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[ ABSTRACT] Aim  To verily the effects and mechanism of the deubiquitin enzyme USP22 participating in the estro-
gen receptor & (ERa) mediated gene transcription on vascular calcification (VC). Methods Human aortic smooth
muscle cells (hASMC) were vaccinated respectively in the normal DMEM, 1. 25 mmol/L CAL DMEM, 2.5 mmol/L CAL
DMEM, 5 mmol/L. CALL DMEM culture for 0, 3, 7, 9 days, with a 1% /2% Alizarin red staining, and the inverted phase
contrast microscope imaging; Under the condition of 5 mmol/L. CAL cultivating 0, 3, 7, 9 days, Western blot experiment
was used to test the expression of calcification associated protein bone morphogenetic protein-2 ( BMP-2), receptor
activator of nuclear factor kB ligand (RANKL) , cyclooxygenase-2 (COX-2) , growth arrest-specific protein 6 ( Gas6) ,
ERa; Luciferase double gene report experiment was used to detect USP22 whether to participate in the ERac mediated
gene transcription in hASMC; With overexpression of USP22, Western blot test was used to detect the expression of cal-
cification associated protein BMP-2, RANKL, COX-2, Gas6, ERa. Results hASMC had significant calcium dep-
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osition at the 9th day of 1. 25 mmol/L CAL condition culturing.

In the condition of 2. 5 mmol/L CAL and 5 mmol/L

CAL culture condition, hASMC had small amount of calcium deposition at the 7th day, but at the 9th day, hASMC had
obvious calcium deposition; In 5 mmol/L CAL conditions to developing, the expression of the RANKL, BMP-2, USP22

protein increased; Luciferase double gene report experimental results demonstrated that USP22 inhibited ERa mediated

target gene transcription regulation; With overexpression of USP22, Western blot test demonstrated decreased expression

of Gas6 protein. Conclusion

With the condition of 5 mmol/L. CAL concentration culture time, the model of

hASMC calcification is successfully established ; USP22 may inhibit ERa mediated target genes Gas6 gene transcription,

and then facilitates hASMC calcification.
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1.1 ZRAaFni
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muscle cells,hASMC) ¥ 5% - # & 4 % 20} % ; & #2
DMEM % 3= 3 ( Gibeo ) ; 6 4F i ¥ ( Gibeo, Serapo) ;
B-#k BR H i | ¥ R LA — B (E2) (Sigma) ; %% 32 iR
7 Lipo2000 ( Invitrogen ) #1 Polyplus Transfection Rea-
gent; % ik By i #r Flag-usp22 ( PCDNA3-FLAG-
USP22) . ERE ( PGL3-GGTCA nnn TGGCC) . PRL
(PRL/TK) .ERa ( PCDNA-ERa ) ; W % ¢ % B 4 &
& & A M 3K 7] & ( Promega, Dual-Luciferase Reporter
Assay System, E1960) ; BCA & & & & il & ik 7 &
(YLEEAE ) ;PVDF( % 0¥ iE) ; BMP-2 40 /K ( Santa
Cruz) . ERa #G & ( CST) . USP22 47 & ( Sigma ) .
GAPDH /& ( b B £ 47) [Gas6 Hifk (SAB Sig-
nalway antibody) , RANKL & ( CST) , COX-2 i &
( 7 K £ 4) Flag monoclonal antibody ( Santa Cruz) .
PR 9 AR ZRATF =9
1.2 #HaEsR

hASMC # # &2 DMEM (10% /i 4 i 7% PBS #n
1/1000 F-#F £)FEHREF, ET 5%C0,.37 C
AP R, WAEKE 80% A4, A 1 mL0.25%
JiE Bl Y L 2 B AR R, EESLAB LA AL 45 hASMC 4
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RS R R 80 V, B 4B et T ] 110V,
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A5 1B 400 mA £ 2 h(4 Cuksa, & WAnukiR) ;4
JEJE 5% 445 (5 g 4 #5+100 mL PBST) £ &% &
1 ~1.5 h; 47} GAPDH(36 kDa)26 ~43 kDa, BMP-
2(18 kDa) 10 ~ 26 kDa, RANKL (35 kDa) 26 ~ 43
kDa,Gas6(75 kDa)55 ~90 kDa, ERa (55 kDa)43 ~
90 kDa, COX-2 (68 kDa) 55 ~ 90 kDa, USP22 ( 65
kDa)55 ~90 kDa; % — 4 4 °C 3£ 7 ; PBST ¥t 3 %,
10 min/ K ; £ =40 %8 1.5 h;PBST ¥ 3 & ,10 min/ K ;
ECLA K, ABRMB &% 1 BEALK, RYH
A E| JE E AT & b Western blot 4 # # 1T & b
i
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FA47, Al jetPRIMETM DNA Transfection Reagent
PR A, LN ERa 0. 05 pg, ERE-luci 0. 25 g,

PRL 5 ng, PC/USP220.25 ng, % 44 h g E# F#
DMEM #5 7% 2 3t fw % & E2(107°) F 5 2 % 5 fw
BB R 24 h J5, H PBS ¥ ik 2 % 40 i, 4 5L 4m 80 L
lysis buffer (lysis buffer 5x F PBS #& B & 1 xlysis
buffer) , Z£4Z /K £ 4% 20 min, 7 4" 4T, % 30 pL &
AT R AR E A A AR B, S8 4e 15 pL luci
buffer, 4 % M| 52 Ja , B A1 15 plL stop buffer 7l —
5 T HAE
1.7 SitZHiE

SR Image J #RExt & & 44 K45 (G ARIAT
M 5 A 5236 B A #X 4 K B SPSS B #EAT AT 04T, i
SR ERA xxs F&,IHE FORHF 4106 Bk A kL
HAR LA B $EAT 2 7 T, £ 4 JE R 3B A Two-
Way ANOVA 4-#7 ,P<0.05 £ 7 H S %7 X,

2 # B
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1% #5220 G 0 25 3 7, X IR 41 (0 mmol/LL
CAL) K557 0.3.7.9 KI5 A Y G ar o, Bl A
PRESUTAN; 1. 25 mmol/L CAL R 444 F, 55 9 KK
LA WAL o, BV B 0 TR o B S AR A
Ba%) ;2. 5 mmol/L CAL .5 mmol/L CAL ¥53: 54T,
557 RIS DU (SR B ) 55 9 Kb
HH S A URR (S Ak AR ) (B 1)

JH & 5 mmol/L. CAL 9§ DMEM %% 37 &t 3% 5%
hASMC 9 K, 5151 19% P86 Z L1 2% 76 2R £1 G4k} e
o (BB 25 I S ISR G R B 25 SRR, 1%
PERLT NI hASMC A5 by (O i (181 2)

ZEEATAL T B-BEMR H it A A 8 Y i
() AV AN [R] , hASMC 5 A0 B B2 Al R A S5 25
R FZ A, J5 2250 90 B FH % 5 mmol/L CAL (1)
DMEM 5353545 3% hASMC, ] 1% P E 4T YLl e o,
2.2 hASMC 7E 5 mmol/L CAL ¥# &4 T ,lEEE
FHENARBUHEXEANRIEER

hASMC 7£ 5 mmol/L CAL Bi 32 444, {2 45 A
+ RANKL Fl BMP-2 fi& [ R A0, #2771 L 40
JH A ) B 20 AR AL A Ak 0 - COX-2 M
FIRAEHE 3 R BB 7 RGBS 9 REEFIRIS T
[ FERVRAE A 8 5E T COX-2 7E hASMC 454k &
EEEAEH ; ERo AR IE R N ES R F Gas6 1E55 3
KEEFIRIIN ABTEEE 7 K 559 KE A FEIE
/Ly #E 5 mmol/L CAL DMEM K572 514 F USP22 &%
3R BT R E 9 REHRIEHM, $7m H 0T gk
F{E #F hASMC 516 W 1E . % bRl 0, USP22
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Figure 1. The calcification degree of HASMC with different calcification time and concentration
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Figure 2. The calcification of the different Alizarin red concentrations is observed by

inverted phase contrast microscope

C
HOX WIK HTR HOE gls_ .‘?'5 o =0t 51'5_ P05 P<005
USP22 e s wimm smem I 100 z 1.0F ’—‘ §1_0_
ERa W - % _ %0_5 Zos
cass N N N Bm o 5 2
cox-2 N S % : % 00 @ 0.0

”%*éc ”%fﬁc

BUP2 - - -

£ c c
P 15 £ 151 £1.
o s o
GAPDH wie wmms emms amme | T10f z
2 o
o o o
< <
305 & 0.5F g
o a <
>600 o Z
[ohe =00 =

”%*éc ”%fﬁc

3. hASMC %% 5 mmol/L CAL fJ DMEM #5 &4 T, U HXEFHEARIE
Figure 3. Protein expression of calcification related factors in hASMC cultured in DMEM containing 5 mmol/L CAL
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Figure 4. The role of deubiquitin enzyme USP22 in the regulation of ERa mediated gene transcription

2.4 WREEZENE USP22 iMEIEHEFHE o«
NETHEER Gas6 EARIA

ARWFFTIUE B AE hASMC #5146 |, ERac B 0 5
Gas6 F 26350870 ; USP22 A REAE HE hASMC 45
k. B, AR USP22 /EN ERa 18 5 K T
P HL R U L R Gas6 B e 3% U 45 HE T AR
hASMC 54k, Mt — 20 55 E USP22 Xf ERa MY 1E
FH, 3o A7 38 o 3 F 3k USP22, A6 I 45 £k AH ¢ A 1
BMP-2 ,Gas6 ,COX-2 RANKL } ERa %1k, &
11 528843 R 28 AT IRZH (hASMC) .5 mmol/L CAL
ZH( CAL PC™) .5 mmol/L CAL i & £2(10°°
mol/L) Tl (CAL PC E2") 4 .5 mmol/L CAL Jilit
23k USP22 ( CAL USP22 E27)#H .5 mmol/L CAL il
JE 33k USP22 i E2(107° mol/L) T i ( CAL USP22
E2°) 4 x5 gt A T A A, 45 5 & 3, BMP-2 |
RANKL & 4 #3k CAL 4153 CAL(hASMC) 41 3k
BN, PR HE 7R hASMC ] BB 36 R 6 4k 5 1 ik
USP22 4H ( CAL USP22 E2*) ERa J H#E J: [ Gas6
EHERLHE TR, A I, , Western blot 3% 4 i 52
USP22 AJBEff] ERa 5 FIiFESE N Gas6 % sk 1

{23 hASMC 254k (& 5) .

3 3 i

ARG M PRFFE S 7R | 2o P 246 28 i I 48 45 4k 4
R, S 2 MECR PT RETE A8 85 1k Pl
B EFYS  MEB R/ M 2K o (ERa) 7E 1L
EEA T R EER R EN, H ERa 7E 1ML 55
A EARBLEN R IR ARIE, ZREARS
TE.O AP TP 45 BAE T, 2512 RALEE UsP22
REZREAMAGEENAZ —, ATRAE T
hASMC 5 Ak 452 8 Jf % 81 USP22 ] i 3 iod 410 il
ERa A3 (14 5 PR SRR A 85 A0 b R 4B VR T

ERow FEARS FC 1A S AR BC AR 26 74 T, n]
FIE i 1k PR B R I R PR AR A A8 A Ak b R
EEAEH, (HHERL K SZ 1K (estrogen receptor, ER) 41
FEWIN A . ERoc FIMEI 2R 321K B ((estrogen receptor
B,ERB), —LLIfiRAFFT KM, ERa F1 ERB FZAF
Bl RS- L AR e b 3 3k 5 T AR 5 OAR X R
ERB %ikZ T ERa; W ERB Rk fnJf Al iE 2
i A L ERB XA AL 5 ERa A
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Figure 5. Effect of overexpression of deubiquitinase USP22 on the protein expression of
calcification related factors in hASMC

K, AU ER TR E546 R &2 24Pk . ERa 5 ERB
BASE 55 S PR BC A, B DL 7= A2 R [R] 9 Az ) 27 5%
N, PRFRSZ PR ER AT LA M 38 2R S I e R 4 G i
S 5% 5% (0 ERa 1956 36 1 KT ERB, X Al
fiE5 ERw/ERB A X R, 7E hASMC H', ERa
mRNA /K5 T ERB mRNA /K, ERa 24457 [
ERB 2473 77043 53 A 410 i 0 5 A5 Ak A S DR AR
S E MY ERo FE MU E5 1L IE
ARSI 1% /2% #5 R 2L Q8 g 17454k
FRANUE 5 | 5% ( Caspase-1 1l 77 %3 K BRIl 4 S
VR LA L5 A 1) 0 25 52 ) ) AT 9 Hi 4 9 58 T
25, BV PE R A0 e R A 50 IE hASMC £5fb AR R 7
B R AT A — 2 S R A AR R e
ARSI S AEAE R B, Xt Bk — 25 58 38 1 5
YHE5E . AR EA T 5 mmol/L CAL ) DMEM
Re e B 1% 9% hASMC, COX-2 1E4 9 K 1 % 1k
b BN COX-2 78 1T RE K A B fifk 5 10 % 85 16 10 461 P
F Gas6 .ERa 7E5( 3 KR LA (HIESE 7 58
9 KRNIV, 43HT Gas6 \ERa A BETES 3 K BUAL B2
YEFT ;76 5 mmol/L CAL DMEM #5355 444 F ,BMP-2 .
RANKL 4 1 238 15 111 ; BMP-2 2% 35 54 I A7 W3 i s
O — & AT HE B i A G R, — A AT AR s 4
it RANKL 19 2 [ % ik, 2R J§ RANKL & #F T UiF
BMP-2 363517 BMP-2 235 A9 389 I 2 i i i

R 22 3K 40 Runx2 , #5170 42 #F hASMC ) JY 1 5% Y
By

ARSZIGE S, 7 hASMC ' USP22 #I14] ERa 47
SR SR, ERa 595 AR IEBR I Y, A
A/B.C.D.E Fl F F A58 38, v 32 2240 48 fic {4
AEMC A 1) 5% 5 3475 AF1 (activation function-1) X
DNA 455 45K 48 (DBD ) £, 75 IE 1A 4 M 7 3% J0s
AF2 X FC RS & 25 H B (LBD) 2 AR 5T 42
7R, FE tamoxifen/ERa [ 3l ik £ 7 VE H #, ERa 1)
AF-1 RHERBEMER AARSLE F USP22 Eid &
Wl ERac AR D) BB IX & F2 A H AN 4, USP22 7
A ES Ak A B ML 5 2 — 2P SR

1 RIE USP22 S h sk ik USP22 40T IR
2 BMP-2 25 1335 R WL o A2 Ak, $27 USP22 11
A AL T BMP-2 R HEAER . MM E2 T
FRZH 5 H X BRZH A e, BMP-2 28 (1 £ ik 0, $2R
WEPE E2/ERa AT BB o F Al 45 538 B 410 i) BMP-
2, #EMAN G M A 54, ASSLge ThAE CAL USP22 E2°
X R4 RANKL M2 COX-2 & H /b, EARHL ]
HIEFRADSE, 6 RANKL , COX-2 7£ Il % 55 1k rh
YEHIAL I B 52 e P, 74 ok 1Y SE 6 v, 75 58 3
USP22 7E I 45 85 16 b 0 AR W 2E T e 45 LR,
USP22 Al figilid 25 ERa A5 A0 5L R 3 SR 4 1E
M5 fh ZFEAR BEAE
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