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(# =] B#: fHTHEAELCBACERMGR SRR A(TSA) X1 -7 ¥ HL4E A (VSMCs) p27kipl ik
EMARENL . k. ¥ BB %R S8 RN (RT - PCR) £ 9 p27kip] mRNA /K-, & H EFZ Ul &

p27kipl il skp2 B KX, M EIENRE 20S EHBHATE M. &R : 100 ng/L TSA RN VSMCs H p27kipl
i mRNA 7KF- 100 pg/L TSA 24 M %5 S 1 p27kipl EH T, HEEK p27kipl HHKF M. 100 pg/L
TSA 1l 1L 1575519 skp2 ik B3R, B skp2 ik SR & p27kipl EHE MM, 100 pg/L TSA X 20S HHEF
RIEHEY O, &8 : TSA XF VSMCs f) p27kipl FRIXFHEARIERE TR L, T2 81 B S5 L 40 ] M iE 75
T VSMCs K p27kipl 25 FF#AF , ALK AT RES TSA M2 RSB WA A skp2 RIXH K.
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Trichostatin A inhibits serum - induced p27kipl protein degradation in
vascular smooth muscle cells
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[ABSTRACT]

smooth muscle cells. METHODS : Reverse transcription — polymerase chain reaction (RT — PCR) was used to measure the

AIM: To investigate the effect of trichostatin A (TSA) on p27kipl gene expression in vascular

level of p27kip] mRNA. The protein levels of p27kipl and S — phase kinase — associated protein —2 (skp2) were deter-
mined by Western blotting. 20S proteasome activity was quantified by using a fluorogenic proteasome — specific substrate.
RESULTS: TSA did not affect mRNA level of p27kipl in VSMCs, but attenuated serum — induced downregulation of
p27kipl through stabilizing p27kipl turnover. In addition, TSA decreased the expression of skp2, an F —box protein that
targets p27kipl for degradation, but had no effect on proteasome activity. CONCLUSION ; TSA regulates p27kipl expres-
sion at the post — translational level in VSMCs.
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2055 H 2= ZBkALEE (histone deacetylase, HDAC)
P25 BB bR 25 0 , 68 3E 2o IR T 4 e R B R
H G P i 2R3, 5 IR 4 % A A4 B R R
P2 B T BF 9T B, HDAC 410 41 30 7 LA AR
p2lwafl BRFE HFRIX 1757 ME 718 WLAH A (vas-
cular smooth muscle cells, VSMCs) {53 F G, 3, 1]
VSMCs 358 . p27kip] 41 fifd JE S A0 A5 e et 4
VIR EERGT , WIRAYT VSMCs S Hg A IHE ;X
Z—o HDAC #i[5|%F VSMCs ) p27kipl FRiERFAE
KHAERE . ABFFRUE T HDAC #HI R h &R
A (trichostatin A, TSA) X} VSMCs 1] p27kip] FEH A
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HIFZIR , FER025 S T R IR
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1 #8

TSA Ji§F Upstate /3 5] ; DMEM #5 5% ¥ | i 4= IfiL
15 MFEE EEE N Gibeo 23 &) P2 i ; Trizol iy Invitrogen
SE =, Taq B B Promega /0 ] ; S bt K B skp2
Zr PR B Santa Cruz 24 &, /M R 5T KK
p27kipl BTEREHLA B BD /A F], it GAPDH Hiij
o b RSN R 5208 B H B AR IR & T
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2 ik

2.1 FAM@mASERf L SN
B35 1SS v LZH it - B 180 — 200 g Sprague — Daw-
ley K ERBHERL B, o S04 T FTFF M fis , B s
MESh Kk, BT ICHE Hanks ¥, 3215 N
AN, BUMLE P E BT AT 0. 5 mm x 1 mm x 1 mm
-1 mm x1 mm x1 mm §/pE R T353R, 37
°C 5% CO, 3EFRFFPEEFR 2 h, IIAE 15% G4 175
(fetal bovine serum, FBS) ff) DMEM 3532 Y&, fF 40 8
HRKEE, DL 0.25% EE EEE +0. 2% EDTA ALK
HARA, B4 - 10 R T35, BB FTZEKRL X
10° /N0 4 25 E 0 T B 4% 60 mm B3R LA, A7 40
MONGEE S E#5 0. 4% FBS DMEM 3% 3% 48 h {4
MaIFZP AL, 46 5 ff 35 5 25, N AL YR B 100 pg/L
TSA FFIRSES

2.2 ¥R FHHFIREHERME(RT - PCR) &Rl
p27kip] mRNA %5  TSA LbFH 5405 FAH R B A H
Trizol HlIEZ 4 RNA , 735053 BE T 5E I < 260nm F
280nm WE Y, 8 A RNA ¥k BE A3 H i, B
& RNA1 pg 5% 585 1 cDNA 25 1 55, B cDNA & A
TR 2wl AE AR e B LA R S AT 3 = g - 94
C 30 5,57 C 30 5,72 C 45 s, 3£ 30 1E ¥,
p27kipl: Ey#514 5’ - GAG GGC AGA TAC GAG
TGG CAG -3’, Fi#5|# 5’ - CTG GAC ACT GCT
CCG CTA ACC -3'; GAPDH: L ##5|4% 5’ - ATG
GTG AAG GTC GGT GTG AAC G -3’, FiEs|45’ -
GTT GTC ATG GAT GAC CTT GGC C -3’, Bl PCR
P10 pL, 2% ZRRAEREBES L IK , AT T W I
BB, 4R Bio — Rad U EE 1 RGE 047, LA
p27kipl FER 5 GAPDH R4 34 7= 4y B3, UK 7 1) IR B
FUL{EFRIR p27kip] () mRNA 7K

2.3 Raydkan ek TSA L5
THERL I R B M S 2R H . PBS YRR 3 1K,
AEMLANA 20 B 24 % W [ 50 mmol/L Tris — HC1 ( pH
7.5), 150 mmol/L NaCl, 1% NP - 40, 1 mmol/L
EDTA, 20 mmol/L Na,VO,, 1 mmol/L PMSF, 10 g/L
aprotinin, 10g/L leupeptin]150 pL, K & & 15 min,
EIF 49,12 000 r/min B5.0> 30 min, B F ¥, BCA B
WEEAWE, W 30ug BEH, 5% K SDS -
PAGE 2 I 1 12% 4385 B FEL UK 43 85, % PVDF fii
(Millipore) . 5% i g 4+ 935 1 h, 43 3 LAt
p27kipl .skp2 1 GAPDH [ $1 4 CyKfEA%K, I HE
B TFE 1 h,fb2E k6B RS (Amershan) Kl
2.4 EHBAFEHEANZ TSA 24 h 5, H
0. 25% JBREE F B IH AL A 4H ML, ¥4 Y PBS Y4t g
TR, M A R 2 p g (0.1% Triton X — 100,
0.5 mmol/L DTT) 7k 3% 1 h,4 CF 12 000 /min

B0 20 min, Y4 EIEHOT BCA iEEHER. B 10
pg B AT 10 wL #9 Suc — LLVY — AMC (375 pwmol/
L), FEANA SR s S B iR 2R 2 50 L, 37 C
J#H 30 min, FOERR Y (BB K 360 nm, 52 5
K 460 nm) JIEHF B AMC HITOEIREE
3 FitFEAE

B AR = 2 (v £5) Ron, S 4 [H] L
FHH A2 T7 225047 (One — way ANOVA) .

# =X

1 TSA %} p27kip] mRNA 7k i 850

il 1 B ,10% FBS Rl Xt p27kip] mRNA 7k
ETCE B, &SRS AT & b, p27kip] mRNA 7K
SPEASA B [E] & A B E AR, T 100 peg/L TSA
THHA R p27kip] 1) mRNA K3k, AH BB S B
mRNA 7KV 5 5.4 10% FBS F 20 T0 .3 25
2 TSA 33 p27kipl EHREFERHAWR I

Kl 2 firs,10% FBS H#75F p27kipl HEHT
T, AR 2 i [A] K 4 , 10% FBS ¥ 16 h 5 Y
p27kipl EEAFE50h 25 B%E10% FBS Hili 24
h J5 p27kipl & H KV —2 T FE. M7E 100 pe/L
TSA TR I, p27kipl 25 H KV I B L5 I3
T2 E WAL, B2 24 h B, p27kipl & HK AR EE
5 Oh BAHIE K, 2 1 T 526 10% FBS 4 .

T E p27kipl B EHMEES, BATMAT
20 mg/L W% ¥ & B ( cycloheximide ) BH 725 H & H)
A M. WK 3 Fin,10% FBS 4 p27 EEHK
ARS8, 18 h, M ZETSA T i 4 , p27kipl ) 5%
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Time Oh 4h 8h
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10%FBS - + + + + + + + +
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The effect of TSA (100 wg/L) on the level of p27kipl
mRNA.

El1 100 pg/L TSA REE &3 p27kip] mRNA 50

Fig 1



10%FBS - + + + + +
TSA - - + - + =
Time Oh 4h 8h 16

120 T

100

]
|_|
e
o+

|

80
60
40

p27kip1 protein
(% of serum-deprived cells)

[\
(=]
T

S
X
=
T o
»n

|
+
+
+
+

+ o+
TSA - - _+ -+ -+ +
Time Oh 4h 8h 16 h 24 h
The effect of TSA(100 pg/L) on the level of p27kipl
protein. *P <0.05 vs 0 h; *P <0.05 vs 10% FBS stim-
ulated control.

2 100 pg/L TSA RER =t p27kipl & A RAFM
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Fig 3  The effect of TSA (100 pg/L) on the half — life of

p27kipl protein.
3 100 pg/L TSA 3§ p27kipl &R+ REIHIR0
BB FREA, YiBA TSA XF p27kipl #1845 & A4 7 B
BEJE 7K P L RE I ) I 75 55 T p27kipl EHRKY
i
3 TSA xf20S EBEEAEMF skp2 RiZHIRM
NN B R T I R E B R SRR
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ZRBMilEE S F B 3T B B E B #E T R B
Wi, A M E A AR . AR h S WRA N,
Horr 208 LA ST R E FFEAR . Qi 4 Py
7, 10% FBS i 20S W57 9 3 F BT PR 1L
AR E A BHATE R R E TR 100 pg/L TSA T
Xt 10% FBS 3% 8 FBHAE PR 1R CE B, 12
s TSA Rl HERELARSEARENLE.
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Fig4 The effect of TSA(100 pg/L) on the activity of 20 S pro-
teasome. * P <0.05 vs FBS free control; *P <0.05 vs

positive control ( epoxomicin) .

B4 100 pg/L TSA 3 20S FHEAFENEN

S — phase kinase — associated protein —2 ( skp2) &2

Z R B SCFskp HIIL BT, 5T Fe S PR IR A 45
& p27kipl , WS B, ZMLEYLHK 48 h, #ILRZES
skp2 7E10% FBSHIE T ,

/¢ 45KkD
<+ 37kD

+
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Fig5 The effect of TSA(100 pg/L) on the level of skp2 pro-
tein. *P <0.05 vs 0 h; *P <0.05 vs 10% FBS stimula-

ted control.
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RERF ] Y RE 1S , VSMCs P skp2 H3RIE B, 540
B p27kipl HIK 2 XA, 100 pg/L TSA
T30 S L A skp2 AOAE A, 7E AR R Y AR
b, skp2 A FRIE B ELT H4E 10% FBS R4,
n ] it

BEAEXT 22 B ik J83 40 f () A 55 S8 7~ , HDAC 417 il
i 1o R FF p27kipl B p2lwafl 3R 3K #0 i 4 M 3
s, I B , HDAC 0141 3] B A& 30 ) VSMCs
H45H B9 fF A, Okamoto 257! 4738, TSA B3 LA
VSMCs 3k p2lwafl ,{H 2 RN p27kipl & H K FE
Ko HZ, RATAGE R4 R, TSA S ISR
p27kipl EHFEME ., X5 Okamoto I AFE,
SEBR I, #E Okamoto HYAFZTH,300 pg/L TSA i 24
h 148 h B p27kipl EHKF-5 0 h #HLL, X 5K
ISR —3 . AR BR, p27kipl FEHKIR
it ML 375 ) 8 BsF ) E K T R 9, I 9 R0 38K 24 hoE
p27kipl FFRAEILFRIMAE], e TSA T4
p27kipl FEIRABPRRETE S I 15 I BLRT AT B KR, %
Bl TSA BF W E M & 1% 5% S p27kipl T 9 K1E
Fi. HDAC #li | 50 X p27kipl F1 p21wafl J KK ik
FITRENLEI AR [ . s IRiEXT p21wafl FEH FRiKE
SHER™ . TSA REARBE p21wafl 5 3h 7 K IRAE
H Z Bk, JF 1 #E p21wafl JE RS, R,
p27kipl FE R 3K P8 45 = 2L 78 Bl A B i 5 /K OF
BSEE, ARG, TSA R p27kipl #
mRNA 3K, T 788 H & B0 &l 570 W& 2 O B A2 7
BT, B 22 I 38 H B4, TSA B LA 15 p27kipl
EAFEHER, UAARSBPEFTHREORE
B, BRI, TSA IR o {2 #F p27kipl &[5 7% 5% 7 8
Ve AR, 2 o B fE L 0 ] L S R
p27kipl 2 H P&, fif p27kipl RIX4EFF7E S # LD
VSMCs tH{AI7KF- o

YiIRNEARFEEASZ REABERRERE
if, B A BHATEYE TR/ 82 R BI85 % AR
AT LSS0 L B R R A0 . HDAC 450 3
REREEEWH 208 A B RS Mk A F 1
TSA FIT BREART LAFP I WI - 38 4 fifd Fn K 7 9 4
I 208 T A BHAIE IS HR RN £ & 1
TN 20S | A EHAE N X AT BE SR
R4 RE RGN EEZ R FRRA X, AR
H1,100 pg/L TSA Xt 20S & A BHATE ETCE W, 7
TSA YEF T2 A B & L3 1 5 B & #1158 p27kipl &
HEEMERS N, skp2 f& SCFskp {2 3 % # f 1Y .52
L, AT R SRS p27kipl K ZREZ KGR E S
p27kipl E A", L RO H S PR B
p27kipl EHFEE 5 skp2 FXAAMES , Wu
fiRi& , 3 FH ) VSMCs fy skp2 ik iR, T p27kipl

EH TR, RA RNA T8 4 # VSMCs
skp2 KK p27kipl FHH L. UWHIAE VSMCs
th,skp2 SEHE p27kipl KB KBEHA ¥, Fi1k
L, TSA Wl M VEFE B skp2 HH LA, B S
p27kipl ZHH Rk 2 AHZEAL, 37 skp2 7E TSA
il I 75 75 F 19 p27kipl FEfEPE—ERIEM. HZ,
1E TSA %t VSMCs i) p27kipl JEE S H, skp2 B &/
WREE R — PSR

[ % x #k]
[1] Drummond DC, Noble CO, Kirpotin DB, et al. Clinical

development of histone deacetylase inhibitors as anticancer
agents[ J]. Annu Rev Pharmacol Toxicol, 2005, 45:495
-528.

[2] 4 HA ®REEV AEAEZBARENENS
M FE TR RN R SRELT]. b ERE A A
,2007,23(12) ;2487 —2490.

[3] Okamoto H, Fujioka Y, Takahashi A, et al. Trichostatin
A, an inhibitor of histone deacetylase, inhibits smooth
muscle cell proliferation via induction of p21 ( WAF1)
[J]. J Atheroscler Thromb, 2006, 13(4) :183 —191.

[4] Gartel AL, Tyner AL. Transcriptional regulation of the
p21 (WAF1/CIP1) gene[J]. Exp Cell Res, 1999,246
(2):280 -289.

[5] Sowa Y, Orita T, Hiranabe — Minamikawa S, et al. His-
tone deacetylase inhibitor activates the p21/WAF1/Cipl
gene promoter through the Spl sites[J]. Ann N Y Acad
Sci, 1999, 886:195 —199.

[6] Blain SW, Scher HI, Cordon — Cardo C, et al. p27 as a
target for cancer therapeutics[ J]. Cancer Cell, 2003, 3
(2).111 -115.

[7] Mani A, Gelmann EP. The ubiquitin — proteasome path-
way and its role in cancer[J]. J Clin Oncol, 2005,23
(21) 4776 - 4789.

[8] Place RF, Noonan EJ, Giardina C. HDACs and the se-
nescent phenotype of WI —38 cells[ J]. BMC Cell Biol,
2005,6.:37 —48.

[9] Yin L, Laevsky G, Giardina C. Butyrate suppression of

colonocyte NF — kappa B activation and cellular protea-

some activity[ J]. J Biol Chem, 2001,276(48) :44641 —

44646.

Kaiser M, Zavrski I, Sterz J, et al. The effects of the his-

tone deacetylase inhibitor valproic acid on cell cycle,

[10]

growth suppression and apoptosis in multiple myeloma
[J]. Haematologica, 2006,91(2) ;248 —251.

Carrano AC, Eytan E, Hershko A, et al. SKP2 is re-
quired for ubiquitin — mediated degradation of the CDK in-
hibitor p27[J]. Nat Cell Biol, 1999,1(4) :193 -199.
Wu YJ, Bond M, Sala — Newby GB, et al. Altered S —

phase kinase — associated protein — 2 levels are a major

(11]

[12]

mediator of cyclic nucleotide — induced inhibition of vascu-
lar smooth muscle cell proliferation[ J]. Circ Res, 2006,
98(9) .1141 - 1150.



