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[(WE] BHH FiFTmist#k £ %G (HSP)22 £ 844K % F i & & (ox-LDL) i 549 &K 3 Bk A & 20
B (HCAECs) ¥ s 8145 2t Toll # 24k (TLR)4/4 B F-«kB(NF-«B) 12 5@ R 69 %o, Fik @itk shizi
HCAECs, T ox-LDL A& 22, 2 5 S5 K A L 0 IR 45 A A s 9N R4 T T4 A HSP22(rhHSP22) 4 22, 4L
B rhHSP22 2+ A i 2w it & 2 Be A& (1L)-8, o & tm L F5 1 2 F (VCAM)-1 #= NF-«B F X 52 48 % & & 89 K 5 &
AR R T8 %ok, A2 TLR4 494 #) E5564 4 A F,#F % HSP22 5 TLR4/NF-«B 12 5@ %0 % 2, KA
Western blot #m 11-8, VACM-1 #» NF«B Z a2 A H A, AX @R REN &SN L@miR o F R,
%R 5 CNT 44, rhHSP22 40 . rhHSP22+ox-LDL #8 ,rhHSP22+E5564 28, rhHSP22+E5564+ox-LLDL
21 IL-8 . VACM-1 . NF«B & G A8 s KA K -F I &, £ F A %t 5 &L (P<0.05); 5 rhHSP22 41t 4,
rhHSP22+ox-1.DL 48 11.-8 , VACM-1 ,NF-«B & @ M3 £ xR P9+ &, 2 F A%+ FEFL(P<0.05);: 5
rhHSP22+ox-LDL i 3t 4%, rhHSP22 4+ E5564 +ox-LLDL 21 1L.-8 . VACM-1 B & stk ia K F TH, 2 F A %
it ESL(P<0.05), 5 CNT 44, rhHSP22 28, rhHSP22+ ox-LLDL #8 ., rhHSP22+ E5564 + ox-L.DL %1 48
MR REAG,EFA ST FEL(P<0.05) ;5 rhHSP22 A4, rhHSP22+ox LDL A% A = &4 5, £
F A %t F &L (P<<0.05);5 rhHSP22+ox-LDL 4 b4k, rhHSP22+E5564+ox-LDL ZA@ e A = F T, £
FA %I FEL(P<0.05), &it £ oxLDL i %4 HCAECs X Hi45 ¥ . 2 M s HSP22 i@ i 7& TLR4/
NF-«B 43 % i@ %% % 1L.-8§ . VACM-1 NF-«xB & & & & 2 A K oA
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[Abstract] Objective To investigate the effect of extracellular heat shock protein (HSP)22 on Toll-like
receptor (TLR) 4/nuclear factor-kB (NF-kB) signaling pathway in oxidative-low-density lipoprotein (ox-
LDL)-induced inflammatory damage in coronary endothelial cells (HCAECs). Methods HCAECs were cul-
tured in vitro and pretreated with ox-LLDL to establish a model of high-lipid-induced endothelial cell injury. Re-
combinant human HSP22 (rhHSP22) was exogenously treated. The effects of rhHSP22 on the expression of
inflammation-related proteins such as interleukin (IL.)-8,vascular cell adhesion molecule (VCAM)-1 and NF-
kB in endothelial cells and endothelial cell apoptosis were observed. The relationship between HSP22 and
TLR4/NF-kB signaling pathway was investigated under the action of TLLR4 inhibitor E5564. Western blot was
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used to detect the expression of I1.-8, VACM-1 and NF-«B proteins,and flow cytometry was used to detect the
apoptosis of endothelial cells in each group. Results Compared with the CNT group, the relative expression
levels of 11.-8, VACM-1 and NF-«B protein in the thHSP22 group, thHSP22 + ox-LLDL group, rhHSP22 +
E5564 group and rhHSP22+E5564+0x-1LDL group were significantly increased,and the differences were sta-
tistically significant (P<Z0. 05). Compared with the rhHSP22 group, the relative expression levels of 11.-8,
VACM-1 and NF-kB protein in the rhHSP22+o0x-LLDL group were significantly increased,and the differences
were statistically significant (P<C0. 05). Compared with the rhHSP22+o0ox-LLDL group,the relative expression
levels of 1L-8 and VACM-1 in the rhHSP22+E5564+ ox-LDL group were decreased,and the differences were
statistically significant (P<C0. 05). Compared with the CNT group,the apoptosis rate in the thHSP22 group.,
rhHSP22+ox-LLDL group and rhHSP22 + E5564 + ox-LLDL. group was significantly increased, and the differ-
ence was statistically significant (P <Z0. 05). Compared with the rhHSP22 group, the apoptosis rate in the
rhHSP22+o0ox-LLDL group was increased,and the difference was statistically significant (P<C0. 05). Compared
with the thHSP22 + ox-LLDL group. the apoptosis rate in the rhHSP22 + E5564 + ox-LLDL. group was de-
creased,and the difference was statistically significant (P<C0. 05). Conclusion
tory damage of HCAECs, extracellular HSP22 induces the expression of 1L.-8, VACM-1 and NF-kB proteins by

In ox-LDL-induced inflamma-

activating the TLLR4/NF-kB signaling pathway,and promotes endothelial cell apoptosis.

[Key words] heat shock protein 22;oxidized-low density lipoprotein; coronary artery endothelial cells;

inflammation; Toll-like receptor 4/nuclear factor-«B

BRI ST HOR UG 1 B R D (H G il 58 9%
Ji (cardiovascular disease, CVD) 5%k & S 8 AN K%L
TR F B A 22— Bl bk ok AR e Ak U 51 % A
Ji#l CVD #2558 Bt 20 L 3 kool B B 4k 2 — Fb
%602 e A E PR 5 s o v R IO RE 55 PR R S B A B B
Bl W A5 2 51 R 30 Jik s B A Ak B LR sh M &, Mo,
E ALK % £ I8 # A (oxidized-low density lipopro-
tein,ox-LDL) J& 512 P B¢ 48 S 5 5 10 2 7, )2
ok o8 B B Ak B B R & R SRR IR R B gE R
B, #4K 58 2E 1 (heat shock protein, HSP) 22 7& & Ig
HON B RAEB b & T mE A S H Ak
BRI AW R . HSP22 R 40l N 47 F AR 8 1, BEAE
WFFE 32 B0 T H AR 7 40 A o A AR S 0 DR A L T
AR SR A FY 3 W] HSP22 i £7 76 T 20 M S0 34 5%, w] 5
I 200 A 7 Ak i A I R B S R R VT A M T R
HSP22 7e BEACPF T SR Bl 4n i oh R WIBR T 2
4 40 i P AR R M A R T R H AT Al AR W 2 )
AE. dnMfLoh HSP22 it 2 5 40 il [l 15 8 A% 12 ok 94
RAE SV » IG5 22 b 14 5 B B 2 DDA 5

HSP Al /E y AR E 445 40 % 10 Toll A 32 {4
(Toll-like receptor, TLR) %54, £ 5 2 ik 3 #£ 18 1L 48
REAS R TLRA Ay I A8 P9 B2 BV T JOL 400 i 26 o e
B TLRAE 3l Jok o FF B Ak 58 AE 2o 72 b 4% & 54k
AN TLR4 3 238 i 805 B R F-«B(nuclear fac-
tor kappa-B, NF-«B) 5 & H 40 i 4 & (interleukin,
IL)-1, IL-6, TL-8., B #% 4 Jifl i#& 1k &5 -1 (monocyte
chemoattractant protein-1, MCP-1) . Ifil. % 40 Jd 25 Bt 43

¥ (vascular cell adhesion molecule, VCAM) . 4l fifd [&]
BB o 7 5 ROAE 40 M IR 7 Y SRk, T T R E O
RO 4N M A HSP22 R AR S — o i e AR S
TLR4 85425 4 Md G 5 S AE 5 e, T E 1 5 15
TLR4/NF-«B {55 38 % % 9 35 3h Ik N B RAE . A WF
AL 1 ox-LDL 17 5 5 4R 2 ik N K 40 i Chuman
coronary artery endothelial cells, HCAECs) & 37 & g
LA 350 P Bz 200 A 5 B AL, S M 25 3 F 41 N HSP22
( recombinant human heat shock protein 22,
rhHSP22) &b ¥, M %8¢ rhHSP22 7F ox-LDL % F 1Y
HCAECs RAE I B AEH s f— 2248 TLR4 A0l 551
E5564 fEH T, #F58 HSP22 5 TLR4/NF-«B 15 5 i
e 5 2 L T 40 B b HLSP22 75 185 I BP9 B R 45
P v B9 VR AL o

1 ME57RE

1.1 ##

HCAECs g T [ 2 e 40 i % . 4% HCAECs
BT 10% &4 1L % (fetal bovine serum, FBS) ff
RPMI-1640 K535 31, 7€ 37 °C 5% CO, MR 346
HEATIEH Hi 95 . B T X8R R AR KRS R A
DAL AL, 0. 25 06 JB I T Ak Js R AT 40 T4
1.2 7%

1.2.1 2&XA 5%

DMEM H}i 372 FBS I T 3¢ [H Gibeo 24 #l . rhH-
SP22 W T RO AE B YR A R A ox- LDL Il T
g B A R A PR A R L ES564 1 T8 & A
PR A BR 2 7], TRIzol W T 3¢ [ Invitrogen 23 A



FTHREF 20255 2A% 5455 2H

RIPA 2 (i) (BCA & M1 & i ik F & W T LA
TAYTEARAR, FHBR . Fhe | TF
% E KPL A #l, B-actin M F 3¢ [F Proteintech 2 7,
Realtime PCR Master Mix (SYBR Green) 4 T 3£
Genview 2 Al , JREEE -V (Annexin-V) -5 i &R 9
32 (fluorescein isothiocyanate, FITC) M it fk 79 §&
(propidium iodide, PT) X H% 4 Jfd 98 T 4% W i 551 &5 0 T
% [# Biolegend 24 Al » HL k2% & JE i R £ F I 1 A
it A DR A BR S

1.2.2 &M%

CO, HEFFZF W F 2 EH Thermo Fisher Scien-
tific 24 7], ClinxChemiScope 6000 k2% & YA W T F
T BB AL RS A FR A B MULTISKAN FC B A1 4Y
T35 E Thermo Labsystems 2y &, TS-8 /K it (4,
el N[ el I = A N N s B e S S/
H2100R 52X 137 3 28 54 R 500 AL IV - 180 g 941430 52
¥ S AN AT A BR 2N 7], FACS Calibur 37 20 40 i X g
F [ BD A A, DYCZ-24DN W 1 oL KL . DYCZ-
A0DN %% BV HL YK AL CRED 1) F b 3 X — £ W) B A R
NHE,

1.2.3 SR e R o

b T % B A KW i HCAECs, 3 M T 6 fLI% 3%
M s 20 A AR 3 <107 /FL B L B 2 i 3 55 3 i R 2
mL, AR A E#AE T 5, 438 CNT 41, rhHSP22
4, rhHSP22 + ox-LDL 4. rhHSP22 + E5564 4.
rhHSP22+ E5564 + ox-LDL 41, CNT 41: HUVECs
F 37 °C.5% CO, ¥3% 24 h, rhHSP22 4 . ¥4 &4k Ji
M 10 pg/mL B rhHSP22 il A HUVECs } 5 #i
T 37 C.5% CO, ¥4 24 h, rhHSP22+ ox-
LDL 4. ¥ & [ 9 10 pg/mL B rhHSP22 it A
HUVECs B35 W, F 37 °C.5% CO, B #2455 57
12 hy AL R 50 pg/mL ) ox-LDL 2 H 12
h, rhHSP22+E5564 2H K&K JE R 0.1 pg/mL 1Y
E5564 it A HUVECs ¥, T 37 ‘C.5% CO,
KRR 3% 2 h R 2R E R 10 pg/mL [ rhH-
SP22 JIMA HUVECs $52# , F 37 ‘C.5% CO, ¥
FA 3R 24 h, rhHSP22+E5564+ox-LDL 40 . 2
WEN 0.1 pg/mL ) E5564 i A HUVECs K5 5% #
H, T 37 'C.5% CO, BiFRAATIGFE 2 h, J5 ¥ &k i
910 pg/mL B rhHSP22 it A HUVECs 838 ,
F 37 C.5% CO, BEFHMIEFE 12 hy I ALK E N
50 pg/mL i ox-LDL £ % 12 h,

1.2.4 Western blot #& @] IL-8, VACM-1,NF-«B %&
B &k K-

B OB A5 4 AN 0 A 2 A 9% b R R 1

T 590, B A AL A0 LB . R R R
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(BCA ) M5 42 B 85 1 B KF . B30 pg 85 H bR
A HEAT A b B TR - SR TN TR P B LUK . 43
EHE B HEBEEMRAERE L, EHF -2z
H . A 5% BSA ISWRAE S T B A RLF 4R B 1 h,
VI AER R R g &, R —dt & 520 BSA
VAR 205 Y ok B R AR e iR vl I B R BE AR R L .
HPE SR A4 R SRR —BirE 4 CR
. WH.H 1A% PBST(F 0. 1% Tween-20 # PBS
ZEoh O VERE 3 R, AR 5 min, B 1 4% PBST ¥
WAREREEMIRE  ESRTFME 1~2 h, LR
G PG A B AL R OG5 . I R AL
BRFE AT RAZIIR . L Bactin AN S, I E K AN
B A 1L-8 . VACM-1 ,NF-«B & [ i 35 K F .
1.2.5 AXmERENE8 A K mieR &

25 2H 4 Jf 50 WA S5 A TV PBS BRI, SR )5
FH 500 L 256 22 v i E 2 40 B, 8 0 M Ol 1 X
10°/mL; B 100 pL MRV F 5 mL W& T mA
Annexin V- #EHE A M PI 6. TERBOLFET
15 min; M T 240 B AL FACS o I 240 i o 1~ 2%
1.3 “itsam

K SPSS21. 0 B AT RGBT Bk LA
b FROR AN LR ¢ K, Z 4 A
ANOVA 53, UL P<<0.05 HZRAHEIT¥
2 % R
2.1 E5564 47%) rhHSP22 # 1L-8, VACM-1,NF-«B
EauEFREER

Western blot #2455 B/, 5 CNT 41 b %%,
rhHSP22 4. rhHSP22 + ox-LDL 41, rhHSP22 +
E5564 41, rhHSP22 + E5564 + ox-LDL #1 1L-8,
VACM-1,NF-«B % A X R K KT, 2 7 A 5
Th2r & X (P << 0. 05); 5 rhHSP22 4 It #&.
rhHSP22+ox-LDL #{ 1L.-8 , VACM-1,NF-«B % 1 #f
XFRE KT R, ZRERITFE X (P<<0.05);5
rhHSP22+ ox-LDL 41 H %, rhHSP22 + E5564 + ox-
LDL 4 IL-8.VACM-1 & [ A X R B KT TR, 22 5%
HG T2 L (P<<0.05) W 1,
2.2 E5564 47 4] rhHSP22 3 HCAECs # 42 74 —
YE R

G B AR KT I 25 R R .5 CNT 4 He A . rhH-
SP22 % .rhHSP22+ ox-LLDL 41 ., rhHSP22+ E5564 +
ox-LDL A4 i i T2 F 5, 2 5 A i it 2@ 2 L (P <<
0.05) ;5 rhHSP22 4 H.# , rhHSP22 + ox-LDL 41 4
L0 T B 25 A e R L (P<C0. 05) 3 5 rhH-
SP22+ox-LDL 4 [t # , thHSP22 + E5564 4 ox-LLDL
UMM T2 T R, 22 5 A it L (P<<0. 05), L



Kl 2.,
1.5
L6 | - —— | .
KE-ET ac
VACM-1 | T — D e e l %
Z
NF—KB‘——-..-‘ 5 0.57
B -actin -m.l
0
® @ 0 @ 6 ® 2 ® @ 6
A 285 B 485

FTHREF 20255 2A% 5465 2M

[$,]
1
[6,]
1

ab ab

o
1
o
1

ac ac

o
S
1

VACM-1 4B} Fik 7k F
[V
g

NF- k BHEXTZRIEKFE

® @ @ @ 6 ® @ @ @ ©®
45l D B3

A:Western blot 8l ;B: &4 11L-8 & A X 2235 7K T A C. & 24H VACM-1 & AR 35K F 1 D £ 4 HCAECs NF-«B & [ 4 % 2 35 7K
FH# ;O CNT ;@ . thHSP22 4 ;@ : rhHSP22+ ox-LDL 4 ; @ : thHSP22+ E5564 #H ; ©® : thHSP22 + E5564 -+ ox-LDL 4 ;*: P<<0. 05, 5 CNT
A L# ;" P<<0. 05, 5 rhHSP22 4 8¢ P<<0. 05. 5 rhHSP22+ox-LDL 4 th#,

1 rhHSP22 3t & 4 HCAECs IL-8, VACM-1 NF-«B Z A X FKiEKFE N (> Ls,n=3)

CNT4R rhHSP224R rhHSP22+ox-LDL4R
105+ Q1 Q2 104 Q1 Q2 1054 Q1 Q2
15,22 0794 J4.60 9.95 ) 12.50
<< 10+ <104-! < 1044
1 1 3 1
w w w E
o A a.
< 10°+ < 10°4 < 10°
| ! 1
9 g 3
P 1074 P 1074 @ 1074
o o E 1
& g £
S 1014 S 1014 S 014
jo4 03 104 03 o4 o 3
92.50 1.30 81.90 3.59 77. 40 8 34
10° Ty Ty ™y Lk § 10° ™y ™y 4l ™y L | 10° ™Y ™r u ™y ™Y
10° 10' 102 10° 10¢ 10° 10° 10' 102 10° 10¢ 10° 10° 10" 102 10° 10¢ 10°
Comp—E np-BL1 p—BL1-A::FITC-A
rhHSP22+E55644R rhHSP22+E5564+0x-LDL44H
1054 Q1 Q2 105 Q1 Q2
31,36 0. 44 J4.54 12.50
< 10"-.4 < 10"1_
& &
<103 <'|<'103 B ® @ 0 @ 6
3. q B3
P 10 B 104
a 5 E
15 £
S 104 S 101
j04 . 3 Jos Q3
95.80 2.40 80.70 2.30
10° —rrerroy—eeréray—rrrfoyr-rermy—rrry 100 vy yoeay ey
10° 10" 102 10° 10¢ 10° 100 10! 100 10*  10°
A Comp—-BL1-A: :FITC-A Comp—-BL1-A: :FITC-A

AR E B A MM TR 8 O:CNT 4 ;@ rhHSP22 4 ; @ : thHSP22 + ox-LDL 4 ; @ : rhHSP22 + E5564 2 ; ® . rhHSP22 +

E5564+ox-LDL 24 ;°: P<{0. 05,5 CNT 4l He % ;" P<<0. 05,5 rhHSP22 41 He# ;. P<<0. 05,5 rhHSP22+ox-LDL 4 I,
2 rhHSP22 3t & 48 HCAECs AT &

3 i

B ik s B B Ak 2 IR O O A5 ) 18 1 R R, L B
FE v K 22 Fi 20 B 25 B0 0 28 4 4 1 B A B PR
iK% & 1§ 25 M (low density lipoprotein, LDL) 1Y % fk
JeAE B K PR e 8 B R AT S 2t Bl Ik o R A Ak 2k
KRR TEZ 2, ox-LDL 1 R 4 5z 40 i 1)
— A PR a7 S SE BN AN B D) e B 6
HE— 2 IR T 3h ik B BE 1L G & T HSP22 fE
KNG HSP GG, 25 1 41 Ml N /Y 4 58 M
AT A YRR MR RS,
Y ML A HSP22 MR E FH 28 WL BR 1 & 0 0% 48 it 9
F A BN e B oAl A Y Th gt

WF5E 2 B, HSP22 78 =i g 51 S 1) P B2 453493 4% e
W P AR . R RE KRR B R A Py A 2 58
R, E IR E B ox-LDL 4b BRI T HSP22 % ik, &
R AR 1R Ak PN e 0 — S Ak R0 Tl 0% i T BT £ At 7T
REV s s s o0 HSP22 il [ TL-8 45 & %E
20 R DR, AR 2 o S T UL 40 M A S R O T R i
LG S R L AR RO B R RE A I A R
HSP22 & 5 & e W7 . B R R 48 A
HSP22 #£ Z Fofig BUR S T AR SE A 2R IE . Ao LS
R A A HSP22 78 =5 A5 B M 2 3 R & 505
T NF-«B.VACM-1 fil 11-8 % 4 i Al & 5 (1 3k,
I SR S 55 N B A M A T
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HSP [ fE R W iEMERCA S TLR 4542 5 3 ko
BETE 6 48 0 . 240 i 4 HSP22 W A] 45k i fic ik 5 TLR4
G SRR, TLR4 &4 N B M 1
JULAN i 2 1o A 3 AR SR A7 1 L aE o 6 o b R T 88
WG NF-«B. i 5 2 F & 0E 4 i X (4 IL-1.,
1L-6 \1L-8 %) 3Rk , 78 20 Jik o# # 4 £k 46 E b & 4% 8 22
PER 3 gi 4 HSP22 W] B i TLR4/NF-«B
{5538 B R A8 0 . A gE b, ak ES564 1
STEGHE— AL WL ), E5564 1 T 40 i 4b HSP22 X
IL-8 . VACM-1,NF-«B 4 4 SiF 4 s K+ 19 4 3R 3k 16
Bkt N Bz 2 B i AR 8 T A

RUFFAAETE SRR . (D ABFFALR T R4k
20 AR 1 R AR UK P I I L A SR R R T E A
RN 3 SO TR — 2P oE . (2 RIS & B
T HSP22 X 48 AE K2 1 A2 i 98 T 9 98 5 4 L (B X
T HSP22 1y BHARVE MG X H 5 TLR4/NF-«B {755
B 22 BAE FHBLE 8 75 B — B ARG, (D
AW T TLR4 Ml 57) E5564 #5758 T HSP22 &
TLR4/NF-«B {5538 P& 1Y & & (B A 75 B0 2 5L ok
I8 UE 33K Ff O 2R 9 RS P RN R SE 1

25 LTk . 78 ox-LDL 755 1 5 4R 3l Bk N B 4% e
. 40 e 4 HSP22 il i TLR4/NF-«B {5 5 i %
(MO AR T T AT AH DG B I R Gk R — 2D
TN, AP RIEE T s HSP22 78
R Bl ik Bz 9% E 35245 H 6 TLR4/NF-«B {5 5 i 1%
(RS ] SR R 2 PN B 4 0 ML B AL T O 9 SR B L EL iR
7 2T 22 (R I 50 B TR BT TR AR 5T AL
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