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€ H 8 1 CHIP(C-terminus of Hsc70-interacting protein) %} TGF-B 15 *5 il I {1 5. RT-PCR Fl e 3% F1 i 45 L WoR, pLoxP/
CHIPi 5 CRE #HHAE )G, W LAH R B% A U8 CHIP ) mRNA /K, Wb AMERNTE CHIP fE B RE. POt RMIRE &
G TR, FAHEBUUERGEMERR CHIP X TGF-B {55 M B (i Pk 45, 1558 TGF-B 15 58 B 1 5e0m bk 45 R0,
CRE KBt 45 AR IR R A m ek s ek, il id e R mEIE T CHIP % TGF-B 15 5 B ok i 45, hgk—
WIS CHIP AHOCH TGF-B 15 5 M T B0 R I R AE LB ER AL T A 2k LA

FER AAFIEPIER, CHIP, TGF-g, fMhIvkiEEs
FRHES R3L, Q7

2541 3 IR % [ (condlition knockout) 57 A g U1 4F
K SRR R FOE R DI RE A 1 7k, BT IR
AT 40 B AT AR BR M AR AR, e
CRE-LoxP 5 FLP-frt [f] 5 4t 22K SR A Ik DA £ 2
— A BB G IR S R R R N B, 5E
FSE T DA TR] R 2 i) oo #0083 38 P R Al 42 11
CRE W2 —Fh7> 7t 38 ku AOEE AN, 7TLLR
Al LoxP A7 i, ik 521 AT M ER 2 AN [a) LoxP 47
SRR N, R 2 AN in) LoxP v 5 2 Al )
AEBEDR, B 1 LoxP [ FAIR DNA #8504
— AN RIAIR DNA. 1% A4E R A 7 23 Ath g 2825 22
B2, ORI R ZRA T H .

RNA ¥ (RNA interference, RNAi)& X i
RNA (dsRNA) 5 i) % 35 i K RIGTBRAL I, 35X
T B AT T L DR AR IR B XUEE RNA B P54 siRNA.
RNAi /£ — T TH AT R, B AR 7+
PERI R E SR F 24 f. HAT, W LLRIA siRNA
M EAZ AR RGO 2 B, X R A% ik
A n] LLRF 228w = A2 siRNA, MM 51 & RNA
TN, SRR TER.
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111 JFRL. B AAI4E . pBS/U6/CHIPI b A< 5K
¥ =S ) #; pBSsk/LoxP-neo-LoxP, pBS/Cre, pRK1M/
Myc-CHIP i ASL U6 % R A7 ;. pBS/U6 Ay s il K 2%
P2 B i 47 1 B (CAGA),-Lux 24 3% 5 Duke
K EDN B EM . KA DHSa, 293T(A
R R Ay, P19/ B MR 80 41 B) S 345 i
M. TGF-B ¢ )t & i 4l 15 %& Il (CAGA) -Lux 1
Mv 1 Lu(SHT b7 20 B Few 41 i 3 B A SEG = AR
17. AT 10%6 2 1% (FBS,  Gibeo) ) DMEM
Brgedth, 37C, 5% CO, A 3% . MviLw
(CAGA)-Lux T F-{E &4 0.5 g/L G418 [ Fik K
T

112 Wl5R . BRI N DI . T4 DNA i $2
Klenow Fragment. CIP JiJ [ NEB A al; f[HIH ik
A TR JE IO & H QIAGEN 2 #]
Vigorous % 4Rk #W4 [ VigoFect A7) ; M &
4 4 BioRad 7 /i 5 c-Myc . EGFP #T & N
StanCruze /= fhs S EDIE T H — 41 & ECF 34k
YRS Amersham Pharmacia Biotech 77 ih; —
A 35 RT-PCR ik il & & T Promega 2 #] ;
Dual-Luciferase Reporter 1000 Assay System i F
Promega A #; TGF-B1 24 R&D w77 i HoAthik
)Ry i 11 ] = 53 B 2 7

1.2 A%

1.2.1 pLoxP/CHIPi [ # %E. # pBS/U6/CHIPi H]
PR 9 DI Hind T 2E AT 9 46, R Klenow
Fragment [¥] 5'~ 3’ DNA E&EETE, W5 ~3'J7
) &5 S5 AR T &R () DNA(25°C W 15 min, 75°C
SV 10 min J5 20OV, IS 75K 3 P i 4L
RIGHG =Y CIP kb3, Jemeib. [, BRI
P W VIS Bgl 1T %1k pBSsk/LoxP-neo-LoxP, 1%
Bgl Il -LoxP-neo-LoxP-Bgl Il v B¢, IR 4 H Klenow
Fragment 2403, 15 2| H AR Pl K 7=9). # =%
76 16C DR, HAGER Y. RPE4E N
B L s DAL 2 (EcoR 1, Xba 1)EAT IERTE
IR 48, 1931 pLoxP/CHIPI.

1.2.2 4/l RNA [ #2HUH RT-PCR. P19 41 i 1%
Wit &Y 48 h i, JH TRIzol RNA $2 HUik 7
(GIBCO)FZHU s RNA. HAR S Ut . &
T RNA A /A 20 EEAEAE 1.85~2.0 Z 1A LAHF F—
6 RT-PCR. RH—27k RT-PCR R F &, DAEEH

ST PCR, LA B-actin AW S, W
gl R: CHIP IE X, 5" TGATAAGAGCCC-
GAGTGC 3’; CHIP & X, 5" CAAGTGGGTTCC-
GAGTGAT 3'. B-actin i X, 5 CAAGAGATGGC-
CACGGCTGCT 3’ ; B-actin & ¥, 5’ TCCTT-
CTGCTCC GTCGGCA 3'. RN 4&fFunF: 50T )
5% 30 min, 94°C AZ Pk 2 min, 4R )5 94°C 4% 1
30s, 54CiEk 305, 72°CEAH 30 s —PMEIR,
FAL 30 MEI; 72°C L 10 min. §7 3G e WV 7E
PE 24 #] 9600 % PCR A FHEAT. P L&tk &
BEM 3% AR IR s FE vk A ).

1.2.3 R JZENIE( Western blot). F] ] Vigorous %%
Pl FPF SR 4 pg ) DNA(Myc-CHIP 5 EGFP
H1 pBS/U6/CHIPi ©X # pLoxP/CHIPi I pBS/Cre)}t
BEYL A 6 FLMUREIR I 293T 58 P19 i, H A&
VER A 1534, 3o EGFP 80 ng, CHIP 15 pBS/
U6/CHIPi JitRiEbfi A 12 10~1: 40, [AIILLAS#;
P FORL S . 48 h JEOIRAE M, 440 I AR i vk
(400 mmol/L KCI, 10 mmol/L Na,HPO,, 1 mmol/L
EDTA, 1 mmol/L DTT, 10% H i, 1 mmol/L PMSF,
0.5% NP-40, proteasome inhibitors)%4fi#. & FEA
TN 2xBE S 2 0 2 SDS-PAGE 73 85, 25 i
¥ % PVDF JiE, 8%/ G Wik /1, anti-Myc B¢
anti-CHIP i & . & & % Amersham Pharmacia
Biotech #2fit & F33E4T. ECF Hu kot Wh, HE
Jit B 1¥F 48 Molecular Dynamics Storm Model 860
(Pharmacia)F#fiic K.

1.2.4  ZOUFEBEHE 73 17 ( luciferase assay). 1R 4
SEAG WAL, L Vigorous #5 eiE 7R 12 fLAH
] (CAGA),-Lux-Mv1Lu 4l ffii, 24 h 5, WA
TGF-B1(7.5 pg/L), #RLERTFE 18 h, WIk4n i sifL
N 150 wl 4002, =i 5 ik % 15 min.
TE 96 TR 15 20 BT A (TopCount) % A4 AR 11 4%
AFLHIIAN 30 wl ZEG ERFAEALRY), TR 10 pl
RN ARy, IR, MR SOGREEE Y. RIK
RIES 3K, PraBIEMEdIERE RENHN S
(pTK-RL)FZIE Ja AT Ge vt 70 iy

2 & R

2.1 pLoxP/CHIPi HI#3&

LA pBS/UG6/CHIPI Ky #4, ¥4 7 47 s A7 [F) I
LoxP [ neomycin /741 LoxP-neo-LoxP j 1)) fdi A\ £
T SCRI s SURE 2 18], 4933 J5TRE pLoxP/CHIPY, e, &
WA REEWE 1 PR, WRYE neo B Far
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AR *825-

EcoR T BEVIAL A, 1f1 50k pBS/U6/CHIPI _- [ it 2%
EcoR T i, 24 K/N4h 1.7 kb ) LoxP-neo-LoxP
B D E 3.2 kb (1) pBS/U6/CHIPY A4 I,
IR LA EcoR T 8P4k, IFH K/ 4.9 kb
(Kl 2a ki 2). [, BIOh neo J& EAI AN 5T i
pBS/U6/CHIPi 73 5l 4 A Xba T B VI 5L, 2
LoxP-neo-LoxP J1 Bt IE [n] i A #| pBS/U6/CHIPi

siRNA siRNA
U6 promoter sense antisense

pBS/U6/CHIPi e | D TTTT

ﬂ Transcription termination cassette

TTTT
siRNA
LoxP Neomyciry LoxP  antisense

siRNA
U6 promoter sense
pLoxP/CHIPi [ e > > |
ﬂ Cre

siRNA siRNA
U6 promoter sense LoxP  antisense  gepge

e > D — )

Antisense [ oxP
Fig. 1 Construction strategy of pLoxP/CHIPi

(2)

(b)

Xba 1
EcoR 1

Neomycin

U6 promoter

pLoxP/CHIPi
4.9 kb

Am

Fig. 2 Identification of pLoxP/CHIPi by
restriction enzyme
(a)l: DNA marker; 2: Plasmid of pLoxP/CHIPi; 3: Digested products of
pLoxP/CHIPi with EcoR | ; 4: Digested products of pLoxP/CHIPi with
Xba | .(b)The map of plasmid pLoxP/CHIPi .

I, AR Xba T BEVIS, HI3L 2.0 kb A12.9 kb
WA B (B 2a TKIE 3), ARRCIDIESEN, HEebEZk
PEAL, AN IR — B FIRE RN, AT
DK T JFURL pLoxP/CHIPi, FF H. LoxP-neo-LoxP
J BOR IE A,
2.2 pLoxP/CHIPi 5 CRE EAEEHEEER R LA
S EHADEISNE CHIP ERBIFRIE

kT B UE T R 2 1Y) pLoxP/CHIPi Jii ki 7 CRE
TELE N RERE LR e B UER, FRATP AL 571 Myce
B 11 B AZ 40 i 55 5ok Myc-CHIP Al pBS/Cre Jit
FiALHE YL 293T 4. e BNy 45 R LW,
M G Myc-CHIP 1] 5 |2 s 4 Myc-CHIP (1) 5 1A
(B35 15 1 47), B g J AT DLW A4 2 19
pBS/U6/CHIPi Jit ¥ i] {1 4 id N Myc-CHIP 4 1 3£
iKW PR (K 3 58 1 HESE 2 4T). % Y% pLoxP/
CHIPi ¢ pBS/Cre Ji7, 4l N Myc-CHIP & H K i&
WIRZsemi( 3 55 1 HESS 34T, 55 547), 1A
I} % Yt pLoxP/CHIPi #1 pBS/Cre J&i, W) 4H Jfl
Myc-CHIP # 318 W 25 BRI (A 3 28 1 428 4 17),
KT — % siRNA JFki(pBS/U6/CHIPI) T 5 | 1)
FeACRE e W . DL R 45 SR U W CRE R 8 i 4%
pLoxP/CHIPi M fii 512 Myc-CHIP ik 7K F-BE1K.

1 2 3 4 5
Myc-CHIP + + + + +
pBS/U6/CHIPi - + - - _
pLoxP/CHIPi - - + + _
pBS/Cre - - — + +

cHP— (D s S . S [B: Anii-Myc
EGFP — -. “ “ IB: Anti-GFP

Fig. 3 pLoxP/CHIPi with CRE could silence CHIP
expression in transiently transfected cells
293T cells were transfected with the indicated vectors, and extracts were
analysed 48 h later by Western blot using anti-Myc or anti-GFP

antibodies.

2.3 pLoxP/CHIPi 5 CRE EAEEHEIERFMEIK
T Wi CHIP mRNA 7K, F4 5 M5 AR
CHIP EHHIFRIE

b T #E— 254 W] pLoxP/CHIPi 5 CRE A H.4F
FH G 0T LLAT 0 9 YR CHIP 3 R BR, FRA14E
P19 401 [ 3L#5 9L T pLoxP/CHIPi A1 pBS/Cre [1] )5t
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Fi. @ik RT-PCR ¥ 7732450 N U CHIP mRNA 7K
PR A RR I, 53 B e pBS/U6 Y
pLoxP/CHIPi u§, pBS/Cre I, CHIP () mRNA /K-
BRIz (B 4a 55 15 1. 20 4 17X L),
Wi W IX L6 Ok S A B #2551 CHIP mRNA
KFH A4k 4% pLoxP/CHIPi Al pBS/Cre 3t #
J&, CHIP [¥] mRNA /K5 3% FRE(8] 4a 25 1 HE58
3ATHE 1. 2v 447), MAER N2 B-actin [F)
mRNA /KA 5L 4a 55 2 HE). X Eegi R4
B pLoxP/CHIPi 5 CRE A H.1F ] J& nl LA 5 P s
BA% N YR CHIP mRNA [F17K -, BT TR 592 B 25
S EL LR, RILILE G pLoxP/CHIP il
pBS/Cre Ji, Wi CHIP & (1 & th i 3[R A% (& 4b
551 HE), 1 B-actin £ [ W AT AR (K 4b 2
2 1.

(a) 1 2 3 4
pLoxP/CHIPi - + + _
pBS/Cre - - + +

CHIP —

B-Actin—

Luciferase activity(arbitrary units)

(b) 1 2 3 4

pLoxP/CHIPi - + + -

pBS/Cre - - + +
CHIP — wmm» [B: Anti-CHIP

B-Actin—» = “—— wm— w—— e [B: Anti-B-actin

Fig. 4 pLoxP/CHIPi with CRE could inhibit
endogenous CHIP
P19 cells were transfected with the indicated vectors, and extracts were
analyzed 48 h later. (a) RT-PCR showing pLoxP/CHIPi with CRE could
decrease the mRNA level of endogenous CHIP. (b) Western blot
showing pLoxP/CHIPi with CRE could inhibit endogenous CHIP protein

expression.

2.4 pLoxP/CHIPi 5 CRE EHEEHEEERRATL
BHIEIIMNE CHIP 51 2R3 TGF-B1E S i@ gAY
il

Az /N C 4 RiE R CHIP 7] LLS TGF-g 17
S IR E B R Smad R IAHSE S, RN
Smads /-5 I 5 D8 7 S 3% PR A F i/ FH 49, AT
KT i R U (R RS M SE 5, SREHIE

pLoxP/CHIPi X T~ Smads /i~ 5 [f1 FE K 4% 5 v Mk 2 75
H M. (CAGA)-Luc /&N TGF-B ik R4,
HEB 7 ESAH 12 NELN Smads 455 AL TR
FEH, NS A OGN A BN (8] 52). TGF-B
5 S ST LLE R B R g8, 51 R iER
e H AL [ 1. (CAGA),-Lux -Mv1Lu 41l &
oG Tz, FF80E ) TGF-BRI
(T204D) ] if5 Fi% 9 N R WG T W 5 Ty, S
RX W], o B FiL CHIP it W] & 404 TGF-BRI
(T204D) X} Z % 6 &= M 4 & R G W WG, =
pLoxP/CHIPi 5 pBS/Cre 3t % %t I}, TGF-BRI
(T204D)uE ¢t 2 B & RA S TEA 3 TR,
Ui BH 3L ok n] LAY 2 bt CHIP X TGF-B 15 5
T A 5b 5 5 3 ).

(a)

(CAGA);, Luciferase reporter gene

(b)
300000

250000 - l

200 000
150 000 -
100 000 -

50 000

0

(CAGA)-Luc
TGF-BRI(T204D)
Myc-CHIPi

pBS/U6

pBS/U6/CHIPi
pLoxP/CHIPi+pBS/Cre

IIIII+~j|I

I+ + N

3
+
+
+
+

L+ 1+ + + A
R Y

Fig. 5 pLoxP/CHIPi with CRE could reverse
transcriptional inhibition induced by CHIP
(CAGA),-Lux-Mv1Lu cells were transfected with the indicated vectors,
and extracts were analyzed 48 h later. (a) Diagram of Smad3/4 response
luciferase reporter system. (b) pLoxP/CHIPi with CRE facilitates the
transcriptional activities induced by a constitutively active TGF-

receptor.

2.5 pLoxP/CHIPi 5 CRE EAEHEEERRFATL
B TGF-BIES B RIEN

FATHUAL M CRE 4% 1l (1) pLoxP/CHIPi HE 5 X)
TGF-B f5 5B~ Esgm. FIHZCEBHRE R
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BRE:NREEERNRALEM T CHIP 3 TGF-BIE S BEEAIIAIE *827e

GeRI, 1E TGF-pl HIF, FUFHGH BT
AETFE T 156586 15 2 thig), Bk
Y pLoxP/CHIPi 1 pBS/Cre J&i, %63 MG L T
afi TGF-B1 HIMA N T4 45 6 552
FL#8), A K SF 1 60 55 i [A] B 3 A G
pLoxP/CHIPi 5% pBS/Cre , ¢t % MG M4 W%
B 6 3, 45 2 L), Edgi R, CRE
H M5 pLoxP/CHIPi FL[RIVE IR AT LAAT Rt 34 14
W CHIP [1)3R1A, MIMIA ZIf#Fx CHIP X} TGF-8
E5 BB IIEIER . X R, R EE T
CHIP %} TGF-B {5 5 A= il 1 5 4 A

80 000 |
70 000
60 000
50 000 |
40 000 |

30 000

20 000
10 000 ﬂ ﬂ
0 —
1
+

Luciferase activity(arbitrary units)

(CAGA),-Luc
TGF-B1
pLoxP/CHIPi
pBS/Cre

L
I+ o+ o+ W
+ 1+ + &
+ + + + W

Fig. 6 pLoxP/CHIPi with CRE could enhance
TGEF-p signal transcriptional activity
(CAGA)-Lux-MvI1Lu cells were transfected with the indicated vectors.
24 h after transfection, the cells were treated with TGF-g (7.5 wg/L) for

18 h, then extracts were analyzed as described previously.

3 it it

TGF-B 5 1l &e A Rk TSI AT 2
SR S Sl i —,  HAE P Ak 5 2k
FEAEAE IR EE R, UL AR R R A
122 ¥ RV % 25 i 2 o R v S 1) JE L (0 AR ) 2 4R
FHUL BRI T TGF-B A5 5 8% 1 2, 4l &
$F LR U7 28 11 Smads (18 0 98 B A58 b &
TEL RS E M I R B A A S, B Smadl
FUAEIE, Skt Smadl (094H T AE & (1 CHIP.
WK W], CHIP AJ LURE 7 1 40| TGF-g 15 51l

P IEAY, S FLIX A4 &8 i %) Smad £
IKF IR R 43 IA F1] e 10,

AHIF G FH 4 A 355 DR 0 BR 52 56 S 17) ) 9T CHIP
X TGF-B 15 Sl e . AT [ ) LoxP 5
CRE HHEAEF 2 MR P AS LoxP 2 1] {14 3 R [
P, #E T CHIP (K745 siRNA pLoxP/CHIPi B
W IR TORL . 43 i IS AR IR 2 0k R Py IR 2R A 1
CHIP mRNA HIE H /K RE ks, ik Wi 5%
SGeXF T AN EL P U5 CHIP 1] LA i S k4 ).
WP FRER S ARG, UEWZ RG] A Rt g
PUEH CHIP 5121 TGF-B 15 5 M EE 0],  FERE Rk
s TGF-g {5 5 i@, f#FR NI CHIPX) TGF-B
5 Sl A A% R S e CRE KA 1,
2RI CRE £ (i, pLoxP/CHIPi J& LA IA,
ANL: 50 Y CHIP mRNA [7K°F. 24 A CRE
% B f5, pLoxP/CHIPI #8511, #i¢H CHIP
SIRNA, $# Ve CHIP KL PTER. X Fh R 4 ik
o T BN SIRNA 328 5k AN fig 52 42 1) i 4
A TS AT . otk P T S i
KT RE AR 175 ) .

KRBTSRI AR T CRE HAE 132 1 HE A
UIERARSE, IR TiZ ARG A sk, e g
Bk CHIP 255 T 3Eat. FIHXF RS, N
pLoxP siRNA # 3L/, A2 5 2 ZURE etk El
2375 2 CRE /) FUAC 5 AT LA 30 4 4R L R e
BR/NER. AT IEAN T B A R DA G ok /N B A AT
ES i 1 B [958 4L B 45 5 el i, IRk
GH AN TR MM ARG A AR A
F LS. HET RNAL R ERE ST
TR E R W ERIA T AR I R 1 B 1 TR
IR, AN 120 B TR R PR AV i B A R TR, R
I, ZHCREEE A R SE R D e 10 AT I AT RL
T H.

FIF CRE S 41 M Hh A siRNA (1) 8% £
HH)P 2238, Lauriane 5™ 46 HI J53h 7%
K1) siRNA, 7E GFP 5 [F 1t 4 AR i bk h &
LT CRE /3% 1k siRNA [Ifi. BaJ5, R
W RAERIE siRNA AWk JE, WSR3 T
PR DU RIAP,  AATERR K AT 5 %
ik SIRNA, - MO P 5 PR (1) R 08 AT 5 A TR DUER,
H H CAT SER /N /S R A 1 DL S B 24,

AT 7T 1 VK AT A6 I TR) A 23 1) _E i LAz )
(R 4AEIE N IR R G851\ $1) CHIP WF 574, ok
WL TGF-B 15 5 I 1 8 = 88 T 8 1 7 B
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X BRI S3F KRR IR EOw AL b -4k
GEINAINESE /LN RS S S

BOs O RS e 22 Bt 1 32 pBS/UG
kL, K55 [ Duke K %% F /b MBI B4
(CAGA)-Lux JFoki, LR AESEI o fe 4y 7 1047
AR
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Construction of a Conditional CHIP Knocking Down System in
The Study of The CHIP-regulated TGF- Signaling”

SHANG Yu, XU Xia-Lian, XIN Hong, CHANG Zhi-Jie™
(School of Medicine, Department of Biological Science and Biotechnology, State Key Laboratory of Membrane Biology,
Tsinghua University, Beijing 100084, China)

Abstract To establish a conditional knocking down system by RNA interfering, the cassette of LoxP-neo-LoxP
was inserted into the pBS/U6/CHIPi construct. The destination vector is named pLoxP/CHIPi, which generates an
siRNA targeting CHIP (C-terminal hsc70 interacting protein) gene, dependent on expression of the CRE
recombinase. In this conditional knocking down model, it is demonstrated that the siRNA of CHIP could
effectively decrease not only the mRNA level but also the exogenous or endogenous protein level in mammalian
cells after CRE recombinase was expressed, as testing by RT-PCR and Western blot analysis. Luciferase assay
showed that transfection of pLoxP/CHIPi with Cre released the CHIP-mediated inhibition of TGF-§ signaling.
Significantly, pLoxP/CHIPi facilitated the TGF-$ signal transduction in the presence of CRE. These results
demonstrate that the conditional knocking down system was successfully constructed, and was applicable for
further investigation of the negatively regulatory effect of CHIP on TGF-Bsignal pathway. The study also provide a
powerful tool for further study on the molecular mechanisms and path-physiologic basis related to CHIP-mediated
TGF-g signal pathway.

Key words condition knockdown, CHIP, TGF-@3, inhibition
DOI: 10.3724/SP.J.1206.2008.00779

*This work was supported by grants from Tsinghua Yu-Yuan Medical Sciences Fund(20240005-06) and National Basic Research Program of China
(2006CB910102, 2002CB513007).

**Corresponding author.

Tel: 86-10-62785076, Fax: 86-10-62773624, E-mail: zhijiec@tsinghua.edu.cn

Received: November 13,2008  Accepted: January 9, 2009



