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Fig.1 Diagram of adeno—associated virus capsid
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Fig. 2 Diseases classification of gene therapies using adeno—associated viruses in clinical trials
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Fig.3 Composition of gene therapy vectors for clinical trials
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HETC AR KBk &P
F—ZF I AN R A AAV IMLER (Av44 8 1~13 1),
AN TRV Y LY AAV A 2 BSR4 A= 0 4 e
FEAR BRI E MR R B E 2R 0,
TR, AAV IR TEACSE R I 2 S R 4 A Ak %
S AR Fhe )1, [HHAS
SN DNA 55 3 RCR LA A8, PRk, @i
AT mitfh . b2z & A BT 55 Jr Xt
AAV IR B AR FE B — R Tk, BERS i
EOAR AAV BARMA A 58 E e, B se
AAV ZARMM AL TS B m MR R e 2 5 [FIT,
WAl DU g ootk . AR R MR ST &
{55 FHH AN AUSE AAV (ScAAV 58 dsAAV) 2577 x( 1
I AAV 2 AR X6 A0 T 35 PR A 4 S s 6 N A 4
RS H AAVS Xt AE 4 EL AT AR R S
(RFEREE SRE ST, JERR AT MR IR R IR T 1 B
FLAAVHIR T H,

2 BERBIFIRERE AT R

N AR B AR 3 A AN A A R (%) B A6
oo HMEPERRE BUE PR E IR TN &Y R Y
We W, /N g W I 14 B B R g 5 kOl AR
(apolipoprotein, Apo) ApoB48 45 & JE il 7L BE T
ki, SRR A % AR 1 (high density
lipoprotein, HDL) f ApoCIIFl ApoE; #F— 1,
FLOBE Bk o0y s W5 W vk AR R A IR i e
(lipoproteinlipase, LPL) LI ApoCII A K 17K fi#
TK A e 1 FL BB RORL 3 A 48 S A L L 7Y ApoE A2 {45
BIEER . NIEAE Y IR B8 PR R I T 5 A
fIX % 1 g #8 B (very low density lipoprotein,
VLDL), VLDL 5 ApoB100. CII fl E 4 & 7% I 5%
R VLDL MikL . LPL K fiff VLDL i) H il = 8
(TG), HFBRITFRBEHCALL, [FJB VLDL % %% 18
AR AR 1 (low density lipoprotein, LDL) .
LDL 45 BCZH 2 e (14 JIH 1 B 48 )= 38 3 ApoB il ApoE
454 F 40 Bl 59 LDL 22 {& (low density lipoprotein
receptor, LDLR) #2407

LPL., LDL, LDLR, ApoB. ApoE % 7£ fig it
e im AN AR B NE A R rh A O E I, K
TRV B EOR IR A . PRI, 5
SOREARIA AR 1 Bk i R R R BB R T 1)
YR . B, BRTIE R AT TSERERE 254
ST PN IR ] P o 1 S B il 3~ -3 H L TR T
PRLPE 4 A B B (3-hydroxy-3-methyl glutaryl

coenzyme A reductase, HMG-CoA reductase) A9
PRI R, R A R R R A e [
(LDL-C) A% ' i Kexin #E 1 25 1 5% b i Al
HOAT B 25 B R % A 51 9 (proprotein convertase
subtilisin kexin 9, PCSK9) #JFH 1k LDLR AY1EHFf
A: . ECLDLR SR 1O s R PCSKO 41l
i1 I O S D 1 O 9 0) 0 v v 4
LDL-C /K-,

B KB, ST AL RERACS LR S HERY
Ho B SLC35D3 LERLIHE /N B €01 177 41 i vh 2
K N, SLC35D3 3 RIS 7 11 (iR I 41 i
5T W Hf 5 Noteh 1 (9 4 i S5 F AR B AT,
FCAE N 5T I i B TS BE & HE T RE L T A 4l
Notchl {55l % . FEHOIRNTHLEZ . /MR
FE T T FEHG I0FABE 5 R BB MR . TR T AAVS
I/ B AR T4 2L Y Notehl 35, fig
% 10 2 BT FIERR A 2

3 BEXRSERKREHARMERERR
fr IR A

AAV VERSER % A, BEE DA SRR T
IR/ R SO R A o] 4 356 A1 A7 35 18] o e 1)
K, HTRNAB LRI R S AT .
31 EABHEXFENSHNERBATERT
Fix

T, AAV T8 SO R 336 2% 4R T Rk it
FIRFIRE N . I8l PR ZEN . BRI,
JE AR5 5 4 % 2 R 2 R S5 e ', LPL
il = G B L A a8t A M S I LPL ik =
RE, FERBUN MK P FLEE R B HERL . PR H
T R ILE AR AE A AR AR 1, 20124F, 4
BRE A I R N i B IR 9T 2 W B R iR 4
(Alipogene tiparvovec, X % Glybera), #Fl|H 41
AAVT 2R 52 1) LA 40 6526 2% o 76 1% LPL 25 (1
S447X G, W] LA R AIK LPL T RESIK 3
PRAR B KA 1 el T AR 4 SR i AL A 5 o
P LPLIGEMIBE A R, HATE 245 kI R
A, BRI E Y E UGIE T AAV 246 F il
IRFEERIRTT 12 A PE R4

PCSKO AN /i, Holad 5 LDLR 454
eI A )T i i 2 R AR Ak, DT o 3 e fi
LDLR., $Ef% LDL-C iR, %F AAVS X E
Y EAT LB N i AR, SR EEZH AAVS
HEAAATE FFIIE 3 361k PSCKO 1 B 1G PR 28 A8 4, W]
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8 BEAK/IN BUF R4 i LDLR &35k | 3% i H i 2%
LDL-C/KF-, /N A sk AEaEfL '
A8 2 Ldlr 5045 Apoe 55 PR BR /N R AR A 1) 52 2% i
T, R Hb AL 1 20 Ik oks A 8 AL AT AL /)N Bl ) 4 2
Z MM owm B[ Bl 5E (familial
hypercholesterolemia, FH) Jf&—fiy Ye oA 414
YW, A A & P (heterozygous familial
hypercholesterolemia, HeFH) Ml 4l &
(homozygous familial hypercholesterolemia, HoFH)
Pifh, HeFH B NH W, BFHZ M T Ldlr B9 7%
SECLDLR Ufigi e, i 3 3 &4 ApoB i1
BER FTEBR 2R, I 5 [ B AT S 1 =
FoFH WAZEILG , KRN =+ hnz—, £
M T Ldlr/Pesk9 5% Apob 100 F R &AL T E 1o, AH L
HeFH, HoFH &JK B | JEARE &, HATHIMLTT
2 Wy NI 4 AR YT )7 F8 JC K HoFH i &
LDL-C [ &2 IEH K-, HAl & A W% 0w afE
Mo F4 FH 2651 B8 i B RN T 5 2802 LUHE Y
57 = Y LDLR Zit % i PR 14 308 7 S5 2 SR g R BB R
R E AN, SRS A I AR Ry 1T H 2,
%5 5852 T RAR 1Y) 200 M 80 B 1 T A R f 2 ks
B0 1M K F . 41 AAVS. TBG.hLDLR F| i
AAVS FIRFIEZRMIVEYE | e SRR AR E %
KRBT, [RIINE SR AR S P 1 FHOIR B R 45 5 BR AR
1 (thyroxine-binding globulin, TBG) J&i & F#: i
A LDLR % i ¥ %) 75 i 28 Jf %) 5 5%, H ot S 81
JHF JUOE 240 i 4% 5 4 B9 LDLR & ik . W58 W,
AAV8.TBG.hLDLR — itk 45 25 RERE K0 . A7 4L
HbZERE FH AR /N R 2% LDL-C AR, A BH
IESIBKSRAERE AN A A D5 SRR S Al R S
KR WS & B, AAVS.TBG.hLDLR %4525 K
£J120 d, hLDLR fRBAK A2 14 AR B
WA T BE T 29 75%. R ik — 20 5 & AAV A &
hLDLR 7ER KT | FaE k7K1, 2021 4F,
Wang % '} hLDLR (14 & i M = 2828 A hLDLR-
L318D/K809R/C818 HEAT 5 T I AL I 7 He Ji ) 7
FURTINA Kozak J7 51, [FIBS, 7EIZAmISITF1 5"l
AN BEEHE HJE A 1VS2 (intervening sequence 2)
FEo L 3 o s A 3 UM 98 908 5 i si U R 45 T
(woodchuck  hepatitis post-transcriptional
regulatory element, WPRE), 3Rf5—F#ragss — At
IRY7 HoFH (Y B 41 AAVS #fk . ik i 54w 1
hLDLR 7£ Ldlr Fl Apobec F& P4 X5 1 e I 6 B2 1

virus

FERLT /N ERUAR N R I RIE VKT, [RIRT4A 251 dJs
S0 e I [ T i A5 75 /) BRUPR P 1) LDL-C 7K P
KT 77%; Bb)E, MNAZEH3 REZRS 120 K,
BN A £ LDL-C /K SR Z A K - LA .

VTHABFSEE R B, TE Ldlr ™7 INERUAY I v s S
P Hl = Bk 2 Z BEAL B 6 (Sirtuin 6, Sirt6) FEP AT
VR IR IR S kA FERE AL ;TR EE 4 AAVS %
T PR 8 345 Y Sire6 5 PR 2/ BUF Ik 410
P S A e 3k Sirt6 £ AT 2 PR LDL-C /K-
100 LB Ik ok RE A AL R Y AR ST ARG
Sirt6 1] LU ] PCSK9 415 (1Y) LDLR [ A, MATT 5
i LDL-C (7K F 22 HNFE Ldle ™/ U HIE 3 46
ik Sirt6 £ LDL-C /KRR 45 K F , Sirt6 AL
s 1 PSCK9-LDLR i 2R ig, Sirt6 i Al GEAH A7
T LDLR 38 #0170z ) B [ B AR o i e i . 4
Tl JFAE VLDL (94305, DT = A= 40 sl Bkt A i Ak )
L T

ApoA-V J&:HFAE/- I G 1, RERSHEUE
LPL /319 TG 7K i, HATFEAR TG /KR sl ik
o FEAF AL AE ] . Sharma 25 24 338, DIE A
AAV2/8 K ARTE Apoas ™ /N BUIT I 1% 1% B AF Al
apoA-V I, Al Apoas5 /NI H apoA-V £
AT B NI 2L 8 L b, RISk iy 2
TG K3 Tk 50%, IEM T AAV 84K/ G2k
PRIVAY T IR TG A 3

P2 i o€ A Kl B 7 % & (Nogo-B
receptor, NgBR) TEAMRMIZL RS, . i, B A&
M MRIEAM T2 RKIK, SRR A
AR RE P 2023 4, Gong 45 200 ] E 4 AAV2/9-
NgBR {4 ApoE™/INEL,  [FIET LA BR IR IR 5 12
Ji. SRS RN, AAV2/9 BT A RN S AMEE
NgBR & [ TE ApoE /NN S b i ik, [Ft
2 R A o M TR 175 14 /D B R R ot 9 AL T e
i = A A FLBE SO 17K, I L B1 AU
ZARFIARTT IR A R FE B 1 3k 5 I, AAV2/9-
NgBR /1311 NgBR & F2 38 I Z P06 17 /)N B L7
RAIEHFACE, BOE T AMP S0 28 1 i
A UGB &, BTk RERE AL VE R
3.2 AAV-CRISPR/Cas9 /M Sy A5 R igtiE 35 &
YmiE

W, WFTEE AR MRS 2 2 At 6 Th ek e
K (Streptococcus pyogenes, Sp) FJ Cas9 25 H %
1t )7 570 1 — B # ] Pesk9 3R 46 5 RNA  (guide
RNA, gRNA) J¥%1, F|H CRISPR/Cas9$ Al
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/NERFF IR 20 L Y Pesk9 JE IR, Fh I I 25 AR T /N
I3 PCSKO £ [ FIIH [ E A 7K . B JE T /NER
JHFHEZH s LDLR 3635 °7'. BfiJ5, Ran %5 2% SR H]
AAV 1% 4 T OB ERE (Staphylococcus aureus,
Sa) 11 Cas9 &5 [ 4 ht 51 FIEE ] Pesk9 R bt 7
G gRNA, #E47/NERIFIE Pesk9 A mcbr, TRIRE
AT 2 AR /N BRI PCSKO L[] st 7 S 4K 2 4
Fr. Jarret 25 ) R ] AAVS T 4H 4 SaCas9 55
T 0 /N BUTFIIEAY Lalr FEDR, FEAE RN BUA
NF=A T PR 545 Ldlr FED R /N AH 24 1
o JEL T IR , ) FsF A /D B P ™ A g s L]
Fist I AE W 5 AAV A 519 PSCKO i kM 2 . SR
M, W FEZI, /NERXT SpCas9 FIX) SaCas9
BRI R N, BERHURAAFESE XS Cas9 1Y fi
PERNW o A e B R Gl RO R e e, g
#E— LBt T RERS A K A% 1) AAV-CRISPR-Cas9
F4Gt, LABH1E Cas9 W 4p2E 3R 35 AR AR 41 At v
AAV 1 P8 DU, I B AR AL A4 X Cas9 1Y 96 92
A A

Jarret 55 2 SR AAV i 3% H b5 5 1) gRNA
| Cas9 % 55 PR /IN ERAA P9 BB 08 A7 2550 1l il 53 G JHF
Ldlr F1 Apob 5 H . FLACHR 25 L L0, w7 B
TR B Ll 35 DR TS 350 2 174 s JOEL 1 s 0L R 2 ik oA
FEREAL,  [R]S) R 5% Apob W AT 24 1E Ldlr 55 DX w55 e
%) v R T RE o AT R RIS RIS A3, AAV-
CRISPR 4171 Apob PR i 5 T S5 I 20 A 7 A5 1k
YRR AS T, X —45 R ARz, J] I 4 A Y
VLDL 73 A 175 5 A A BE P A XU

Cas9 15 1Y FL A 3 3 [ G 5 2 38 1 7E Cas9 |
FETI P g g P 2 ) i Sl R DR it e W A it
i, [ X Cas9 #E4T D10A i H840A §if 58
Al LA O N DA% R R P RIS OR B JHAE gRNA 1)
1% T 552 DNA FA4 G HIRE S . X— “k
TE[Y” Cas9 (dCas9) BEWE4S G gRNA JF7EHE| &
TER T EAREERT A | 7K S 2 e 4 R E A iR
WEIE , DTG [E 5 A 5 A8 B 77 A S A A 24 1 2%
fith, SRS PR g B PR R o

JH 40 M RE S PR A iR M O R 3
(angiopoietin-related protein 3, Angptl3) J& LPL iy
RPN ERR, SRAR O EZE AR M . 2023
4, Zuo s Y SR AAV R ER RGN, ST
Angptl3 & R ) 88 ] mig B, R4S T BIG A I K
Angptl3 7KFFIMAG K- o W58 R H AAV-9 4
] AncBE4max R4, i 1o FE T H 0 3 3 DA 2 4

ARG 5| AL H R, SEP Angptal3 7E
JFAH R R, P YRR AR RS 63.3%. FE4
ZiJg 2~4 J8, ANE ML B 458 2K 2] Angptl3
B, I TG HLEEEFES 5T % 58% F161%.
Clifford &¢ ) it iz F #E 41 AAV A T/ BRUIT
JIE 1 235 RNF130, 2K JH AAV-CRISPR Z 4t fi %/
SUIFIE Rnf130 3517 . S5 &30, RNFI130REUS1Z K
fL LDLR, FE(LDLR 7z KAk [ AUE 40 8- 1)
FHME, 1F 335 RNF130 A 35 A AT 20 i 3¢
[ LDLR %35 . #8028 LDLC AY/K-F, 1k
Rnf130 5& R 2538 WA I 45 R . X — AAV A7
) RNF130 DI REAF 5% % H , RNF130 /& LDLR $Hi%
JEVAS R, TEIMIE LDLC By i d /e .

4 FHAAVHEATHREEREBTHEE

AAV FRA LA 5 DR AR 0 AT B s 9 42 4
P, i3k DR 3 R mE PR R IR 1 2805 v L AR
SE PR R R R L RA T /Y 1 I BR . SR,
AAV TEANRET BA T Z s, AREh T iz A7 1
AAV LI, INTITAT AT RE S |2 G S I - B ik AAV
(G A8 B8 A, AAV B SMIR PR R 4
AL 4.8 kb, R TR EEH FP o 75243
U (S f%e) . HEERE, HA AAV Ik
(L A M e Pk i d . UL, AT AAV
BARBTTE AP U A T BE A TR AGE AAV AL
RO e, fe AR et . 8RRk
FEINF R 0 HRE, TR 2UE M AAV
(1 R 2 AL, BIER X R A e R Y
DNA F B¢, i) 555 PCR SFHRFEHLG A K 2 b
SRS S AGEE A, AL AAV
TRBEPE R TE AN R KSR, SRS H#EAT
#2UAAV i 5E DNA RU4RIL, 2l LR RS,
S R VR R I AAV IR R SE R TS, L
I R A 2H ZURE ) P Y EE2H AAV SR [R]I
Wn] LUE i A= 45 Bl B W s R e EE
H) oGN3 E M3 KA~ Pardis C. Sabeti 451l 1 AAV K
TR GERAE AL, SCELESPIRR A SR UL E
] & [N A% 36 o 3T T — 4> 4w 4 Oy DELIVER
(Directed Vivo Expression of Transgene Evolution of
AAV capsids Leveraging in RNA) 35 HE, FT it
AT VB HERE A8 A O HE 0] 135 15 DNA 2R 241
LU AAV K Fe i R SR . XA IT i, B
ANBHE T — KT AREAR-HEZR- KL AR
(arginine-glycine-aspartic acid, RGD) ¥ K7
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B, E/NEFEE A RS ik 315 fg LA
LR 1 5 RO R B L A Y, Ak,
i FHEL 2R S i Sl 1T LA i 2i 0 S 1 ik PR
SR AAV K AR RE ), RO S A 4n
FEPETHREL 4 (CTL) X4 AAV G HE i
B BEARHLAR T 20 AAV B3 4 . 2023 4R,
Zuo %5 L H, fd AR AAV 34K Y ITR % B
1E Rep 8 A2 A% 3L R (A 55 ), n] 3 i 2 A 5 L
A RE 7, 10 TTR J3 41 () 2848 I o] BE R IR AAV 1Y
FERGBPENL o ZWFIEIR KL, 1E AAV i 156 L ]
i N T A& R poly (A) BACHEFA-#Y poly (A)
JEF ] LA in mRNA 0 A . BRI E T (Gl
i R R AR R AL ) , i 1R 9 poly (A) H]
G ITR (555, X AP 7 1L 40 T A5 AAV 5% 3
et e, MM AAV #k (838 A% AAV
FERAL) AT LU AAV 52X K R B IR A K
BT,

EAFE RIS, 2020 4576 X5 A F Ifi A2 Js A5 784
RIFATEERIRIF Y, AFR AR, T4 AAV B
A T HLHEHT (1) SN 3 R 3 45 1R 1 4 i P 2
T, LIk 44% A4 IR 3 DR B A Ak 1 o 40 it A
KA SR T e e R SR . 5 4h, RS8R0 9
HR A B E A TR SR 10 VIIUKSE 2K 8 T IE
fHM 45, XK AAVIRYT A BSOS . B0W
JAUEE: 0

AAV Z AR H R Ok )2 Hhiz T iR A
PLEIBF R FIRERR (L DNRYT . B AW AR i L
FEEH TR AR AR, AAV H A B S AH
21 AR R AR L, DA R S
PEAEZ PE T AR bR, AAV 864 T Bk
BRI AR F O LA A E T B

Z % x #

[11  Ful,DengY,MaY, et al. National and provincial-level prevalence
and risk factors of carotid atherosclerosis in Chinese adults. JAMA
Netw Open, 2024,7(1):e2351225

[2] ~ Abdul-Rahman T, Bukhari S M A, Herrera E C, et al. Lipid
lowering therapy: an era beyond statins. Curr Probl Cardiol, 2022,
47(12): 101342

[3]  Hudry E, Vandenberghe L H. Therapeutic AAV gene transfer to the
nervous system: aclinical reality. Neuron, 2019,101(5): 839-862

[4] Earley J, Piletska E, Ronzitti G, ef al. Evading and overcoming
AAV neutralization in gene therapy. Trends Biotechnol, 2023,
41(6): 836-845

[5] IssaS S, Shaimardanova A A, Solovyeva V'V, et al. Various AAV

serotypes and their applications in gene therapy: an overview.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

Cells,2023,12(5): 785

Mulcrone PL, Lam A K, Frabutt D, et al. Chemical modification of
AAV9 capsid with N-ethyl maleimidealtersvector tissue tropism.
SciRep,2023,13(1): 8436

Srivastava A. Rationale and strategies for the development of safe
and effective optimized AAV vectors for human gene therapy. Mol
TherNucleic Acids, 2023, 32: 949-959

Cabanes-Creus M, Navarro R G, Liao S HY, et al. Single amino
acid insert ion allows functional transduction of murine
hepatocytes with human liver tropic AAV capsids. Mol Ther
Methods Clin Dev, 2021, 21: 607-620

Samizo S, Kaneko H. Predictive modeling of HMG-CoA reductase
inhibitory activity and design of new HMG-CoA reductase
inhibitors. ACS Omega, 2023, 8(30): 27247-27255

Seidah N G, Awan Z, Chretien M, et al. PCSK9: a key modulator of
cardiovascular health. Circ Res, 2014, 114(6): 1022-1036

Laufs U, Blither M, Isermann B. Third generation PCSK9-
inhibitors. Eur HeartJ, 2023, 44(40): 4281-4283

Wang H, Yu L, Wang J, ef al. SLC35D3 promotes white adipose
tissue browning to ameliorate obesity by NOTCH signaling. Nat
Commun, 2023, 14(1): 7643

Keeter W C, Carter N M, Nadler J L, et al. The AAV-PCSK9
murine model of atherosclerosis and metabolic dysfunction. Eur
HeartJ Open, 2022, 2(3): oeac028

Gaudet D, Stroes E S, Méthot J, e al. Long-term retrospective
analysis of gene therapy with Alipogene Tiparvovec and its effect
on lipoprotein lipase deficiency-induced pancreatitis. Hum Gene
Ther,2016,27(11): 916-925

Gaudet D, Méthot J, Déry S, et al. Efficacy and long-term safety of
alipogenic tiparvovector (AAV1-LPLS447X) gene therapy for
lipoprotein lipase deficiency: an open-label trial. Gene Ther, 2013,
20(4):361-369

Abifadel M, Boileau C. Genetic and molecular architecture of
familial hypercholesterolemia. J Intern Med, 2023, 293(2):
144-165

Grossman M, Rader D J, Muller D W, et al. A pilot study of ex vivo
gene therapy for homozygous familial hypercholesterolaemia. Nat
Med, 1995,1(11): 1148-1154

Chen R, Lin S, Chen X. The promising novel therapies for familial
hypercholesterolemia. J Clin Lab Anal, 2022,36(7): €24552

Greig J A, Limberis M P, Bell P, et al. Nonclinical pharmacology/
toxicology study of AAVS8.TBG.mLDLR and AAV8.TBG.hLDLR
in a mouse model of homozygous familial hypercholesterolemia.
Hum Gene Ther Clin Dev, 2017,28(1): 28-38

Wang L, Muthuramu I, Somanathan S, et al. Developing a second-
generation clinical candidate AAV vector for gene therapy of
familial hypercholesterolemia. Mol Ther Methods Clin Dev, 2021,
22:1-10

Zhu 'Y, Hu S, Pan X, ef al. Hepatocyte Sirtuin 6 protects against
atherosclerosis and  steatohepatitis by
homeostasis. Cells, 2023,12(15): 2009

Tao R, Xiong X, DePinho R A, et al. FoxO3 transcription factor

regulating  lipid



2024; 51 (9

P=FBR, %: BREXFRESERRGEHRIEEERRT AR

<2079

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

and Sirt6 deacetylase regulate low density lipoprotein (LDL) -
cholesterol homeostasis via control of the proprotein convertase
subtilisin/kexin type 9 (Pcsk9) gene expression. J Biol Chem,
2013,288(41):29252-29259

Sharma V, Forte T M, Ryan R O. Influence of apolipoprotein A-V
on the metabolic fate of triacylglycerol. Curr Opin Lipidol, 2013,
24(2):153-159

Sharma V, Beckstead J A, Simonsen J B, et al. Gene transfer of
apolipoprotein A-V improves the hypertriglyceridemic phenotype
of apoA-V (-/-) mice. Arterioscler Thromb Vasc Biol, 2013, 33(3):
474-480

FeAz, SR, 2R  Nogo-B Z R A4 M1~# T fig . A B4R,
2022,74(2):301-308

ZhuY, Zhang LQ, Li J D. Acta Physiologica Sinica, 2022, 74(2):
301-308

Gong K, Wang M, Wang D, et al. Overexpression of NgBR inhibits
high-fat diet-induced atherosclerosis in apoE-deficiency mice.
Hepatol Commun, 2023, 7(4): e0048

Ding Q, Strong A, Patel K M, et al. Permanent alteration of PCSK9
with in vivo CRISPR-Cas9 genome editing. Circ Res, 2014,115(5):
488-492

Ran F A, Cong L, Yan W X, et al. In vivo genome editing using
Staphylococcus aureus Cas9. Nature, 2015, 520(7546): 186-191
Jarrett K E, Lee C, De Giorgi M, et al. Somatic Editing of Ldlr with
adeno associated viral-CRISPR is an efficient tool for
atherosclerosis research. Arterioscler Thromb Vasc Biol, 2018,
38(9): 1997-2006

Li A, Tanner M R, Lee C M, et al. AAV-CRISPR gene editing is
negated by pre-existing immunity to Cas9. Mol Ther, 2020, 28(6):
1432-1441

LiQ, Sul, LiuY, et al. In vivo PCSK9 gene editing using an all-in-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

one self-cleavage AAV-CRISPR system. Mol Ther Methods Clin
Dev,2021,20: 652-659

Jarrett K E, Lee C M, Yeh Y H, et al. Somatic genome editing with
CRISPR/Cas9 generates and corrects a metabolic disease. Sci Rep,
2017,7:44624

KomorAC,KimY B, Packer M S, et al. Programmable editing of a
target base in genomic DNA without double-stranded DNA
cleavage. Nature, 2016,533(7603): 420-424

Su M, Li F, Wang Y, et al. Molecular basis and engineering of
miniature Casl2f with C-rich PAM specificity. Nat Chem Biol,
2024,20(2): 180-189

ZuoY, Zhang C, ZhouY, et al. Liver-specific in vivo base editing of
Angptl3 via AAV delivery efficiently lowers blood lipid levels in
mice. Cell Biosci, 2023,13(1): 109

Clifford B L, Jarrett K E, Cheng J, et al. RNF130 regulates LDLR
availability and plasma LDL cholesterol levels. Circ Res, 2023,
132(7): 849-863

Wagner D L, Amini L, Wendering D J, et al. High prevalence of
Streptococcus pyogenes Cas9-reactive T cells within the adult
human population. Nat Med, 2019, 25(2): 242-248

Weber T. Anti-AAV antibodies in AAV gene therapy: current
challenges and possible solutions. Front Immunol, 2021,
12: 658399

Tabebordbar M, Lagerborg K A, Stanton A, et al. Directed
evolution of a family of AAV capsid variants enabling potent
muscle-directed gene delivery across species. Cell, 2021, 184(19):
4919-4938.¢22

Nguyen G N, Everett ] K, Kafle S, et al. A long-term study of AAV
gene therapy in dogs with hemophilia A identifies clonal
expansions of transduced liver cells. Nat Biotechnol, 2021, 39(1):

47-55



2080+ EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (9

The Application of Adeno—asscociated Virus in Lipid Metabolism Research and
Lipid-lowering Gene Therapy’
YAN Zi-Yang", WANG Qian-Ru"?, HUANG Xiao-Fei”, CAO Chun-Yu"?"

("College of Basic Medical Sciences, China Three Gorges University, Yichang 443002, China;
DHubei Key Laboratory of Tumor Microenvironment and Immunotherapy, China Three Gorges University, Yichang 443002, China)

Graphical abstract

Disease Therapeutic target AAV gene therapy

~
7/- FH €——— LDLR |——— AAVS-CRISPR-Cas9-Pcsk9
V7 @ €——— [PLC € AAV8-CRISPR-Cas9-Pcsk9
€——— [LDLR <€ AAVS8.TBG.hLDLR
e Hyperlipidemia

e LPLD € LPL € AAVI-LDL-S447X

-0,
 n

°
Yo

LPL |——— Angptl3 €—— AAV-9-AncBE4max
ApoA-V €= AAV2/8-apoA-V

Abstract Cardiovascular and cerebrovascular diseases, usually result from atherosclerosis, has the highest
mortality rate globally. Lipid metabolism disorder is the main cause of atherosclerotic cardiovascular and
cerebrovascular diseases, which not only lead to acute diseases such as myocardial infarction, stroke, acute
pancreatitis, but also chronic kidney disease. In recent years, the advancement of gene therapy technologies has
provided novel means for lipid metabolism study, and has also made it possible to cure patients with congenital
lipid metabolism abnormalities. Adeno-associatd virus has a wide host range, high safety, low immunogenicity,
and especially the ability of long-term stable expression in vivo, making it the preferred delivery tool for gene
therapy of monogenic genetic diseases. Alipogene triprivec, also known as Glybera, was approved by the
European Medicines Agency in 2012. It is the first gene therapy drug that uses recombinant AAV1 vector to
directly deliver a highly active LPL protein S447X mutant to muscle cells for the treatment of patients with
hereditary LPL deficiency. To enhance the targeted transduction efficiency of AAV carriers, recombinant
AAV8.TBG.hLDLR utilizes the tissue tropsim of AAVS to liver, meanwhile utilizes a liver specific thyroxine
binding globulin promoter to control gene transcription, thereby achieving liver cell specific high expression
of human low-density lipoprotein receptors (LDLR). In patients with familial hypercholesterolemia,
AAV8.TBG.hLDLR treatment effectively lower the level of plasma LDL for a long time, thus preventing the
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occurrence of atherosclerosis. Proprotein convert subunit kexin 9 (PCSK9) is secreted by liver cells. PCSK9 binds
and transports LDLR to lysosomes for degradation, preventing the circulation and regeneration of LDLR, leading
to accelerated degradation of LDLR and finally resulting in the accumulation of low-density lipoprotein
cholesterol in plasma. Using AAV to deliver Cas9 of Staphylococcus aureus and gRNA targeting the Pcsk9 gene
can knock out Pcsk9 in mouse liver, leading to a long-term significant decrease in plasma cholesterol levels in
mice. Hepatocyte specific angiopoietin related protein 3 (Angptl3) is an endogenous inhibitor of LPL. Using the
AAV9 mediated AncBE4max system and the dCas9 mediated single base gene editing system to introduce early
termination codons, the knockout of Angptal3 in liver cells was achieved with an average knockout efficiency of
63.3%. After 2-4 weeks of administration in mice, the Angptl3 protein was completely undetectable in the
peripheral blood, and serum triglycerides and total cholesterol decreased by 58% and 61%, respectively. Ring
finger containing protein 130 (RNF130) is an E3 ubiquitin ligase. Research has shown that overexpression of
RNF130 using AAV2/8 leads to ubiquitination degradation and redistribution of LDLR on the cell membrane,
significantly reducing LDLR expression on liver cells and increasing plasma LDLC levels, while knocking out
Rnf130 gene using the AAV-CRISPR system results in the opposite effect. This AAV mediated RNF130 function
study proves that RNF130 is a posttranslational regulatory protein of LDLR and plays an important role in the
regulation of serum LDLC. As mentioned above, recently, various lipid-lowering gene therapy drugs carried by
different serotypes of adeno-associated virus have been applied in clinic or are undergoing clinical trials, and
adeno-associated virus has emerging to be an important tool for lipid metabolism research.This article reviews the

new progress of adeno-associated virus vectors in lipid metabolism study and lipid-lowering gene therapy.
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