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[ ABSTRACT | Aim To determine the effect of heat shock protein-65 (HSP65) on the anti-oxidant and anti-inflamma-
tory properties of high density lipoprotein (HDL) in apolipoprotein E gene knocked-out ( ApoE ™ ™) mice. Methods
Eight-week-old ApoE ™~ mice were randomly divided into three groups: phosphate buffer as control group, 5 wg HSP65 group
and 25 pg HSP65 group.  The mice were boosted twice under the same protocol following three and six weeks.  Sixteen
weeks after the first immunization, serum lipids, paraoxonase-1 (PON-1) activity, myeloperoxidase (MPO) activity, high
density lipoprotein inflammatory index (HII) , the level of cytokines interleukin-10 (IL-10) and interferon-y (IFN-vy) were
assessed. Results With the increasing dose of HSP65, HDLC level, IL-10 expression and PON-1 activity reduced grad-
ually, whereas HII, MPO activity, and the IFN-y expression elevated. = Compared with control group, markedly decreased
HDLC, IL-10 level and PON-1 activity but a significant enhancement of the serum HII, MPO activity, and IFN-vy levels were
resulted in 25 pg HSP65 group (all P <0.05). Conclusion HSP65 could induce inflammatory response and impair the
anti-oxidant and anti-inflammatory properties of HDL, which was related to the dose of HSP6S5.
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JIL, SR N B2 DI RE , AR PR R IR 4 15 0 LA
KAl o, 20 M 5 4, b HDL Bt R4 Ak
IRt R 5 & B, HDLC /K7
BRI A REME RN R HDL A4 A D) fE, HDL 76 4
SEPF B I AR AS R , SR A 2 R AR 1B A
A R I RE 4 R AEBRY EE RN
PURPUAAE DI RE T e, H B2 e R e A i
S5 NS5 As g Bk, §F58 HDL Bfg
YRS X TN As B Ted o AU, B Ry e 2L

VEZAIEE 2, YR TEHE H (heat shock protein,
HSP) 7E As JE b B dEAE ., KREsrs' ik
B, S HSP6S /)N BUH: As A 451 35 e S Bk Thi AR B
IR, BESR N TR v (interferon-y, TFN-y) | FH 4
42 10 (interleukin-10, 1L-10) ZE 40 g [N 1 & & 4
i, 2] HSP6S ] i iof SISl S I, fle i As B4
R, AERTAES R RAERI AT 51 HDL 2
Re A, HHETE N AT HSP6S X HDL ZifE
SR RIS BT S E HSP6S 4 S S Hie S
Jof () [ B 2 75 23 52 ) HDL A B 28 e S8 AL 2 g i AN
WA, UL, AT KR e HSPOS , WLEE AN [Fl5
i HSP65 X #k 5 8 11 E JE I #% B% (apolipoprotein E
gene knocked-out, ApoE "~ ) /N HDL #T % ¥t A b
TIREAH I HY 9 48 0 LYE B U 1 ( paraoxonase-1 ,
PON-1) {1 #Ed S2 AL W ( myeloperoxidase , MPO )
IPERFRYSZ I, DLt — 22 4R35 HSPes Al HDL JjfiE
MU Z A OC R o

1 #REFE

1.1 ##

24 R 8 FE At M ApoE " NE, B AL E
KFESFH, £ =I5 . SCXK( 7 )2011-0012,
FAREFETER EHR PO, ARTREES
25C,BEHT%, B BN BRFEANAN; &
B8 0.15% BB B 21% %) W E ) R4 E¥
Lz 4 Pk, HSP6S 1 B % [ StressMarq 2 7]
LB KB @ ¥ & Sigma /7, M1 % MPO & M0 &2
KA &0 8 BT B R E g AR AT, R IL-10
Fn IFN-y B Bk % 0% R ( enzyme-linked immu-
nosorbent assay, ELISA ) X 7| & W @ * Assay
NEIR
1.2 ZhYHARTFH

24 28 Fl# ApoE T NRMAMAS N 3 4, F4
8 R/NE, 24t T . #k 8. h % » 7 ( phosphate

buffered solution, PBS) %t & 41 ( f& #f 2t B 41) ;25 g
HSP65 41 ;325 wg HSP6S 41, 4 41 4 5| F VL& fg
FRRR,GFES 3 AfE 6 B aR T/ RE K
TE 4t PBS.5 wg HSP65 2 25 wg HSP65, % 16 JF
HATE R,
1.3 MmAENE

L 16 B, NREE 12 h IRES T, TEBRE
Ja o JEF i, 3 000 r/min & A2 10 min B g, B F
-10C Kk HREEM, RABWEAE AH L
76002020 A A § 34 £ 4 A6 B0 R & R E
2 (total cholesterol, TC) 1% % & Jig & & A2 [E B (low
density lipoprotein cholesterol, LDLC) . % % & fg & &
B [ B (high density lipoprotein cholesterol, HDLC) |
H il = B8 (triglyceride, TG) & & .
1.4 MIFREEE I EENE

% J Farid %7 7 8% K B 3% 4 1 PON-1 & #
BR B % 9 % ( CaCl, 2 mmol/L, Tris-HCl 0.1
mol/L,pH 8.0) 1.3 mL, i X\ 5 mmol/L 7, # K B
150 wL,F 25°C 3% 20 min j7 , Am X\ 10 3% & o9 &
AR F 50 L (B A BB & ), ROBL 90 s, A
0.5 mol/L 7. = % 4 7. ( ethylenediamine tetraacetic
acid,EDTA) 100 wL £k KR, $% J& A 2ok 6 it
F 270 nm W K M F % K & (absorbance, A) &, [&
B % ST o I PR R R 4 Xt B BE M E A A K
PON-1 7 = A xfxFV x10°/(txSVxLxg),H
A K BB AR (B AR AR ROE B - ot R R
Wt R BOLEAE) £ A AR AR BB FV O RN
KARAR ¢ R BL B, SV MBS AL h B, e
K FEARH Ok % #,270 nm BB E B LB KERE e =1
310 L/(mol - em) , B iy 7% V£ 50 & 34 4 2 o 4
61 pmol ZERKER KM FNBEE N 1 U,
1.5 IEEELYEEENE

1 & MPO 7 M AR 9 B9 0 2 6% A 4 TAR B K AT
AR A & U6 U PEATO E , BEUE ) B ALE L.
Bt 7 A 37°C By KRR R LA A (H,0,) #
R mol K1 ANEEE B, i E A MPO
(/L) =(MZEERAEME - HBRERNKEE)/
(IL3xBHE) BHFEELMY L,
1.6 I0iEF HDL RIEEFEENE

13 HDL 3R 4E 4§ %t ( HDL inflammatory index,
HID) R A 3 20 fig % 3% 0 € .10 pL ] R B BR 5
100 L 113 38 & )& ,3 000 g/min &% 5 min, b & H
4 HDLC, A JiE [ 8 i ) & € fE 8% &, 8 %
BAWE R 10 mg/L; K2, 7-Z A 4K LENT
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B 4 (DCFH-DA) 75 T %7 & ¥ B (20K E 2 o/L) , %
JEAEE R T LA 30 min, B R 2,7-Z A 4%
£ # (DCFH) 7 7 4 147 48 BE-2-(5,6-3F & 7 1] 71
i & E2) 9 i-3-%% B fE 5 ( PEIPC ) 3 7R (4% &
# 50 mg/L)10 wL #14 HDL # £ % 90 uL & 2
RRLIEWAEFRA, FHNITCHEH FHMNL h;
BEMA S NI P L 10 wL DCFH % 3% (0.2
g/L) A, BEHN3TCHEf F i 2 hy A KT
P TR A TR E (R IK K 485 nm, K &K K W
530 nm, 2 1% K H 515 nm) , AN T 1, U A i
HDL # #71 3k 18 fl; w8 A F 1, W A 2 k1 A
(HDL # Z B, ¥ PEIPC & ft. DCFH A7 7% J& #y 7% K
BEEATENM AL,
1.7 MEEMENE 10 FFHE y SENE

/NE ML VE TL-10 Fo IFN-y A & ™ #% R 18 £
Assay /B $2 B By K A & 06 W 4 & Al ELISA %
A,

1.8 Sit=E45H

P it ER R Ml s £ 7, K A SPSS 13.0
G R EHAT IR R IER o
M, Z 4 BRI B, =R B
% 7 H7 (One-way ANOVA) , 77 % 1 5+ it & | Welch
REMRE, ZMFERHHE NS E LR T £ 50
X LSD =43, 7 & F 5+ Bt & JH Dunnett’ s T3 4
I, P<0.05 H = RHELITFEXL,

2 # R

2.1 3H/NRE 16 FmASKFRIEEE

TC TG . LDLC /K253 3 /NRZ M G024
B35 pg HSP6S 415 %) IR Hegs , HDLC /K- 25 5+
TG4 ;25 wg HSP65 ZH 3 5 5% BE2H 5 ug
HSP65 41 L4, HDLC 7K-~F- B BEAIK (5 P <0.01; 3%
1),

* 1. BT HSP65 3t ApoE " /NRIMASHI SN (% £5,n =8)

Table 1. Serum lipid of ApoE '~ mice after subcutaneously immunized with HSP65(x +s,n =8)

i TC(mmol/L) TG( mmol/L) LDLC( mmol/L) HDLC ( mmol/L)
Xf B ZH 17.05 £2.29 0.99 +0.23 7.46 £0. 68 1.78 +0.18
5 wg HSP65 £ 18.20 +1.39 1.04 £0.27 7.93 £0.53 1.76 20. 16
25 g HSP65 41 19.30 2.78 1.28 +0.33 7.96 +0. 68 1.45 0. 09"

ah P<0.01, 5% BAHH ;b P<0.01,55 ng HSP6S 4 H#K

2.2 3HMREREE ] EYREYEFENIEE

53 AL ,S5 pg HSP65 2H PON-1 i MRS F#
fi%, MPO TE RS TH i, B2 F BTG4 E (P =
0.07,P =0.156) ;25 wg HSP65 #H 5 %F MEZHAH L,
PON-1 1t B E AR (P =0.013) ,MPO I 1 & T}
B (P<0.01);55 pg HSP65 41AH I ,25 wg HSP65
ZH PON-1 {EPEZE RG24 L (P =0.34) ,MPO
HPERFET R (P <0.01;3K2)

% 2. B T%% HSP65 % ApoE '~ /7R PON-1, MPO &4
B0 (x +5,U/L)

Table 2. Effect of HSP65 on PON-1 and MPO activity(x +
s,U/L)

moH Xf HE2H 5 pg HSP65 41 25 wg HSP65 4
PON-1  66.32+10.80 55.40%6.68  49.90 + 10. 30
MPO 37.98 £2.88 40.68 £3.60  53.10 5. 10"

a} P<0.05,b 8 P<0.01, 5% ALK ;c I P<0.01,55 pg
HSP65 4 b4z,

2.3 ETH®REHSPeS S/MNRMESZEEEEAR
RETE B A F M

5% R4 /N B HIT(1.03 £0.10) #H kL, 5
pg HSP65 20 HIT(1.21 +0.09) 125 pg HSP65 41
HII(1.34 £0. 11) &It 25 A G #E (Y
P <0.01);5 wg HSP65 £ Fl1 25 wg HSP65 ZHAH Lt
BOHI ZRAZIEX(P=0.04;K1),
2.4 K T&¥% HSP6S X/MNRITFEABMANE 10
MFHE v HFI

S%b B4 /N B W TL-10 (338.54 + 45.16
ng/L) #H 1,5 wg HSP65 £ IL-10 (303.55 +42.47
ng/L) FEREAR, (22 F EGEIFF#E X (P =0.13) ;25
pg HSP65 #H 1L-10 (253.76 +45.06 ng/L) i &
ik, SXTHRAAA b 22 R A Gt 22 B L (P <0.01) ;5
pg HSP65 411 25 weg HSP65 41 AH H#%, 1L-10 2% F
HEiT2#E X (P=0.04)(F2),

Sxb B4 /N B W IFN-y (121.01 + 21.48
ng/L) M E,5 g HSP6S 4 IFN-y (139.34 + 11.43
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ng/L) JHim, ZRAGIHFE L (P =0.04);25 pg
HSP65 2H IFN-y (185.06 + 13. 80 ng/L) & I %5,
L% IR L 22 AT G2 (P <0.01) ;5 pg
HSP65 ZH A1 25 pg HSP6S A AL, IFN-y 22 34
iR L (P<0.01;F2),

20
1.5
a
—1
T
w 1.0
i
R
05
0.0 T T
A B C

1. BFENRME HDL RERBALER A humal,s
45 wg HSP65 41 ,C h 25 pg HSP65 41, a i P <0.01, 5% M4 b
;b P<0.05,5 5 pg HSP6S 41 L,

Figure 1. Comparison of HDL inflammatory index in

each group

so0 [ IL-10
. FN-y
400 [ l
; _—l_ bc
E’SOO r —'|—_
H.,
® 200 | be
i a
R
100 | i
0 T T T
A B c
B 2. &4A/NR IS IL-10 1 IFN-y K E B L& A Fgxt

841, B A5 wg HSP6S 4H,C 4125 pg HSP6S 4, a 4 P<0.05,b A
P <0.01, 5% A HHE ;¢ P <0.01,55 pg HSP65 4 FHL#,
Figure 2. Levels of IL-10 and IFN-vy in each group
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S Kok AE B AL ST — Bl 18 P RAE S A B R R
WAEH AL RS HSP6S 1E 43 BT T 32 25
Z—  BAR R ) S R B, T 5 AR LR I

JEFIR IO s RG], DT 7S K A 0E e P2 I
N, R HE As B9 KRR R, S5l A9 R IR T TR
HSP65 FI1E K F B G I M E W bn ik . A
WFSEIESE, As 19 & 2455 Thl/Th2 40 2 g 2k 5 2%
IR X w2 T 4 R A A R S VR
BT AT 3 A 0 00 ) 40 B PR T A ELA R TL-10 S
FFEEH Th2 4300 —Fp 48 B, mT 3 23 417 ] 22 Fol
PR AR PR T 04 72 A T V8 40 B 2 B4 1 26 35 AN
Pl S B g A T R FE BT S Bk AL A FH . TFN-y
JEEZLH Thl W —Fh 4 & B, FonT ph )i %
ZRARAE R W RIE AL i

AWFFELE FF 0 XF ApoE ~ ~ /INEHAT B2 K HhE
HSP65 , 55T BR41 L #5,5 wg HSP65 411 25 wg HSP65
LR A HF TFN-y Wk BE B W T, 0 4 R TL-10 ¥
FEMZEHTIEAL, %45 RS Wu 55 BB —3, X
FERTAT HSP6S W15 K SAE g g, fiff Th1 F1 Th2
MAEIREIAT 7 As A K B a mEAE

1 5 B AR AR P R P AR A M 2 R R DT As
MR E T Re, B AN K TR AT AT A g R
HDLC f¥& 5 HDL J&ht R Pt AL if S A & A2 4
TR IR IIER R | I R BORHE R ,40% LA o0 48
Fih kA B HA IE W % HDLC, Ansell 250
FERIN, I im HDLC (1456805 8 3 432 9 HDL
FEA T As FEAT, B 2 AR F il /8 BE 1Y) 48 M R0
FRATHTIA SRS TAE & MU0 fR 3 HDL 2 AE H8 %X
W] & T 5B ZH | HDL Shigsb T80, i
JeFart 1 BR, HDL ZhBE (PR s e 4 ) BEH 4f
b S e 58 R B Ik 96 B R B . Navab %6070 48
HDL Z i $5 £t 2, A HIT W HDL (%) 2 5E R
A, HI & —NTEARA M P8 A HDL BH1E LDL
wE LR ThRedE bR, T AT It HDL 9Bt & e, HIT
/AINF 1B, #n HDL BAAHLRER ; KT 1 B, WA
TR B LI, TERE RAERE TR 4%
PELTBEAR A R RO OG5 R R AR, As Kk AR T
B, F S HID MM AR R B oR. &
HSP65 7 & B3 i, /N RS HI B e, 25 5738
HE5E L (¥ P <0.01), 1 HSP65 41 % [H
+ IFN-y VR EE B 5, 400 58 R 1L-10 ¥ B2 0 &
MR, B /R SAE I W 25 T HDL K D RE Y B
B2 g% HSP6S A 5 o 15 & 48 4E [ b A2 fff HDL
TR GAS RIE R

R EERR A T PR fL D e R EE R Ik HDL
A LDL A k®i N A= nl, IF6 2 A iy S8 AL
Kifi . 7E HDL AHOC B | 548l 1 A HT A Ve
ik, AT LDL B S A& i, 412 (0 B BT o A4k 9
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PRI, I A B S AL R, AT R H5 0T As VER
PON-1 2575145 & 8l 45 11 Al (apolipoprotein Al ,
ApoAl) A RE L FFEHUALTIRE , T LLBE AR 1 (1) 107
W EEANRESE 23R HDL $L b DB AY K/, 1M T
YA REE A0 E HDL BréafbThfie™ #fiid &k
YRR — P H A 5 A0 R 4 R 1 ik SR AP
B H PR 20 05 £k B AR R, T L REAS £ E
%% B i A 1 ) AR AB A, S As 9 ARRE ST, A
MAEHE As (19 &4 &R, HATLL H,0, ALY
7 — SERE ELA RN G Ak Y v ) 7 A G B v ]
YILL HDL L) ApoAl Ay =35 8 55 i Howh SR AL 1 1
ECHLAE A SR 5 ApoAl {27 B g4
Mo Py AE E LS ATP 456 &5%18 1 ( ATP-binding cas-
sette transporter A1, ABCAl) & 12 %% iz /) DI BE, i
HDL i F A A8 A BCEART, R AS I if 7 MPO
FALIETERT )Lt HDL | ApoAl # S AL & 1 72 B,
T T % HDL fde 8 b/ BUEAAL D RRIRE

AHIFFEE UMLK g% HSP6S X HDL $it 48
PrE AT RERFZ IR, B 45 AT A1, S0 BT AH L, B
& HSP65 il & /9 3% i, /Iy Bl 3% HDLC 7K ~F Al
PON-1 JEPEZHTREAR 11 MPO 3 PE Z T s,
SR5 g HSP6S A 5 X A I, 2R LG i
S, {H PON-1 16 FEAR A %, MPO 3% 44 0 A T
25 we HSP6S 41 5 X RRALAMH HL , 22 3
iilarE X, X R HSP65 175 5 48 0F 28 J v 1
[FIET 25451 % HDL (P8 fk Difig, fff HDL %48 hy 2k
Tife, REE HSP6S & (34 m, X} HDL $it R i
AT fe 4 52 1 8 in B

i iR AR R, K2 T S siE HSP6S Al ifs
R ARAE G BE RN, AR i R AE R 1 7= A, IF R B
HSP65 A 4ii % HDL Ht R yi A LI fig, H HSP65 Xf
HDL TR YT AT RE Y52 M0 -5 HF 2 3 PTG
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