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[ Abstract] Objective To observe the effects of fenofibrate and atorvastatin

on Toll-like receptor ( TLR) 4 expression in ApoE-deficient mice. Methods ApoE-
deficient mice were divided into 3 groups which received high-fat diet ( HF) alone and
were treated with fenofibrate ( HF + F) or atorvastatin ( HF + A) for eight weeks,
respectively. Serum level of total low-density lipoprotein, cholesterol, triglyceride,
total cholesterol was detected after 8 weeks, respectively. Results No significant
difference of serum level of total low-density lipoprotein, cholesterol, triglyceride,
total cholesterol were detected among three groups. Fenofibrate, but not atorvastatin
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showed significant down-regulation effect on TLR4 expression on CD14 " monocytes.
Conclusions Fenofibrate could down-regulate TLR4 expression on monocytes in a
lipids-lowing-independent manner, which may be involved in its anti-inflammatory
mechanisms in atherosclerosis.

[ Key words] Toll-like receptors; Atherosclerosis; Fenofibrate; Atorvastatin

KRR - WA ZREHREANE 2388 EAIEAE
RARE AR E - B B B Y & MUE 55 ERE 220 08 N I EEAR
2D RAEMER GE DL 5% T 3 Bk KA BB 1L ( atherosclerosis, AS) By IR % . JL4R
SRFGE BN > B S 2 Toll #3244k (Toll like receptors; TLRs) 4B KR
FRBHEERMNSET AS WEHEAFER "' . FHit, TLRs BN AS 1AITH
FHE R -

B, ok 2 BIEDE ST R T - AR A Y BB AR ZSNIBIRAER . 5
TEASWHTHPRETEEREEH. CAWR BRMFEEMITA#ES T3 TLR4 55
BRSO RN, B SEMEER . (R, AP EIRE TR
NBE, SO0 R IR LA B SR A M RSt oY, B — e RBRYE. B TR E g
MR, VT TR YiE R I Xt TLR4 5K V&S VE R » A58 R apoE
F [H B1pE ( apoE-deficient, apoE ™~ ) /N K, YRR FRIFGARAN T « I D1 4 X 28 {1 O
T AS /DR A AR TLR4 23k X MAS /KR, #f— 30T E R F 254
HIPTRHLER -

WA &

— Bk

1. YRR H] 55341 :8 R apoE ™~ /NRIW TAL R KESH Y LR
Do ENRSE LRGSR 3 4, 8410 R, FHMATRIBERF(SHE
B20.15% , JBRF 21% ) .8 R AS #El. YT HAEEIRERFERB, 45
ST PIFEARMTT (10 mg « kg™ « d ™) BRARHE MUAF(100 mg kg ™' + d™'), X4
BTHFRFRKEE. 881 KIEREE, WEAYHE.

2. bRACRAE : B /D RACFERT 4 h 288, AEK. 1% B HZ 0.5 ~1 ml
TS RIS > BRBRFERR UM - HH 0.1 ml FHZ ZRZP9 Z R — 8 (EDTA-K2 )
HigE, PR dr, RAEPUER I, B0 5 M E R A RAL2 A I TG LDL.
TC.

27

1. 5 240 4SO 00 B2 2% 40 G 2 bk E 40 JH Foh 4 i TLR4 B3R 3K : B 100 pl
EDTA-K2 $i5E 2 I, /i A £1 240 o S48 v S48 41 40 B » B FH FITC #nic 19 /7 BB A
2 B FhE 48 B P /N B, Grl ( 32 F BD Pharmingen) F1 PE $RriC B35/ B Macl $HifEk
( 32 E BD Pharmingen) , EAREARC . RAEY RS ICHPL/N R TLR4( 3£ H eBio-
science ) fll APC-cy5. 5 #Ric i Streptavidin( BD Pharmingen) , DA [B]bRiE#RiC TLR4 .

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

AR SEIG ATl PR 2k L TR D2008 455 H 452 3% 452 ] Chin J Exp Clin Infect Dis (Electranic Version),May 2008, Vol 2, No.2 ©2 -

Vi f{L ( FACS Callibur, 3£ E BD A& & .

2. TG.LDL.TC 7K 8 : S F§ BECKMAN CX4 4> B 3h4: 46014, HAFt
ARG 2 H H B &4l TG.LDL.TC /K-«

= GiiteEab

TR x £5s T8, WA ZE SR ML A ¢ KT, P <0.05 F4iit

s R

— B FEAR AT T DU 4t 1 A 7K SR e
B T B4 /NRIAAR K, RB-SHERIA A LY, B3R TT ZAE3 4T
#H/NF A LDL.TCT TG /K EH LB ELGHFER(P>0.05)(F 1),

®1 PTFEAATT AR DR MAS /KPR (% + s, mmol/L)

LDL TG TC

FIFEARALTT T A 22.08 +3.76 0.73 +0.29 29.52 +3.85

JevE N T A 21.88 +3.76 1.00 £0.54 29.65 +5.50

v 17.88 £3.65 0.64 +0.65 24.84 +6.02
ZNES A LR A e B

R PR 5 s /NSO A LB e RE R R I L 4. SN A 1 BT
B T4 A RN R B P BORE B 28 2D (W] » AT AR 4 T 10 A RS C FSCO 1) £
(SSCO AR M BEAT B AN MU 4 5 - Dy BE B B 5 BRI B, SR A Maac-1 Al
Gr-1 JUAHSHATEBAEEE(E 2),

1000

Hiam

SSC

RER

Gl=t

S5(-Height
0 200 400 600 SO0

0 200 400 600 00 1009 FX
FSCHeight

B 1 NRSME MR E ) RERE )
= FIEARABTT K AR T8 I REXT /)N BR MR I B8 42 4 Bl TLR4 383K IR 0w
i AT SR 4 AH H TLR4 ik B B K (7.90 £2.48 vs 11.98

3.75)(P =0.02); F$ptRMiT T HA SRR 4 A L BB 4 i TLR4 RN BZBEF
B(14.21 £4.60 vs 11.98 £3.75) ,BETESH2%ZE X (P =0.32) (& 3).

PDF SCHFi ] "pdfFactory Pro™ X AL www. Fineprint.com.cn



http://www.fineprint.com.cn

© 30 - AR SEIG AT PR 2 (L TRD2008 455 H 452 35 4% 2 ] Chin J Exp Clin Infect Dis (Eleciranic Version),May 2008, Vol 2, No. 2

15

10

Counts
5

0

w0? 10! 102 10° 104
TLR4 APCcS5.5

30

OHF
B HFHA
fHF+F

20

10
o o

TLR4

B2 /NEAE ML A R B3 ARAEEH/ RS M8 40 M
TLR4 K)FE3E

15 3

AS B—FAEHERR Y. RAMRBHABERNS ST AS WIER MK
J&°'. TLRs JuHE TLR4 fEH— RN SRR ABER NN EBE S S2K, 1
KA AL R P RU/E AR H 225120 . BRI L WIETE R TLRs 2 5
TSR AOAE A BB DL R BEE i S A AN B B, T e 2 R R w3 ik
PORERE AL RERR . HBUE S T2 MyD88 fR#ik 2 fdk MyD8s Rifigsz /5l
A FH F-kB( NF-«B) X TR B A3 B F 3(IRF3) 5 A0k A ZHHIB N T 3
SR R AR E FERX W 25 AS RAEMPER. CD14 FHH:A
YHAEAEA TLR4 FEBIETE AS kA& . ERPINKEZEEEAEH AL AS BIFHT B
B TS PR B O B AR AL B A, R R AR M R R E
B FEER AMELE| RIS RAEIEHE AS #ER, H T EN A T4 R E HEHME
PR B AR R AREL . BF5EEB TLRs {555 @B AUEEEER
TEHLH, AR SRR T ALE, T A9 TLRs MM B BC/K; T TLRs B9
Rk BB EARET TR BRYENRNARERES T B TLRs 5 5158
RTS8 & TLRs R VA HLE], BETZ&IE TLRs 3
S B G B - B A B 5 B SR B I N A8 B TR IR ILEE A AS SRR PR
R

Methe 25" BF5Y RIUMBITR 25 AT MBI CD14 FHM: A 4R T TLR4 3
% BRI BE —E BB . 8% IR X ERANERINEE B LM, 7
R B ER B TRERIER A REHER: I Be2h ¥ Xt s PR Bg IUAE 2 3% TLR4 3%
KRR B, B TEYRREIBTER  ZE AR NIRMEX 4325 9%T TLR4 HIR2 00 2
HES5VERERMERL. T ERER, AZBF5 KA apoE ™~ /MR FHATHFR-

PDF SCHFi ] "pdfFactory Pro™ X AL www. Fineprint.com.cn



http://www.fineprint.com.cn

AT il PRI R 24 e (B TR 2008 4E 5 H 252 3% 55 2 #i| Chin J Exp Clin Infect Dis (Electranic Version),May 2008, Vol 2, No.2 - 31 -

apoE T /NREH B R ASHiIF,5 F 6 B G T BT R B A AR 1 . 8
JEI & 7 A BV TR R 4 T 400 P % 38 1 - UL 4 B 2L AR IS B0 A R
TE 15 R A4 B L B S AU BT B AR AR B 2 24 22, T i IR & MR T B 3B i ik
ERBER. HET apoE 7 T /NREAER R AS R B WTIRAETTEE AS
MREEEE . EAEENE, AR BNFLSRIEZ YA I A8/K &
BEW T ARG R G BERSE/DRIIBKFESE T ¥R, HETIH
PR BB BT R LA ER R X S RE 2R 45 W2 W) » DT B 0 FOF A b, sz kL oo i 255 0 o
RRERENEEAER . AR B AR I 45 7] B B [% A% apoE '~ AS FEEI/)N
B 40 TLRA 3%, 85 635 TS AT 5@ 33 8% TLRs (5 SR25% M AS g4
BN R EHBLRIERA, B AEERRUESE T AR, T HABER Z 5

AW R T 6 TS TT Al TLR4 35T T HHAE AS #HR P A B RA
RN . WHLHFTE8825 T Ik WARTE AS WBITHHLRIER . HERMRE
TRt EAL YT A 1 A S 32 4 ( PPARSs) 324K B 3 1 BELDT 5. W5k 400 S 0 1 455 S0
JULZ0 B 75 A7 5 -1 AP-1) \NF-«B. fil STAT {5522 R HEHFLER .
)5 & L HE NF-«B 5 582N TLRs S SN E T I@EE. N LI
] PPARs BEh70) o] @i i 2 $l TLRs JtH 2 TLR4 (558 RTE AS B4 K
BFRRER . B9 &I PPAR-o 24K h 77 IR 38 I 48 ] &A% apoE ~~ AS A
/NREZYIME TLR4 323K, BRI W #] TLR4 T #5518 1250 PPAR-a 321K
ZhiR Al BB E #:3l) TLR4 33K, H AMAHLHA ffF FH#H— ST, HEIAHERR A
BRATIHNZS.

EEMRERNEARNTR MAEAER A, fib 7T 70 AL PRV R B2 40 il 2 T
TLR4 IR FH a2 e 2@ B B R F-a (TNF-o B a4 TR
H(MCP-1) {55555, Methe 25" BF5Y & DAL YT 7T 391 45 755 i [MLAE 2% CD14 FH
PR AR TE TLR4 F3k . (EE/51E 2 Methe 4 (RF 57 i, £ BE % TLR4
AR A AT TR0 /5 TC.LDL Bl B AREAE . IR REHERR 7T 3825 9% TLR4
FIRWFE ] BESR IR T H A ARTE A Bp B s it . (EABSE R & TR B4R A
IT*t TLR4 £k BR F AR . ABRBR: ERUE MASKERTR T &
flyT%F TLRA FRE IR TS 23 B X, STHRBTFE AR A TT X TLR4 383X 8w ]
BB M AR, R oR 2 X S R G BB -

s £ X W

1 Reiss AB, Glass AD. Atherosclerosis: immune and inflammatory aspects. J Investig Med,2006,54:123-131.

2 Michelsen KS, Arditi M. Toll-like receptor signaling and atherosclerosis. Current opinion in hematology,2006,13:163-168.

3 Hansson GK, Libby P, Schonbeck U, et al. Innate and adaptive immunity in the pathogenesis of atherosclerosis. Circulation re-
search,2002,91:281-291.

4 Mach F. Statins as immunomodulators. Transplant immunology,2002,9:197-200.

5 Methe H, Kim JO, Kofler S, et al. Statins decrease Toll-like receptor 4 expression and downstream signaling in human CD14*
monocytes. Arterioscler Thromb Vasc Biol,2005,25:1439-1445.

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

32 - AR SEIG AT PR 2 (L TRD2008 455 H 452 35 4% 2 ] Chin J Exp Clin Infect Dis (Eleciranic Version),May 2008, Vol 2, No. 2

10

11

12
13

14

15

16

17

18

19

20

21

22

Niessner A, Steiner S, Speidl WS, et al. Simvastatin suppresses endotoxin-induced upregulation of toll-like receptors 4 and 2 in
vivo. Atherosclerosis,2006,189:408413.
Hansson GK, Robertson AK, Soderberg-Naucler C. Inflammation and atherosclerosis. Annu Rev Pathol,2006,1:297-329.
Stoll G, Bendszus M. Inflammation and atherosclerosis: novel insights into plaque formation and destabilization. Stroke,2006,37:
1923-1932.
Bjorkbacka H. Multiple roles of Toll-like receptor signaling in atherosclerosis. Curr Opin Lipidol,2006,17:527-533.
Edfeldt K, Swedenborg J, Hansson GK, et al. Expression of toll-like receptors in human atherosclerotic lesions: a possible path-
way for plaque activation. Circulation,2002,105:1158-1161.
Xu XH, Shah PK, Faure E, et al. Toll-like receptor4 is expressed by macrophages in murine and human lipid-rich atherosclerot-
ic plaques and upregulated by oxidized LDL. Circulation,2001,104:3103-3108.
Li H. Sun B. Toll-like receptor 4 in atherosclerosis. J Cell Mol Med,2007,11: 88-95.
McGettrick AF, ONeill LA. The expanding family of MyD88-like adaptors in Toll-like receptor signal transduction. Mol Immu-
nol,2004,41:577-582.
Reddick RL, Zhang SH, Maeda N. Atherosclerosis in mice lacking apo E. Evaluation of lesional development and progression.
Arterioscler Thromb, 1994, 14:141-147.
Nakashima Y, Plump AS, Raines EW, et al. ApoE-deficient mice develop lesions of all phases of atherosclerosis throughout the
arterial tree. Arterioscler Thromb, 1994, 14:133-140.
Sparrow CP, Burton CA. Hernandez M, et al. Simvastatin has anti-inflammatory and antiatherosclerotic activities independent of
plasma cholesterol lowering. Arterioscler Thromb Vasc Biol,2001,21:115-121.
Nachtigal P, Pospisilova N, Pospechova K, et al. MDOC and atorvastatin have potential antiinflammatory effects in vascular endo-
thelium of apoE ™"~ mouse model of atherosclerosis. Life sciences,2006,78:1983-1989.
Liew FY, Xu D, Brint EK, et al. Negative regulation of toll-like receptor-mediated immune responses. Nat Rev Immunol,2005,
5:446458.
Gervois P, Chopin-Delannoy S, Fadel A, et al. Fibrates increase human REV-ERBalpha expression in liver via a novel peroxi-
some proliferator-activated receptor response element. Mol Endocrinol, 1999, 13:400-409.
Gervois P, Kleemann R, Pilon A, et al. Global suppression of IL-6-induced acute phase response gene expression after chronic in
vivo treatment with the peroxisome proliferator-activated receptor-alpha activator fenofibrate. J Biol Chem, 2004, 279: 16154-
16160.
Ryoo S, Won M, Kim DU, et al. PPARalpha activation abolishes LDL-stimulated IL-8 production via AP-1 deactivation in human
aortic smooth muscle cells. 2004,318:329-334.
Staels B, Koenig W, Habib A, et al. Activation of human aortic smooth-muscle cells is inhibited by PPARalpha but not by
PPARgamma activators. Nature, 1998,393:790-793.

CIR B 17:2007-02-29

(ARGtE: EFHER

BT, shh ik, R E, F. B3 WA IR T2 ApoE 2 B 3k K 58 S 4 48 i TLRA & 34

#%eal I/CD |. P Bfols KB L mde & B F ik, 2008,2(2):27-32.

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

