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B, KBFG A Kriippel £ B -F (KLF) K% AN & R % KLF6 £ H,S # 4% ox-LDL # % M & 28 18 X 92 B ¥ 4998
Fahl, FiE AAZFHIRA L @WIL(HAEC) A1 75 £, LR ox-LDL % HAEC P R P: B s Bt v 2L i 8% (CSE)/
H,S % %% W & 08 3 5 B 09 %k , S5 BF 2% PCR 4l MR M2 F H,S 44k 333 &35 CSE #t KLF £ B ¥ 5
B F Ak eg i X ik —F R siRNA T4 KLF6 WL 2t W R aa e Ko B Az iAW e %vm . RIerRA & &
JR e 5 5 (ChIP) HARME H,S Bk st KLF6 2 K E W%, 58  Western blot 4 & H,S & HAK 4 fe
P4 &% I, ox-LDL T vA 2 Bt 8] B SR Hidk T8 CSE FGA AR W 286 H,S 49 = £, 82 F PCR &M A,
ox-LDL 47#%] KLF6 % ik f £i8 KLF10 & A  H,S & 32 )5 0 k8 KLF6 & i& 49 %] KLF10 & iA, Western blot & 5%
NaHS it %k ik CSE 37T 2 % LA KLF6 % & %k ik, NaHS 4 2 2 % 49 4] ox-LDL ¥ F 69 1 & 4 ie £ 52 B F [CAM-
1 .VCAM-1 #) & ik KT Fo 347 20 BL 3 19 & 20 BL 69 B T | SEAK KLFG W) FELIT NaHS #94% £ 28 . ChIP %5 R 4L B 7, ox-
LDL 42t KLF6 5 CXCL2.IL-8 A% gt B ATGT &%) F X 69 454, NaHS 4 #2 3t & ik CSE ¥ 7T 2 474 KLF6
# DNA 2 4-7& M, it ox-LDL T A 486 CSE/H,S & %, H,S B4k K 3 m i )R & CSE 7T i it KLF6 iX — £
F T4 ox-LDL #5349 W K 208 K 52 BB
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[ ABSTRACT] Aim That Ox-LDL induced endothelial inflammation response then promoted monocyte and macro-
phage adhesion is an essential pathophysiological process of atherosclerosis.  Hydrogen sulfide is a novel gasotransmitter
and exhibits anti-atherosclerotic and anti-inflammation effects.  The present study investigated the role of Kriippel-like
factor 6 (KLF6) in protection of H,S on ox-LDL induced endothelial inflammation. Methods Cystathionine +y lyase
(CSE) protein expression, H,S generation by fluorescence probe were assayed after ox-LDL stimulated in human aortic en-
dothelial cells (HAEC). Then, quantitative real-time PCR were used for measuring the changes of Kriippel-like factors
mRNA while treated with H,S donor or overexpression CSE gene by adenovirus. And then, assayed the inflammatory fac-
tors changes and monocyte adhesion to HAEC while knockdown the KLF6. At last, chromatin immunoprecipitation
(ChIP) assay were used for determining the DNA binding activity of KLF6 after H,S treatment. Results  Using West-
ern blot to measure the CSE protein expression, H,S fluorescence probe to identify the endogenous H,S generation, it found

that ox-LDL down-regulated endothelial endogenous CSE/H,S system in a dose-dependent and time-dependent manner.
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Ox-LDL lowered KLF6 but increased KLF10 mRNA expression; H,S donor (NaHS) reversed the KLF6 and KLF10 mRNA

changes by ox-LDL induction. In this cellular model, other KLF family mRNA is not changed.

Next, it confirmed H,S

donor or CSE overexpression up-regulated KLF6 protein expression. H,S reduced inflammatory factors-ICAM-1, VCAM-1

expression and monocyte adhesion to endothelium induced by ox-LDL, knockdown KLF6 blocked the H,S action. It con-

firmed that H,S donor decreased DNA binding activity of KLF6 to CXCL2, IL-8 and ATG7 promoter.

Ox-LDL down-regulated endothelial CSE/H,S system.

induced inflammation response by KLF6.
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TRAE T R N SRR, AR A YA R iR A
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A A N TRYE CSE/ZH,S &40 R, AhRYES T
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A A 22 AL S BT 3l Sk ok A BE A Y & 0 , T 4
ox-LDL 755 I R 20 MU 18, i 3k NF-xB 3 % 40 ]
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H,S ] Ll b i S A SIRT1 3L 2 2 mh e T
PE, i NF-xB 1) P65 23 L BRI RSB N Bz 4t 1) %8
E S HE TR sh kol RERE AL

Kriippel #£ A - ( Kriippel-like factor, KLF) X Ji%
JEHR A — R EER 5% H 7 1E R B o BAY
SAFE ORI C2H2 RIBFIE L5, T 455 T DNA
A GC Y X, 2 T R s ) R PR i 5k
THEE oAb P T RAE RN SRR KLF2 AT LA
i CEBP L8 eNOS, il i 5 | L ) TL-1 JAE
TR KLF2 w00 0] Jon = 50 ok 46 A B A 1Y
RN A F L AT i KLF2 25 3k
BEREALIY %95 . CSE/H,S 75 A i it KLF %%
AT PN B A0 TR R 2 5 S bk ok A BB A 1 & A=
RIEM A, ARFFAE ox-LDL HIFL A A F 3 ik
PWEZRAERETY | L% I PE CSE/ZH,S R SE Yk
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1.1 SEIe#fel

ANFE 5 kA K 4 (human aortic endothelial
cells, HAEC) ] B Sciencell /A ] (cat#: 6100), A 2
% 40 f B L 40 (THP-1) W B o #HBE b i 40 e &

Conclusion

H,S donor treatment or overexpression CSE reduced ox-LDL

(cat#: CBP60518) . ox-LDL W B )~ M 25 76 A& 4 # K
A IR /A & (Cat#: YB-002) ; KLF6 ( cat#: abl35783) .
CSE 411K (cat#: ab189916) 45 & 1 B Abcam 2 ] ;
KLF6 siRNA w4t 0 J7 4 4 B B0 IR 8] 10T 94
X, ; Hieff qPCR SYBR Green Master Mix % B YEASEN
/N ] (cat#; 11202ES08)
1.2 CSE EEFRIEHKN

HAEC R ¥E R E 12 FUH, 5 % 0 % JF 1 5
70% ~80% B , % F 4 JE W J& By ox-LDL (0,12.5.25,
50,100, 200 mg/L) 4 ¥ 24 h; # ox-LDL ( 100
mg/L) 77| 4L ¥ 3 ~48 h; Western blot -7l CSE #y %
BRIk, @A E S, i\ H,S KL A (Mito-HS,
100 pmol/L) & 2 h, %ok B #% T W% H,S #
P
1.3 EBEE PCR &l

HAEC 2 F R A 5,5 £# 57, T H PBS
PR 4B, Trizol — % 3 42 B RNA, 3% 8 X oK
cDNA,qRT-PCR E & 4 #7 & % F ) mRNA & 3£ K
P BL27MUE I E mRNA kA B, A HEE
Bl % 1,
1.4 BiZYBEFEM LIS

HAEC 4 K & 70% ~ 80% i , % ¥ 1 [ Wy 4 1+
A 24 h, A F RN THP-1 B 2 3 m A
DAPI 43 E 20K £ % 100 pg/L, % 15 min, PBS
THE 2R, ARNEERLER MM, 1 HAEC &4
AHEA A mNEEW THP-1 M, 35 1 h, F
£ &7 THP-1 40 flefn 3 55 2 PBS R AW ok ik &
M2R, RAEBHMATAERER TAE B LW
THP-1 47},
1.5 #BafeBEinE

WM TR AT 24 h Yk g0, 4 F K
DNA 407 % 300 ~500 bp A £, B 2 ng KLF6 $ifk
5 @3k Protein G B4 H 1 h, B hn )\ 40 ji 34 47 71
T 4°C #0873k KLF6 £ 4 1) DNA k&,
Br-2. 05 % % DNA, B £ qPCR #1 RNA ® Jk t
KLF6 6t XA g s FHiTE 8, HEHRH
5140 )7 7] . CXCL2 5 4 F % #y 5'-CTC GCA GGC
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GGT TAT CTC GGT ATC-3' #1 5'-GGG GGT CGG
GGC ACT CAC G-3',ATG7 5|41 7 %] % 5'- CTT GGC
TCC TAC ACT TCC CG-3'#1 5'-GGC CTC CAG AAC
TAC CAT CG-3',

1.6 HItZESH

ZRV xxs o, ABE B AR A AR AT ¢
I, % 45 B kB R R B & 7 Z 4 A7 (One-
way ANOVA) , P<0.05 A% # R HAIHFE XL,

= 1. 51F%
Table 1. Primer sequences
F[H nABEILY EAnELY
ICAM-1 5'-TGTGACCAGCCCAAGTTGTT-3’ 5'-AGTCCAGTACACGGTGAGGA-3’
VCAM-1 5'-TTTGACAGGCTGGAGATAGACT-3’ 5'-TCAATGTGTAATTTAGCTCGGCA-3’
MCP-1 5'-CAGCCAGATGCAATCAATGCC-3’ 5'-TGGAATCCTGAACCCACTTCT-3’
IL-1B 5"-ATGATGGCTTATTACAGTGGCAA-3’ 5'-GTCGGAGATTCGTAGCTGGA-3'
IL-18 5'-TCTTCATTGACCAAGGAAATCGG-3’ 5'-TCCGGGGTGCATTATCTCTAC-3'
KLF2 5'-AGCTCACGCGCCACTACCGAA-3’ 5'-GGCACGATCGCACAGATGGCACT-3'
KLF3 5'-GAGAATCACCCTTCGGTCA-3’ 5'-TTAGTTCATCAGACCGAGCAA-3’
KLF4 5'-ACCAGGCACTACCGTAAACACA-3' 5'-GGTCCGACCTGGAAAATGCT-3'
KLF5 5'-CTTCCACAACAGGCCACTTACTT-3’ 5'-AGAAGCAATTGTAGCAGCATAGGA-3’
KLF6 5'-CAACTTAGAGACCAACAGCC-3’ 5'-TCAGTTCCGGAGAAGATGG-3'
KLF7 5'-CGGGACAAGTTGCTATCTGAGA-3’ 5'-CTGGTTGACGGCTGTGTAGCT-3’
KLF8 5"-TGTCATTCACACTATCCCCTC-3' 5'-GCAGGCAAAGTAGTATACACC-3’
KLF9 5'-ACCTGAACAAGTACCGACCCAT-3’ 5"-ACTTTCCAGACTGTCGCTGCAC-3’
KLF10 5'-GATGCCCAGCTATGTAACCAC-3’ 5'-TTCTTTCTTGCAGCCTCAACA-3’
KLF11 5'-AATACCAAGTTGTTGCCCCTT-3' 5'-CGTGACAGCTCATCCGAACGA-3’
KLF12 5'-ACAAGGGTCTCCAAACGTCCA-3’ 5'-CAGGCACCGACTGTACCAC-3’
KLF13 5'-AAGGCGCACCTGAGAACTCACAC-3' 5'-TCTCCAGCCTCCCGGATCACC-3’
KLF14 5'-GAAGTTTACGCGTTCCGACG-3’ 5'-GATGATAGGTTGGGTGGCGG-3'
KLF15 5'-CTGTGCCCATTGCCGCCAAG-3’ 5'-CCCAGGGGTCCCGATCCAAC-3'
KLF16 5'-CGCCAAGAGCCACCGCTGTCC-3’ 5'-AGCCCTGCCAGTCACAAGCAA-3’
GAPDH 5'-CGCTCTCTGCTCCTCCTGTT-3’ 5'-CCATGGTGTCTGAGCGATGT-3’
) # B ox-LDL R KLF6 mRNA ik, #MNE 45T NaHS &5
- 1 3k CSE BN KLF6 mRNA ik, 1 ox-LDL
2.1 ox-LDL EFIEFE ERBEME N EMHE  IJH KLF10,CSE/H,S W~ & KLF10 mRNA ik,

CSE/H,S &%

AFHE R ox-LDL (0~200 mg/L) 4t 3 HAEC
24 h,CSE i H RN 2 AR TE T I, N H 40 N
JEPE H,S KP4 550 2 A48 P [ AR, 100 mg/L ox-
LDL Zb 3 HAEC A~ R[], 25 58 %8R, Bifi 45 A P )
6] B K, 40 L PN CSE/H,S S BLEAR E# (& 1),
$E7R ox-LDL AT 52 750 52 R0 [ R : F 98 3= sh ik
Rz A N TEYE CSE/H,S R4,
2.2 CSE/H,S ki KLF6

FEEGT CSE/H,S RGN KLF FIEEHRIEN
S 7E ox-LDL 55 HAEC KL% [ 44 F H,S fitik
Bt 3Rk CSE, R HSEH % fit PCR £l KLF S5 45
AR IRTE O, 45 R & B, Bk KLF6,KLF10 4h,
CSE/H,S Xf KLF Z 1 H A 5 01 33K To W W e 48

E— 855 & B, NaHS sliid ik CSE ¥ a5t ox-
LDL X§ KLF6 & [ FRA MM (& 2) . #2224
MM CSE/H,S FIF54T ox-LDL X} KLF6 [T,
2.3 KLF6 5 H,S BN 5 & BZ

BATRIYI TAE &I, H,S BEA AT ox-LDL 75
FRAE N T 1 FRI8 . AW E SeifiE T H,S fit
& NaHS & 2 #0 #] ox-LDL % § Ay ICAM-1,
VCAM-1.IL-1B #9335, R RNAi mi{k KLF6 J5, 7]
i S BHIT NaHS B0 AR , 542 20 A % 15 I 240 i
AT 2] PN Bz &4 2 5 Jk o5 A A A & o 1) E B A,
2 PR A AR A 2 7 ) EE LT RE AR AR, NaHS
ZMH ox-LDL i S/ THP-1 40 55 . T AL A
KLF6 J5 ,NaHS [l i 2k (K 3) . #2278 KLF6
G T H,S HIINREN
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2.4 CSE/H,S #M#l KLF6 5 NF-«B T EE B
HFHEE

KLF6 {E 4y 8 2 1) S PR, ml R i 2 [
ek, BEAMEEM, KLF6 1l 5 NF-«B 41 H.1F
FH A0S NF-«B T UHFSESEN , ARAFFE eI E A 3
BRRIE 9 TT 5 KLF6 254 1% H 1 58 s 8 7 5 51,
Kl CSE/H,S X} KLF6 % % iG PR sg ), 2558 &
PL, JCi NaHS sid ik CSE #0] & Z i #] KLF6
5 CXCL2 . IL-8 \ATG7 J& 8l F X3k i 45 &, 2k ity 0

TR AL Ik (18 4)
3 3 i

AWFFEAE ox-LDL 175 T 1) N Bz RAEALR % BE
ox-LDL fE R % 4 N IEYE CSE/H,S RS I L R

CSE NS W — —

ox-LDL(mg/L) 0 125 25 50 100 200

Tubulin

15F

Relative CSE
protein expression

0 125 25 50 100 200
ox-LDL(mg/L)

1]

Gontrol ox-LDL(50img/L)

fe=— >}
0x-LDL(200 mg/L)

0ox-LDL(100 mg/L)

[ 1. ox-LDL E FI 24k i F0 i EMR £ #] CSE/H,S Ri%

i s H,S A nid 3k CSE Al E il KLF6 1)1k, i
) LA S e, I R R A R R ) 3 00 o B A 4
JROXE P R 240 L R 85 B, A TATIR A% ox-LDL 75 5 A PN B2
Tfg R, o s sh Bk AR 1L i & A=

Ok 2 RIS 2R B, IR CSE/ZH,S 253
Fik R B Ak & A (G PR 45, Wang 250 SR8 T
H,S HtA& NaHS a4l i 5 ICAM-1 B335, #0 il
TR AT BN T 9820 ApoE ™™ /)N B 50 Ik o83 e A 1k B
W, H,S ZRH GYY4137 W HAT M AL B 154
O, CSE™/ApoE ™ BURH Bk /Iy BLUk 20 Ay T 2k
H,S I8 fin 20 Jok o8 B 4 Ak BE B iE L )2, CSE
BESLIR/INER N 5 5 3h ke AR AL BE BRI 1) A
W98 & B, ox-LDL AT LA 55 2 A it [RIAR st 4 T 37
I8Pk CSE/H,S &40, SN R CSE/H,S REE7E
A2 Bl ko B A A 2295 110 B LML A8 1

CSE | e s s w— — —

Tubulin

Time 0 3h 6h 12h 24h 48h

15

Relative CSE
protein expression

0 3 6 12 24 48
Time(h)

A AT ox-LDL X N B2 41 CSE 8 H 32K 52, B N5t

FREF K ox-LDL H34F PN Kz 40 H,S =4 (Bar=20 wm) ,C A ox-LDL Ab B Py Bz 40 Mg A 5] i [B] % CSE 25 E AU 521 ( Bar = 20 wm) ,D N ox-
LDL A3 P B2 40 A 7 [R]B 1RD 6 PO 8L E HL, S BIRENE , a S P<0.05, 5% BB 4 1045,
Figure 1. Ox-LDL inhibited CSE/H,S expression in a dose-dependent and time-dependent manner
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A B
2.0 Elgglltlg?_l [ Control
[ ox-LDL+NaHS 2 5¢ Il ox-LDL
~ ) [ ox-LDL+NaHS a
<g15 <320 :
T £9
E.E 1.0 E g 15
22 o8 .
35 gD 10
o é 05 g %
05
o0 N b 0.0
< PN NI NN .
C
KLF-6| S W S KLE-6
CSE| “mw Wy S | CSE
Tubulin Tubulin
1.5 150

P<0.05 P<0.05

-
(@]
T

Relative KLF6
protein expression
(=)
0

o
o

B 2. }iEE CSE/H,S ¥t KLF K ikRiLH =M

P<0.05 P<0.05

Relative KLF6
protein expression
o -

0 o

o
o

A} qRT-PCR ¥ ox-LDL #3404 B H, S A slid ik CSE Xf KLF Zj% mRNA #

SKEYSEIR B 2 qRT-PCR Kl ox-LDL 3L K H,S bR sk i #2355 CSE % KLF6 . KLF10 mRNA 235540, C J H,S HbAX KLF6 & (2351
SN, D it Rk CSE X KLF6 KK, a i P<0.05, 5% A HLE b S P<0.05, 5 ox-LDL 41 e,
Figure 2. The effect of endogenous CSE/H,S on the expression of KLF family

Z 0 R 22175 T TN R A T 9 RE S 2 P 2 24
TIRERE RS ) B K 2, ox-LDL A 3% 5 N Bz 41 i 1)
AL, 5 B R M o Ry 2Rk, JF HAR HE N
AR T, 5 K sh kil BERE AL B b & AE ) H,S
AL 3 R 5 NF-xB {5 5 400 1 8 K2 48 Ffd 4% E 2
7 AT IR microRNA-186 &3k , 145 4 i 2 [
WA A0 A R AR T AR R SE,
H,S 7] DLl i 5 S A A& 1 SIRTL, 39 hn H 2% 2 Wik
T, 18 25 etk P65 B, #0 i H AAZ, DA T 410 il
DA B2 A S S ) ASHIF ST e B BHL I KLF6 7 BH
Wr H,S A3 R R0, $#E% KLF6 m fig & H,S HTL 4R M)
FHLEL

KLF6 j& KLF ZE R — 0, WAREFHE sk F 1 9
(zinc finger factor 9,79) B A%.0 i 8 F oot 4h & &
1 ( core promoter-binding protein, CPBP) , i DL 4 57

PEGE SRR S 31 7 X 8 GC £ CACCC &%
OICHFI RIEAEY RN KLF6 5 RAE YA
B Z, PR KLF6 felL—Fkili T p65 1
Jr B SE 2 NF-«B RS B a8+ X, dE i
HE p6S 7EH I NS s 7 Lgs &, 1E R
NF-kB FE3 R 7, Lm0 4 0 N 7 iy k7
Al 454 PRDMIT F i Bel-2 55 ARk H ek 4h
J e e S ') KLF6 38 i) #8345 iNOS £k, 2 59k
TEYAE S RIER Y Y, K2, KLF6 th] 454
CREBP, 1l TNF-o 75 5 B S5 S L AW 52
KB, ox-LDL 4] KLF6 3k (A3 T KLF6 Xf 5
iE R (028 S 6 1, #/R 7F KLR6 5 985 2 1 H A7
FEE TR BRIR T, 2 B Y 9 0E S N P ] KLF6 ik,
RIEHLE A B R HLE . CSE/H,S FR G0 Ak ]
8 KLF6 Fik Pk & 2 1E H 7K, FEI I = st s ik
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A B [siCON+ox-LDL
1 Control Il siCON+ox-LDL+NaHS
'- ox-LDL 1.57 @ SKLF6+0x-LDL
ox-LDL+NaHS a [1siKLF6+0x-LDL+NaHS
<@ a @
1k 2810
EC E e
o 2 b o2
58 £
o O o L
= § it T ;-—_ 0.5
o & o %
ICAM-1  VCAM-1  MCP-1 IL-13 ICAM-1 VCAM-1

Control ox-LDL  ox-LDL+NaHS siKLFE+0x-LDL  siKLF6+0x-LDL+NaHS

[ 3. KLF6 7+ 5 H,S #1l P Bz 40 B 3K Vi f= Jiz A g H,S HEARXT ox-LDL #5510 R AE F 723K M52 M0, B ik KLF6 X H, sﬁum&rj
BISZI | C 9 HyS BEAST ox-LDL 7558 THP-1 40 %5 B ShBE A9 520 ( Bar= 100 wm) , D MK KLF6 X H,S 3551 THP-1 20 g 55 Ff 2 it 10 5% mi

(Bar=100 pm) , a A P<0.05, 5%t 4L HLH ;b o P<0.05,5 ox-LDL 41l ;¢ i P<0.05,5 siCON+ox-LDL 41 H44

Figure 3. KLF6 mediated H,S inhibits inflammatory response in endothelial cells
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