20234 6 A
$31% FHol

Hh S 3 B 2 A
ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA

June 2023
Vol. 31 No. 6

2R IKRBLL Sk AR AL/ BRI R A ER (U], el , 2023, 31(6) : 787-794.
Li H, Zhang (. Progress in the application of arteriosclerosis mouse models [ J]. Acta Lab Anim Sci Sin, 2023, 31(6) : 787-794.

Doi:10. 3969/j.issn.1005-4847. 2023. 06. 011

B3 Jik o A A A 7 B S 2R g 9 e
Z it K"
(Bt o B 2 R 2R R B 24 B, BV JEFH 712000)

[FZE] Sk LL (arteriosclerosis , AS) S5 UL B4 0 AR S5 A H XL O oG I 457 95 95 1740 95 B At | FLAF5 [ B
HER ZHENREE /N B LA BN S R OGS P38, AT AS 9 HL I A 245 0 7 300 E 55 T B4l 17 s 2L
Wl . ASCEET B8 A S A U B 2 AR AR 0, 25308 T % e e B R 5 0 28/ BRUBS 8 199 9 AR i B AR 245 )
R RS FH Y 7 R0 SRy B, DA S I 25200 A DG LR IF 5 AT LA T o e S 3B 70

[88iR]  SBCHAERELL /N BRUBEAY IR B
[RESZES] Q95-33 [ XEkFRERE] A [ XEHS] 1005-4847 (2023) 06-0787-08

Progress in the application of arteriosclerosis mouse models

LI Hao, ZHANG Qi "

(Basic Medical College of Shaanxi University of Traditional Chinese Medicine, Xianyang 712000, China)
Corresponding author; ZHANG Qi. E-mail: zhangqi@ sntcm.edu.cn

[ Abstract)

and stroke, and its causative factors are complex and diverse. With the advancement of mature genetic modifications, mouse

Atherosclerosis (AS) is the pathological basis of common cardiovascular diseases such as heart disease

models have provided an important basis to study the pathogenesis of AS and validating drug efficacy. In this article, we
review the pathological characteristics of traditional transgenic and novel mouse models on the basis of lipoprotein
metabolism and histopathological changes, as well as their potential and limitations for preclinical application in drug
development, so that future studies on mechanisms related to this disease can be targeted to select models.
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132K (low-density lipoprotein receptor, LDLr) , JRB{
RICTFARTFECAS S, T AS g B TE1E 20
PER A H 5 I R AL A B , Tt 2 Im KR
Y EE AL I ST 2 T e 3 2 G, A g ATy X
A — R R NI A7 1 B KR BRAE , 3CAR SO0 I 4 f

Rz AT/ R R AT T A B A, LUYTE i
g ARSI TR S TR T S Al & SRR
HAF YR SR BRI Dy AS 89 % BIL il
HRAL T L I 25 W) 0T 2 D5 R E ST B ik T §E =
(1),

F1 FTHT AS WA/ AR

Table 1 Mouse models that can be used in AS studies

/I8 R R R PEri JR B A
Mice models Moulding method Advantages Limitations
30%REMT +
R 5% + 2% MR JHE AS JAE FIAET IR

Early models

2 ApoE ™" /N

Classical ApoE™~ mice

ApoE ” 3-Leiden. CETP
B SN EL
ApoE * 3-Leiden.CETP

transgenic mice

ApoE™™ ; Nampt-Tg /N il
ApoE ™ ; Nampt-Tg mice

Cyp27al/ApoE XU R/
Cyp27al/ApoE double
knockout mice

ApoE/NOS3 XLFEBR /N,
ApoE/NOS3 double

knockout mice

HIRE A E2 F AN

Apolipoprotein E2 knock-in mice

2288 TDLe™ " /MR
Classical LDLr™ " mice

LDLr~~ ApoB!%/100 /|y B,
LDLr™~ ApoB %1% pice

Ldlr/ Apobecl BUREERE/INER
Ldlr/Apobecl double

knockout mice

Apoe” ~Fbn1C1039G*/ il
Ldlr™~Fbn1C1039G* "~ /N,
Apoe™ " Fbn1C1039G* /" and
Ldlr™ " Fbn1C1039G* /"~ mice

30% fat + 5% cholesterol +

2% bile acids

EF/ BRI E
Normal/high fat diet

B9y
High fat diet

B 179y
High fat diet

0. 1% B/ R £ AR +
[EENY gy
0. 1% Bile acid/
Chenodeoxycholic acid +
Western diet

10%H1 20% = Rk &
10% and 20% High
fat diet

IEH/FR R
Normal/high fat diet

IEH/FRE
Normal/high fat diet

IEH

Normal

A AP A B
Low fat and low
cholesterol diet

AR IR
High fat diet

Severe AS lesions

R A IS 2 AS 78
Spontaneous hyperlipidaemia and

complex AS lesions

A IIREYE ApoE ; XT S8 AE TCRZ MR 5
EINPig
Synthesis of functional ApoE; no effect
on inflammation; human-like lipid profile

IR AS JEAE , FEHE AL K
Exacerbates AS inflammation and promotes
lesion development

ST IE [ A 2 S
Reflects differential cholesterol
metabolism

Lt Apoe™ /N 5 AY TC Al LDL 7K
SR I 5 S BT AL
MO R A& T AR
Higher TC and LDL levels than in Apoe™~
mice; presentation of hypertensive lesions;
severe plaque lesions; pure
progeny of double knockouts
T2 i3 5 HiLAE
Human type Il hyperlipidaemia
NGB ; % JEAE TC AR
Humanoid lipid profile ;
no effect on inflammation
IEE KB Ml R 7
2N v R e o
The lesion can be induced by a normal diet;
hypercholesterolemia in humans
AR B I B H & AS Ji7E
I T a B GEE Vo L[5 P
Spontaneous AS lesions can occur on a
low-fat diet; Similar to human type Il a
familial hypercholesterolemia

A & B

Spontaneous plaque rupture

High mortality rate

AFFA NZENR B ; 5 L5
ﬁ%ﬁ/ﬁ%;ApoE ZEINHET I
Does not conform to human lipid profile;
rare plaque rupture; ApoE multiple
function disruption

FAEAAIE S TR RO
TeHEHL R
The existence of individual differences;

dietary dependence; no plaque rupture

HfE— I K

To be further developed

PR AR

Gene dose-dependent

At — Ik

To be further developed

TCBEH %

No plaque rupture
IRE R ; TCPE D2
Dietary dependence;
no plaque rupture

TeHEHL

No plaque rupture

A R AR I

Longer course of lesions

R BT R

High mortality rate in later stages
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Zx1

R
Moulding method

/N R

Mice models

(/W3 Jey BRA:

Advantages Limitations

AAV8-Pesk9 FH
+ I/ F IR IR
Injection of AAV8-Pcsk9
+ normal/high fat diet

AAV8-Pcsk9-D377Y 1 /MR
AAV8-Pcsk9-D377Y

injected mice

Toits HEFH R L D4R (TR PR
No germline genetic manipulation required |
easy and convenient

PCSK9 5 FAB P YA 45 57 P2 A
LT BB 1dle 2057 RN
Non-specific binding and cleavage of
PCSK9 to other substrates may
lead to ldIr-independent effects

W5 AS HURELI PR L

FEKEE LN

Carotid artery ligation in mice

FA + FilR
Surgery + high fat diet

Bk AS ;I HUBEH PORH A 1
Faster rate of AS induction; induces
localized arterial AS; forms intraplaque

TeHEHL R

No plaque rupture

neovascularization
. e B NS D 42 T S
Ldlr-ASO /ML TS ASO + SRR T 2 K BE R AL ki B 5t TR

ASO injections +

LdIr-ASO mice high fat diet

Inducible and reversible atherosclerosis

Expensive; no plaque rupture

occurs without altering lipid metabolism

1 ApoE EE& (ApoE™"" ) /MR K
EMRmA

1.1 228 ApoE” /NR

ApoE J2—FEE A, 73§ K/ R 34 kDa, 1
A E BE 2 11 (low-density lipoprotein , LDL) 32 {4
IR YT, BE 0% 355 IR L BE TR AN A AER 26 2 i
A (very low density lipoprotein, VLDL) 5% &)
1992 4, 38 1o [A] 5 5 20 72 WG T 40 i 3 90 ApoE
LA TEPIAS S 50 28 (] I i 5 7 45— ApoE ™~
NIRRT S ApoE /N BUIE H IR £ BIVAT 3K 245
I 3% S HEE B2 7K F- (400 ~ 600 mg/dL) , A HF A= R/
U 4 ~ 5 A5 SEGR T i B R KA Y ] B 5 S5
2 VLDL SR fig 8 F A FLBE SOk, JF 12 BEAZE I A
R I AEARZS S A, Apoe™ ™ /N RUBEAS A 35 T
AS WS HPREAS R AR BEHOE AR I AR R
= B IKE (high-fat diet, HFD) o 7§ 302K & ( western
diet, WD) B RS S P #7545 & S . ApoE ™"
INERARR A AL 32 B 731 7 Bl KA AR | 35180 fhkcoRn
T3k,

UFJE B 58, ApoE™ /INRE S SR I T % P B A
AT, (EHORAFTE SR BRI, B SR AR K
(2 5 , N A 1 1t 2% JIEL [T 2L VDL Sy 27 3
LDL, 3 5 51 50y ) 5 i Fr 45 55080 o vk 58 22K L B
B Y ZNEREEL Y ) — A R R LA AS
RIS B AR AR A 2 RIS 25 S B kB
JO, T LA A EAE N2 AR T (AR
JE, ApoE BRATF IR H I BR AL, id BA BN AS
TRAPVERIS . 7E ApoE™ (/N U, B 1 e 4t By
FARKF- ApoE 7] LAREAR AS /™ B AR, A

SR ML ACE ) R, ApoE ™ LRI AS 1] i
SRR I K
1.2 ApoE " 3-Leiden. CETP 3 E E /R

JH [% B Big %% %2 25 4 ( cholesterol ester transfer
protein, CETP) B8 % fig i A {4 P9 IH [5 B 155 M BT AS
Y7 % B2 AR 25 11 (high-density lipoproteins, HDLs)
FIME AS W E & H 9 = Mg & A (triglyceride-rich
lipoproteins , TRLs ) f%-FE43C , J2 A [ 236 [ 38 i 1Y)
K R, 2 HDL K F 8 EN R 2
—U R NRAR B Z CETP HL A B 7% BR TRLs
B, ApoE " 3-Leiden. CETP /N FH ApoE ™ 3-Leiden
INREFERER N CETP /NS TR, MR T
ApoE /NN 7, B RLIE A AE T B B BB A5 5 A
ApoE , HES T XF AS ik 48 Hf S AE K e Y T T, BE A0
AT XF P G I 3RS BT K P AR, 2 R R HFD
i, i TRA% T TRLs (BN VLDL 5% K 1 7L 8 GOk )
AV B, AL s I R % S I T e
T =RK P AR R B B SR N R IR R
FE

FHAE T HABAEHY | ApoE * 3-Leiden. CETP /)N %t
BRI ZG Wy (Wl 7T 28 25 AR AT 22 A R 2T sk
2y U, BRI TTIR YT HY CETP /N
FHLH NN, W8/ CETP A 14 I [ i A HDL
FeR %) VLDL, T34 HDL JH EEE %t F41 AS
2RI K TR S I = A S,

T BT R, S RITER & HFD IRB 5 k&
RBZRG AR, R4S B = 35 4% FIR 5 48 53 ) (5 SRR TR]
FEAERERZE R o 53 ANV A (4 0 IR 122 A A
AS % A AR e R AR T R AR S5
A e R AN P PR R 3 A R TR
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1.3 Hfth ApoE” /MR
1.3.1 ApoE™ ;Nampt-Tg /N,

T2 P O O i 98 2 A% W 7 #% 1 ( micotinamidee
Nampt ) % 3&
(transgenic, Tg) /N5 ApoE™ 2432 4= B, 4 HFD
MEFE 16 JAJ5 5 ApoE™ AHIL, R I AS 5 4% i 2
FIJELJRE 0 25 1 ) e i 2 1 PR AR, U A i
N A R 2 B K A Ti3-3/8/9 (caspase-3/8/9) BTG
PENGR . A, B A R I IR SR SE I 1R S
AL T RR BT 3 kA AS BEHe b
WAE S ZREAIUER] Nampt #5H 23N 8 AS R9E
AT i 78 i
1.3.2  Cyp27al/ApoE X%/

L 27-% 1L i (CYP27A1) J& A it 2 ( bile
acids, BAs) A=) & Wl 09 ST , 2 IE 1] R A 1Y
P T 2P BAs A=W & B PR A B
4fi Jl WD MEFERT | 5 ApoE ™ /NEUR HE & BRALR RS /)N
B AS 2 B I 58 B 2%, X2 R Ol T B9 HDL-C
SAKIK A 4 1 2% 5 IH [# % ( plasma total cholesterol ,
PTC) LA Kz LDL-C ARAZ 1 fin L 11 1 5 fie 4 gt i Sk
HE. BAs il i JIF A IE H 03 JE 28 X 324K (arnesoid
X receptor, FXR) 75 3 B 095 Az fir . 76 AR
N, &2 AH R ( chenodeoxycholic acid, CDCA ) J&—
Pl EEAHER (CA ) B AT 80 FXR 0 h 71, 07 /N AR
P R BUAR A B, 43 & 0.1% CA B8
CDCA #5485 WD WS/ 8 J&], Hir# 2 Bt 5 g ™
A AS A, AR, CYP2TAL WG ES
Ejp bl fH E B A A AS 1 & R, B B B i L R
FRACHE AR FH Y 2R A 5 gk I T R i v 22
SV AS PR R4 TR K (H SE 4508 EAKEE
TXF mRNA 7B A = 5 A )22 AR TR SG Y
Fe s R R I
1.3.3  ApoE/NOS3 X5/ N

W —E AL A & [ 3 (nitric oxide synthase 3,
NOS3) Refig i # 148 &7 5K IF 2 5 M4 A g 5
NOS3 Fik 5 FENO A ATRE , LA A B2 52 10t
R B B 6%, S B0 AS R IR 45 R
ApoE™"/NOS3 ™ /N ApoE ™™ 55 NOS3™™ %8
IelEg , 1 8 JH e 70 B 109%F120% HED 177
FHET, A RIZRB L ApoE ™ /NEUHE E A PTC
A1 LDL 7K, 3 Az ™ 0 %) JH 200 B 1 I 722 14 AR 40
Ry NP1 5% =B NS A =0 (| WA = 7o =10 (e e A
FEL A5 FRRAE | DA B ™ B BE B A8 2

transferase ,

phosphoribosyl

{EAF— PR AT, 7RI F IR 2R 1 52 A AR Y
ANBRP A T 22 R PR R ) 2 R AR AR
T HFD S35 T 52 28 IR A A7, AR OR I
TS A, AR A AS SRk
R TR R BRI R LR BT LA fig
TR BN, 0 Eit— P I R IRR
1.3.4 #FIRHEH E2 FEHEA/N R

AR Ao VRIS T 0 ) R ] S PR, el A
J5 ApoE2 ZE (i FER B/ N ApoE &K 15, ApoE2
FEPR A/ BUEA NI A G AR I A B i A R
fiESY . 5 IEH (iR /N BT LE , 3% 28/ BUY PTC Al
TG KFmiith 2 ~ 3%, 5 ApoE™ Z5{UL, ApoE2.Ki
/NERTETE BRIG PR VLDL J5 T A7 AE B B, RIS AE 5 AL
REh e AR 4 AS 7, WRE HFD J5, £
HH B Dy o 2R 8 AL A R ] DL T T
ApoE Z Wk £ 11 Y S # 1A R Se 1E K00, 38 T
pemafibrate HIf R ATAFSE >, pemafibrate J&—Fh A
RO S 19 5 46010 W) T S 39 98 0 BTG 2 1K «
( peroxisome proliferator-activated receptor, PPAR« )
IR . PPARa J2— RS2 A, REAS 5 g BiAt
i SRR S RE AR S A IR R A HAG 5 =
O B IKOR R KR

AR SCRT IR R AT 5 0 W B i 1 1, 301 A
SAE BRI 5 0L TR A LK ApoE Fik
F AR, Z )2 BT AS BHLE] T Tibt 58 fgl
Pl R AT 3, A A7 A8 45 3R BRAE, (H X T AS
/N BT 100 5 HA AT S5 BB

2 LDLr EFE&B (LDLr ") /MR K
E¥RMZE

2.1 A8 LDLr" /MR

LDLr j&—Fh Az 4, HoArF 0 160 kDa, B
5 & S IRE B LDL 25 & AR e, MU I
o LDL W& b AT IR 450 B2 8k T & APOB
M APOE (1) lg 2 F1 (% 40 M 4 B, LDLe™ /N L2
1994 4EH Ishibashi 457" 38 i 76 R B - 40 it v ] Y8
HEYHE, HEPERNEA L, LDL /N R7ER B IE
BRI 2 R B K P24 8 250 mg/dL, AR
HE T B T v A AL UL P A | A AN R AR R
AS, XFFRREE (UKL, % IS 2 1 (intermediate-
density lipoprotein, IDL) F1 LDL 41 43 3% fin 55 &, 1fif
HDL FH i = BE A 32 5002 R, 76 W & HFD
B, i 2% JH [ sk P25 B #1500 me/dL LA L JF
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TR A AR AE , (HIF R B e 24>

FHELTF ApoE™ /IR, LDLe ™™ /)N BURE R R 34 75
T (1) i RE 3 L R LD #5375 %50 A ZRBR
Ji% ; (2) LDLr B A AR 5 AS 5 28 v 480 & Jie
IFTC I, H BT B K J h 2 35 T 1 AR 5 K - 11
oA AR AL S LDL SZ R SC T RE S Y (3)
LDLr ™" /7N RS R A8 REAE 5 N 28 S 0 e v I [T e
I AE FiF 2 B0 08 i R A — 2K, A 48 = ol ko = o)
FikAR S A5 21 R, Ldle ™™ /N BRUZE IE GR35
BHR Dk A A8 T 2 5 B Rk M 55 A BE K AR
JIE B ALRE RN AS 7 B R A A R A
B = LDLr, i A& & VAl 3 76 /9 LDLr L 14
249,
2.2 LDLr”” ApoB™"™/\E

AR T B (ApoB) 5 K 4 i 1% 2 11 (1) P AP AN
[ 5937 |, ApoB-100 F1 ApoB-48 ., ApoB-100 7E fIH [
FEAE AR N A RS 2l i 4 2L A A, XF VLDL 76 A
JFr A4 T ApoB-48 2 i 18 7L ook 21
SRR B, R AR /N RORK B R ki AR A2,
TR i 2 523K ApoB-100, TE # A& 1AW PTC /K
SRR+ 2 300 mg/dL, BE&R 1 F 2L IDL/LDL 4
SIROIE A7 A, AR NS B v I Y
AS A IS TE A A% U Tz W H A AE £ sh ik
JIES S T (A I B IR 3 15% ~ 20% Y . B AT
BORIZERF TS AT T 2525 i KT AS BEBR 48 i (BT R 54
FI7 TS R 5 AR AR L
[l LA 25 K 56 R B B R S
2.3 Ldlr/Apobecl X EE/INR

INEUIF A AE —Fh RNA 5 5 M B 6 4 il
(apobec-1) , X FRE —Fh — K KA AL 53, BEAS
P45 ApoB-100 ) mRNA 275 g 4 i ApoB-48
mRNA, ] PLF#E VLDL ¥4k LDL ik Z i, F
ApoB-48 & A VLDL L) J3 2l 18 K 52 1 (1 PR o 3
BRU BRI 522 B R 220, #S CSTBL/6] /N
BREAT 20 7 AR B a1 2538, B — > 5 PR R 2 5
it PCR Zr#r 3L K2 DNA Gk T i ALYE I AR
AR [E E (low fat and low cholesterol, LFLC) TR & 4%
PERW AT L IR B &P AS 78, HIR B 5 A
Il a 78N SR 05 v AR T 62 a0 9 o S N T R 5 AR 4B
WAL 5 NP B VF 22 0 T A ALRRAE , DA 5 2%
SUFLG, KRB ARV AS, 14 & 2 i
R4 ASPS ) BRIMTIZAE R AR K B B K, e —
AN IRFERT I AR

3 MR/MR AS EH

3.1 ApoE” Fbnl1C1039G*’~#0 Ldlr”"Fbn1C1039
G IVR

JRETF- 448 1 ( fibrillar protein 1,Fbnl) A Yt
1) LS5 A, Sk S B T R R A8 I B it S
28, Fbnl BYZE7E 23 Bl VR S5 2T 4 1) 2 356 DA T B AR
M S, AR 3 Sl BkBE 45 4, e & B BB Bk B
W7 PRAE A R Fbnl 3[R A7 20 & R AR
(C1039* ) FI/NEAr 5 ApoE™ ™ /N Bl al Ldlr ™™ /)
ARSI , £ HFD M 20 Ji 58 35 J& )5 P iR
HRARRLAS) 1 % AEL [ B K, 5 DAAE R RS ] A 2
XN AR I B 2 ) B AR e, U
1E Apoe”  Fbn1C1039G* "~ 1 7} 3 B ik o XL 21| BE B
e, eAMA AT ISR 3 ki 28 FLC LB 3
FHT 25 IR B P il 224 1 95 BRAIL I S AS 16 31995 722 F
FTo SRMAE 16 ~ 20 Jil | th S5/ B 2S SR AE T2 1Y
0L, BI55 20 FFET- R mik 509%™, BEHUm 2
AS JE IR FERIC R R Z — i AR AT 25 )
e RIS 36, 2085 3R T JIASF & AR AR B2 Rk
3.2 AAVS8-Pcsk9-D377Y iE5H/IR

A 1% Al B Al 5T T 2R B kexin 9 Y
('protein convertase subtilisin/kexin type 9, PCSK9) /&
— 22 AR M, TEAT P R ik BB S LDLR 25
A IR R T 40 0 7 A b R R G
2% ( adeno-associatedvirus, AAV) J&—Fh 8% 12 A
T DRIA T SR I /N B T A TR . % AAVS-
Pesk9-D377Y I TE 5T 45 IE# C5TBL/6J /Kl
RPOT 45 31 32 A RS IE H Ok B 1] M, AAV8-Pesk9-
D377Y 14/ R TC K P2 BF AR BL/NVER 2 i,
HFD FRPR;, TC /K- H ik 1165 me/dL, 23 KL
RE MR T 3 52 2, Ho A2 m] DL e 1) 21
2t Kok RE R AL B BEOE B Gk B B K
RBALE B E 20 AAV A E B 7 ORI 51 R
FOPT R BRI T R 5 0 22 B R/ I R TR A 1
M W 25 ( serine/threonine kinase 25,
STK25) " B 2K 1 BIVEHE RS2 ( scavenger receptor
class B type 1,SR-B1)"* LI & NADPH & fLf4H 4
# 1 (NADPH oxidase organizer 1, NOXO1 ) %5!%) 4
= TR AS RS HLT BB SE T BE IR E

SRIIETIAALET TS AAV W RE IS Y 3h )
FEARR IR A SO A A B S0, JF BRI 5055 &
OB IR KIEINRE, RZ T, SRME TS 51

protein
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AR 728 i R AT, JR) 5 A LA A 7R AR, T
SLUCHL R R GR AR R 22 50 5 R 2B A
FAL IZBE B AR B = A R BESR L, 5540,
TS aav8-pesk9-d377y M/ BRAE ST AS VR IT Y
I7 R THAFAE AR ) B 25 5 PR G 4 PCSK9
HATESESE IF P 35 F LDLR (Y KA A T 30 IE
3.3 BBk & L ( partial carotid ligation PCL )
INER

DIFERY AS /BB RS EAR vhC DUIR AR 3
RAE R T IR I T ) J) 57 72 AS i 728 oA ] 240
MAFAE, AS TEAEE S & AR TE LUy SCal s i 3l ik b
AR Y5 B2 1 BT Y1 ) 7 (wall shear stress, WSS) 4
AIE A4 I B8 AL AR KR etk sh ik, AR T
SR LR 0 ) A B A i 2 D B 1] A I TR] P 2
WSS, i sl Ik A K 28 13 ZE LAY I G 3, BE2 5
A AS AESUSONE AR AR S AE | AR TR IR R
B Cheng S5 BYBIFSY R FH LA J& FEL Aol
XF ApoE ™" /INBUR 22 25 )y Ik FE AT 45 L LAFE 1A [7) 14
MAE S YIN Ty, It 220 8 JH 3k AS IR, 45
TRTEARTY IR JFBAL AS R AR EE K g o HE FRAR
Z I LR BT DI ) 5 78 B8 22 14 1) A1 i A
I AL IR A A ot S i o 4 T AR 1 il
PR PR S, A R RS Bk R im0
TEH N Y I AA K A Tk, R T 120488 38 I K ik B
&3z SIS BIVE . 55 A BIE 58 N D3R AR 4
HAE T Bk K, 7S AS HUR K KT, 78
1 JRINBE T I RA R, 4 ~ 6 FAEAE AR
JERTIT K BT 1 22 BESR BT AR 104 DA R R B R
JIEL [ P 2 2

AT IZAR LA AT 738 Y N I RNA | RES 9E— 20
IFFE ML A 40 2 RV 14 L 3 0 2 98 7 /) 231
BLHL, QBT A A T SR AS, DL Ak, 1A A5 LA ]
FHT DT XF N D RERE RS AN AS 145 FR YT T 11
e, TR R4 4 T BFSE IR, BRIGYT 25 W i e
IRHTPEAG AP, ApoE™/NEU PCL TR HETIE# T
IFTORT T A UK UG 5% [N 741 Bach1 (BTB and CNC
homology 1) ™' DA K s st I F B A 5 I F 1o
(transcription factor hypoxia-inducible factorla, HIF-
o) R AS FEH,

PCL FAR 5 ApoE™ "8k Ldlr™ /N A8 1, BE
2 IR YRR 07 38015 5 1) 1N B2 ) B B A ) B S F 5 T
He 2 VPG BAT I8 19 i S5 A Qi A i 3 sl 2
AT TEDT S Ko A BB AL 245 W19 7 30 A 380k %

3.4 LdIr-ASO /MR

. SE % FF  ( antisense oligonucleotides ,
ASOs) B T2 —FMAST AR SCHY BE R TR T Be . 1%
BT T X0 1E AR B AR A C5TBL/6J /N B I
TESY Ldlr ASOs, BEJ8 1 U, $54E 9 JH IR & i i 1l
b /NS E R A EFH 2 400 ~ 800 mg/dL, Ff:
W3 = Bl KR B A0 K B Sl bk ) B B, AR
Sy b W) RO IR X5 B R ( sense
oligonucleotides , SOs ) YK & T Ldlr 1235 K05 = iR
FBEMAE S, ARSI T —Fh A e AR 2 1
RO T ZE/N B = A4 AS FHIR . 35 H] 39
fili AS BEHRIOIESE . SRTIT, RAEM Y ASOs F R 4%
S, 5 B2 YOE S Ldlr-aso A BB R Ldlr, 7E
INEBIFFE R, 8 ASO 4 B TR G B/ INBUAR N 2 57 3 3
R BBy, JF B S EUFMA UL R Y THAE .

4 4hiE

N R A S B 5 T R R A D) B A
& B9 2 B T AS B9 HLATF 58 24 b
ApoE ™5 LDLr™" PR A /Iy BUBL 7R () 3 8L, X )5
EEILNAR ) F k A BREM S L, Rz
ik, I — RN AR R AR O B 5E R 2N
FIRHLAE S R SR, — 7 TH  AS AR R —FP £
P2 G, o e IR [ e I A, i f 5 8t 4% 36
BE PRI G I (CAnpE e AIE e ) S5 HL /)N B AR Y
RS AR BIR Bl AT AT DA s IR B B i i oy 2, 53— T
H R [ A R i I R 22 5, /N BRI 2 B4R 34
JEHE AL HDL iy F i dE LDL, ek, /N AR AL AS
BEH P i o 6r LA FE Bk Bk EE o 3, b
HIAENZE 5 K etk sl ik i 48 . B8 PCL A
RS T MU B 12 5 B ik P9 B T Rg B A Y G
1K, SR S0 ik 285 H L A7 1y il B R[] 7= AR 1 B DD
FIRRG R SIS 5T AS &2 AR R IX
SEH I AR Bk, 28T AAV8-Pesk9-
D377Y FEGHH/IN B AE LA B N 2 56 4R 30 ik s 1k 34 77
FER I 22 57, P 08 28 600 ML %) 5 i 4T 75 1R R
TESLI T A T A%

ZE LAk, HATAY AS /)N U R 8 0% 35 20 14 B
AN AS BEHURRAE , W5 ok B RF 5 P, B AR S5 R R
SRR (0 ] DA B 1B 3 22 9 v i 4 [R) 32 aR AR
RUXHF R NS AS A HL ] LA, 6 50 25 2 245 W I
IREYTARACE A EE R L, B, T EARR A
PR BT R A A IR A5 . ok, SR AL e
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PR e 7 T 2 ) 2 3K RS o 2 LR Y 3l iod 41047 i [A)
FORBVF A D) KB N BT, ok, A A $
ST Bz 240 M A A7 s AR BIE 5 M LA S S i T ) e B
PSR RETE, RJn, HE T ARE A AS LK
i BRGEE A AT X BEBR Th A5 4 BEH P i
DA R M A AR o 10 2R 55 A A A ) A28, I 22 £ JE 3
— 2 T RS KR FERE AL Y 73T kAl
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