTtuBHocTb CYP3A4 yBenuuunacs B 50-280 pas no
CPaBHEHMWIO C KOHTponeM. [oka3aHa BO3MOXHOCTb
BOCCTaHOB/EHUs 3kcnpeccun AGT npu noMoLum
peAakTUpOBaHWUs reHoMa A5 NEPBUYHON rMMepoK-
canypuu

The study demonstrated specific expression of the target
gene in hepatocyte-like cells, a 50- to 280-fold increase
in CYP3A4 activity compared to the control level, and
the possibility of restoring AGT expression with genome
editing for primary hyperoxaluria treatment

[33]

TALEN: 10-kpaTHOe yBennyeHue ypoBHe#
3KCNpeccum reHa HempoTpoduHa 3 Yyepes 48
nocne TpaHcdekLmm

TALEN: 10-fold increase in neurotrophin 3 gene
expression in 48 h after transfection

[34]

Cas9: 65-80% nospexaeHue reHa eGFP. [lo 40%
yBenuyeHune cneunduyHoctn goctasku Cas9

Cas9: 65-80% eGFP gene disruption and an increase in
specificity for Cas9 delivery of up to 40%

in vivo

Cas9 c ruposoit PHK: noteps akcnpeccun GFPy 13-
20% BONOCKOBBIX KJIETOK BHYTPEHHEr0 yXa MblLei
in vivo

Cas9-sgRNA complexes: loss of GFP expression in
13-20% of mouse inner ear hair cells

Lo 20% ueneBoro BcTpanBaHus reHa B [CK
LnuTenbHoW nponndepaunmn. OTCyTCTBME TOKCHY-
HocTu. [lo 60% ypoBeHb TapreTHOM aKTUBHOCTH
(MepnaHa — 45%) B CD34* ICK

The study showed up to 20% targeted gene insertion in
LT-HSCs, no evidence of cytotoxic effects, and up to 60%
of target activity (median 45%) in CD34* HSPCs

[35]

CHuKeHMe akcnepeccum reHa B-cekpetassl 1 Ha 70%,
a TakXXe 3Ha4YuTeNbHOe CHUXEHUe PparMeHToB P-aMu-
nounaoB, Yepes 4 Hefenu Nocie BBeAEHUS MblllaM,
3Kcnpeccupyowum yenoseveckuit APP. SddekTus-
HOCTb pefakTUpoBaHus — 45%. YnydweHue pesynbra-
TOB B QYHKLMOHA/bHbIX TECTAX MbILLEN

The product demonstrated a 70% decrease in f3-sercetase
1 expression and a significant reduction in 3-amyloid
fragments in mice expressing human APP 4 weeks after
administration. Editing efficiency was 45%. Mice showed
improved results in functional tests

[36]

Benok auctpoduH skcnpeccuposancs B 70% mMuoreH-
Hbix obnacTeit 06paboTaHHbIX MbilwL,. MHOrokpaTHoe
BBE/JlEHME MPUBENO K BbICOKOW 3KCNPECCUn AUCTPO-
duHa B MblLLLAX

Dystrophin expression was observed in 70% of the myo-
genic area of treated muscles. Multiple injections lead to
widespread dystrophin expression in muscles

[37]

JpdeKTUBHOCTb TPAHCAYKLMKM cocTaBuna 35 n 71%
LLNS KNETOK JIEFKUX M 3NUTE/NNSA COOTBETCTBEHHO.
MoanduumMpoBaHHble KNeTKM 06HapyX1Banuch A0

6 Mecsues nocsie BeeAeHus. [lokasaHo ysennueHune
BbI)KMBAEMOCTU MbILLEN, MONYYUBLUMX [03bl Npena-
paTa (8% no cpaBHeHuto ¢ 0% MbiLwei KOHTPONbHOM
rpynnbl yepes 24 y)

Transduction efficiencies were 35 and 71% for lung cells
and epithelium cells, respectively. Modified cells were
observed up to 6 months after administration. Mice
injected with the test product showed increased survival
rates (8% versus 0% in the control group after 24 h)

[38]

Mpumeuarue. CRISPR — kopomkue nanuHOpoMHbie N08Mopbl, pe2yaspHo pacnonoxerHslie epynnamu; Cas9 — CRISPR-accoyuuposaHHsili 6enok 9; AAV8 — adeHo-accoyuuposarHsili supyc 8 muna; PH1-iPSCs (PHI-
ullCK) — accouuuposaHHsie ¢ nepsuyHoli 2unepokcanypueli 1-eo muna uHOyuuposaHHele napunomeHmHeie cmeosnossie kaemku;, MRNA (MPHK) — mampuuHas PHK; CYP3A4 — yumoxpom P450 3A4; AGT — ana-
HuHenuokcunamamuHomparcgepasa; TALEN — 3¢pgpekmopHsie Hykneassl, nodobHsle akmusamopam mpaHckpunyuu; NTF3 — 2eH HelipompoguHa 3; (E)GFP — (ycosepweHcmaosaHHeil) 3eaeHebili pyopecueHmHsili
6enok; SgRNA — audosas PHK; HSPC (ICK) — eemonoamuyeckue cmsonogsie kaemku;, NSG mouse — umMyHoOepuyumHas duabemuyeckas 2amMmma-miwe 6e3 oxuperus; SCID — mswensili KOMOUHUPOBAHHbIL
ummyHooepuyum; LT-HSC — ['CK onumensHol nponugepayuu; YAC128 — uckyccmeeHHas Opoxcxesas xpomocoma 128; APP — z2en benka-npedwecmeeHHuka f3-amunouda; AAV6 — adeHo-accoyuuposaHHsili 8upyc
6-20 muna; Ad — aderosupyc; OTC — eeH opHumurmpanckapbamunasel: AGT — eeH anaHuHamuHomparcgepasel; ILZRG — 2eH peuenmopa uHmepnelikuna 2 eamma; Bacel — aen f3-cekpemas3sel 1; Dmd — eeH duc-

mpoguHa; Sftpc — 2eH cyppakmarnmHozo benka C.

Note. CRISPR, clustered regularly interspaced short palindromic repeats; Cas9, CRISPR-associated protein 9; AAVS, adeno-associated virus serotype 8; PH1-iPSC, primary hyperoxaluria type 1-induced pluripotent
stem cells; mRNA, messenger RNA; CYP3A4, cytochrome P450 3A4; AGT, alanine glyoxylate aminotransferase; TALEN, transcription activator-like effector nucleases; NTF3, neurotrophin 3 gene; (e)GFP, (enhanced)
green fluorescent protein; sgRNA, single guide RNA; HSPC, haematopoietic stem and progenitor cells; NSG, non-obese diabetic SCID gamma mouse; SCID, severe combined immunodeficiency; LT-HSC, long-term
haematopoietic stem cells; TRPC1, transient receptor potential canonical 1; YAC128, yeast artificial chromosome 128; APP, 3-amyloid precursor protein gene; AAV6, adeno-associated virus serotype 6; Ad, adenovi-
rus; OTC, ornithine transcarbamylase gene; AGT, alanine glyoxylate aminotransferase gene; IL2RG, interleukin 2 receptor subunit gamma gene; Bacel, B-secretase 1 gene; Dmd, dystrophin gene; Sftpc, surfactant

protein C gene.
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