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[Abstract] Gene therapy was initially used for the treatment of genetic diseases. With the development of genet-
ic engineering technology, it has achieved good clinical effects in the treatment of acquired diseases such as malignant tu-
mors, neurodegenerative diseases, cardiovascular diseases. Several therapeutic strategies have been approved for clinical
use. Gene therapy was characterized by high specificity and satisfied therapeutic effects. Gene engineering techniques in-
volved in gene therapy include virus vector technology, gene editing technology and chimeric antigen receptor (CAR)-T

technology. Here, the application of gene engineering technology on gene therapy and the research progress of gene ther-
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apy are reviewed.
[Key words]
Chimeric antigen receptor (CAR) T cells

FEPNR ST A SN AE H L AR, 2 1 3
R B 5 R B LB 2IVRYT B . 197248, 2 HL4E
2R SL VR F AT NS B i AR
SR, 1990 4F, 5 5] [& 37, TAEWF IR Be i WO R H iR
7 B I RIS o ik BRA YT dicb) FH B0 R 3ok A% 1
W IIRYT , B H R &, 1 B e 18 M s |l
ZARA TR AR I SR RL I BORS BTR T . FRARAY 3K
A JE DRNA T A DGR, s 15 2 A SR A L0 55 v
REREIL A TG E AL R AL, R RIAYT & R A 2% 3
85, B KRR, G5E T H TR A3
AT RIS 2 T oAb, Sani e R4, 1o
T YU BT IR B RE 77 5 5 B g b R 25 & B HEIE R
BREA IR JRIT B s A SO AR A I AT T
(3 R TR AR Sy 246, IR SEDRIA Y7 LRI DR B2 I IR
R AT R

1 FEHEHEAR

73 B A A5 RN L RGBT R A e T
5 B AR T B IE R T A T B RD - AR SNEE RS RN

FEETH : FRK ARFHF IS (G5 :81703102)
WIES KBS, Bl 242 , E-mail : zhangdianbao@gmail.com

Gene therapy; y—retroviral vector; Lentiviral vector; Adeno-associated virus (AAV); Gene editing;

WHEH . TR ST G/,
B U RE B AGE R RSN R T TR SN R YT AR
A5 RV B FAE A TE AR B F TR B RG
57 BB, D T AR LAY A A i A
A iy — 3007 SR BE AR I 05 5 A T A A B R
B 3K B IR AH 5% 95 B 2 K (adeno-associated virus,
AAV), AT R RE A T AW AR A R
HIT RN

11 RSMARET 20,y S R A
56 F o 1T 40 g (hematopoietic stem cells, HSCs)
P LD AL 1990 4F |, 38 6 i 24 b B LS
(food and drug administration, FDA) Wi & 1 3 [ 15 1] A
PR DRGSR , 12050 1) oy — 30 % SR B A =
HSCs 1A 97 A i 0 22 il il = 1 o 85 K45 B g2
SEM L, 2 BB L3207 TR IR R B R4, LR KR
HIEHED, 2000 4, 2 E P w0 /R B B8 A 5OR y-
TG SRR HSCs JRY7 X1 DT IE B S0 B i
B 100018 F A 9 BNATT B, SR 4 1] R 5

- 503 -



BEEF202F28ERNEE4H

Hainan Med J, Feb. 2021, Vol. 32, No. 4

2635 31~68 1~ H WA YT J5 & J 1 T 4R At P s, It Al
SR A1 I PR 5 DR 4 b ) BE TR A B TR SRR 1
FEARO, - SR R A A SRS I A R I RS
FEPNEIF R T BRI

FEFEDRA YT T, 12 T A Ly — 10 e i i AR
FAHMHE . 1SRN FIMNEIL RS A S-JEgmSIX,
R B0 IRV 5 1 5 1T DAL 7 4 i, e e
0, JF BT DAE B K A A i S IR TR B
DRL It , 189 5 80 H T2 K 2 80 HSCs H 48 1 1 36 1
Heo 1896 75 2 A ) HSCs 7R & M pf 200 Bl
VR I SR BRSBTS ORI X4
B BRI 1T AN RRE S — ™ R Y 5 % R g
BERP , 2P 2 i T8 EARI A S R A R EN
(—FlHt ABCD1 FE R it i) =B IR 1T 25 & Sk ia
FELZ 51, X815 FIRIN S IR A RAE B
Sl B REE RIAIT IS | S B R A FE 51 HSCs,
14~16 11 Ji 2 90 £ 3 A EA TR I R R 157 1L, R
I B A () HSCs AT R B F i 11 75 5= AN R B it
i RS TFRL™ b, Bl PR ST It Y i UL A
FEPRPI , IR b 3 R 2 AR 1t 8- 2R B 11 A K
5 AL (S @2 11 a1 S = B N1 I e e b
I 5 PRI 97 120 2 ) 4 8 B 2 1 ) e i i 2l £k
5 5 R HSCs, 289097 I FE S AN 40 1 135 334>
A BAREN A& A AR, HEr,pH 22 i
FERYT I Zynteglo CLAERRIN it o dnful oAb dAc it i
THRIA P T2, 4 R ARG RO 3 B0 o) 3 % A 32 4
SR B IR R

12 HRAAEBZF  AAVIE—R KRG Hl G
(RS0 TG AL B A/ 7 . AAV HLAG IR e 2 i
PE AREORYE 5 FIEET1Z LSRR e Rk S, 2
A B IR B IR 2 — R C 2 o Il
PRASE o 2004 4, Hh [l i Yo 2 VG YT 259 Gendicine
I AT, Gendicine il it AAV #74H7 pS3 JE VAT K
a7 R YR IT RCRAEE G, 2012
A, BRI 24 5 4 B ) (European medicines agency,
EMA) ftt #E T B 3K 3k G J7 25 9 Glybera, JF1] A
AAV FARHEHT LPL JE KR YT R 8 1 IR Wi gl = 51
6 7 B UL PR 25 45 R 0. 2017 4 FDA b T 56 [
IBY7 77 i Luxturna, JL3i 158 AAV2 3747 40 ) 5 AR 4 4
3 K 65 3657 27 L8t 1 1 400 1) o 725 i ol 1 AR 7 32
B0, 2019 4, FDA b & K ¥R 7 7 il Zolgensma,
M AAVO %6 832 st 4ot B AL IRYT 2 5 L
A BEYE UL ZESAE L #E (NCT03955679) ., it , 47 i)
B 7R AAV 38 3% K g 4R 3R 490 v) A R0 A R ILE
FEANRAE™ . AAV FHICHYHE R 772 NAN-101 11 T 1)
I A 12 36 A 1F AR SE A7 rf, BT R IR YT 7 im0
(NCT04179643).,
- 504 -

2 EESKERA

DR 2 ) P e DR i e 1 L TR T 18 SR A
HIEA . GG EE AR T M IEIE IR A
LU, PR G AT DAY 3 200 B P ) B RS o PR T
SE A TEAE RS E 52 98 A8 B el DRIA T S Ik
HEFT AL [ H 4 e AR R e P S D R R
{H4ME DNA 5 H ) DNA H 2R 5 4 i HE R ARG .
I, T A% R I 1 D G R B R L Ia T AR B A
AL T MR IE R BEAILAG A, i EL3R R T % 3 R 4
JE R BOHATRIRIE R LR . HET, R DU AR ]
Y 5 47 K A 15 BF +5 % 2 ¥ (zinc-finger nucleases , ZF-
Ns) . 5% 5% 008 PR 2000 A% R ¥ (transcription activa-
tor-like effector nucleases, TALENSs) . ¥ {3 5l 7% A% 0] P
g [\ 3C H 42 (regarding the clustered regularly inter-
spaced short palindromic repeats, CRISPR) 1 ¥ i it Zfi
#H(base editing, BE)fi AR,

2.1 ZNFs# AR ZFNsJ&—f [ % LA T
R , & AT LATEARR S 097 91 b7 A BURE K 228, DA T 55
AT R B ) st AR A A . BT, A I R X5 UE B
ZFNs A F 367 300699 1A R ey 20096 Hi s A48 45
(NCTO01044654 . NCT02695160 Fil NCT02800369)., {H
JE, ZFNs R VA R () A, i H & i 2t 2%
3, BRI T A IFAEN ]

2.2 TALENs# K 20094, 5 S 20 & 1
I Fokl i X I8 25 5 1 2 1 87— A A 2k IR 4 150 R
TALENs, Y ZFNs #H., TALENSs (00 3 331 5 4%
Sy N REVE B, 2 SR A 0 A A I RE T .
TALENS Bk A5 i A5 0 )58 52 VR A& i 1) T 4 Ml (chimeric
antigen receptor modified T cells, CAR-T)JRJT £ & I'E
B R B RIS EAE R 55 (NCT04142619).

2.3 CRISPR# K  ZFNs #l TALENS A i JfI /7
E—EJRR M. 22013 4E DIk R BB 1R
#| CRISPR/Cas9 )i H] o M 45 Cas & 1 B A [A] ,
CRISPR/Cas ZGu4E % 70 T 2 VIR, T3z b H T2
% % 1) CRISPR/Cas9 /& Il %! CRISPR # %",
CRISPR/Cas9 5 ZFNs Fl TALENSs # Fb 45 5 1 45 5 .
RN, Cas9 1% B2 W A1 5 S VI RIBE R 35 1w, R BOL B AR
QIR NN 51 S =8 a1t D1 B =3 2 N =
CRISPR/Cas9 1& Hii T 40 M 36 97 Jili g i & 0 [l B,
CRISPR/Cas9 £ A £ 28 i Ay Jk [K] 2 5 CAR-T £ —Fh
TRT LT A R 1 o JRRAE A5 I e R G ol 2 14T BAA
J] CRISPR/Cas9 Fl CAR-T £ AR A N T e e ok
9% o 12 A1 BN A 45 SR 4R s 1 1) = R AR K VI
(epidermal growth factor receptor Il , EGFRV 1) f9
CAR-T AJ 7& 3L T Fit N I8 , 3 L a] A %W il EGFRV
I 2R3k 0 e g A e A= 41, SR, EGFRYV I 3Rk 1Y
S5 JO e R O PR A A 5 A ) e 5 e L PR R



Hainan Med J, Feb. 2021, Vol. 32, No. 4

EEEZ21E2AE2EE44

A FH CRISPR/Cas9 £ ANt IR T 41214 82
TR AT SR IR, BRAIR T 5 sh BB A b aE A
A4 B HE R (7] B ; F1) F CRISPR/Cas9 £ A i PR FE
PP PR AT e AR 1 5L A 208, it bR TR B 1
T o A T TR I DR AR TR = R IR G Y
EGFRVIIT CAR-T 1] 34 /i B Bl 8 2% i 17, 2018 4 10
H ,FDA #7321 CRISPR/Cas9 $4 7/ gt 48 (14 JL P 7 v
CXT-001 32 52 BN B 25 B3 , CXT-001 S A T 5
D] 4 65 %) 1A T A B 3 T 3R 9 SR A A 2% af
fE o HIT, A ERSCEL T 4] CRISPR/Cas9 B[Ry 7 i 11
R NIRYT , CRISPR/Cas9 7EAF 254 AGN-151587 il i+
PR BT 1 S 25 2536 97 0 A P e, X — HEL
A B0 DR G 4 e AR AL PRGBS A Pk &

24 BE# AR BE AT EAL{K DNA B4R 5
DNA X5k Wt 224 BRI 3F 47 BRI e 460 1) 326 IR s 6
Ao BE AT I [ P A v e 42 5 (R B 52, i
FEAESE AL b5 | AR A L BT F B A% i, LAfE
Pt 3% ZFNs . TALENSs H1 CRISPR/Cas9 3 A f) B HL18 A
RS RS S AR 8, 55 — AL 4w 4% BE3
B C. GURIE X EE AN A T B FEXT , 55 HoAth 2 45 %5 A1
EL, 2t A58 B v BRI LAF A RIS (A5 TG

3 CAR-THARKETEMEH IR

AR, IR o B BRHA T T T 3 F 5 4
B, CAR-T Y7 LS Y T MR 1R T S EL T 519 & R 7 )

— o HAA AR A E 2017 4 FDA HEHER

#X CAR-T J7 1 Kymriah Fll Yescarta, 4351 F Fi6 797 &
P bR L 40 6 1 i R B AT AR BT, A A I AR
B I S BRSO . SR, CAR-T 1 X 52
TIRR I RO BN 225 N SR O BE R ST
PESE S A B = G ] o LA VA S 3 e 20 21 % [
R IR T CAR-T 76 524 iy A Jr ™ nfe] 4% 21 55 5
P B 55 DL R 38 2o G5 A Ak B R 0T IR 1 R Ak
2, BN CAR-T X 1F 20 2L i 0 3 /2 CAR-T I IIf6 119
FRP . BH#ZAN— EHEO) T CAR-T ki Fibf
5, il A A AR FE R 2N CAR-THC G (CAR-THK
A H AR S F B I VB B R 5
G IR RS T R

3.1 MR USSR KA B B N R A T B B
FA T 41 M98 9 XUHE 5 CAR-T . XUEE # 5 hy i
Tk VLI A P18 3 (glypican—3 , GPC3) 1 2 Mk PR b 25 11
Z A& 1 (asialoglycoprotein receptor 1, ASGR1), 53 JI| J&
SR IC P A SUR 5. B[] CAR-T £ XA
A1 [R5 AT D 114 e A Y 20 i R 0 38
BT IR T4 5 BB A F B ) ) CAR-T ™, oy
THERNERCE BN T T GPC3-CAR-TEAAR
PrAE AR R e . PR S SRR, RHE
JE T 3 S A 1 R R G W A R %) 3 0 A 4 i O T

ML i1 GPC3-CAR-T FIHTIIRI SN "

32 MR BEPNIEJE IR T R
B, H ) 1] Kz 2K A CAR-T M i 6 1) e 5 A o £
5 A 3 A IR A E PEREAS , LA 1R
b T AR AL, >k A 0 56 [ Y 1 AT
B A T 5 TSGR A HE ) AR e A KA
32 2 () CAR-T, 1 FH IV 1 2 Hi 98 A8 5 R U5 ) S el
FE R RSO R i A 2 R AL, A 455 ™ 0 e
RS . SRNTER G AE GBI CAR-T
R B ERRRITRCR , © 2 B JH I AT TR g
A58 4 TH 2R A HAT T A E R CAR-T A Stk
IRELAL A 2 AP

33 EmRE MR & B b R 40 ZG
Kt 43 ¥ (Epithelial cell adhesion molecule, EpCAM) AJ
YE CAR-T ¥R I7 45 B i W 8 il o WF9% SR Ji 2o
18 975 27 3% 2% EpCAM CAR-T Z /)N Fl 57 Flt RS Hl A Y
L EpCAM M Jy 275 5 B A0 7™ £ e i 2 4 e
= S S % U/ N A o N S B S A
EpCAM-CAR-T 1 4k % #% I 2 48R T 55 i B A A 704
rh RS B A2 KATE G, B2 e PEPE A 4 28 CAR-T 1R

ANERAA Y TE 4 B Y
3.4 B RINEERRSE B TN i i

Jei e SR BT Kk BF 8 IX (Carbonic Anhydrase IX , CA
IX)%5 — A8 CAR-T, CAIX-CAR-T 7EAR A B 9 210 it
B R SR A E R B4 CAIX-CAR-T FlET e &
JEAE L RS B A0 M g 7R v R B S 5 A B iR A%
WoE B ARSI IR YT 43 2019 4E 2 b AN A R
CAR-T 4i Jifd 77 ¥ : CCT301-38(AXL) Fil CCT301-59
(ROR2), I T6Y7 IV I RV B A i . 7 195 B 1tk
5 2 e R AT CAR-T A LA YT L 6 161 5
Fa 2 (NCT03393936).
4 RBE
2l AR B R R B AT AR R Y B2 A
FoR A BB BIRIGIT R FB . (HIEENR YT 1R
I B AR Z Pk K o I PR B 2 A Ay i) 5 02 ZE RVR T
PG R AL OC . SR IR R EA A TR
A A, 3 AR R P A B B TR
AT G BE W ST RE T, Z 3 IR T ah B AR IR
i AT REAIRTF & BeAS , fi Ak A 1T R B R T ™
o R AR B ] R, CAR-T 40 AT © 24 I
JEVRTT H S EE R S, TE AR AR i A e
MR, T 2 S AR A G b IR A a1 i S T v BRI T
CAR-T I ARTAIT AR . BEAh, CAR-T 5 [ (1) 241 it ]
TR R A A T B U e i M, R [R] g  R 3E
DRIA T B i U A0 2 AR (L i o] figt o FL G ¥R 58007, 9K
FE R G i 1) 6 T L PR R Bl 2 AT B 4% T
WFSE 7 )
- 505 -



BEEF202F28ERNEE4H

Hainan Med J, Feb. 2021, Vol. 32, No. 4

S 3k

[1] FRIEDMANN T, ROBLIN R. Gene therapy for human genetic dis-
ease? [J]. Science, 1972, 175(4025): 949-955.

[2] ANGUELA XM, HIGH KA. Entering the modern era of gene therapy
[J]. Annu Rev Med, 2019, 70: 273-88.

[3] DUNBAR CE, HIGH KA, JOUNG JK, et al. Gene therapy comes of
age [J]. Science, 2018, 359(6372): caan4672.

[4] HALENE S, WANG L, COOPER RM, et al. Improved expression in
hematopoietic and lymphoid cells in mice after transplantation of
bone marrow transduced with a modified retroviral vector [J]. Blood,
1999, 94(10): 3349-3457.

[5] AIUTI A, SLAVIN S, AKER M, et al. Correction of ADA-SCID by
stem cell gene therapy combined with nonmyeloablative condition-
ing [J]. Science, 2002, 296(5577): 2410-2413.

[6] HACEIN-BEY-ABINA S, GARRIGUE A, WANG GP, et al. Inser-
tional oncogenesis in 4 patients after retrovirus-mediated gene thera-
py of SCID-X1 [J]. J Clin Invest, 2008, 118(9): 3132-3142.

[71 MILONE MC, O'DOHERTY U. Clinical use of lentiviral vectors [J].
Leukemia, 2018, 32(7): 1529-1541.

[8] CARTIER N, HACEIN-BEY-ABINA S, BARTHOLOMAE CC, et
al. Hematopoietic stem cell gene therapy with a lentiviral vector in
X-linked adrenoleukodystrophy [J]. 2009, 326(5954):
818-823.

[9] CAVAZZANA-CALVO M, PAYEN E, NEGRE O, et al. Transfusion
independence and HMGA?2 activation after gene therapy of human
beta-thalassaemia [J]. Nature, 2010, 467(7313): 318-322.

[10] YLA-HERTTUALA S. Endgame: glybera finally recommended for
approval as the first gene therapy drug in the European union [J].
Mol Ther, 2012, 20(10): 1831-1832.

[11] DIAS MF, JOO K, KEMP JA, et al. Molecular genetics and emerging

Science,

therapies for retinitis pigmentosa: Basic research and clinical perspec-
tives [J]. Prog Retin Eye Res, 2018, 63: 107-131.

[12] NANCE ME, SHI R, HAKIM CH, et al. AAV9 edits muscle stem
cells in normal and dystrophic adult mice [J]. Mol Ther, 2019, 27(9):
1568-1585.

[13] BOULAD F, MANSILLA-SOTO J, CABRIOLU A, et al. Gene thera-
py and genome editing [J]. Hematol Oncol Clin North Am, 2018, 32
(2): 329-342.

[14] MANGHWAR H, LINDSEY K, ZHANG X, et al. CRISPR/Cas sys-

- 506 -

tem: recent advances and future prospects for genome editing [J].
Trends Plant Sci, 2019, 24(12): 1102-1125.

[15] CYRANOSKI D. CRISPR gene-editing tested in a person for the
first time [J]. Nature, 2016, 539(7630): 479.

[16] OROURKE DM, NASRALLAH MP, DESAI A, et al. A single dose
of peripherally infused EGFRvIII-directed CAR T cells mediates anti-
gen loss and induces adaptive resistance in patients with recurrent
glioblastoma [J]. Sci Transl Med, 2017, 9(399): eaaa0984.

[17] CHOI BD, YU X, CASTANO AP, et al. CRISPR-Cas9 disruption of
PD-1 enhances activity of universal EGFRVIII CAR T cells in a pre-
clinical model of human glioblastoma [J]. J Immunother Cancer,
2019, 7(1): 304.

[18] MA S, LI X, WANG X, et al. Current progress in CAR-T cell therapy
for solid tumors [J]. Int J Biol Sci, 2019, 15(12): 2548-2560.

[19] MARTINEZ M, MOON EK. CAR T cells for solid tumors: new strat-
egies for finding, infiltrating, and surviving in the tumor microenvi-
ronment [J]. Front Immunol, 2019, 10: 128.

[20] CHEN C, LI K, JIANG H, et al. Development of T cells carrying two
complementary chimeric antigen receptors against glypican-3 and
asialoglycoprotein receptor 1 for the treatment of hepatocellular carci-
noma [J]. Cancer Immunol Immunother, 2017, 66(4): 475-489.

[21] WU X, LUO H, SHI B, et al. Combined antitumor effects of
sorafenib and GPC3-CAR T cells in mouse models of hepatocellular
carcinoma [J]. Mol Ther, 2019, 27(8): 1483-1494.

[22] BEATTY GL, O'HARA MH, LACEY SF, et al. Activity of mesothe-
lin-specific chimeric antigen receptor T cells against pancreatic carci-
noma metastases in a phase 1 trial [J]. Gastroenterology, 2018, 155
(1): 29-32.

[23] RAJ D, YANG MH, RODGERS D, et al. Switchable CAR-T cells
mediate remission in metastatic pancreatic ductal adenocarcinoma
[J]. Gut, 2019, 68(6): 1052-1064.

[24] ZHANG BL, LI D, GONG YL, et al. Preclinical evaluation of chime-
ric antigen receptor-modified T cells specific to epithelial cell adhe-
sion molecule for treating colorectal cancer [J]. Hum Gene Ther,
2019, 30(4): 402-412.

[25] LI H, DING J, LU M, et al. CAIX-specific CAR-T cells and sunitinib
show synergistic effects against metastatic renal cancer models [J]. J
Immunother, 2020, 43(1): 16-28.

(W F 41 2020-07-28)



