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Resear ch progress of gene therapy in clinical application
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Abstract: In the 1960s, scientists first raised the idea of curing genetic diseases using gene therapy. This new conceptual
strategy aimed to achieve a much longer therapeutic effect by introducing exogenous genetic materials into the patients. After
more than five decades of ups and downs, gene therapy has been brought into a new era by those milestone breakthroughs in
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the 21st century. Here we reviewed and summarized the history and breakthroughs of gene therapy, including some critical
clinical trials, approved drugs, and emerging gene editing techniques. We believe that with their unique advantages over
traditional therapies, more gene therapies will become practical approaches to genetic diseases and benefit the entire human

race.

Keywords: gene therapy, genetic rare disease, clinical trails, approved drugs, genome editing technology, CRISPR/Cas9 system
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B 5t A% B 1 JE VR YT B A 5 ) 40 i 52
EIRYT ML RO SE B I N g FF A Rk, IFDURAR
F18 22 4 IRV Ay B (6 V7 SR R 19 2R3 J2 A3k 31l
A BIARPE K. 20 48 60 4E42E E 4T
= W12E 5K Lederberg 3 YR 3L BRTARYT 10 254
&, WIEDPNAIT IR R E T3, 1972 4%
FSPNGPN A N & 1 3 IR (B PN S 3]
g —Apia T T R BEIRAIT AR IR IR A B A 2 ik
TRl 43R B R FIZE R SE RGP RI S 5] (B 1)
1) BRIERIIEYT (Ex vivo) 2 B EHE SR 5
A R E B S AR, (RSN S A
(1 )7 SABSI AN, KA1 IS 19 4 A S 38 75 (e
B R AR, IR BRAYT SR H . 2) 7E
WIEPIAYT (In vivo) TR A FH =IE s 25 50 5 2

PR BRI Y7 5L A 26 31 B8 8 TR 1 07 ORI T
PG o I PRI 8 B 0 AR 22 S LB 26 R ) A [
Mk B AR IR 7 7730 BRI A7l i i
M 14 77 FERAT B 2 i A S HL G R SR A )
AN BEAh, AR A R N 25 S S SO
LB AR RCR . SR, EREEIAR
ST AR, AR R AR A S S EOLE
R, H—Se RS R RE ) 6] 5 SRR N
AURENLIR A, BEME A AL, PRI — vk B N
Mz 2iEZ R MR REERRRTY, R
IRI7 BERAEAR X R, X T — L8RS JE Ik B IR 10
20 MR U JC R S A AR A e o (ELAC DA 4 ) A T
SNk P BUX — 515 TGk hE o B AL & 5 0 48 2500
kA, I H— e i AR Al REAE (AP B
FEE B SCNE TR B DA T g 114 D5 1 A
o i 126 K 1 A S KRR AR X — 77 1 R XU

‘_r In vivo |

~— i

Injection of virus |
% vectors via vein

Virus vectors
containing transgene

"

I Exvivo}

Cell extraction .1, Virus vectors

85 | containing
@ ¥ %~ transgene

©
€g®

Cridd ag®

Transduction
of cells

B1 EERTREREE: £ () MBEk (A) EERTT
Fig. 1 The principle diagram of gene therapy: in vivo (left) and ex vivo (right).
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L PRAYT ARG R AT v 0 9 a1 i Jre i il
PR ATAE 20 22 90 4EACHIFF 1 HEA Tl KIS o
S — MRS ALY IE RSP ITHEAE T 1989 458
7 AR5 BE (National Institutes of Health,
NIH), BFFE A GIICEE T IbRd 20 bk S A e, il
FH 5 5 30K (Retrovirus, RV) #E47 3 K AR
T 5 AE AR ARSI e VA 557 i T RE © 3K T 5T
SRR NS A AT DA AR SR DR i I 2 4 i ]
e R T — A RS B GT—
AN LI I R 22451 1995 4423 Y — 191 14 Py
Bl RV ZU0E 34 4 MR 6 7 55 R R S ik
W 25 4 A (Severe combined immunedeficiency,
SCID) myilm KIS, X —ZE B8 A N e B KRy
R F—ANE S A, [ 1990 4R T
et FE B A SR E BT R T AR R R
PG RIRES, g R Y ET e A Mt 4 000 7
A2 5T 500 Z Wl Rk %!

SR, 1999 4REAETE & L JE W KFHY James
Wilson = A5 Ji Y — I i 5 25 DR 97 I R 1
o, 2 R T MR S A 1 B P R S N T
B B G — FR G0 0 T 45 R i 5 5R SE
RIT A RIVER AL HE ST X A Y g S A
T ARARA T 1) [ s 6 DR A A TG 5 | 1 S e
&, X — R B R IE T SE 45 L AT I Kk R
E S EEPN O] AR ¢ T G ES IR S e
T4 S SR DRIA T B KU AT 3R DT Bl 2 41 3
T Z AT R R R, AR RS . g
S AW SRR R R T AR
PRt X Se SR P R, FEENARYT T 21 it
VIR EHE IR EE . 188 (Lentivirus, LV) 4§
TR 2 A A ) B v 1 AR SRR DR e % 2 o 24 A
R 1 o P R 77 N7 W S - o
R EAAD T ARG 408 (Hematopoietic
stem cells, HSCs) W% S, X} T BA REEHLE |
M £TAR P AR RO A7 B A 1) J8 T 7, X

&: 010-64807509

HIEBAAF LA ETI, XEEMAMN
WP (Food and Drug Administration, FDA)
T 2017 FEHEUE T E A EEERGYT b SRR G T
JE A& T (Chimeric antigen receptor T, CAR-T) il
MBS 7 PR IT B A USRI (Kymriah #
Yescarta) il AAV #AKIK PN IG 9T e K MR W]
(Luxturna) . Ff X4 22 L P 50 R0 I A 5 55 B 2235t
R s 1 B BRTB 7 2 i A SRR R AR S 2 1
AV AT

AR, BT AR AZ IR T ) K TR 4 G 4
ARG TR L RE, SESEEEPGT AR, 5
PRI 2H 20 % B R AT S BORG A 1% S R L iR DA S
“MBIE" . LA G R EOR T DAAE B ARG M b AT,
A AT A3 o A 33 326 18 Ty A AR P S B o B TR
ZH ) YR o T ek e DR G R AR B 1 1 A0 LA AR A
A SR B B KBS, H T M D A U
BITRORA 2 A A0 ) 38 58T R 2%, REAS 5L
KA RRRITROR . BT, R AR ER A
I R AL i b THIR B B, T HEAR SRR 10 45
PALRE T T 22 T 1 IR 5 DR 2 G 0

W) BERNATT AU T s A M IR 9T
I BRAE TER V2 T . e . O Il
P A H B S e MR ARYT , a1 CAR-T 41t
JEIT . B BEDIG T R PE R g, EZiEINE
FERBAE G . st e S H TR E T
TCR BB A BRAGA  FEL T T 30 Z4EH i
ks, FPAYT IE I & Fl NS 5% 1
FARAG PSR A ROR YT Ik
2 ARk R 2R

Bifi 5 L Al E 5 AR e & g, AN 20 4 90 4
IR, BERVAYT IR A R0 B Bt
R 2018 4F K, FEPNAIFETE 38 MEZK AT T

2930 Ty, X L8 LG Be i g o 3k R ST 4
BT EE IR B (E 2).
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Fig. 2 Number of gene therapy clinical trails approved wordwide 19892018,

s A S5 36 14 25 SR A i B 5 3 SR -k B Y
SSRGS, AR ARt 2 PR B ™ F A R
PR o RS R B 22 11 e PR 138 T B R R 9 7 )
R, BEEIRTY BIWT S S S A A .
e 5 H R A A5 JL A IR PR IS AL  Leber
SR Ak BZEE Y B A AR X B R

Indications addressed by gene therapy clinical trails

A\

\

i 1 5 8 35 AN K (X-linked  adrenoleukodystrophy,
X-ALD) ™ {36 97 . ML 4% Pharmaprojects 7
2018 4F 14 15 o, 980 A 2 UL 2 Y i
RIT G RIS e 2 A4, T BUR R T8
1B 2018 4 i AR PR ¥R 97 I DR i 06 3 IV AE & L
(Kl 3).

Gene therapy  Clinical trials

Indications number (%)

7 Cancer diseases 1951 66.6
Cardiovascular diseases 183 6.2

Gene marking 50 1.7

Healthy volunteers 57 1.9

Infectious diseases 184 6.3

= Cancer diseases (n=1951) Inflammatory diseases 15 0.5

Infections diseases (n=184) Monogenic diseases 338 1.5

= Neurological diseases (n=52) Neurological diseases 52 1.8

= [nflammatory diseases (n=15) Ocular diseases 37 1.3

= Gene maiking (#=50) Others 63 2.2
= Monogenenic diseases (n=338) Total 2 930

Cardiovascular diseases (#=183)
w Ocular diseases (#=37)
m Other diseases (n=63)
= Healthy volunteers (n=57)

3 EBEATT IR A E R AE
Fig. 3 Indications addressed by gene therapy clinical trails”.
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3 AFEBNGERABRAEETHANFR
#E

H A2 R A 97 A g s i o, A B
CAR-T (¥ T d4iffiszi& (TCR) #x & A T 4ijE
(TCR-T) T X LA B IR 5L TR R 97 1 O Xk B R/
IR H . DL CAR-T A, X J&—Fhr il
e DR L v DR E = 1 N O B 5 N 1
WP RIS T A0, RS E o 3 P TR R 4
T A A — A RE U IR 4 i, I L) s
T 240 B A ZE 96 4 6 1 ik A PO AR SRR, FREA T A
AN B RS 0 T A0 AR R A B R AR, A
MR I B B i e g i, 3k 20 I 6 97 1
His

HT CAR-T By Sy 7 i & T 2011 4 5F
JET GRS, 3 48 4 Ik 5 440 A o i 3
Z T ARSGER T MRS, I IER Th
Rl RO, 2014 4, CAR-T IAITIEA
P Ik B 248 i 1 1 %5 (Acute lymphoblastic leukemia,
ALL)PIRAS T B EY74RL, 45 MIBCE 1 s i i6 7
WORBTIES . HAtC A5 24 BE R X —
AT T Z G RIS, 8 1M stk 0 A
SR B TR A M fRR, Frple 2tk e
A A s B 22 0 I B T B
YR TT AR, JAE SR T I AR I DR Y B S 5 A
Science Ak g4 PE o 2013 AEAE R RS . Bl
J&, PR LT VA T 2017 3Kk 35 E FDA
e i, BP Novartis (19 Kymriah 1 Kite Pharmar
H Yescarta, XMk CAR-T Jrik FE4F %L B
240 T 22 e 9 L A o % R R BOMETR R B
2N BRI R R N R . (HA BRI, BN
24 v oL HE BT 0 A e e YT v

RUE HETIET CAR Ml TCR A 40 i S ey ik
FE ML R 367 v BT BRI, (R T I
R N N[0T w2 1 O S R R 0B - o T O

&: 010-64807509

ABB T 20 00 o) 5 BRI AR A TR B, R = A 1
2 L DR s 20 1 o B H 20 2 88 B A T G
SEEE RIS I R T, B
HF CAR Ml TCR Y T 4 i Gy y7 s 78 S de il
Jigg TR T RO, IR S 2 Ak
PRAFAS RSO & A BRI, 3 I 2 A L B4 % 5
SN B K — XU

4 FRERT R AT A I KR

BEPRNAY T AR5 A% i Hh A 2 X B
PRSP0, H A m R g6 32 S UKE R A 7
REIPFIIAYIT . BE 2018 4 11 7, £FxfH
i DR 5t A% 05 1) s PRI o HE 11.5% (& 3) — i
REHL . XUE . A 2B B 2b Jilh PRt e ik
ML E MR B T Jd e e B B GRS B 5 R RE A
e 28 A8 1 2T e Ak G i s R L e S T A 5
o, 78 ZBETEMIT I T ik dihS CFTR BTk
9 B2 - R BT R T o SRR T BRI B
#, HX—RI7 Bk BR L 20, I N E KR
PRICES i e R A 7 i, He g n A 5T 4 i 59
R3] o LA R A PRI AR 55 B X D A 1 e 2 Bk g
G R R T RAFIIATRCR, HEIC A
I 150 44 B8 y-30 e S s B AR 0 B O 30
AR [ 3 336 SR MBI 7 ik 6 1L MR B 4R
fitiik = 5if (Adenosine deaminase deficiency-related
severe combined immune-deficiency, ADA-SCID)
R ER AR, O 40 A 2T
EPRATY, HAFRTE 70% EM T X —
ghEL 2016 4ERRIN 2 i )R (European Medicines
Agency, EMA) it 7%t % ADA-SCID % i 1
ANFEPRAST 7 i Strimvelis, XL R4S — SRR
BE T 4 A A AR T NG ST 7 o AH EE T 20 AR
FIT y-0 5 S5 ¥ 2R 7E ADA-SCID 8L
F I AR TR T 2 2 Strimvelis 7 I A
e U Y R A 4R TR A A AT T
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TIHREALFE, AIEREMR AR T 4iEelE T8
H iy 23 )20 R4S ADA-SCID fH: R IA Y7 I it
50 i R MB35 AL JE VA OGN R R,
B B BT AE S e 2 T80 d AR I e R 5, DA
HBRAG R 2 A A BRI

F T2 BE A AT AR T 40 i R I ) GOIGL
W, IF HEA I e s s, By B i
SEDRNG YT R RS )2 AR 22 ] I R
GREELREE . X B EIRS G (X-SCID)
F1 Wiskott-Aldrich Z5A1iF 1) 18 0 75 3k R 3 3% VAT
CA M, I B 5 H -0 S 8 8RBT AR L,
LAk PN G B AR AL IR Bl HSCs
IR YT 18t A% PR Bl 28 2 48 9595 (Adrenol eukodystrophy,
ALD) il 5 4 ¥ I 11 5 5 5% A R (Metachromatic
leukodystrophy, MLD)t {7~ H T U (036 97 5K
ST ) 1) 75 W T 4T 2R U IIATT
AP 35— (51 T bR 2 s 0 A 0 R —
TGUER X B~ H v I A I A R RH o S
o FE AR BE R 5 T AN B K HSCs >k SE R 2 11 Y
T B R R R R ATATIY, IR B R LS
O A fEE ik 6 2 AP

MR AH &% B2 (Adeno-associated virus, AAV)
B RREE IR DNA SfE R s, NHHEA S
BGRL A WIS S DS gi L L ¢ e Ui
LUEE, O —F L &G 300 R B8R A T
FEFNAIT I RIS . BT AAV [ IG R 50 g
PR T A ANIRAT ISR, X S Hh fR (H AR OCTE
AT o-1 HUBEEE M= 2R A B
B 7023 i g LA B AR S S TR 9T
UniQure 28 Al FF R LT AAV B0k FiRYT IR
H R DT Bk = ) BE KA YT 7 it Glybera i £t 2012 4
AR T EMA BVFRT, MR ESE — T AAV
B 3L VG TT 7= i /& i Spark Therapeutics # i 1)
Luxturna, F 2017 4 12 A 19 H3k4% T FDA )
EAAME. AT, HHIFIH AAV HikErxr B A
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I AR I RIG YT AR WA 26, se SRR 7 T 2
BARGAAAER) AAV FLIR S h AR 17350, DL
BAEESE AAV R BEA ST 2T IR & B 1 240 i
Y RE 25, D T B 5 A0 M Bk e 8 AR G YR
2R Ak T 3 S 0 A PR ) SR A R 32 A X 4
DA R AT Bz Jo 255 [l e 245 49 A 3 AT DA fife D3 2 (i)
R3O R o A TR I A9 B PR 6 T e
AAV A 2% g i i VI cDNA - #E4736R
57 o IR EE IR B R T - VIK /9 Ja 3 7

RR A B (R AR R T R R Nk, FERET Y
3 AE T REWLEE 5 58 AF I R A R p AR T

IEAh, FEF AAVO MITERIEL] AAV ZiRtp T
HREVENIZESRIE (Spind muscular atrophy, SMA)®
A1 Sanfilippo £ & 1iE A % (Mucopolysaccharidosis
A, MPS AP RIAIT, oI RIG HIAIT
ZERC BN MR Aa R, XU
TRRE AT O 2 3o 100 i 57 %, 5 5 b 22 20 i AN
B, TEVRIT PR RGUEIR A ORI 1 .

B 2 3 AT 1 R R, E A RIRER B
BRI 52 R ST o AEHETT R BRIRYT I
I AR 2 Hi, ST A B2 AERIS b HEZ A5G
AV AE AU, . X BB RUES: FEE o MRS 1) A
R BARAEAEIR A SRS, X RIS 2 A5
FINESE, RIYAYT X-34 8™ SR A J s fi i (X -SCID)
fLERA S % T 4 ik, 2) SR kT
S5 [ B G RN R RE RO, AL TR AR
o5 |2 P 4 L 2 s I AR 75 4K e 5 | P AR VAR e e
JREA X TR L AT, U 5 i
T A0M0A DG, B AR Ao R AT 3 A 1 1 S 59
et DASCGHAT S 41 ) 28 24 ) F9 4 b 3 AT L sl
BB KUK, {H B k28 A BE IR YT SR W AT i —
BRI E 3

5 ZEBRNETHY
SEIHETT 7 W B IRAE S 1B A TP R 1
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KA . EDR R AR AR
BT R EE, BEAERBIT 60
Gendicine T 2003 4£ 415 70 1] [H 5 & il 24 i Wa B
IR AE T Glybera & R 45—~ Rt it 3
VGIT ™ b, T 2012 4E4RTFERIN EMA A 45141
ETVERT . Bl BRRNA T TR NG R b S
g, H 2012 4ELICKE, E[E FDA FIRKI EMA
A HEHE T 8 P LRGP~ 5 R TFIRYTY
P BRI PR A S . 2 R TFIRYY B A1
ARG PR SZ R T 4 M ™ i DA R —Fh B IR 97 R
R LR 7 i, R R R
F35 B P AL 0L . Leber 56K SR IEEE | B AR
JULE 4 R — o 5 DL 14 52 e 2 Bl I AR I 2 1 R

T EARE R BE G P i (B 4), DLN R
BT RIS A T A — T BRI A s
B LB RIR YT 7 i o
Imlygic[“g]%*ﬁ‘fﬁ?‘ié‘ﬁﬁﬁ?ﬂi%%‘%
1) 28 60 R 1 SR DB Z 0 ¥ (Herpes simplex
virus, HSV) J7i:, T 2015 4E b7, fir44 b T-Vec,
JEH—> FDA #EUERY AT B ARG R I A
25, T-Vec j&—FEEH TR Z G TE (HSV-1),
T it TeE A v A2 T 55 R 48 - 5 200 i 4
RN (Granulocyte-macrophage colony stimulating
factor, GM-CSF), ‘325 /I Bt )it i 2L ARSI,
AT 51 A S5 52 g 4% B 2 B M 11 PR 60, R 8 A i
5T B R, Imlygic 67 )5 24 16.3%0 H & i k4

b = 5 o TR T B 2003 4FDIRRERTEE b, HFEFZRCRATIK 6 M L.

e Zynteglo received the conditional EMA approval to treat B-thalassemia (Zynteglo, Bluebird Bio)
o The AAV containing SMN 1 gene was approved by FDA to trrat SMA (Zolgensma, AveXis)

2019

2018

2017 .
2016 .

2015 # Allogencic T cells genetically modificd to express human low-affinity NGFR and the HSV-TK to treat GVHD (Zalmoxis, MolMed)
Ny . ® The autologous CD34+ enriched cells modified to express ADA by RV was approved by EMA to treat ADA-SCID (Strimveli. Orchard Theraoeutics)
The genetically engineered HSV containing GM-CSF was approved by FDA to treat melanoma (Imlygic, Amgen)

o Kymriah (Novartis), Yescarta (Kite Pharma) and Luxturna (Spark Therapeutics) were approved by EMA
o Gene-therapy investigational new drugs will be reviesed solely by the FDA

Kymriah (Novarlis). Yescarta (Kite Pharma) and Luxturna (Spark Therapeutics) were approved by FDA

2012

The AAV containing LPL gene was approved by EMA to treat LPLD (Glybera, uniQure)

2005 ‘
The E1B/E3 dificient ADV was approved by NMPA to treat the head and neck
cancer and nasopharynegeal cancer (Oncorine, Shanghai Sunway Biotech)
2003 .

The recombinant p53 gene ADV was approved by NMPA to treat the
head and neck cancer (Gnedicine. Shenzhen SiBiono GeneTech)

ADV, Adenevirus: NMPA, Katijonal Medical Preducts Administration; LPL, Lipoprotein lipase: LPLD, Lipoprotein lipase deficiency . HSY. Herpes simpley virus,
GM-CSE. Granuloes te-macrephage colony stimulating factor. NGFR. Nerve grow th factor reeeptor: HSV-TK. Herpes simplex virus-thy midine kinase:
GVHID, Grafl « crsushost chscass, ADA-SCID, Adenosime deanmnase dificieneyiclated severe combined immung-deficieney, SMA | Spinal muse ular airophy,

4 EHHHERBTHINELRER
Fig. 4 Development of gene therapy drugs in the pharmaceutical market.
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Zalmoxis* & B AT H IR T ANy A
AEER R, T 2016 4E9E EMA 43 504t
FHTRST 53 L A R o i y-30 5 s
TR SR B LR (Herpes simplex virus
thymidine kinase, HSV-TK) #%4 2| S Ak M T
A, Al R BT T 2 kI K G R
PEHERR RS T A, A H AR T 4
FIRTIZ 6L HSV-TK, J5 & Al B 1L I 5
W F Y, AmiES T 4 BRT, B
LM B Y b mE 95 (Graft-versus-host
disease, GVHD) i — WAk, MG RS2 5 45 21
7R, Zamoxis REA IR BE R RIZ RS, W
B RER B MR AR, (RS UL LAY HSCs 1Y
FERE B 0L A A8

Yescartal & —F S F i SRR R CAR-T
MGk, T 2017 4E3k4% FDA #LMEH Fif
7 AR R A K B A bk R R . 9T IR
B E A S0 T 240 8 0 30 5 S wE i A T %
B4, 8 T 40054 55 CD28 i CD3-zeta il i
SERIGE BT CD19 19 CAR, LIS B X otk B
i, SEARLRMRAR N 1k 58%. Yescarta T 2018 4F 3k
EMA i briv, FH 67 AR PR e DL B R GE
RIT R R SUETR TR 12 K B 41 M ik B
(Diffuse large B-cell lymphoma, DLBCL) FlJ5i %k
PR R B 4Bk 9% (Primary mediastinal
large B-cell lymphoma, PMBCL) AJ&# % .

Kymriah*® & —Fh 3 T 1255 4 19 CAR-T 4
IS, T 2017 AE4RE [ FDA i Brin, H
TIRIT AT G BT 20 B RS A 2 SR A I A 4k
8 (Non-Hodgkin's lymphoma, NHL) #1 B 4 jifd
AP TR A0 L I R T IR TE L CAR Rl
FH 4-1BB 0] 0 2 A4 S5 A 1 5 200 L %) 47 3 AR A
PE, MEAEE A S EgmARN T 200 g i % 5
CAR S5 52 M BRIk CD19 [ AE AN AR X 1k o
AN, HBEAKPNRYT GRS A] Ik 83%.

http://journals.im.ac.cn/cjbcn

Strimvelis 2 55 — A F TR T IR IR
fifike = 51 ADA-SCID MRS T4 il I R T7 i,
T 2016 43K EMA #tifE Briv . ST AN v iiEE
SRR B ADA JE R 4B DL A A R E SR Y
CD34+ HSCs H1, #R J 5 HSCs A ik v 5 14 5 X
R AR IRN, EHDE A BA E R R
P 5 2 Tl 2 A, B A R T i T
AR, MR IR SEI AR, Sin TR E IR
A H I e e AL BR ARG A R B A

Luxturna*®F 2017 44 FDA HLHEFE 9677
Leber 5o RPERIEAE R INILE, o/ Bl FDA Bt
—HEAERFEAR LR 7E . Luxturna & —Fh 3L TR
MR EE 2 B (AAV2) RIRIT s, i AAV
M AR F RS AT 65 kDa
(RPEGS) HE [ 1 ik 2= AL [ SR AN RS A AL R
TN, AR R T T i 1 4 o A B R
Mt , AIAE LA H NIRSE SB 8L, AT A 20,
TRTT AUEFA K RPEGS 587428 AH OC Y HL I 545 F A
REH.

Spinraza* & — i ;g L E TR (Antisense
oligonucleotides, ASOs) FE[HJ7ik, T 2016 4EH
EMA L TFIAIT SMNL KL R 248 i 5 i i1
WEPEWLZE AR 0E , e i A FLoME— 78 38 [E R
SMA JEIETF 254 . Spinrazaiii i ;x X EA% TR
P SMN2 BT mRNA [ 8F4 , A 25008 i o 4
K SMN HEEPFRL, g 8 E IS R
H 89 I R B @78 Spinraza 76 SMA 3697
SR, HEA Iz 0 A LAk, B AveXis
AFITFRIIET AAV RN FRE SMNL
K254 Zolgensma L C F 2019 4F-#f £ [¥] FDA it
i T 697 SMARY
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Fig. 5 Clinical trials based on genome-editing technology.
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