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[ E] BH HIHMRIFES KB TFIRORAEISRM R Ao st ISR A B eRdE, ik BRAKE AR
B FREATF(LDLRY ) & ALY 4 4, = & 3T B A AR IT ZH [ 25 mg/ (kg + d) ], Zh4h & Mg4A R Bt
2520 AJg ke FEFARHER, SR F LB (TC) Hib =85 (TG) &2t B (TBA) | 3k A5 1L fig
W5 B (NEFA ) 2 -3 55 2.8 (AST) KT s M AF Ik TC Fo TG AR -F ;45 88 AKTA Heid H G RMEER AL BTG
20 4 S A B-28 469 TC Fo TG KT 5 K A 52 BF 32 8 € & PCR A= Western blot 2~ #1146 g AR #4148 % X H Ao & & o9 &
ik, ER ORIFEA KB TREZ FH LDLRY & K 49 TC, TG, TBA NEFA F= AST K-F A R HHE& & B
(ApoB) % & kA KF A2st g & & f5 W B (LPL) 89 % & FGA Ao iE B0 B W B & # AL B 46 3505 1 % 9(PCSK9) #9 &
G KT RF ol AR IR ARIT A RE BT TC KT 425 TG R 2 EHw; £AR KT LRI A A 25 LR
E P 5 BRI UAR 45 6% & 2(SREBP-2) #= PCSKO %9 & ik | Bl ot Fifl 7 A2 B B 7o #2408 A1 (CYPTAL) | ZHER A%
Fr ek A 451K G5(ABCGS) (ABCGS o liF X %4k a( LXRa) 89 & ik, &if £ LDLR &R ¥ &Ir £k H Kk F
AT 25 M AR 3 8 g, SF R I < 5 AR T IR R AX AR % R B RGR R AE g B ek
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Effects of long-term ezetimibe on hyperlipidemia and genes involved in lipid metabo-
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[ ABSTRACT] Aim To investigate the effects of long-term ezetimibe on hyperlipidemia and genes involved in lipid
metabolism in the liver of the LDLR"" hamster. Methods Male LDLR""~ hamsters were randomly divided into two
groups ; the vehicle group and the ezetimibe group (25 mg/ (kg - d)). Animals were free to access water and high-fat di-
et.  After 20-week administration, hamsters were sampled after overnight fasting.  The plasma levels of total cholesterol
(TC), triglyceride (TG), total bile acid ( TBA), non-esterified fatty acid ( NEFA) and aspartate aminotransferase
(AST) were detected by assay kits.  Mixed plasma in each group was further separated via an AKTA fast protein liquid
chromatography (FPLC) system and the TC and TG levels in each fraction were also detected. ~ The expression of multiple
genes in the liver and proteins in the plasma was determined by gRT-PCR and Western blot, respectively. Results
Long-term ezetimibe intervention significantly decreased plasma TC, TG, TBA, NEFA and AST levels, and apolipoprotein
B protein expression in the LDLR"” hamsters, and had no effect on the protein levels of lipoprotein lipase ( LPL) and prop-
rotein convertase subtilisin/kexin-type 9 (PCSK9) and the activity of LPL.  Further AKTA-FPLC analysis demonstrated
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that ezetimibe reduced the TC and TG levels in all the lipoprotein fractions.

TC, but not TG concentration.

In the liver, ezetimibe significantly reduced

Furthermore, ezetimibe significantly increased the mRNA expression of sterol regulatory

element binding protein 2 and PCSK9 and dramatically decreased the expression of liver X receptor o, cholesterol 7a-

hydroxylase Al, ATP-binding cassette transporter G5 ( ABCGS5) and ABCG8 in the liver.

Conclusion  Long-term

ezetimibe intervention reduces hyperlipidemia and displays complex modulatory effects on the genes involved in lipid homeo-

stasis in LDLR™™ hamsters.
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SRR IEEE

F5 R Y R4S A B 2 (sterol regulatory ele-
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2 1L 35T P52 14) - BSORI 5 St i 1 B S S YL A
LR A FRIR S LA AT I & B, AR T 22 A
FIVEFI T Bk NPCIL1 LAAI 4 Jig A 358 AH 5C ik PR A 2
F o flan, S 22 A 8 (<7 ) ol L/
FR B2 5 B8 25 1 32K (low-density lipoprotein re-
ceptor, LDLR) | Aif 8 FAFE AL B A H%5 TR K 9 (proprotein
convertase subtilisin/kexin-type 9, PCSK9) Fll SREBP-2
1) mRNA 3518 F X Z 4K « (liver X receptor
o, LXRav ) 22 AT AR L 31 4 38 sk 728 1o 2 S 0] 4 A
T HZ 5T SRR S & sk
( ATP-binding cassette transporter, ABC ) Fl1HH [# 5 7«
FE4L B ( cholesterol 7-a-hydroxylase A1, CYP7A1) 7E
WY Z A BRACIHE R R (23K ARPT 22 A vl i ik
_E3E ABCGS 1 ABCG8 1135k R 3 1k fie 1 K BRI/ B
AH & B 336 5] ¥% 42 (reverse cholesterol transport,
RCT) M0 R 5 /NEURTR], ARG B 3K 1 e
iz BHAE /N 43 Wb 388 85 11 B (apolipoprotein
B, ApoB) 7 L, /N BUAH L, 6 BB B I
K yar Y LDLR 7EAR ARt & 45 &
AN 5 LDLR™ 6 A b, LDLR™ 6 BT P
FAHR 5> LDLR, AIAS4DL LDLR 2715 3 1 14 1) B 208,
H R BRI E IR AR5 5 LDLR ™ 6 BB il s g 1
JES G, LDLR Y L4 LDLR ™6 BUEHR TS
W PE T RNR A TP B BARH A, R AR AR
B E AR EEIR 25 R YT . AP B TER
JHIM G5 AR A LDLR™ £ BUBE AT
TR 22 A5 K TR 755 A I A 109 52 e LA B JH: %of

IR A QAR G E TR A A 1

1 #RFEE

1.1 EE#HH

RITE AW B Selleck A7 (L, FE), &I
g & & fig 47 B (lipoprotein lipase, LPL) ¥ 7 [£ i f& Fn
/NE AT SREBP-2 iAW B Santa Cruz 4 # &% A A R
/] (Santa Cruz, % [#), %30 PCSK9 ., % 3t Albumin
% R PR ApoB % W E LAY B Proteintech /A
7 (Rosemont, % [ ), /N R # B-actin FLE W = Pro-
teintech 4 #75 AK & IR /2 & ( Chicago, % ), ¥ # A
1k % & # 7 (enhanced chemiluminescence , ECL) ¥
Thermo Scientific Pierce /A & ( Rockford, IL, USA)
5 f2 [ B2 (total cholesterol , TC) F2 H it = B ( triglyc-
eride, TG) . % f2 7+ B (total bile acid, TBA) . 3F B 1k
8 B B ( non-esterified fatty acid, NEFA) 2 LPL 7& M
RAEMEFELBELEDREROARAE (L
7, E), A ¥4 F 5 (aspartate aminotransferase
AST) R AF W EEXRF LILEENBEAAR
NE(ER,FEH),
1.2 SREEMKSHE

10 R #E R R4S LDLR” & R (FTHEREA
152 ¢) 4k 7 K % George Liu R A4 R, &
HREGTEF R ERFHREZR & HE
(2020SDL106-1) , f /™ & & 18 20 4 % I 5 £ A 48
B = IR (21% fE 0. 15% fE [ 8% ) Fn 3 38 1]
BHWE T2 REDRBEARAR (K, F
), 21 AWEN MR E(LERARER), ¥
LDLR"" & B L2 h = & X B4 (n =5, SR Kk
B ) ARITZAT U [ n=5,KITZ A 25 mg/ (kg - d) #
Blo AR FRIFTZANALFERLARAAZ
WFHLDLR &R WA AANE", 2RXAEE
FRBEEHHTH2 A, RAKEHE, 0% L
12 h, Z FRBOR A T % o e 28 4 R, 44U
BERT, 1t A2 0 O E 50 mL gk B 2 % b B
( phosphate buffer solution, PBS) , v 3t It 2 # 7% &
i
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1.3 MmEHSHF

Ay BSR4 °C .1 100xg B8 20 min, 4 £
o E R AR A & E i 2 TC TG ,TBA NEFA #n
AST KF UK LPL P, B4R A % 150 pL B4
Superose " 6 10/300 % fix & 1% 4%, IF K I AKTA Prif
H @ R A i (fast protein liquid chromatography,
FPLC) % %2 B M6 B &, I 20 48y 37 88 . % o 4 32
AR ME A 18 mL/hy A4 4 0.5 mL i R,
HlE 40 N, BALHO0. 1 mL W E TC K
0. 15 mL KA 96 FLAM E TG B9k 1
1.4 BHAEHREERARINENE

AREHT T 2 42 100 mg Am N 1 mL & & 2 # 5% of
4 °C#E 30 min, AR A WA 70 C KB F Ao
# 10 min J&,2 000xg B 15 min, RIEV A, K A
K | A T A R AF P B SpectraMax i3x
% B I & (Molecular Devices, £ E ) 18 % 4 |
#R,
1.5 Western blot

A4 % 10 wL, im X 90 pL PBS #1233 pL 4

XEAEFEAR, BEENRLEHFARS pL) %
A 4% ~20% % & IR AT Bk o B, IF KR Bk
EE WA E PVDF JE b, BTk, XA 5% Wi g
WM ERENE PVDF JE2 h, HH —HE4 CHERL
W, W H,XKJ PBS-tt i (PBS-Tween, PBS-T) ¥ &
hAE EERTHARART AN EELN _IE
K% E PVDF 2 h, PBS-T ¥ % Ja , % il ECL
VAT % B A4 X3, 15 B ) A Clinx ChemiScope
6000 F % 1%, 3F Ll Albumin ( i 3 4 A& ) 5 B-actin
(HFREREAR) 1R N AR L 3h 5 R 12
1.6 SERTEESE PCR

100 mg WA KRS RAAETMALEN L
RNA Bty o sh o B, SR, 78 #F BB R 40 U A 1Y
B EAm N 1.0 mL 8 TRIzol, 3% F& 9 B 4 42 B &
RNA, 3f K | RNA 4% & 0 = (L4 1 RNA 8 45 & fn
W, B2 ug % RNA 8  & B cDNA % F ik
7 & (Solarbio A & , 4t %) & ik ¢cDNA, # | &l SYBR
Green qPCR Master Mix 7 3£ & 4 7 M 5| 47, #£ ABI
QuantStudio3 PCR % 4t ( Thermo, % B ) # # 47 qRT-
PCR £, AHRXFHFA Ik 1 fir, £H
WA REERA 2 kAR UHHE, UERER
GAPDH 1E i} %'
1.7 HBGiTHH

HETEDIANEHERE U vxs k=, KA
B E F % 4H (ANOVA) #4743t 44, % A

SPSS 17.0 % £ # 4T T-Test 2 #7., P<0.05 B3k

AHRIT¥ £ R,

* 1. PCRE|¥F7

Table 1. Primer sequences for PCR assay

HEHH FIFHN(5'—3")
GAPDH Forward CTCCCACTCTTCCACCTTTGATGC
Reverse GTCCACCACTCTGTTGCTGTAGC
SREBP-2  Forward GCTACTTCCTTAATCGTGCCCAGAG
Reverse TCCTTGGCTGCTGACTTGATTGAC
SREBP-1¢  Forward GCGGACGCAGTCTGGG
Reverse ATGAGCTGGAGCATGTCTTCAAA
ABCG5 Forward CCATTCTGACTACGGAGAGTTG
Reverse CAGGGGTAACCACAGTTATTGAA
ABCG8 Forward TGCTGGCCATCATAGGGAG
Reverse TCCTGATTTCATCTTGCCACC
LDLR Forward GCCGGGACTGGTCAGATG
Reverse ACAGCCACCATTGTTGTCCA
LXRa Forward GCAGGACCAGCTCCAAGTAG
Reverse GCAGGACCAGCTCCAAGTAG
PCSK9 Forward TGCTCCAGAGGTCATCACAG
Reverse GTCCCACTCTGTGACATGAAG
CYP7Al Forward GGTAGTGTGCTGTTGTATATGGGTTA
Reverse ACAGCCCAGGTATGGAATCAAC
2 # R
2.1 &ITEHRBERER LDLR” € RS EME
Ha O A, KT A A e T A

LDLR™" & A9 1L 3 TC [ (2.8+0.2) mmol/L
(10.0+0.7) mmol/L,P<0.001 ] Fl TG[ (1.3+0.2)
mmol/L F.(2.4+0.2) mmol/L, P<0.001 ] 7K ( &
1A FIE 1B) . T AKTA-FPLC /385, 525 X
HRLARLL AT 22 A 8 IR T P A BR &R 1, A4
e A% % FE As & 1 (very low-density lipoprotein,
VLDL) %5 & A5 2 11 (low-density lipoprotein , LDL)
15 %% B2 AR 5 11 (high-density lipoprotein , HDL) 2 43
I R (8 1C) . 528 AR IR I, 1K
Pré A 2 B VLDL ki 1Y TG ZKF- (Bl 1D)
R B 5T AR U, AR T & A K T i e] A
LDLR ™ Fl v S 25 P ARG i R PR 78 5 ) i I I
2.2 KIMEHEERERE LDIRY £R M ApoB 7K
3, Mt PCSK9 1 LPL & B E N

WRATZZ A %F ML 3K PCSK9 Al LPL 1) 26 14 ik 0

ERW (B 2A FIE 2B) o AN, AR A X LPL
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50 . mawRA D 25 . wpwma
LDL HDL
apl © HHEGA ool v mmEHa
VLDL Sl VLDL
301 g 15
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10F F 51
ot ! 1 1 ! ot ' o100, 30000Mesne, 2
0 10 20 30 40 0 10 20 30 40
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1. #&ITZE#H*T LDLRY &R MASIER I (n=5)
A CHIMIE TC HBE B i3 TG ¥, C Jy AKTA-FPLC 4385 )5 B IM3K TC B,
D 24 AKTA-FPLC 43 i 5 R I TG B . a S P<0.001, 575 FXS BREH LLHR .
Figure 1. Effects of ezetimibe on plasma lipid profiles (n=5)
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B 2. k#TZEH* LDLRY SR IM3 PCSK9,LPL 71 ApoB & B &AM K LPL FHRIEIE(n=4)
A 1L PCSKY #1335 MAEXS Rk & B M3 LPL 8 [ 35 KA Rk &, C A iM% LPL G,
D 3% ApoB & 1 RIK KAAX Fikik . a 7 P<0.01, 555 FIXTIRZE LA,
Figure 2. Effects of ezetimibe on the protein expression of PCSK9, LPL and ApoB and LPL activity (n=4)

2.3 {kITEFEKMIZth TBA NEFA #1 AST 8=
525 X RRALAH EE AR 3T 2= A BRI T 1L 3% TBA
WE2167.3% (P<0.05) ,FEK T ML3E NEFA ¥k

42.6% (

P<0.05) , [ 3g AST 3 ik 56. 6% (&

3;P<0.05) . LA 255 Uil AR 22 45 K T Fie]
I EEREAL LDLRY ™ & UMW 1 TBA _NEFA Fl1 AST
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3. k#ITEFH3t LDLR" &R M2 TBA 1 NEFA iR E AR AST & RIS (n=3)
a i P<0.05, 5% U0 IRAA LA
Figure 3. Effects of ezetimibe on the content of TBA and NEFA and the activity of AST (n=3)

2.4 RKIMEMERIFETC EEMX TC TEE
=AU

#+ LDLR ™4 BUIT I 2 207 88 ) $2 BRUIG ok, I
F R ERFI &M E TC M TG iy & &, 450 LM,

578 IR BRALA He | B0 2 45 G 1 IFAE TC 75 4t
1.0
g
g 051
0 a
O
. i
0 TEMEA ki ZmaA

2955.4% (P<0.01; & 4) . BRI L A BER T
JEEH TG B & H 525 XTIl Hege, 2 % B4
TR (P>0.05; 81 4), UL ESSRULH] AR 2
AR 1A 3 F 8 LDLRY 4 BUIFAE FR i TC
S, MR TG JC R 5,

1.0

1 '
0 .

= Popib:] ki ZHRA

TG& &/(mmol/g)

B 4. k#TEM3T LDLR SR TC 1 TG E2MFM(n=5)
a i P<0.01, 5255 [ BRAL AR
Figure 4. Effects of ezetimibe on the content of TC and TG in the liver (n=5)

2.5 ikITEFHRITIFAE SREBP-2 {5 S1#@ 2 mRNA 0
EARIEHEM

52 X B AR L, AR 3 22 A6 T 1000
LDLR ) mRNA FXTCBEH MW (K S) , [ERXE
e, AT 22 A5 43 ) L8 T PCSK9 Al SREBP-2 1)
mRNA #3552 106. 3% (P<0.05) #1276. 1% (& 5;
P<0.001), fH 24Kt % 4 T il % SREBP-2 FI
PCSK9 MR TC W E M (K5) . LA ES5R
W, KT 22 A1 W] 7E B R K % LDLR Y 6 U
IE 1 PCSK9 #il SREBP-2, {H 3f- A5 i SREBP-2 #1
PCSK9 HHEHEIL,
2.6 RMEHEETHAE IXRa S @A
mRNA FRi%

525 O BRATAE Lo, AT 22 A Sk 2 R AT oh
LXRa ) mRNA 35245 71.9% (P<0.01) , J5 i &%
filt CYP7A1 ) mRNA F£ ik %) 96.0% (& 6; P <

0.001) ., 525X B4 AH L, AR 3T 22 1 43 3 B AR
ABCG5 F1 ABCG8 HJ mRNA F ik 2 50.0% (P <
0.05) F180. 7% (P<0.01; & 6) . A KITZEARIR
I F[EAK SREBP-1c #Y mRNA #35 (181 6;P<0.01)
DL 25U KP4 A 8.3 T W LDLR™ & BUIT
HEHT LXRa {5530 BEAH G LR 9 3R35

3o #

CVD FF5 LDLC K FRAMKE S EHHK,
TG.& TG lrEAFNEE M (a) WS CVD 1L
PR EE Y BEAERFFE R AR A e P 7R e — i
AET 10 mg/ (kg - d)[1.2.5 mg/(kg - d) ], T
Bl — e AL 1 A H U T R I R
— T EA AR YT, DRk, R A T Ty SR A AT
FEMRIIT A2 A7 11 Bk i 5 SR LR B A T B Y I PR 4R
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Figure 5. Effects of ezetimibe on the mRNA(n=3) and protein(n=4) expression of the SREBP-2 signaling pathway
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Figure 6. Effects of ezetimibe on the mRNA expression of the LXRa« signaling pathway (n=3)

SRX, WA, TR A sh R KT 22 A ]
REELAT AS 7] A0 B i 55 SR R FE AL AR, AT 98 2 W
P2 A KT B 5 A 28430 19 LDLRY £
FUAT I 5 FRAC L L 2% TC AN TG 7K, AH AR R AL
HIFE AT KP4 A BB TC U8 T g5 HAR
# SREBP-2 15 538 % £ mRNA 354 56 ; QKT &
fiHIRE TG FUR T HE S5 ] SREBP-1c Ml ApoB [
MK s ORI 22 A FEARIM K TBA & £ 7] B
HH T CYPTAL B mRNA /KA 5 DFE B T
JEIMAE TC A1 TG M 5T AKYT 22 4 vl G i T
LXRo/ABC #5328 /&1 53 %, B AR B A0 HE, DL 4k

FEHLIA AR

AT 22 A4 T BRAR /N R 102520 R
B AR R AR ] 3 A R A a2
TC K, ARG I 25 R 5 ks —2k, BLsk,
AT 5T WL BRI 2 A1 % HDLC A1 HDLC ¥ i
SRS 2 FT 7RO RO AR GE — 2 AR LR
REFM T ARITEZAMIRIT (<7 R) ek 17 A
YR EIh SREBP-2 LDLR 1 PCSK9 /) mRNA
k0200 g R R B FRATT BRI
WA 22 45 W 35 1 T SREBP-2 H1 PCSK9 1Y mRNA
ik, R4 SREBP-2 nf LIERE S/KF L ##% LDLR

LJLAO
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1 PCSK9 123k (R FRAT A EH o | A3 22 A5 xof
LDLR iy mRNA FiA%A BEREW, %4535 200
BLeepif gy — 20 AN, A HGE  IRITE A [ ~
0.67 mg/ (kg - d) ] 7E Tl LDLR”" & 18 J& )5 &k
FARE M P AESE & S PCSK9 ¥k EEPY | SR,
BATH B2 ARYT 2 A % 2K PCSK9 MEE 17
BB EEW, B0 5E & B, MK 2 A (10
mg/d) JGI7 24 J& Je et v A [ W ALE £R 3 0 I PC-
SKO Mk B AT Lm0 A ST A5 R S i E —
LIRSS 22 AT e S T WU ] sh AR 45 2
FRl 5 A BRI - B i AN ) 6 A, B I R A
2% mRNA F% 5K 88 (5 B0 0% LA B B 2% O 1 A
¥ TEABIFEH  SREBP-2 F1 PCSK9 %t K /K T 1 ¢
IR 5 HR AR GE A — 2, U BRI 22 4 nT Bl
T VR T I DR SR R SR R AR R R R A R
ik HER B FHLEA FRRAGT

RCT 78 0 [ EEAC i e |mE AR 2
WFFEF W, AR 22 1 AT o $2 %5 ABCGS Fil ABCG8
(R BsE RCT O SR, A B W, 4k
A1 % ABCGS Hl ABCGS 1% A 520 2% | A HF
Y  ARIT 22 A B35 T H LXRa {5530 5 A G 5
P IR , JeniaRA o8 2 B, A4 22 456 mT & 2 [
A FE S A A ABCGS /8% ABCGS ) mRNA
Faas!p20el DS WA KT 2 BRI IR
FUIFBEH ABCGS F1 ABCGL Y mRNA 33k, {HH i
T B AR A 32 E s RCT) AR 4T 22 A AN BT 4T
AT BEA B FHAE ABCGS B ABCGS %A 878 1 1
JOER 1 2 R P S R A A R AR TC IR TS
B ST R, ABC 518 (R FE BOGE IR IT 22 4 A 3 1Y)
RCT "l REANESCHHER . A IR R, IR Ir 2 1
AN IE LXRac 1Y P I 1 9820 00 4L i B, DA s
I% LXRao B35 26 AR 5 3 D] i e 3812 AR HIF 5
PR ARAT 2 A 2 BR AR R T R A5 A ) O e PR 1 ity
CYP7AL Wy K3k, J5 #7872 LXRa HY B iiF 5
Y 5 CYPTAL AR AR 45 AR —E A 2, 13 b
(%) TBA VR BEJR 3 N, ARBFFREEHR 50—t
A ZE RO BEE — 2 (05 —T00 N B9 B9 25 SRR
FET L IXBRROE i — A5 U WK T 22 A 0T REAE R[]
Pk R FEARTRIVE R, eAh, A B R AR 37
AT REM O BURA Y R o BB Y BR 22
TR BHEME 4 LXRa {5 538 % 109 I 7T B2 4L
TRAEARYT A T8 56 T B —FhaMEBLE], AN F
G/ B GRS SR MEDL I g A7 A 1208

WPTZ AR TG AKF R MR IEIEA—B, K
2R KR AR 2 A6 [ <5 mg/ (kg + d) ] Al/BK

HINAIT (<1 A H) A5 R BT I 2K TG T8 i
FR 202828 R Al R R A 2 A
[>5 mg/ (kg « d) JR/BAEIIATF (51 A H) B ARST
A A . 3 A I R B TG e R
IEAN, van Heek 450" R 47 1 W10 40 ST AF 58 & W1
KT A1 mg/ (kg - d) 1I8IT T KA TG T
M), 71T SR FH AR RI 500 5 A AR 4T 22 A 1697 84 K, I mT il
G TG KT R, AXrgs R it —Pursi K
AR 22 A T 10AT B 3 BE AR LDLR ™ & BR3¢ TG
WepE U HJE VIDL ki v TG (K-, A A 73 $2
TRARITZZ A0 FEAR TG (AR T B8 - 38 22 1] 42 1 2%
LPL A5 PR sl 8 1 263k | i il it R 8 VLDL 1
LDL 19 EZHAEHE T ApoB SZILHY %M 5T ]
HRABEARYTZE A AT AEAR I SN R I ApoB 194 15 431k
ARAH1O23 94700 gRA B ST R AT 2 A T LA
ZD AR P 7L JBE SR 0 A A1 %% i R 1 IR 1) A A
HIHEOS 40 Ah AR AT 2 A i IR T SREBP-1c
[ mRNA ik, %25 05 SCkiaE — 280, ZHk YT
H AT AR TG A B SCIE R Ay ek 2202

AW K K AT 22 A 1T 4 2 R = g I e
 RUMSE NEFA ¥, 5500 kK RRSEAY r i) — T00 A
FEAER—E | RS, R AK NEFA 0] 52 i 5 R
B AALG R M 455 AR S0 & BB AR BT 22 A 4
O BUSE AST 15PE 2 3 MRS 2 AHAT

ARMIFGE 32 B AT 22 A X UE AP A A G
(0 3% PRUE AT T 00 28 43 B, 5 SRR 3T 22 A 18 4%
LDLR ™6 BRI S8 A 2 F AL A Rtk — 2
8

[ &% k]

[1] XTA B, LIN P, JT Y B, et al. Ezetimibe promotes CYP7A1
and modulates PPARs as a compensatory mechanism in LDL
recptor-deficient hamster[ J]. Lipids Health Dis, 2020, 19
(1) . 24.

[2] GARCIA-CALVO M, LISNOCK J, BULL H G, et al. The
target of ezetimibe is Niemann-Pick Cl-Like 1 (NPCILI)
[J]. Proc Natl Acad Sci US A, 2005, 102(23) . 8132-8137.

[3] GE L, WANG J, QI W, et al. The cholesterol absorption
inhibitor ezetimibe acts by blocking the sterol-induced in-
ternalization of NPC1L1[J]. Cell Metab, 2008, 7 (6):
508-519.

[4] FEEFH. HFEF XA NIEMANN-PICK CI-LIKE 1 %f/MiR
JOEL TP T 32 ) 90815 A A R R AT 22 A1 %) DI e Y
()], hEZh ke, 2009, 17(7) : 597.

[5] LAMB Y N. Rosuvastatin/ezetimibe; a review in hyper-
cholesterolemial J ]. Am J Cardiovasc Drugs, 2020, 20



CN 43-1262/R " [E Sl ik lifb 244 & 2022 4F55 30 455 1 13

(4):381-392.

[6] ARBEL R, HAMMERMAN A, AZURI J. Usefulness of
ezetimibe versus evolocumab as add-on therapy for secondary
prevention of cardiovascular events in patients with type 2
diabetes mellitus [ J ]. Am J Cardiol, 2019, 123 (8):

1273-1276.

KOREN M J, JONES P H, ROBINSON J G, et al. A com-

—
BN |
[

parison of ezetimibe and evolocumab for atherogenic lipid
reduction in four patient populations: a pooled efficacy and
safety analysis of three phase 3 studies[ J]. Cardiol Ther,
2020, 9(2) . 447-465.

LEE J, LEE S H, KIM H, et al. Low-density lipoprotein

—
o]
[

cholesterol reduction and target achievement after switching
from statin monotherapy to statin/ezetimibe combination
therapy: real-world evidence [ J]. J Clin Pharm Ther,
2021, 46(1): 134-142.

(9] BKA52, DWih, £ B WA r A iR T 4
H—EE S EA )] PEARRE,
2019, 54(15) ; 1205-1210.

[10] ASON B, TEP S, DAVIS H J, et al. Improved efficacy

for ezetimibe and rosuvastatin by attenuating the induction
of PCSK9[J]. J Lipid Res, 2011, 52(4) : 679-687.

[11] XURX, LIUJ, LI X L, et al. Impacts of ezetimibe on
PCSKO9 in rats: study on the expression in different organs
and the potential mechanisms[ J]. J Transl Med, 2015,
13(1) . 87.

[12] ENGELKING L J, MCFARLANE M R, LI C K, et al.
Blockade of cholesterol absorption by ezetimibe reveals a
complex homeostatic network in enterocytes[ J]. J Lipid
Res, 2012, 53(7) . 1359-1368.

[13] CATRY E, PACHIKIAN B D, SALAZAR N, et al.
Ezetimibe and simvastatin modulate gut microbiota and ex-
pression of genes related to cholesterol metabolism[ J ].
Life Sci, 2015, 132 77-84.

[14] £ &, 2= 5. AT X Z I Psh bk Rk 2 9
WEFE R[], e 3 kR Ak 2% &, 2019, 27(3):
254-263.

[15] TANAKA Y, IKEDA T, OGAWA H, et al. Ezetimibe
markedly reduces hepatic triglycerides and cholesterol in
rats fed on fish oil by increasing the expression of choles-
terol efflux transporters [ J |. J Pharmacol Exp Ther,
2020, 374(1) . 175-183.

[16] ALTEMUS J B, PATEL S B, SEHAYEK E. Liver-specific
induction of ABCG5 and ABCGS stimulates reverse choles-
terol transport in response to ezetimibe treatment[J]. Me-
tabolism, 2014, 63(10) . 1334-1341.

[17] LIU N, SI'Y, ZHANG Y, et al. Human cholesteryl ester
transport protein transgene promotes macrophage reverse

cholesterol transport in C57BL/6 mice and phospholipid

transfer protein gene knockout mice [ J]. J Physiol Bio-
chem, 2021, 8. 679797.

[18] WANG J, HE K, YANG C, et al. Dietary cholesterol is
highly associated with severity of hyperlipidemia and ather-
osclerotic lesions in heterozygous LDLR-deficient hamsters
[J]. Int J Mol Sci, 2019, 20(14) . 3515.

[19] GAO S, HE L, DING Y, et al. Mechanisms underlying
different responses of plasma triglyceride to high-fat diets in
hamsters and mice: roles of hepatic MTP and triglyceride
secretion| J |. Biochem Biophy Res Commun, 2010, 398
(4): 619-626.

[20] GUO S, TIAN H, DONG R, et al. Exogenous supplement
of N-acetylneuraminic acid ameliorates atherosclerosis in
apolipoprotein E-deficient mice [ J ]. Atherosclerosis,

2016, 251 183-191.

[21] WANG J, WANG Y, YANG X, et al. Purification, struc-

[

tural characterization, and PCSK9 secretion inhibitory
effect of the novel alkali-extracted polysaccharide from
Cordyceps militaris[ J]. Int J Biol Macromol, 2021, 179.
407-417.

[22] LIT, HU S M, PANG X Y, et al. The marine-derived
furanone reduces intracellular lipid accumulation in vitro
by targeting LXRa and PPARa[J]. J Cell Mol Med,
2020, 24(6) . 3384-3398.

[23] KARAGIANNIS A D, MEHTA A, DHINDSA D S, et al.
How low is safe? The frontier of very low (<30 mg/dL)
LDL cholesterol [ J]. Eur Heart J, 2021, 42 (22):
2154-2169.

[24]1 JANGAY, LIM S, JO S H, et al. New trends in dyslipi-
demia treatment[ J]. Circ J, 2021, 85(6) : 759-768.

[25] SUGIZAKI T, WATANABE M, HORAI Y, et al. The
Niemann-Pick Cl Like 1 (NPCIL1) inhibitor ezetimibe
improves metabolic disease via decreased liver X receptor
(LXR) activity in liver of obese male mice[ J]. Endocri-
nology, 2014, 155(8) . 2810-2819.

[26] WANG X, REN Q, WU T, et al. Ezetimibe prevents the
development of non-alcoholic fatty liver disease induced by
high-fat diet in C57BL/6J mice [ J]. Mol Med Rep,
2014, 10(6) : 2917-2923.

[27] DEUSHI M, NOMURA M, KAWAKAMI A, et al.
Ezetimibe improves liver steatosis and insulin resistance in
obese rat model of metabolic syndrome[ J]. FEBS Lett,
2007, 581(29) : 5664-5670.

[28] TELFORD D E, SUTHERLAND B G, EDWARDS J Y,
et al. The molecular mechanisms underlying the reduction
of LDL apoB-100 by ezetimibe plus simvastatin[ J]. J
Lipid Res, 2007, 48(3) : 699-708.

[29] KASBI C F, TREGUIER M, BRIAND F, et al. Ezetimibe

enhances macrophage-to-feces reverse cholesterol transport



14

ISSN 1007-3949 Chin J Arterioscler, Vol. 30, No. 1,2022

in golden syrian hamsters fed a high-cholesterol diet[ J]. J
Pharmacol Exp Ther, 2020, 375(2) : 349-356.

[30] UTO-KONDO H, AYAORI M, SOTHERDEN G M, et al.
Ezetimibe enhances macrophage reverse cholesterol transport
in hamsters; contribution of hepato-biliary pathway[ J]. Bio-
chim Biophys Acta, 2014, 1841(9) . 1247-1255.

[31] VAN HEEK M, AUSTIN T M, FARLEY C, et al.
Ezetimibe, a potent cholesterol absorption inhibitor, nor-
malizes combined dyslipidemia in obese hyperinsulinemic
hamsters| J |]. Diabetes, 2001, 50(6) : 1330-1335.

[32] VAN HEEK M, FARLEY C, COMPTON D S, et al.
Ezetimibe selectively inhibits intestinal cholesterol absorp-
tion in rodents in the presence and absence of exocrine
pancreatic function[ J]. Br J Pharmacol, 2001, 134(2) .
409-417.

[33] SHINOZAWA E, AMANO Y, YAMAKAWA H, et al.
Antidyslipidemic potential of a novel farnesoid X receptor
antagonist in a hamster model of dyslipidemia comparative
studies of other nonstatin agents[ J]. Pharmacol Res Per-
spect, 2018, 6(2) : €00390.

[34] WU Y, XUM]J, CAO Z, et al. Heterozygous LDLR-defi-
cient hamster as a model to evaluate the efficacy of PCSK9
antibody in hyperlipidemia and atherosclerosis[ J]. Int J
Mol Seci, 2019, 20(23) . 5936.

[35] DAVIS HR, VELTRI E P. Zetia: inhibition of Niemann-
Pick CI Like 1 (NPCILL) to reduce intestinal cholesterol
absorption and treat hyperlipidemia [ J ]. J Atheroscler
Thromb, 2007, 14(3) . 99-108.

[36] TADA H, OKADA H, NOMURA A, et al. Beneficial
effect of ezetimibe-atorvastatin combination therapy in pa-
tients with a mutation in ABCG5 or ABCG8 gene [ J ].
Lipids Health Dis, 2020, 19(1): 3.

[37] HAYASHI H, KAWAMURA M. Lowering LDL cholester-
ol, but not raising LDL receptor activity, by ezetimibe
[J]. J Clin Lipidol, 2013, 7(6) : 632-636.

[38] SUDHOP T, LUTJOHANN D, KODAL A, et al. Inhibition
of intestinal cholesterol absorption by ezetimibe in humans
[J]. Circulation, 2002, 106(15) : 1943-1948.

[39] HALLECK M, DAVIS H R, KIRSCHMEIER P, et al.
An assessment of the carcinogenic potential of ezetimibe u-
sing nonclinical data in a weight-of-evidence approach
[J]. Toxicology, 2009, 258(2/3) : 116-130.

[40] MIYOSHI T, NAKAMURA K, DOI M, et al. Impact of
ezetimibe alone or in addition to a statin on plasma PCSK9
concentrations in patients with type 2 diabetes and hyper-
cholesterolemia; a pilot study [ J]. Am J Cardiovasc

Drugs, 2015, 15(3): 213-219.

[41] YU X H, ZHANG D W, ZHENG X L, et al. Cholesterol
transport system: an integrated cholesterol transport model
involved in atherosclerosis [ J]. Prog Lipid Res, 2019,
73: 65-91.

(42 ARUGENE. /N1 25V P RE [ e 396 1) e as LA A T 52
HERELY]. PESIIKEE LA, 2019, 27(2) : 93-100.

[43] WANG H H, PORTINCASA P, MENDEZ-SANCHEZ N,
et al. Effect of ezetimibe on the prevention and dissolution
of cholesterol gallstones[ J]. Gastroenterology, 2008, 134
(7). 2101-2110.

[44] VALASEK M A, REPA J J, QUAN G, et al. Inhibiting
intestinal NPC1L1 activity prevents diet-induced increase
in biliary cholesterol in Golden Syrian hamsters[ J]. Am J
Physiol Gastrointest Liver Physiol, 2008, 295 (4 ).
G813-G822.

[45] TREMBLAY A J, LAMARCHE B, COHN J S, et al.
Effect of ezetimibe on the in vivo kinetics of apoB-48 and
apoB-100 in men with primary hypercholesterolemia[ J].
Arterioscler Thromb Vasce Biol, 2006, 26(5) : 1101-1106.

[46] BENLIAN P, DE GENNES J L, FOUBERT L, et al.
Premature atherosclerosis in patients with familial chylo-
micronemia caused by mutations in the lipoprotein lipase
gene[ J]. N Engl ] Med, 1996, 335(12) . 848-854.

[47] NAPLES M, BAKER C, LINO M, et al. Ezetimibe amel-
iorates intestinal chylomicron overproduction and improves
glucose tolerance in a diet-induced hamster model of
insulin resistance [ J ]. Am J Physiol Gastrointest Liver
Physiol, 2012, 302(9) : G1043-G1052.

[48] NAKANO T, INOUE I, TAKENAKA Y, et al. Ezetimibe
impairs transcellular lipid trafficking and induces large
lipid droplet formation in intestinal absorptive epithelial
cells[ J]. Biochim Biophys Acta Mol Cell Biol Lipids,
2020, 1865(12) . 158808.

[49] COUTURE P, LAMARCHE B. Ezetimibe and bile acid se-
questrants; impact on lipoprotein metabolism and beyond
[J]. Curr Opin Lipidol, 2013, 24(3) . 227-232.

[50] SHEN J, SUN B, YU C, et al. Choline and methionine
regulate lipid metabolism via the AMPK signaling pathway
in hepatocytes exposed to high concentrations of nonesteri-
fied fatty acids[ J]. J Cell Biochem, 2019, 121(8-9) .
3667-3678.

[51] LUPACHYK S, WATCHO P, HASANOVA N, et al. Tri-
glyceride, nonesterified fatty acids, and prediabetic neu-
ropathy: role for oxidative-nitrosative stress [ J]. Free
Radic Biol Med, 2012, 52(8) . 1255-1263.

(RS i)



