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Candesartan inhibits LPS-induced inflammatory cytokines release in VSMCs via TLR4-mediated signaling pathway
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Abstract: Objective  To study the effect of candesartan (Can) on the LPS-induced proinflammatory cytokines release in
VSMCs,and to explore the role of TLLR4-mediated signaling pathway in this process. Methods = Rat VSMCs were primarily cul-
tured,and the effect of different concentrations of Can on VSMCs activity was observed by MTT assay. The cells were divided into
5 groups: A(control) ,B(LPS intervention) , C(LPS+ 10 " mol/L Can) ,D(LPS+ 10 " mol/L Can ) and E (LPS+ Can 10 " mol/
L. Can). mRNA and protein levels of Toll-like receptor-4 (TLLR4) ,myeloid differentiation primary response gene 88(Myd88)and nu-
clear factor-kB(NF-kB) nuclear translocation were determined by real-time PCR and Western blot, respectively; IL-18 and TNF-q
concentration were detected by ELISA. The production of intercellular reactive oxygen species(iROS) was measured by the DCFH-
DA assay. Pretreating VSMCs with the inhibitors against TLR4, NADPH oxidase, and NF-kB, or a combination with candesartan
and these inhibitors,and then the expression of 1L.-18 and TNF-a was measured by ELISA. Results Can in the concentration range
of 107*—10"* mol/L had no significant effect onVSMCs activity. Compared with th control group,Can could effectively inhibit
LPS-induced VSMCs, IL-18 and TNF-« release,decreased the mRNA and protein expression of TLR4, Myd88,reduced the produc-
tion of iROS, inhibited the NF-¢kB(p65) nuclear translocation with a concentration-dependent manner(P<C0. 05). Anti-TLR4 anti-
body,DPI,and PDTC all inhibited LPS-induced inflammatory cytokines release in VSMCs, and the combination of Can and these
blockers showed stronger anti-inflammatory effect. Conclusion
TNF-q in VSMCs stimulated by LPS, which is realized by inhibiting the signaling pathway of TLR4/Myd88-iROS-NF-«B.
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Can can decrease the releaseof inflammatory cytokines IL-18 and
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1 S EE PCR 5[ ¥ F 5!

3 LE51 9 L7

TLR4 5'-GCTTTCACCTCTGCCTTCAC-3' 5'-CGAGGCTTTTCCATCCAATA-3'
Myds8 5'-AAGAAAGTGAGTCTCCCCTC-3' 5'-“TCCCATGAAACCTCTAACAC-3'
GAPDH 5'-ACCACAGTCCATGCCATCAC-3' 5'-TCCACCACCCTGTTGCTGTA-3'

RS2y )2 0 T DR e e e ol FE S B PR T g
PR S FER I R IG YT o BV IH B8R B R A AT At
il LPS 175 % 10 Bl 35 S M J0E 4 ) v D11 i R AR B S
1 )y Bk RERE ARG 2T AR 98 4 IR T 3K b 3 X LPS 15
VSMCs #&3iE Bl F B 5% ) J X A VE 5 TLR4 A S 10155
I 1) 1 2 2R o DA TSR b v 3 S Ik 08 AR BE B AR 1 43
B S H T T 5600 9 AR 97 3R Ak — 22 M IR .

1 #R5HE%

L1 sSeshyy #Etk SD KRB, R Bis 150~180 g, W T4 %
SR E AR LR S G

1.2 255 BARF My H (Wako 24 7 . H A .DMEM & 4
IR (Gibeo 24 7], R ED L i 47 1ML 78 M 52 i 5 i PCR R &
(TransGen 23 @) ,db 51D, P4 B 38 & kW% (MTT) . DPI, PDTC
1 LPS(Sigma 2\ 7], % ), TNF-o fil IL-18 ELISA i #| &
(BioSource International 2 @, & E )., % $ii K B TLR4,
Myd88 ,NF-kB(p65) . TLR4 i {& F1 B-actin(Santa Cruz 2 &,
£ [E) . DCFH-DA i #8005 18 G = RAEY . b 50 .

1.3

1.3.1 VSMCs JFACET 35 30 Y0 7K A S HE I PR Fe K B Bkt
53 B 1 S Ik, A A 0 i P I K SR, BT 1~ 2 mm’
K/NHR Y AF AN RE 8 55 . K4 E T & 200 mL/L G4
Y& 1Y A DMEM B g2 b i & 100 U/mL WEH R
100 pg/mL HY5ERE R ARF A 37 'C .50 mL/L CO, 4fi ffg 5
FEAh . (AR 2E BB aractin X VSMCs #1718 25 24 F
SR AU E . B 3~6 A4, T e 2525,

1.3.2 SCEGAv4l ¥ VSMCs 433 5 4. A 41 (o 4l) .B 4l
(LPS FHidl).C 41 (LPS+ 10 "mol/L ¥ #h b 1) . D 41 (LPS
+10 °mol/L ¥ # ¥03H) F1 E 4H (LPS-+10° mol/L X # ¥
), LI E B~E 4 LPS A3k ¥ 500 ng/ml,

1.3.3  MTT bb 8 i A 7] 3 B b 70 30 %5 VSMCs {1 1
HISEm 4% 5X 10" 4~/9L VSMCs 30 T 96 FLAR - 3 18 R 44
P 15 % 5 F B 57 24 ho BOR 20 mL/L AR 3 By 3R B HE 5% 12 h
JE TR 107001077107 ° 10 °f 101 mol/L W F
24 h, WRFEBEFRW L BILIMA MTT(G g/1)20 pL,37 CHEE 4
h,F & EEWR. B MA ZHEWHM 100 pL, 564K & 0K
J& S TE4 A BRI T 570 nm &b 2 4 4 0 O B (.

1.3.4  S:pf @ it PCR Kl 45 40 VSMCs TLR4 #l Myd88
mRNA 33k DL 5X10° A~/ 4L 10 % B A4 4t i 35 Fh T 6 FLAR
L VPR (1077 01077 .10 Pmol /L) FALH 1 h 5, JmA LPS
(500 ng/mIDWEE 6 h, 4% LB 5 {fi H] Trizol £ B 45 21 48 Ji
SORNA, 10 g/L BB e A BE B B Uk %858 RNA 5884k, 4300t
JGEETHAE 260 nm Zb A I RNA f 26 B, e B0 e 0 &
(TransGen 28 &), A6 5O BEVE L BE B 45 4 mRNA %588 D-
NA, ffi[f] Primer7. 0 8% 119850 1 PCR 5147, th 5 5l 4
YHR N AL TFANN 1 TR . PCR Y4514 .95 CHiAs
5 min,95 C 15 5,55 CiB & 155,72 CHEfH 30 s, 4hit 40 PIF
. i [l Bio-Rad 1Q5 #¢J PCR X B 7 43 Hr 81 4: Xof 56 I 7+

PCR 25 #4743 #1

1.3.5 DCFH-DA % fk 35 M & 40 i 79 ROS A i BUAE Kok
A RAFH VSMCs, P 2 X 10" A4~ /FL A 4% B FpAE T+ 96 FLAR
K 24 h 5L TP IE (1077 ,107° .10 mol /L) T Ab 3 1
h, FEM L% ® . mA 25 pmol/L ) DCFH-DA ¥ W, 37
CWHE 1 h, fFAEETHE, B4 T&HF 500 ng/mL LPS &
B DMEM #5352 2281 2 b, B4R {UAE 485 nm BUK I 1 A 528
nm KIS 0 4 ALk B A

1.3.6 Western blot {1 4 4 VSMCs TLR4,Myd88 #1 NF-
kB(p6S) TR (A MFEIE LA 5X10° A /FL 1% %5 B % 40 Ml 45 b T 6
AR ,1077,107° .10 " mol /L IV IHWE 1 h J5. A
LPS (500 ng/mL)fili#% 9 ho #ESLEAT 150 L RIPA 24 i 2
BUE A . R AR S B4R B0 0] & (Pierce NE-PER kit)
HEATHRI . BCA B [ sl f & e & AL AE R VR .
ANE A EREG BT BB )G . AR 10% SDS-PAGE $E R k17
HLK 2 T8 AR . — B w2 o TLR4(1 ¢ 200) , Myd88
(1:500) \NF-,kB(p65) (1 : 200) I B-actin(1 : 2 000), LI @
actin fEN NS IR, 2 R JEE R I, R AL EMR . I Quantity
one B A AT EUR 4 H7

1.3.7 ELISA W& i h 1L-18 1 TNF-o 3% ¥4
2 VSMCs L) 5X 10" A~ /LAY % BEHRD T 96 fLAR A [R) vk B2
Wb P AL 1 h, 45 3 500 ng/mL [ LPS #ili# 24 h, i
Al TLR4 /4 (5 pg/mL) \DPI(20 pmol/L) ,PDTC(80 pmol/
L) s 154 2R V0 31 (10" mol /L) T AL BLAN ML 1 h, FE 45 T 500
ng/mL () LPS #1324 h, WCHE 5 FL oA 40 M L3 W IR 4% R 1
B A ELISA B & & TL-18 A1 TNF-o 14943 3. fi
) 106 G 9% W B A AE 450 nm Ak 332 BORKE L 45 ) TL-18 0
TNF-o B2 I8 M3 S Al 45 5 .

1.4 SEil2ab¥ ffi j SPSS17. 0 B4 HE 4T 55 1124 4 #7531
R T2 s FoR AL A R R R 7 2501, 2 I
FeBEAd ] SNK KB, P<<0. 05 A2 F RAGIF¥ R L.
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2.1 AEWREHHIP T VSMCs iG R0 8 T A
[ e Jo 0 b v 40 TR A M B MR AE T T MTT X A ] ik J3 2
VP 3H F WU VSMCs 3 PR AT E . SR B8 7 107° ~
10 mol/L i [ P » 3K Hby v JH % 200 M 75 4 34 TC B 5 . A
B DR SE SR B A 1077 ~107° mol/ L 33X — o ] v BE 34T
2.2 ORI M BE X Vb 3 X VSMCs 11L-18 il TNF-o mRNA il
HEEFEEMWEm WK L, K 1A 1B i, 500 ng/mL LPS
H 24 h J5,LPS 40 M b3 W b IL-18 F1 TNF-o 43 W W] 2
W2 . 4352 675.15.401. 26 pg/mL(P<C0.0D). % T A Al
BE IS4 (107,107, 10 " mol /L) B4 3 1 h J5, TL-18 F0
TNF-o 53 & 2 T B . I 2 3057 24Kt 4 (P<<0. 05), £ mR-
NA K, 34t ¥ 30 7 DLAT 20 ) LPS 3 5 /9 IL-18 M
TNF-o mRNA ik JH 5 (P<<0. 05) . lLIE 1C.1D,

2.3 AJRI vk EE SR VP 38 % TLR4 . Myd88 mRNA FI%K 13 ik
W% 500 ng/mL LPS #3# 4 h 5, TLR4 fil Myd88 & 4%
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KB AN(P<<0.01), i 107,10 °,10 ° mol/L K 3 ¥
WHALEE 1 h 5. A TAHERE LPS #ili# 24 h, 5 LPS 411
A, TLR4 F1 Myd88 5 [ 2% 35 W 3 ik 20 . IF 52 30 5 i MK i 1tk (P
<<0.05), WWE 2A 2B, HkHiybH B EENS WM H LPS S
TLR4 A1 Myd88 mRNA Fik (7 , 3 B A ik AR Mk (P <
0.05), L&l 2C.2D,
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A:LPS X} TLR4 % [ 35 15 19 5 5 B: LPS %} MydS8 & 11 % ik 1Y
S5 C. LPS %} TLR4 mRNA 23k 9 M ; D: LPS %I Myd88 mRNA

FIKMFEN ,* . P<0. 01,5 A H ;" . P<0.05," " . P<<0.01, %5
LPS 4l 42,
E 2 TR Btk i 383 VSMCs TLR4 Myd88

mRNA F1ZE B RIEHZ N

2.4 OR[EMeEE SRy T IROS A m wE 3 s,
5% B4 L, LPS(500 ng/mL) & 2 1 i iROS i 4= ji (P <<
0.0D) ffi ] 107 7,10 °.10 *mol/L ¥k #u y>4H Wi kb 3 1 h, fEH
AR LPS % 28y VSMCs Vq iROS 14 4 5, I B R = AR
1 (P<C0. 05), 275 3k Hh Y 30 B 62 4 s b 4 ) LPS B % 1Y
VSMCs iROS A i, WA 3.
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2.5 AS[A] vk BE 3 Hb Vb 40 X NF-kB(p65) M 52 NF-
B R A% SR T A A% A ) NF-«B(p65) & 5 7T LA ] 22 )52 ik
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kB(p65) (Y [ £ K B B B JH(P<C0. 01) . T 40 it BT 9 NF-«B
(p65) B Fr & W Wi 3 AR (P<C0. 01), i FH ik Hb vb 40 (1077,
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NF-«B(p65) B &M% . P<<0.01,5 A #HIL#;:" .
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LPS + + + + + + + - + + + +
TLR4fitk — — + — — — + — — TLRAWK——+——
DPI - % - - -+ - DPI — — — + —
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AP R X LPS %St VSMCSIL-18 43 W 11 5 W 5 B B #5701
LPS 52 ) VSMCsTNF-a 43 W 520, " * " : P<<0.01, 5 A 4 It
B8 P<<0. 01, S VP 2 LA,

& 5 T i i 18 18 33 TLR4/Myd88-iROS-NF-«B {5 S i# &
M LPS S VSMCs 1L-18 1 TNF-a 43

2.6 TLR4/Myd88-iROS-NF-«B {5 5 il [ 75 3 Hb 70 36 41 41
LPS #Sfi VSMCs IL-18 il TNF-o 23 W A9/EH]  TLR4 41
& NADPH %4k B4 i 5] DPI, NF-«B #ill i 771] PDTC ¥ 7] LA
B33 LPS(500 ng/mL) P51 VSMCs IL-1p F1 TNF-o
(335 (P<C0.01) , B F 3R b v0 31 (10 mol/L) | L g 3 Jin 3
X T4 AE F (P<<0.01) , WLIE 5. &5 HE 4R . K M vb 30 7] B
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it TLR4/Myd88-iROS-NF-«B {5 & i@ I 2 3| %I LPS ¥ S 1y
VSMCs # P4 )2 Iy i) 0 il 45
3 a9t i

I B (0% 5 20 P 4V I R L IE S BE A5 42 1 3 ik o AR B
REAMKFDH, TLR4 5 LPS SRR S & )5 8 7 & #E 56
S B OS2 R R E B L R Ak B T R B A 3k
K il R RAE R T phAh, TLRA 8 HA 3 19 KR
RERIARASE RSP DI RED . TLR4 fB45 M 13 Myd88 & #i 4
338 5 K NF-«B A7, 35 TL-18.1L-6 ¢ TNF-o % 48
A PR F 1 43 000 5 AT 58 o S Miyd88 i P 4% T B % R T 4R
RV F SARFDI AL kMg m TR ZE W . ML LW
il ik 7 140 8 0% 10 5 SR BEBR A9 IR R R AN K sh
BT B B RE BE B Y, TLRA B9 R A M4 W BT830, Wit 4
T TLR4 B:[H i B AR f Bk ApoE-/~/NR 12 S BRIk B G &
B TLR4 B PR BR ApoE-/-/N B 3l bk o A BE He 17 £ B 1 ik
/N TR B e R kT . T g, TR B 3 Ui 0% 9 9
T 2 20 ok oA R T AL s a0 ) — S AR R . ek R
SR H AR IROS A 19 0, iROS 7R A 1 15 20 s 3 25 #4 1 45
15 RV 5 s A S S L TR Rl IE N SR E . 3 515
ST, ALE AN 4T VSMCs LPS §il# J5 . TLR4 J
Myd88 mRNA FIE [ 3 ik 7 B & 84 s £4 B iROS & B3 Jin
1 NF-xB(p65) 8% ¥ i K 7 Tk i, T i 1L-18 F1 TNF-o 19 53 3
IR ERN ., A TLR4 F: 5Pk .NADPH % 1k g #1751
DPI fil NF-«B i ifi] 7] PDTC Fi 4t ¥ VSMCs, f& % . 2 )
LPS %S9 fy VSMCs IL-18 il TNF-a 43 M. iR 45 R iR.
TLR4/Myd88-iIROS-NF-«B {5 5 I (i 15 2 5 7 LPS i &
1y VSMCs #AE H F 43 i i 2 .

PP IR I K # F A ARB 28R M 259 . d5cdfe SR M
Y HH B IE S5 AT 5 IR A R e P B B AR AR AL L
T R W 175 T 0 LA R0 B N BRI B R M S Y L A R T
AR TTSE i B AR TLR4 {5 5 58 83006 L F 08 KR e, il
LPS 51 (/)N BIUIERTE bR 0 SO ™, I PR A 3k
WA L 2% o JSE A0V O T RE A 4 085 IR AR TR B i 0 3H T 15
Ja s M3 C BB [ L IL-6 & MCP-1 28 4 4% N 7 K F B 8
RN AR AR ST, RO v S AT LR R P R
VSMCs TLR4 mRNA #1141 3K 35 9 il iROS 19 4= i fl NF-
kB B 5 3 T 820 RE TR O R R B AL LR E A .
Hb L IR v 31 R0 TLR4 %5 5 P41 M . NAPDH 4 il 7] DPI I
NF-«B il i 5 PDTC B, /R 5 8 2 0 RE B 7 R k0
4 . A e AT L, IR M VD 3E AR 5 A AW I LPS i % 1
VSMCs IL-1B il TNF-o 43 i, X 7] fig 5 % 1 ¥ 3 %} TLR4/
Myd88-iROS-NF-«B {55 3 I 9 #0 il /E F A 56, LR F 52 &5
SRSy Kt v HH R F 3 kS B R Ak R R YT B AIE T — B M SE G
s .

SE

[1] Siegel D,Devaraj S, Mitra A, et al. Inflammation, athero-
sclerosis, and psoriasis[J]. Clin Rev Allergy Immunol,
2013,44(2):194-204.

[2] Manduteanu I, Simionescu M. Inflammation in atheroscle-

rosis:a cause or a result of vascular disorders[]J]. ] Cell

Mol Med,2012.16(9):1978-1990.

Ross R. The pathogenesis of atherosclerosis:a perspective

for the 1990s[J]. Nature,1993,11(2) :801-809.

(3]

[4]

5]

[6]

L7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

4863

Bruce A. TLRs and innate immunity[ J ]. Blood,2009,113
(7):1399-1407.

Himanshu K, Taro K, Shizuo A. Toll-like receptors and
innate immunity[ J ]. BBRC,2009,338(4) :621-625.

Hang S,Maia V. Kokoeva,et al. TLR4 links innate immu-
nity and fatty acid-induced insulin resistance[ J |. J Clin In-
vest,2006,116(11):3015-3025.

Jeongmin S, Matthew J, Duncan, et al. A Novel TLR4-
Mediated Signaling Pathway Leading to I1.-6 Responses
in Human Bladder Epithelial Cells[ J]. Plos One, 2007, 3
(4) :541-552.

O' Neill LA. Therapeutic targeting of Toll-like receptors
for inflammatory and infectious diseases[J]. Curr Opin
Pharmacol,2003,3(4) :396-403.

Heeneman S, Sluimer JC, Daemen M]. Angiotensin con-
verting enzyme and vascular remodeling [ J]. Circ Res,
2007,101(3) :441-454.

Tsutamoto T, Wada A, Maeda K, et al. Angiotensin ||
type 1 receptor antagonist decreases plasma levels of
tumor necrosis factor alpha,interleukin-6 and soluble ad-
hesion molecules in patients with chronic heart failure
[J1.7 Am Coll Cardiol,2000,35(3) : 714-721

Donaire JA, Ruilope LM. Angiotensin receptor blockade
in diabetic renal disease focus on candesartan[ ] ]. Diabetes
Res Clin Pract.2007,76(1) ;22-30.

Benicky ], Sanchez-Lemus E, Pavel J,et al. Anti-Inflam-
matory effects of angiotensin receptor blockers in the
brain and the periphery[ J]. Cell Mol Neurobiol, 2009, 29
(6/7):781-792.

Sanchez-Lemus E, Murakami Y, Larrayoa-Roldan IM, et
al. Angiotensin ]I AT1 receptor blockade decreases li-
popolysaccharide-induced inflammation in the rat adrenal
gland[ J]. Endocrinology,2008,149(10) :5177-5188.
Johnstone MT, Perez AS, Nasser I, et al. Angiotensin re-
ceptor blockade with candesartan attenuates atherosclero-
sis, plaque disruption,and macrophage accumulation with-
in the plaque in a rabbit model[ J]. Circulation, 2004 ,110
(14) :2060-2065.

Mullick AE. Tobias PS, Curtiss LK. Toll-like receptors
and atherosclerosis: key contributors in disease and health
[J]. Immunol Res,2006,34(3):193-209.

Li H.Sun B. Toll-like receptor 4 in atherosclerosis[ J]. J
Cell Mol Med,2007,11(1) :88-95.

Sanchez-Lemus E, Benicky J, Pavel J, et al. Angiotensin
I AT1 blockade reduces the lipopolysaccharide-induced
innate immune response in rat spleen[J]. Am J Physiol
Regul Integr Comp Physiol,2009,296(5) :1376-1384.
Dohi Y, Ohashi M, Sugiyama M., et al. Candesartan re-
duces oxidative stress and inflammation in patients with
essential hypertension[J]. Hypertens Res, 2003,26(9):
691-697.

(Wi Fe B #1:2014-03-15 & [8] B #1:2014-06-23)



