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As we know, atorvastatin has been widely used to treat hyperlipidaemia and cardiovascular diseases.

Atorvastatin also has anti-inflammatory effect on inhibiting the expression of pro-inflammatory cytokines, such as

interleukin-13, interleukin-6 and tumor necrosis factor-a, etc.

However, the underlying mechanisms of anti-inflammatory

effect of atorvastatin are still largely unknown. In this review, we summarize the progress of Toll-like receptors, inflamma-

some, microRNAs, small GTPase and peroxisome proliferator-activated receptors on the anti-inflammatory effect of atorvas-

tatin, in order to provide new evidence for further understanding of the anti-inflammatory mechanisms of atorvastatin.
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TEMFLE A TLR2 F1 TLR4 =8 AF7E T8
AL | I 4 A I AE P R A S B bk 2 4 i Y
AN . TLR2 F1 TLR4 A5 i B8 4E 71k K T 88
(myeloid different factor 88, MyD88) {55 18 &I I A%
K ¥ kB ( nuclear factor kB, NF-«kB) , J& 8l 5 M4 [ v/ o
Bertocchi 25 % B B[ G &l 7T R LA ) 56 R 3
JOK ML P9 52 40 TLR2 (14335, I3 il 48 g X TLR2
T A% 5 e 240 L 3% £ i o B ARk . e Ak, BT HE A A
1T REAE 7] B 41 o] 58 5 A R AR S A D I B A
2l }d ( peripheral blood mononuclear cell, PBMC )
TLR2 #1 TLR4 {3635 o it A iR 58 & BTG 1%
7T REAE BH 510 ] S B Bk ok A B AL BE B Y TLR4 Al
NF-«B ik BIFCARALTT BERSIA R 8 THP-1
E W2 ] TLR4 MyD88 & [ i 3Rk, TN 855 NF-
kB AT LI THP-1 B mEAN g s ks
BB, BT FE AT T AT i@ a9 ] TLR2 F1 TLR4 1
TR BIEPLRIEM

2 RMEE

R — RPN Z T A S RGO
2 B A R, R A TCE I 2 DR A B A
TR, BB VR IE B A P T AR DG B AR A
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NOD #£ 22 {& ( nucleotide-binding oligomerization
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iR N - & W N 1 N & R N I 1 4 A
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il FPP & i Js R g 220 A S 1 SRR Al
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4  microRNA

mircoRNA (miRNA ) J&—28 /N 7R 2 it Bk
RNA, AR T 57 J5 7K, 30 5t 3 40 e A
Rfre E AR RNA DR R IR R0k, S0 4F R0 o5 & BR
BFEARALYT 0T LAJE T 2P miRNA ik, HAT &5
PIE RN B YIAH ) miRNA A let-7i .miR-21 . miR-
34a.miR-146 I miR-222,

let-7i 42 #8 [i] % 15 TLR4 1Y miRNA % 5 Z —,
THP-1 A% 4% let-7i J& , TLR4 2235 B S usi b | i bl
FEARAMBTT AT LABE AN let-7i 3k, k2> TLR4 Feak! |
AR A 5SSt let-7i ANLREHE 015 TLR4, iA RE
ELHESE T NF-kB 1 IL-61") | 33X SERFE F BT 4E
BeAb TRl A let-7i 0] SR K

miR-21 ]2 F 5 T0 LN AL | 05 441 e ik 2F
AN S A O S5 U L HE AR, e &
L miR-21 AT 38 0 B ) o 4 R ek A AT T A 4
BRI NF-kB 15558 s ad BE s, s A gae
RLCZR BEE P BT R A AT, 5 Ab 70 2 21 55 40
Fil & miR-21 W EFHE, R R AL+ o (tumor nec-
rosis factor-a, TNF-a) W BH & R SRR BTG A& A
TTATE N miR-21 0] 405 733k

VUER(E BT A F 1 (silent information regulator
1,SIRTL) &7 AR b ) I A e —Fh A
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g i I miR-34a AYFRIN(EDE SIRTT 203", A
i R AFEHUAAE T, BB miR-34a 7] RE &N SPTHE1L
T TR A ) miRNA 22—
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HH PBMC N miR-146a/b 5 TLR4 K H Fif {55
T IR IRBE R - 52 AR A 5 F- 6 (tumour necrosis
factor receptor associated factor 6, TRAF6) Fl H 4 Jifd
MFE 1 Z KA K B (interleukin-1  receptor-
associated kinase , IRAK) 4538 ik 52 TEAH 3¢ | 11 {6 FH Bl
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T TI A 1 45 55 5K 2% % 40 il 410 o 590 fe B IR AR
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TRAF6 fy26i51% . BAR miR-146a/b T35 1485 [
AR At A 2% THP-1 40 %5 2% miR-146a
J& B, TLR4 MyD88 Fil NF-«B % 5% /K - B i 7+
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gl JE YT miR-146 P RIER
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miR-222 £ 5 I 41 B B 1l 00 A2 A, 58095 S8 Y
A miR-222 RIKWI I £, ARk,
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e L S S5 REN Mg R B
FEARAIT BERS B 3] CAD £ N R A4 miR-
222 (R R BT AR AL TT o] BESE i I miR-
222 FIRHSERE SN

BATE A 7T % 38 miRNA AU 8 D e C 415
FINESE , H HAE R AE W 7 1 AF 58 38 2O vkl —
1A KB miRNA DJREA A, BIFC AR T 3 i
miRNA P2 R I A VF 2 [ R R fif o
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o SR AR ARG 5 W 500G 7Y 37 A ( peroxisome prolif-
erator-activated receptor, PPAR) B T EZ I8
FIGRL L, 2 — MM B AR W6 Ak W 3% e 7,
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SRR, ARk & BT FE AR VT v LT PPAR &

BTFEHAMLTT AT LA L 38 3l bk B AL BE B ) PPAR«
ik, RIS BT LB, BTFCAR AR TT AT LA
/N EZ0 B 1R 6 B 0 1 i 4 40 PR 28 R 437 R0 1L-6
FIk AR PPARe 3 PR 5 35 b 4100 ) 280 SR 35 40
BELWT > R, BT EAR AT ) figE it 38 PPARa 1M
RIFHURBN

7E SD K FUIRE.L LA & B PPARB 5 NF-
kB Ik 5 BAH G, TN BT 4G AR At 7T Ab B AT DL L 9
PPARB JHAM| NF-«B Fik, X KMk ol ok ZE 11
SD K ELHAE (i F PPARB Biik GW0742 fEfig B i 10
#1 NF-kB S 2 VEFF IL-1B Fl TNF-a [3L 12 5 )
Z ,PPARB FF 5 14 FH KT 77 GSK0660 HE % I i NF-
KB IL-18 PAK TNF-a 23k i sb b IR | 46
Hefts 7T vl 3 PPARB/NF-kB 375 K9 R0 .

AT R AT W 5 35 %k fili 28 A5 780 /)N B feft R BT 4 £
3T J5 R PER 7 TNF-o F1 1L-6 250 i F K&, 7 H fE
i VR A 4 A EE R I 440 R 33 1 PP ARy 5907
GW9662 Ab3H/INEUE | BT FE A AL 7T 7 3 Fh 20 SR B I
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ZEMEN SRR I & B, SR A BT R Al T 5
HHUIAYT 2 A8 B 0 R AR o B0 BU 28 1 el Ik
BIKA AR YT F A I3 0 5 40 A P JUL TR 38t 1)
T IL-6 = C RN B B TNF-a (263K, T X
F 20 B 1 PPARy F5P07 5 , BTHEAARTT Aix —
RORZEMH Y AR E 2R, LRI T -
& PPARy 3355 Al i ZApag e R EDTRAVE 3L
— = ELFEID ] NF-kB &1 30 [ 5 H — 2 BH W7 15 2
B 5 e B 5 I SRS 115 5 i s = 2 i ol
BOSEE N L F 95 @i, A, PPARy n] If2 it
B X ZAK (liver X receptor, LXR) ¥4 5% 5 = Wi R %
TG 521K A1(ATP-binding cassette transporter
A1,ABCA1) LRI, A5 W55 F X CAD B3 E W
21 it ol FH BT AL 7T 5 & B, LXR & ABCAL £k
BRI BT, AR & B ABCAL AL
- BRI A A0 A R S e 4B . THP-
1 A4« ABCA1 siRNA AbHE )5 NF-«B 15 538 %
PRGN, I, B PPARy/LXR/ABCAL 55
HE IR AT RESE BT HC A AT T AV TE BT R ML 2 —

6 SEERE

g5 LRk BB A VT W] i 4 TLR2 | TLR4
T M RIS BTN G R A, 1
2 microRNA ik DL A3 il PPAR 3555 Z FhpIL i
T SAE S0 A BTHE b VT BBt RAEHI E 1%
B T UESE  HHAE FHAL R 38 A 1 22 i) 8 155 A
a0 BTGl TT X NLRP1T NLRC4 %5 48 1 {3 1k 2
A B A EABTT 28 2590 %5 5 B I8 45
VEFANIR)  FE BB R A TT 23 745 4 P BT R AR HT Y
ARSER R 240 HAE R fg 47 TEPTHEL
MBIT /Y AR Z Bt R HLH b, REEME N G HE A
microRNA & PPAR S Z MBS AF7E L M C R, H
BRI AT S0 SN B 43 52 2, BT 4T AR AT T /2
TIBAFTE HAAT AR AL 7 — 20 BIF 50 3k 26 ] U f
IV A T T A 5 B 3k A K B G AR A 7T A
AL B LA SR, BE G X BT A 7T 24 3
YEHIRATR B8 AN W7 10 T8 LA B A e S g A= i e 3t i
WF5E B e, FRATTH B 4 T | TR A b 1 A BT G £
LT 45 S SO Y 73§ AL, e 28 o0 2% i A P9
TR T SR A 25 M e A

[ &% 30k
[ 1] Satoh M, Takahashi Y, Tabuchi T, et al. Cellular and mo-

lecular mechanisms of statins: an update on pleiotropic

effects[ J]. Clin Sci (Lond), 2015, 129 (2): 93-105.

[2] Bertocchi C, Traunwieser M, Dorler J, et al. Atorvastatin
inhibits functional expression of proatherogenic TLR2 in ar-
terial endothelial cells[ J]. Cell Physiol Biochem, 2011,
28 (4): 625-630.

[3] OF &, Bhith, X5, . FHTHMTT X8 i A
RIS AL A AR SD T U Toll AE32 44 2,
Toll HE5Z 1K 4 YR IKAEMATFE[T]. h B 25 540,
2012, 9 (1) ; 25-27.

[4] Fang D, Yang S, Quan W, et al. Atorvastatin suppresses
Toll-like receptor 4 expression and NF-kappaB activation in
rabbit atherosclerotic plaques[ J]. Eur Rev Med Pharmacol
Sci, 2014, 18 (2) . 242-246.

[5] Liu M, Tang R, Jiang Y. Study on the function and mecha-
nism of atorvastatin in regulating leukemic cell apoptosis by
the PI3K/ Akt pathway[ J]. Int J Clin Exp Med, 2015, 8
(3): 3 371-380.

[6] Li X, Deroide N, Mallat Z. The role of the inflammasome
in cardiovascular diseases[ J]. J Mol Med ( Berl), 2014,
92 (4). 307-319.

[7] Satoh M, Tabuchi T, Itoh T, et al. NLRP3 inflammasome
activation in coronary artery disease: results from
prospective and randomized study of treatment with atorvas-
tatin or rosuvastatin [ J ]. Clin Sci ( Lond), 2014, 126
(3): 233-241.

[8] Li X, Deroide N, Mallat Z. The role of the inflammasome
in cardiovascular diseases[ J]. J Mol Med (Berl), 2014,
92 (4). 307-319.

[9] Cai S, Batra S, Wakamatsu N, et al. NLRC4 inflammasome-
mediated production of IL-1beta modulates mucosal immunity
in the lung against gram-negative bacterial infection[ J]. J Im-
munol , 2012, 188 (11): 5 623-635.

[10] Xiao H, Qin X, Ping D, et al. Inhibition of Rho and Rac
geranylgeranylation by atorvastatin is critical for preservation
of endothelial junction integrity [ J]. PLoS One, 2013, 8

(3): €59233.

[11] Satoh M, Tabuchi T, Minami Y, et al. Expression of let-7i is
associated with Toll-like receptor 4 signal in coronary artery
disease: effect of statins on let-7i and Toll-like receptor 4
signal[ J]. Tmmunobiology, 2012, 217 (5); 533-539.

[12] Sung SY, Liao CH, Wu HP, et al. Loss of let-7 microRNA
upregulates IL-6 in bone marrow-derived mesenchymal stem
cells triggering a reactive stromal response to prostate cancer
[J]. PLoS One, 2013, 8 (8): €71637.

[ 13] Sheedy FJ, Palsson-McDermott E, Hennessy EJ, et al. Nega-
tive regulation of TLR4 via targeting of the proinflammatory
tumor suppressor PDCD4 by the microRNA miR-21[ J]. Nat
Immunol, 2010, 11 (2). 141-147.

[14] X ¥, 22 0R, 75 3], 45, SRALPTHE Oy T XA AR RO



CN 43-1262/R [ 3l ik i f b 2%

ZRi 2016 4F5S 24 55 4 1 423

SR BF RSN AIRIT ARG CDA™T ik A0 i M
WAZIR-21 FORRENAL T PR, 2014, 29 (1)
26-30.

[15] Tabuchi T, Satoh M, Ttoh T, et al. MicroRNA-34a regulates
the longevity-associated protein SIRT1 in coronary artery dis-
ease: effect of statins on SIRT1 and microRNA-34a
expression[ J ]. Clin Sci (Lond), 2012, 123 (3) . 161-171.

[ 16] Takahashi Y, Satoh M, Minami Y, et al. Expression of miR-
146a/b is associated with the Toll-like receptor 4 signal in
coronary artery disease: effect of renin-angiotensin system
blockade and statins on miRNA-146a/b and Toll-like
receptor 4 levels [ J]. Clin Sci (Lond), 2010, 119 (9):
395-405.

[17] FWHF]. MiR-146a X} ) Kok Ff A1k G 3 20 19 5% M S 3%
B %/ g & A ABTT 8 T BAE (D], RHEEER K
2, 2013.

(18] ¥ 7&, K. MicroRNA RISk FEREFLEISCR )],
= shikigfk 2, 2010, 18 (11): 916-918.

[19] Zhang Q, Kandic I, Kutryk MJ. Dysregulation of angioge-
nesis-related microRNAs in endothelial progenitor cells from
patients with coronary artery disease [ J]. Biochem Biophys
Res Commun, 2011, 405 (1) 42-46.

[20] Ouk T, Potey C, Laprais M, et al. PPARalpha is involved in
the multitargeted effects of a pretreatment with atorvastatin in

experimental stroke[ J]. Fundam Clin Pharmacol, 2014, 28

(3): 294-302.

[21] Chao X, Xiong C, Dong W, et al. Activation of peroxisome
proliferator-activated receptor beta/delta attenuates acute is-
chemic stroke on middle cerebral ischemia occlusion in rats
[J]. J Stroke Cerebrovasc Dis, 2014, 23 (6): 1 396-402.

[22] Bao XC, Fang YQ, You P, et al. Protective role of perox-
isome proliferator-activated receptor beta/delta in acute
lung injury induced by prolonged hyperbaric hyperoxia in
rats[ J|. Respir Physiol Neurobiol, 2014, 199 9-18.

[23] Malekinejad H, Khoramjouy M, Hobbenaghi R, et al.
Atorvastatin attenuates the paraquat-induced pulmonary in-
flammation via PPARgamma receptors: a new indication
for atorvastatin[ J]. Pestic Biochem Physiol, 2014, 114;
79-89.

[24] Yang J, Liu C, Zhang L, et al. Intensive atorvastatin
therapy attenuates the inflammatory responses in monocytes
of patients with unstable angina undergoing percutaneous
coronary intervention via peroxisome proliferator-activated
receptor gamma activation [ J]. Inflammation, 2015, 38
(4):1415-423.

[25] BREAN, TKENT, WS, S5, PHFEAAbTT N F g4
JHF X 52 AR T R T s A0 G 4 5 [ v [ g B2
HgRR, 2010, 26 (3) . 446-451.

(BesCHmiE SCEH)



