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thelial cells, BAECs)#9 i K & — A 74~ A B4 (endothelial nitric oxide synthase, eNOS)# &7 & 7T
Bee R AAAH . RN BAECs&itE fiah b R IIL-6 R FIRE (10, 20, 40 ng/mL). ] & A
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Interleukin-6 Down-Regulates eNOS Thr495/497 through AMPK/SIRT1 Pathway

LI Chang, YANG Xiyang, LUO Minghao, LUO Suxin*
(Department of Cardiology, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

Abstract This is a study on the effects of IL-6 (interleukin-6) on eNOS (endothelial nitric oxide synthase)
of BAECs (bovine aortic endothelial cells) and its mechanism. BAECs were treated with IL-6 in different
concentrations (10, 20, 40 ng/mL) and different times (0.5, 1, 2 h). Beside, BAECs were pre-treated with AMPKal
siRNA and then were treated with IL-6 for 2 h (kept with AMPKal siRNA). The expression of eNOS, Thr497,
AMPK (adenylate-activated protein kinase), p-AMPK, and SIRT1 (silence information regulator 2 related enzyme 1)
in BAECs were detected by Western blot. The NO (nitric oxide) content in BAECs was measured by NO detection
kit. The results showed that IL-6 significantly reduced the expression of Thr497 (P<0.05), accompanied by up-
regulation of p-AMPK, SIRT1 (P<0.05), and increased NO content compared with the normal control group. The
down-regulation of Thr497 by IL-6 was blocked by AMPKal siRNA and EX-527 (P<0.05). In short, IL-6 could
down-regulate the expression of Thr497 in BAECs and then affect eNOS activity. Its mechanism may involve the
participation of AMPK/SIRT1 pathway.
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M8 N BEAE IR LR 5 A R 42310 B B,
FE YA 19 I35 8053 5 2 S0E IR 55 T T B A O
PEAEF . I A 2 4 v 1 o R R — S R il
(endothelial nitric oxide synthase, eNOS)/ =4[] —% 1k
F(nitric oxide, NO) & & ) 7 W 2 S EUN DI REFET,
XLENE PRI SIS FERE AL DL R ik 25 IRE 46 I8 28
PRI AR ) B R R L Gy B, eNOSXT 4+
MERSEAEENARE S, BT IRFEKE RS
gkAb, BT LA ik A IR SR SR AT 1 40 B R P,
FEBT PR UG AR R AR KA T, eNOSHE L
NOW = ZL= AR, N EENOY BUEI~F i L4t i I 5
E ML &Y 7K, REREIREE M I R AP, eNOS3Z 2|
Z MR R R R, HAEls A 2 A BRI
AL R AE M. Serl1179F1Thr497,2eNOSIH A~ 3=

PLeNOS UL A RFHIE () A B2 T e i 15 72 12 1t 4%
i PR I R LR B S 850 I 28
Z R, MCFRAL ) I AR, 51 e I A ks
FEREAL, 204 51t B 5 S i . IL-62 — M2 )
REVEAAR IR T, 2RV S R b R EED)RE. B
FEUE, 1E 9 — B 22 2 A9t 2 4B B R 1, 1L-6
TETE B S AR AT e R o B E RS

IL-6XF Il 453493 A 1 715 24 SCRRAidE . SR
IL-61HAT 25 5 1 4 L7852 40 i eNOS B B A 1 A
TEAE . AHETT LR SR IR I 2 2 3K N 52 40 L (bo-
vine aortic endothelial cells, BAECs) ASZH % %, #£
W S PRl IL-6 ) H0xT LA P9 B2 28 /it eNOS  Thr497
T R A A7 R 52 S L mT 8 R AH AL o

1 RS
1.1 #4%Y

DMEM#£; 723k, DMSO. fii4-IMLi% (fetal bovine
setum, FBS). ANEA MR LE T -a. NEHH
M Z=-18. ANEAAYIEAN K -6 H Sigma-
Aldrich/A ] . AMPKoal siRNAJ H BiomicsA A .
Lipofectamine™3000. Opti-MEMJI4 H Invitrogen’A
Ao RIPAZSAEW . BCAE AR €A &, B
—E I TR 8 B Beyotime Biotechnology
A, eNOS(1:2 000). p-eNOS-Serl177(1:1 000).
p-eNOS-Ser1177(1:1 000). AMPK(1:1 000). p-
AMPK-Thr172(1:1 000). SIRTI(1:1 000)HifA&IEH
Cell Signaling Technology /A #]. B-actinfif&. £4i

%91 (1:10 000)I4 H Proteintech GroupA & . EX-
5270 F MedChemExpress/A &) . PVDF[JE I [ 15
Schleicher and Schuell A 7] . HAthAH1H K& M HI1L
EWET-Sigma s 7] 8L Gibco A ] -

1.2 753k

12.1 FEFHHRARmpEREST  LH%
PR EUCK BE N 8~10 em (14 £ sh ik, JE6— it 25
o, WL BNk, 5 RSN, KR AR B 2R K i
VeBR JE WAL, J5 BN E 0.25% 1 1L IR R I
H, F37 °C/KIB20 mini, 25 K30k, WAL, 7K
ANEOEHT 000 r/min 0 10 min, 7 FiE, IKEN
4. {E DMEM#; IR T-37 °C. 5% CO.% 1
FEEFR, 2 WA 12 Wil LR, SR G R 2~3 K ik
WK 3~5KJG, Fran A& R 21 2 g E ik
90% LA FICART, 1 0.05%M 8 (Al 0.02% 4 1%
VU Z.7% (ethylene diamine tetraacetic acid, EDTA)7H1t
AR A T AT LB BT ) N B 40 2 G O
PRI EE A K, R FH P Rz 40 B VIR T A G HL R, R A
G e NIE AT P R 20 45 5

1.2.2  Western blot UK _E 24760 mintEHUBAECs
YHHLE R T, BCATEDE B KR IE . BfLEA bR
N30 ng, 11 8% 4 B ki 4T SDS-PAGE FELIK
(AR IE80 V, 20 B 120 V), #6200 V. 120 minff) 4%
BB E PVDFIE L, %R T H 3%~5% 1M
REWIRY L 1.5 h, 0 BN FE R —$i4 °CiFE &
—PiiE B e RUE , TBSTHE3K, &K 10 min, T i
BFE P 1.5 h, EEWEK 3R ECLIL#AILE (1,
F Image Lab 6.07> #7554 KB AE, AR ILEE RS
SR R I B R s BERR AL R Bk A
1.2.3 siRNA# % BUE I I BAECs4H /i, LA
S<10°AN FLIVE FEER T 6FLAR R, S IR S8 5
VU : S EXT R4 TL-64H. AMPKol siRNAZHAI
AMPKol sIRNAHL-64. % G4} FH 294525100 nmol/L
fFJAMPKal siRNAFIOpti-MEM#:Z2IR %], Fi# Lipo-
fectamine™ 3000/ Opti-MEMYR 2], =i & 5 min.
W LR P EIRA], EIECE 20 min. HIRETIER,
ST EYIINEIEE IR, BRIRA], # k6 hig s
£ 1155 10% FBSFIDMEM({EHE )15 72 FL 4k 4115 9724 h
1.24 NO&=E WK HBAECSH UG 771K,
Fic FENOS I 770 50 10 B AT 454, AR
THIR 3 5 WA R 3h & B HEE L B — S A &=
I G R TE A K B R A B e RO A, ARYE
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AR i T A5 B v F 2, R A 0 o RO B AR AR A
fih 2 22 s A8 7R 3L P NO(umol/L) &5

125 %t B SER R RIE T 20300
SCUR S5 R, I A ElE P S E R 2 (o) R . K
HI8.0fA [ GraphPad B AF 11 B Gt it, i 4Lla) % be
BAE Bk 5% . P<0.05% 7R % 7 B A i &
X

2 %
2.1 HEDPKA R ML E RS T
S AY B BAECSEZ MK, B &
=, RREBETE . iR SR E, ek a
FEERERHES o A8 VIR 7 X 4 f gk AT 55 e, Wt
RNIERFIE VI F(E1).
2.2 TNF-o. IL-1B. IL-64:32 BAECs/5 Thr497
FRIBIKTFHTL
XA, IL-6 T T BAECs 2 h, Thrd497
# % (P<0.05). TNF-ail IL-1B4tFE BAECs 2 h,

100 pum

Thrd97 5 X% HEZHAH L35 T St it 2 22 7 (P>0.05, [&12).
2.3 AREIREHIL-64:3E BAECs/E Thr4973%i%&
KPR

ANEE (10, 20+ 40 ng/mL) [ IL-6T T
BAECs 2 h. 5xfHZMLL, 20, 40 ng/mL#KFIL-6
AEFEARMU S, Thrd97 (1) 8 R IA KT B E BRI, 451
BA G272 7#(P<0.05, E3).
2.4 IL-6ALIEBAECsA[E)RT[8) /5 Thr497. PKC-a
RIFRIEIKFEFMNOZ EHI T L

FHIL-6(40 ng/mL) T-T1 BAECs 0.5. 1. 2h. 5
WHEZHARLE, 1. 2 hAbBRZH ) Thra97 R 1A /K F- 35
EREAG, ENOE =BT HRANE N, &5 RAG 5%
Z5(P<0.05, K4).
2.5 IL-64-IE BAECsA[E]RT[E] £ fF p-AMPKHA
SIRT1FRIAKFHT{L

IL-6(40 ng/mL)F-#iBAECs 0.5+ 1. 2 h. £
$EoR, 1. 2 hib ¥ 20 p-AMPKNISIRT1 ) 2 2 5 ot
MR 2 T, 85 1 2A Guil2% 22 7(P<0.05, K5).

A: BAECs VI T4 ¢ 6 e th, W N VIIIE T35 1 B: BAECSIRAE: 41 .
A: BAECs factor VIII immunofluorescence staining. Blue is positive for factor VIII expression; B: BAECs primary cultured cells.
El1 BAECSHIRIHIXE 557
Fig.1 Identification and culture of BAECs cells
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Control TNF-a IL1-B IL-6
ThrdQ7 — s SR S ——
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Thr497/eNOS

0.2

0= T : T
Control TNF-o IL1-B IL-6

A: Western blot il FIIL-6 4 FEAH i J5 Thrd97 1A FRAE; B: IL-6Ab RN L5 Thr49 73 1K FAIK, *P<0.05, 5 Control 2 EL 4K
A: the expression of Thr497 decreased after treated with IL-6 measured by Western blot; B: the expression of Thr497 after treated with IL-6, *P<0.05

compared with Control group.

&2 TNF-a. IL-1B. IL-63fBAECs Thr4978950
Fig.2 The effects of TNF-a, IL-1p, and IL-6 on BAECs Thr497
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(B) 0.254
IL-6 /ng'mL"!
(A) ¢ 0.20 =
0 10 20 40
wn
Thr497 (R S S, S— S 0154
L * *
= ;
SErl179 — wheeG— W G c— 2 010
'ﬁ *ok
eNOS —— —— — — 0.05 =
GAPDH  — —
— 0 .
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IL-6 /ng'mL"!
A: Western blotf TL-6LA10+ 20+ 40 ng/mLK [ 4b B AN 5 Thrd97 3R 3A FEAIC; B: IL-640BEA0 L 5 Thrd 97 KA BRI, *P<0.05, **P<0.01, 5

0 ng/mLA LLES
A: the expression of Thr497 decreased after treated with IL-6 in 10, 20, 40 ng/mL measured by Western blot; B: the expression of Thr497 decreased
after treated with IL-6, *P<0.05, **P<0.01 compared with 0 ng/mL group.

E3 FREREIL-64:IEBAECS/EThr4973iA 7K FHIZE L

Fig.3 Changes of the expression level of Thr497 after treating BAECs with different concentrations of IL-6

(A) IL-6 /h (B) 157
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A: Western blotf I FIIL-61200.5+ 1. 2 hit [AJ6 2 AL A1 Y J5 Thr497 8L FEAIK; B: IL-64LFRAH A J5 Thra97 35 1K, *P<0.05, 50 ng/mLALHLES;
C: IL-64bBIBAECs 5 15 7% 56 PNO & 1 W1 3 i, **P<0.01, ***P<0.001, 5 Control 4 EL#%; D: IL-64L B BAECs A [l i 7] J5 PKC-o i {245 4K, o
A: the expression of Thr497 decreased after treated with IL-6 in 0.5, 1, 2 h measured by Western blot; B: the expression of Thr497 decreased after
treated with IL-6, *P<0.05 compared with 0 ng/mL group; C: the content of NO in the medium after treated with IL-6 was significantly increased,
**#P<0.01, ***P<0.001 compared with Control group; D: there was no significant change in PKC-a after treating with IL-6 at different time.
El4 IL-64:3EBAECs A [ERTE]/E Thr497&EKEFFMNOR M T
Fig.4 Changes of Thr497 expression level and NO content after treating with I1L-6

2.6 AMPKal siRNATIALIES, IL-6%F BAECs siRNAZL % Control L L 4L 1124 2 7 (P>0.05). H
Thrd4975%1% 7K EFNOE £/ AMPKal siRNAFfE 52 BT IL-618 77 BAECsH; 771K
AMPKal siRNAFfE 2 3 [H W7 IL-6 ~ f BAECs FINO S EHIMEH, AMPKal siRNA+HL-641 5IL-64k
Thrd497#1/EH, AMPKal siRNA+IL-6415 IL-64b HRZH AR HE B A Guit 22 2 7 (P<0.05), H4i AMPKal
BLLAAH b B A Gt 52 22 7+ (P<0.01), B4 AMPKal siRNAZL % Control ZH TE 4t 112 % 7 (P>0.05, 6).
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A: Western blotfy Il FITL-6100.5. 1. 2 hAbHAHA 5 p-AMPK . SIRT143 B 2 T+ 55; B: TL-64L 40 i J5 p-AMPK 34 B 2 T) 15, *P<0.05, 150 h

A LLEE; C: IL-64b RS0 A J5 SIRT 1 K& W &7 /=1, *P<0.05, 50 h4l L .

A: the expression of P-AMPK and SIRT1 was significantly increased treated with IL-6 in 0.5, 1 and 2 h measured by Western blot; B: the expression of

P-AMPK was significantly increased after treated with IL-6, *P<0.05 compared with 0 h group; C: SIRT1 expression was significantly increased after

treated with IL-6, *P<0.05 compared with 0 h group.

&5 IL-6403EBAECsA [ERTE E p-AMPKANSIRT1 1A 7K SF A EE 4L
Fig.5 Changes of p-AMPK and SIRT1 expression in BAECs treated with IL-6 at different time

2.7 SIRTHIFI EX-527F 4 fE, IL-6X%t
BAECs Thr4973k1A7K EFNO S £ /)52
EX-527f¢ & 2 PH Ik IL-6 T Il BAECs Thr497(¥]
YER, EX-527+IL-64H 5 IL-6 b B 40 AH tb B it
253 (P<0.01), ¥4l EX-52741% Control H L4t i1
2R (P>0.05). H EX-527f¢ 5 BHKT IL-64% 5
BAECsE: M NOE EMIER , EX-527+IL-641 5
IL-6 b B ZHAH L B Gt 2% 2 57 (P<0.05), H4i EX-
52748 ControlZH L4 v 24 Z F:(P>0.05, K7).

3 i

L P B 2 2 5 Ak P 22 o A B O,
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T4 WA A, AT S P 4 G B 45 8 40
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STEALAR A, T4 0 P 200 LT 5 40 436 %
KRR A T, RIS P R B ™. I P
B DhAERE RS R LR . KR AL S
RIHE BN R T,

eNOSTE P 57 Ty RE [ 5 A e o5 &2 0¢ B B (1
F, FFaE Rt 22 AR A AR FINOSK 78 24 1L 5Ky ik
PP AT G E BRI AW TR B, eNOSHE |
Je LA TR Rk A0, I/ 7k g ek 55 5 S0 A 87 7k )
AesZ P2, T f/EBODIGAZE I A+, eNOSIBEIE
FEAENO, BT LA/ P 7 VA U, W I o e e
FHSHME . eNOS-Serl 1791 i 12 1k /£eNOS
WOE I G, A SRR 7E /N I R, Rk e
I D R A S HeNOS Serl1798FR L, 58Ul
EEPIKINREZ 4. 1MeNOS Thrd97 i i R 1k £ 11 4
NOWIE %, WiFeNOSHI N K a7 vl L% F:eNOS
Thr497 1) 2 W B A0, DT XS P9 Rz 7= A2 O AP 1
FEAR SIS, IL-65- BA AT 15 S Thr497 /) 22 i W 4k, M
1M 3% eNOS I3 ¥, #2&/RIL-6 H 5] fLeNOSHE it
NO, X I P 57 40 = A AR E F

TL-672 4 R A Py - 1) 28 B2 40 i (R, MLAAR R
HEZ B, 25 RI P2 AR IL-6, FF i s Sk
HHAN g% BB R B e E PR M R 2R M. A
TE ML ThRE 7 T, B FLR A, IL-611 /=4 S 8l
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S
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A: AMPKal siRNATIALEE G, Western blotf il £ IL-64b ¥4 Thr497. SIRT 1AL R4 ; B: IL-64b ¥R 415 Thrd97 8 ARk & LT},
AMPKal siRNATRALHES H TG 2 4k, *#P<0.01, 55 ControlZH HLAL; C: IL-64LHEAH 5 SIRT1 KA B 2 T =1, AMPKal siRNATUALH J5 H TG
LA, ##P<0.01, 5 ControlZH FLH5; D: IL-64L # 41 fENO % & I & T, AMPKal siRNATIALHR 5 FE 6 I 2484k, *P<0.05, 15 Control 41 HUAL.

A: after AMPKal siRNA pretreatment, Western blot detected no significant changes in Thr497 and SIRT1 expression in the IL-6 treatment group; B:

Thr497 protein expression increased after IL-6 treatment, and there was no significant change after AMPKal siRNA pretreatment. **P<0.01 compared

with Control group; C: the expression of SIRT1 was significantly increased after IL-6 treated cells, and there was no significant change after AMPKal

siRNA pretreatment, **P<0.01 compared with Control group; D: after IL-6 treated cells, the NO content was significantly increased, and there was no

significant change after AMPKal siRNA pretreatment, *P<0.05 compared with Control group.
E6 AMPKol siRNATIALIE/EThr497, SIRT1FRIAKFFINOE EHTL
Fig.6 Changes of Thr497 and SIRT1 expression levels and NO content after AMPKal siRNA pretreatment
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(A)
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Control 1L-6 Control IL-6
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eNOS -
© 157
T 10—
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9
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Control IL-6 Control IL-6
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A: EX-527(10 pmol/L)Fii4b324 hJF, Western bloth il £ IL-64b 40 Thr497 %34 To W] {254k ; B: IL-6 4L BEAN i 5 Thr497 K [%, EX-527FiAbH 5 L
T R A2, *#P<0.01, 5 Control 2L ELAL; C: IL-6ALBEANAEJFNO & W] & Ty, EX-527 AL B 5 L W] A2 K, *P<0.05, 5 Control 41 LL#R -

A: the level of Thr497 in IL-6 treatment group was no significant change after pretreatment with EX-527 (10 umol/L) for 24 h. B: Thr497 decreased
after IL-6 treatment, but there was no significant change after EX-527 pretreatment. **P<0.01 compared with Control group; C: NO content was sig-

nificantly increased after IL-6 treatment, and there was no significant change after EX-527 pretreatment. *P<0.05 compared with Control group.
E7 EX-527FL 2 /EThrd973RIA7KFHMNOE 2RI
Fig.7 Changes of Thr497 expression level and NO content after EX-527 pretreatment
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