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HE . BB K3 Ac—SDKP it s 4% & % CEALEE 6 (HDACG ), # 4Kk %% G 90 (HSPY0) %9
T, A KRR A AL AE AL . TiE EREX L AT MERE LSRR AR, 5T 4 Fa.
BRFAEA 4 B4R, SRR 8 B4, WARALA 8 BlZR. Ac—SDKP u4F 4 4ki4 47 2 A= Ac—SDKP A5 i 7 40, &
A RRAT -8, (TGF—B,) ¥ FRARITI} A K KA AR 4 a0 I DUR AF e dm i 1L, 55 024 Ac—
SDKP #» HDACG 4 -t 474) 1l TCS HDACG 20b TAAEE . KA FAM — FULEEFNERmAEME TN, £
JELBAF | Western blot ] [ IR, a— FHEMMNFH K E (o —SMA ), HDACG6 & HSPIO #9 & ik,
FER RHEMAZAFIELERE T, HDACG6 f= HSPOO Falt R ik 2 245 TR L F A, 45 Ac—SDKP it 44t
BT RGBT Ak 1 RIRJR . o —SMA. HDAC6 % HSPOO & & kA 89 Lifl, 1 TGF- B, #tiF -+ KK
PRI IE o —SMA ML, B B4R HDACG6 = HSPOO % & & ik Eifl, A TCS HDAC6 20b 2, Ac—
SDKP FRA 2 s dphl iz T, 4518 Ac—SDKP #E# il it xf HDACG6 #» HSPYO 125 699 , 4k A oM &
s KRV, £F 4 20 i - A Ao I R ILAR , I i R AR H0 B9 il 4F LA e AR TR

47 : Ac—SDKP ; Mitf 44k ; HDACG ; HSP9O
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Effect of Ac-SDKP on expressions of HDAC6 and HSP90 in lungs
of rats with silicosis*

Hong-lei Li', Ding-jie Xu’, Di-li Guo', Yu-cong Geng', Xue-min Gao', Shi-feng Li', Hong Xu',
Fang Yang', Zhong-qiu Wei’
(1. Medical Research Center, 2. Institute of Traditional Chinese Medicine, 3. Department of Pathology,
North China University of Science and Technology, Tangshan, Hebei 063210, China)

Abstract: Objective To investigate the effect of N-acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP) on the
expressions of histone deacetylase 6 (HDAC6) and heat shock protein 90 (HSP90) in the process of fibroblast
differentiation. Methods Rats were instilled with silica through trachea to establish silicotic models. The rats
were divided into 4-week control group, 4-week silicosis group, 8-week control group, 8-week silicosis group,
Ac-SDKP treatment group and Ac-SDKP pre-treatment group. Myofibroblasts induced by TGF-f1 were pre-
treated with TCS HDACG6 20D, the specific inhibitor of Ac-SDKP and HDAC6. Routine HE staining was used
to observe the pathomorphology. The expressions of a-SMA, collagen I, HDAC6 and HSP90 were measured by
immunohistochemistry and Western blot. Results The expressions of HDAC6 and HSP90 were increased in the
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silicotic nodules of the rat lungs; upon the treatment or pre-treatment with Ac-SDKP, the expressions of collagen
I, a-SMA, HDAC6 and HSP90 were decreased. TGF-B1 induced the a-SMA expression in rat fibroblasts and
up-regulated the expressions of HDAC6 and HSP90; moreover, pre-treatment with Ac-SDKP or TCS HDACG6
20b inhibited the TGF-f1-induced expressions of these factors. Conclusions Ac-SDKP inhibits myofibroblast
differentiation and collagen deposition, which is related with regulation of HDAC6 and HSP90.

Keywords: N-acetyl-seryl-aspartyl-lysyl-proline; fibrosis; HDAC6; HSP90

i fili 2 e e ™ g RO s, o O i
MBI 90% ZeAy, I B ERRHIE N B 4515 T8 L
F]BTLFAEA o AR Fir 01 oR AR BT ~A R
MR LI OEALTEEH o (acetylated o —tubulin,
a —Ac-Tub ) fERY AL AT, 1M Ac-SDKP $i
LHEREAIRY T BUPIATT RERS EIRHERIR, $R o —Ac-
Tub 7] figf& Ac—SDKP Htfb i 27 4E AL A1 AL 11 2
— " a—Tub SBEACALRAL T HAS 40 (IR LT AE,
FEMHHE I LI AL (histone acetyltransferase,
HAT) F141 M £ & Bt AL B (histone deacetylase,
HDAC) MY ™, A CHsE R, HDAC6 HATAE4]
HEHERDERE, EEENT o -Tub, PUREEA
90 ( heat shock protein 90, HSP90 ) AR EEARNES
[ AR S A N L (VTR U e W= b e =R =2
Si0, Kl Il K U, 25 G M KIF T - B,
( transforming growth factor- B ,, TGF-8,) i#5 T 1Y L
T HE 20 o AR L, W% Ac—SDKP X HDAC6 Ail
HSPOO {5 S WA, 2D 5e s i er 4t AE H]
AT BEALH o

1 RS

1.1 ##

Si0, K320 BT 32 [E Sigma A H], 2500 B
& (Alzet 2 ml) 1 & T 3£ [E Durect A 7], Ac—-SDKP
(H-1156 ) W4# THi+: Bachem AG A ], o-FHil
Wah&E A (o« —smooth muscle actin, o —-SMA ) HRPLI
B T35 [ Eptomics A F, HDAC6 i, 1 BRI
PO E T 5E [ Abcam 22 H], HSPOO 4 T 3E[E BD
Transduction Laboratories 23 5]
1.2 Fi&
121 Esshh RALA 6 A6 SPF FR AR Mk
Wistar KFL 60 H, Fif (180+10) g, i1MTIb 54k
AR S AR A BR A E) (SR ATHIE @ SCXK
20090003 ), FEAEAY I T A B ) S v B B S
WM, KAV 64l . OXTHE 4 J4d] . —

UMk S A HE T AR AR K 1 ml, B AL A 2 ml 2R
PEK R Z R, HIE 4 FE A ; O/ ik
W4 B — RSB S 50 mg/ml Si0), F) A=
FRERIK 1 ml, BEIEALHE S 2 ml AR B K A0 Tl 28 B
5, TR 4 IR ; QOXTHE 8 JEA « — kML RE
FEVEAEIEIK 1 ml, JEREIEE 2 ml A B KA S
RO, TR 8 JHJE AP RV 8 JH4] « —ik
PSS HETE R 50 mg/ml Si0, B4R FRERK 1 ml, JEE
AR 2 ml A FRER K AT e B, W5 8 SR Ak
B 5 B Ac—SDKP HLLF4EALIAIT AL « — RS AUAEE
50 mg/ml Si0, FIAHERK 1 ml, MEREAHE S 2 ml
KR RS, 4 5 B Ac-SDKP
800 g/ (kg « d) MIREEZEREAE, ARSI TR 25 8 filib
P 5 © Ac-SDKP FilBhiAYrdl - HEART 48 h fE I i
£ Ac-SDKP 800w g/ (kg « d) FURCRZEREE, —IkIE
TGS 50 mg/ml Si0, B4 FEERK 1 ml, f35 8
JJG AR, SERAE R, A MRS . Y A 3
AL -80°CA

122 MR Fgemiasziciom AR TR BN
RLAF e, B2 ARAHARH T2 g i os. SCm sl .
OXTIRA - 28 ARE R (R4 T 1) DMEM K5 3%
B BEEANM ; QTCF-B, - FH « IR+
TGF-B, 5 ng/ml 57 ; B Ac—SDKP FAbHA : 25
Wi g2 %L +Ac—SDKP 10 ~ 8 mol/L TiALRE 1 h )5, 447
TGF-B, 5 ng/ml L7 E ; @ TCS HDAC6 20b i ik P
4 . 25 AR IE +HDACG Fr 5 A 5] TCS HDAC6
20b 10 ~ 6 mol/L FHALHHE 1 h Ji5, 44T TGF-B, 5 ng/ml
LA

1.2.3 b N - A GG (hemntoxylin*eosin
staining, HE ) A #5 Y] RIS, B6EE 2Kk,
TRARZYGLAD S min, /KR, 0.117 mol/L Ehig £ BE4)
FRECRD, TR YRR, PHLIYA 1 min, EDHRE L
FEEK . WS, PR R, SRR T
PUE ST AL SEE 2

124 Sgpmpied e x YR wMBEEK, 5
JEMEE, 0.3% SE K H0, B P Py JE2E i E AL 4 ity
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ZELT 43, 25 . Ac—SDKP il 535 HDAG6 F1 HSPOO kT il 2T i Ak iy AL BIF 5T

HDAC6( 1 : 100 ) F1HSP90(1 : 100)4CHFH 149,
“Hi37°C. 30 min, DAB W4, B R EEHl, BEE Y,
HORUBE K B AL H, K HDAC6 AT HSPOO (361X
1.2.5  Western blot #&ml  HEHUI1 2 B2 4E 21 it
FE T, Brafford 00 8 VR, SREPTIGBERGEERS FLVK
HL %G 25 PVDF B, 5% ‘RIS AR A3 1h, —41
IR JR (1 500), o—SMA (1 : 500), HDAC6
(1 : 500).HSP90(1 : 500).GAPDH(1 : 1000)4°C
BEEERE, —40 (1 : 5000) 37°CHEE 30 min, ECL
KA B, R Image—Pro—plus FEG A4 XT
it AT, ULHMEAGE S GAPDH N2
DGR R A A Z R R ik i, Al
IR . o« -SMA . HDAC6 K HSP9O #& 1\ #ik
1.3 SFitEHE

BRSBTS FH SPSS 17.0 Geit#s, T %ok
B = briE (xxs) Fom, FBEE 2000, W

W LA 1LSD—t 15, P <0.05 WERA G4 E X,
2 #R

21 KARWMENRELSFTHIES

HE Je@gh s, XAl REs, 45H T,
V) 5 T B 8 A AN IR o 7 A AR 201 i 2 2 N T
it 0 BE P8 S AN R R S 5, ELAT IR RS 25 TR A,
22 FH 53 I 40 R T8 £ ) A i A AR B, JHE ey it
R4 TG AN ESE T 2 0L, Ty iRy 8 el 41 ] I,
ZAWEETRE, AAEAETELS T 2 W, 4 Ac-SDKP
PLEFAEAIRY Y SRR T I . W45 1 5 A AR
il 8 FEALus b, Il A AL R B S . DL 1
2.2 Ac-SDKP &Mk | BE. «-SMA,
HDAC6 ¥ HSP90 Fix i35 1E

T B F g R B R, HDAC6 1 HSPOO
PN HRZH 33k TS A T B 20 MRS 4 ol TT 78 |-
FEAp, e SR R I PR,

§ hh 8 TLOTINAVISR - (“?ﬁ'\; &1
< ) 'i"' "
M R

AR 4 FHZH ( x 100 ); B2 XF 18 4 JAZH ( %200 ); C: BB 4 JEZH (% 100 ); D - il 4 JEIZH ( % 200 ); E . X8 8 J&ZH ( x 100 );
F o XS JHAL (( x200); G : A 8 JHZH (< 100) ; H : Byl 8 A4 ( x200) 5 I : Ac-SDKP HLeF4Efbindral ( x100) ;) : Ac—
SDKP HLelF i fbifyral ( x200) 5 K : Ac-SDKP HiIAITAL ( x 100) 5 L : Ac—SDKP FilpjiiAyr4l ( x200)

B 1 ®iXRMARARERLSFE

(HE J&f4,)



THEBURE R

o 28 %

VLA FRER, AR 1Y b i i b DA Fik
RE TR IR T, BREA FIRFRIERR RS, TR
W20 M b PR FRR A 2, 228 T 4515 ) ot
YA, DMK a3, SR 8 JE41IHH
I, Ac—SDKP HLEF4EALIGYT RN B iAY T 2R 45715 W b
/)N, HDAC6 I HSPOO PHPEZ A5 . WL 2. 3.
Western blot #2553 .7k, HDAC6 FI HSP9O 7F
7 it A5 Y 20 50K I I ] 6 B e k3, Horp
HDACG6 |- 18 28 AH 1 B[] 556 R ZH 9 2.04 F1 1.60 1,
HSP9O | % 1.58 Fil 1.81 % ; Ac—SDKP i - 4Efbif

I RV B 36 97 J5 HDAC6 1 HSPOO 2 1k %5 iy il A5 744
8 JAIA TR, Horp HDAC6 F3h 43I T IA 2 1% fifi s Al
8 JH 4 1Y 87.07% F1 75.57%, HSP9O 43 5l F # &
76.09% 1 69.29%, %I M 4 JAI 41, 1 fli ki AU 4 J5 41
XPHRE 8 JHIAL . Wi 8 JHZH . Ac-SDKP HiéfF4ifbin
J7 2. Ac—SDKP B iAY7 41 HDAC6, HSP9O & [
MY (F=41.780

e, g, ERAYIT

30.893, ¥J P =0.000), o-SMA I T %I i J5 70 R fii 5
TRULH 3-S5 RE S R T) 55, 0 BR 20 SR fin - He gy i
B4 JZ o —SMA FI T B i ik it 2 % Il 4 JE 211
1.73 A1 1.95 7%, WAl 8 JEI4] o ~SMA F1 T B
Feh RN IR 8 FIZHAY 2.15 F1 1.84 4% 5 i Ac—SDKP
YA AEALIATT TP IEI T4 o ~SMA Fl T BY I R 354
il 8 FZH R, o —SMA 433 FiH 2=y )iili 8 JH2H
) 65.31% K1 70.15%, 174 I 50 1) F & =04 fili 8 J&
201 77.67% F1 69.13% , % 1R 4 JEJ2H A [ififsi il 4 24
XA 8 JEZH . Y il T 8 JEZH . Ac—SDKP $ii£F 4k
IRITL . Ac—SDKP M5 iRI 74 o —SMA | T AU fit Ji
B, &I 200, ZRA G EE X (F=23.517
F137.349, ¥ P =0.000 ). W% 1 FIE 4,
2.3 Ac-SDKP 7 TGF-B , BSR4 40
ok di2d 3t HDAC6, HSP9O BT 1E
Western blot 45 W i 78, T8 & JF. o -SMA .
HDAC6 Fll HSPOO 7 TGF- B , 75 41 A5 %f A 2] 3 ik 448

A KR 4 FEZH (%200 );B: X IR 4 F4H ( %400 ); C: BIHEIR 4 FZH ( x 200 ); D : A7 iiA Y 4 FEZH ( x 400 ); E: %R 8 FEIZH (% 200 );
F o %R 8 JH4L (( x400); G« WYNliA 8 JE4] ( x200); H : i filifiAl 8 JE 41 ( x400); 1 : Ac-SDKP FLLFAEALIAIF4AL ( x200) 5 ) : Ac—

SDKP HTEF4EALIRTFAL (% 400) 5

K : Ac-SDKP HiBiifTr4l ( x200) ;
2 HDAC6 =Rk R AT H R h B ERLFFR A

L : Ac=SDKP TRPiAIT4L ( x 400 )
(eI 8Lt )
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ZELT 43, 25 . Ac—SDKP il 535 HDAG6 F1 HSPOO kT il 2T i Ak iy AL BIF 5T

i, a0 B 168, 176, 1.70 il 1.85 i 5 /B4 T
Ac—SDKP, TCS HDAC6 20b kb5, 5 TGF-B %
SHME, TREF, «-SMA. HDAC6 Fil HSP9O %
KRR, o R JE A k4 R TGF- B, i34l
#) 68.69% H1 60.59%, o —-SMA [IFEK7HJE TGF-B
%411 64.98% 1 56.10%, HDACG6 Y335 43 5l 2

TGF-B , iS4 11 76.60% F1 61.81%, HSPOO [ % ik
IR TGF-B | iS40 1Y 56.16% F147.95% ., %t HE4H |
TGF-B, 1% S 4. Ac-SDKP Tii &b F 41 . TCS HDAC6
20b FALERLL A TR . o ~SMA . HDAC6. HSP90
B, &5 22500, 2 R A et U(F =72.707
55.804.29.799 F1 81.115,34 P =0.000 ), W.3 2 Fill& 5,

Sl
B 7

o
s ¥
wry nt

——

B~ EPL AN

.
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ERIS
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A XFIR 4 JHAL (%200 ); B: XS 4 JHAL (% 400 ); C: WAL 4 JHAL (% 200 ); D : BT 4 JHIZ0 (% 400 )5 £ %I 8 JHIZH (% 200 )5

F . X 8 4l ( x400); G .

YIRS 8 JEZH ( x200) ; H : WYk 8 4] ( x400); I : Ac—SDKP Hi&F4EAbiByT4l ( x200); J : Ac—

SDKP HLLFAifbifyr4l ( x400) 5 K : Ae—SDKP WiBiiiA T4l ( x200) ; L+ Ac—SDKP HiBliiA 74 ( x 400)

B 3 HSP9O Ry At KRB R PR EMINRIE

=1

Ac—SDKP XtRyFiARAA | BE. o-SMA. HDAC6 & HSP90 EH FRIXHET

(gL g tn)

(n=4, x+s)

XJRE 4 20 0.553 +0.056 0.488 +0.048 0.445 +0.057 0.553 +0.062
YA RS 4 &40 1.143 +0.061" 0.813 +0.083" 0.890 + 0.055" 0.935 +0.058"
Xt HR 8 JE 4 0.695 +0.122 0.400 +0.111 0.515 + 0.069 0.495 + 0.066
TRl 8 4 1.233 +0.062” 0.950 + 0.108"’ 0.900 + 0.072” 0.905 + 0.069”’
Ac=SDKP Hier4efbiayrea 0.985 +0.101" 0.623 +0.074” 0.743 +0.057” 0.700 = 0.057”
Ac—SDKP Fipjfiayr 4 0.833 +0.091” 0.603 + 0.062" 0.563 + 0.042" 0.610 + 0.082"
F18 37.349 23517 41.780 30.893

Py 0.000 0.000 0.000 0.000

W 1) 5XPRE 4 iR, P<0.05; 2) SXHR 8 R4k, P<0.05; 3) S50l 8 4l bE:, P<0.05
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1 2 3 4 5 6

W_—‘ 1B 130 kD) )
il

— = Se o

S e S | HSP9O (90 kD)

|

B3 1 AR
o -SMA
EJHDAC6
[ HSP90

1 2 3 4 5 6
1o WPRE 4 J541; 2. BYIGBERS 4 5 4; 3. XWPRE 8 JH41; 4. WYMBERL 8 JH4l; 5: Ac-SDKP HLLF4ELIAIT4l; 6: Ac—SDKP HiBiAIr4l,
1) 5508 4 418, P<0.05; 2) SXFHE 8 4L, P<0.05; 3) Syilitsinl 8 JE4l b, P <0.05

B4 |BRE. «-SMA, HDAC6 & HSP9OO FERiZA 4R iR IA
# 2 Ac-SDKP ¥f TGF- B, FESRIANAK T 44 | BESHE. o -SMA, HDAC6 K HSP90 RiZRJATIER (n=4, xxs)
2051 T AR Ji o —-SMA HDAC6 HSP90
popietil 0.795 +0.051 0.788 + 0.061 0.658 +0.059 0.785 + 0.035
TGF-B, 34l 1.365 +0.079" 1.410 +0.051" 1.068 +0.099" 1.353 £0.084"
Ac—SDKP TiibH#Z] 0.905 +0.077" 1.000 + 0.084"’ 0.795 + 0.065” 0.973 +0.050°”’
TCS HDAC6 20b Tikb#iZH 0.790 + 0.039"’ 0.858 +0.094"’ 0.688 +0.036” 0.895 +0.034"’
F 1 72.707 55.804 29.799 81.115
P 0.000 0.000 0.000 0.000
e 1) SXPHRALLE, P<0.05; 2) 5 TGF-B, i 4l LE, P<0.05
1 2 3 4 2.0 -
1 1 1 [ €3 1 e
- B e e = | [EEE(130KD) 5 ) 1) €3 o -SMA
. 1H EJHDAC6
I........ o«-SMA (43kD) [ HSP9O
1.0 4
= =
oad & ¢ ! l rm HDACG6 (37kD) _&g
Y Y e
- SP90 (90 kD) 02
L d
L T i
GAPDH (37kD) 0.0

e ———

1 2 3 4

1. ®HEZH; 2. TGF-B, i554; 3: Ac-SDKP TAMFIZH; 4. TCS HDAC6 20b FALHIZ . 1) SR, P <0.05; 2) 5 TGF-B,

A LR, P<0.05
& 5

3 it

Ac—SDKP J&—Ff Af P 15 1 5 e ) A A 41 il
T ITAERBIEEW, Ac-SDKP 7Ei% £ 88 B 4T Ak )
YIRS (0. B . B P, Ac-SDKP #RE 1
TR B AU, RSO N R S8 A B A4
TR RREE " ARV AT KB, Ac-SDKP fig
P o —Ac-Tub 55, RAFHMHIRY Bk BUNLBLEF 4
0 B oA A S ORI F P ARSI o —Tub &
ZBALB EEEH, HDAC6 7] #f TGF- B, 5 S IFE

| BEH. o-SMA, HDAC6 & HSP90 7 TGF- B , i 5K B £ 4E 4l i h i = ik

i a—Ac-Tub ME LML, 25 bR - A
2, MM HDAC6 ()3R35, BEREFHET TGF- B /Smad3
HEIEAL Y, ROCK 55 1EfLAEUEBERR {L TPPP1,
i3I X HDACG MIIIHIER, M3 o -Tub 954
fefk, MIMTE AN GE . (228 JaE R . HDAC6
FEPH AR EL HDACGO ZEFEPEIHRI] Tubastatin A, fEfS
U35 Ang TSRO UE KL AEACERRE, JF4ERR0
W RE T A O IhRE, R — B0 IS R 1
™S $EREEXT HDACG {55 1Y BHITRE IS K 55 P e



AT 2, 4 . Ae—SDKP 33 835 HDAC6 I HSPOO 15 i - 4 Ak iy HL kI B 5%

EAEALRYYERT . 10 HSP9O & HDAC6 HYZ8 ML T i
Yy, Wl th HDAC6 Jiit £, Btk i ik " HSPOO 41 il 71
17-AAG REBSHNTH TCF- B f55BiEAL, M B
RAEARASFREE ", (A REAS 1 ) AL Ak I A AT
A S BERE T S 3 , AR AL DR 4 s 1 ™
SRIM, Ac—SDKP 275 BEMSIE L 15 HDAC6 M H AR
JIEY HSPOO {55, JE RN PLrdEfe/E A, Har
AN RE

AL P A AL F L R R, 7E o -SMA
PH 4 3% 35 B B 45 15 ) T 2F 4 46 X 3k, HADC6 Fi1
HSP90 353455 . Western blot #1457, 5%t
TEZH AR LL , BY IR 4 A1 8 FEZHAY o —SMA | T ZRUfit i
HADC6. HSP90 945 H Rk i . IARSh 250 25
R, TGF- B, 75 5 0B £F 4 41 it v] 34 5% HADC6
M HSPOO 2 ARy F 3k, [ I 1 Bt 25 LA 2T 4 40 i 43
FEAT T TR B A5 B, 11 TCS HDAC6 20b HikhBEZH 5
TGF-B, iFEFAHLE, a-SMA., I AR, HDAC6 Fl
HSPO FRik¥4 N, BB T LS dE A or . $27i,
BFXT HDAC6 155 A BHIT, BRI AL ET 2 48 ffd 53
PR R, AT R d B 2R e Ak i — B A )
BT T

PE— IR, 45T Ac-SDKP HiF4EfbiGyy
MR 5, BEG% 3% HADCG H1 HSP9O /K -1y FH i,
NI TCF- B, 1755 B WIUBLET 4 48 B 53 fh A T 7R fie
JRAE Ik, $75 Ac—SDKP fig % 3 11 X HADC6
H1HSPOO £ P55 (R BELWT, D00 il UL 4k 4 i o
AR IE TR, X AT fE & Ac—SDKP Hify i £ 4Efb 1
FHBTALH 2 —
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