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I A, ik 4 M UAS-Smad RE-Pmin-Gal4VP64-mCherry = UAS-Smad RE-Pmin-Gal4VP64-lucifer-
ase R 2L B 57, 5 A L 4N 2 EcoR | = BamH | s B4 )& # pCDH-GFP-Puro-noCMV 1% % 4 i %
BAR, K 1E0m B TGF-B #94-/ Smad RE #= mCherry 3 % X & B4R & K B 5 7] 09 1% 58 23R 5 8k, 2 5 o %
4 pCDH-USPG-mCherry #= pCDH-USPG-luciferase. #| 1% % & = Ji 4 6L % £ % £ 293FT 2 it F 5+ 7
&% h 1% 9% A F B F AB49 @ i (4 )4 % 5 USPG-mCherry A549 #= USPG-luciferase A549 za jit) , f£.42)
BERABMAE FTAE Mo P4 €% %G (GFP) oy & ik, 5% AS49 4a i % T Ak B 4 s % . A TGF-B
(10 ug-L™") B & %4k 3 # 4 LY2109761 (5 ymol - L) #= SB431542(10 umol -L™) % %] 4 22 USPG-mCherry
A549 f= USPG-luciferase A549 % it 24 h, 4] & 3¢ % 2. #4% T WL & USPG-mCherry A549 g fit. mCherry %9
kR %R E RS R B AW X ) &4 USPG-luciferase A549 4 it 3 3¢ 2 B 09 Rk, 338 P M) 32 1% %
AR BAR A T % & TGF-B/Smad 12 5 #5538 38 47 4] 7 69 T 471, A TGF-B & A k407 LY2109761
Fr SB431542 4L #2 A549 @ i, 24 h, Western #p it ik # il A549 4m ¢, 5% i7 /L Smad2/3 & & & iA |, B ik
LY2109761 #» SB431542 #} TGF-B/Smad 1z 5 & Fi@ R a9 k4 A . R 2 RGN o8By % 2 B |
JF 5 H7 , i #13 pCDH-USPG-mCherry #2 pCDH-USPG-luciferase 1% J& # % 28/ 45 ; % % 4 4 293FT
BieL 6L 3 R 1% g% A5 5 B 4 AB49 m it ) B B AT T ML IR B Ak R 4 09 AS49 e & ik GFP, & % USPG-
mCherry A549 #= USPG-luciferase A549 za i #) # % % . MmN TGF-B 4 #2 24 h j5 ,USPG-mCherry A549
41 i, & A mCherry, USPG -luciferase A549 4m i, & ix % X % B ; w m A LY2109761 F= SB431542 5 ,
USPG-mCherry A549 a iz, JU-F-#2] = 2] mCherry #) & ik , USPG-luciferase A549 Za i 4 R 3] 52 X, 7 B
# & ik, Western ¥p it ik 245 £ & 9, TGF-B &l ¥ J5 A549 & e, ' A 5 8% 4t Smad2/3 & & & &, Im A
LY2109761 #= SB431542 /5 K #4in| 2| Bk 1. Smad2/3 & & & ik . #5i8 MR ¥ & b TGF-B % $49 % Smad
4% & ik mCherry Fo 3¢ X B 6y 2 N2 IR RS HAR, TAHARAE B G mie, ZRRFREBARTA T
it TGF-B/Smad 15 5 4% 3@ 537 4] 7 .
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Pmin - Gal4VP64 - mCherry il UAS - Smad RE -
Pmin-Gal4VP64-luciferase i &5 3 A 7 51) i F A=
W &R G CEBOA RN A A, et 278 iy
Smad RE £ & Dennler 25*i% i1, J¥ %1} :5'-TC-
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AGACAAAAAGCCAGACATTTAGCCAGACAAA -
AAGCCAGACATTTAGCCAGACAAAAAGCCAG -
ACATTTAGCCAGACAC-3' ; EcoR | #1 BamH |
FR il 14 4% 2 PN DI T . DNA B & il \PCR Jz i 12571 )%
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fectamine 2000 ( 3% [# Invitrogen 2 &) ) ; i 4 1L 5
1 DMEM /5 i 15 35 36 (32 [ Gibeo 24 /] ) s TGF-B 3%
PRFEHLRI LY2109761 Fi1 SB431542 ftdit A Smad2/3
W21k, Smad2/3(phospho-Smad2/3, p-Smad2/3)
Z ik (35 Cell Signaling Technology 23l ) ;
/N BT N GAPDH v [ 4t {4 ( 3 [# Santa Cruz
Biotechnology ) ; #f #i 1o 4 £k 4 il 45 12 3 Bt /)y B
lgG FIFHif 1gG Z Fe iR (—40) (3£ [F Jackson
25 H)) 5 RIPA 24 i A1 PMSF 5 B ) 751 (b5t
RIEFRH AR A ;ECL &OGIF & MmE A A
TGF-B(3E[E Thermo Fisher Scientific 23 &) ) ; 9¢ %
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HF 5, T AT A5 8 T4 DNA 3% B R 1%
4 1K 4> % 5 UAS - Smad RE -Pmin-Gal4VP64-
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erase iR /5 FE P51 iE 42 (K1), 70 3345 i TGF-B
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Fig.1 Schematic diagrams of construction of recom-
binant lentiviral plasmid vectors—pCDH-USPG-mCher-
ry and pCDH-USPG-luciferase recombinant lentiviral
plasmids induced by transforming growth factor -
(TGF-B), which contained Smad response elements
(Smad RE) and mCherry (red fluorescent protein) or
luciferase sequences, respectively.
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pCDH-USPG-mCherry il pCDH-USPG-luciferase .
W% 2 4~ T 4108 95 B 0B 43 3 A Ak = R A A T
DH5oc 87 A5 40 344 , Bl Pk HCBR e e i07) A
F¥, % 5 5 4112 27 Uk pCDH-USPG-mCherry i
pCDH-USPG-luciferase & 7 4 23 .,
1.3 BREaE

BSOS BON A= KR R 47 (4 293F T 4Hi i, $%70 T
60 mmx15 mmIlLH,37°C,5% CO, B F= 48 N 15 9%,
Y I 1k F) 60%~70% I T HAFE YL . 14 H
Fx i kL . pCDH-USPG-mCherry 1§, pCDH-USPG-
luciferase , 4 pg; 2 1~4f B k7 : pMD2G 1 pg, psPAX2
3 ug. F 4G Opti-MEM 100 L 735l #i #¢ 2 14 By
KL A4S HARBORL, 5258 I 3~5 IR A 5 ]
Opti-MEM 100 L #% F¢ 16 uL Lipofectamine™ 2000,
BRI 3 ~ BYCIRA), Z i T ##HE 5 min; B IR
A e YR ATk DNA FR B, ek 3~5 IR
2], Z R T #HE 20 min; 5 R R S Wi A H
293F T 4l L, i J5 R s R R 5 15 . 7%
YL 6 h 5 B T 3R 3k 48 h R WCAE A LV
UG IMAHTEE RG-SR SR, 72 h 5 PRI 4
FVEW . K2 WA B WA I, 300% g B L
5 min ZBRFEARANME . FH0.22 pm M UELR L I S
4000x g & 1> 20 min 15 F J5 B ¥k 45 & 29 200 L,
—20CH-fE# .
1.4 BfRE R A549 AT

PL4FFL 3% 10°~5x10* A549 4 Jifi 4270 T 6 FLI%
TR, AN A 2 XTEOGRI HARAES R AP A
e s 5 i) pCDH-USPG-mCherry & pCDH-USPG-
luciferase % #E i 50 pL. BYLJ5 272 h, #£ 450 nm
ORGSR 3 5 10 BRI AB49 4t it
BT RISk A 68 H (green fluorescent protein,
GFP). FfifSMARESEZR 5 mg- L i e i i)
Y. 24 hE EAfoRT i G IR AL, R LB Y 4t A
WERSRE R ORI, B LT AR B S 4F, OF- 335 GFP.
JE YL 1%, Ty 19 240 1 43 ) i 44 > USPG-mCherry A549
F1USPG-luciferase A549 #iififl , 4" K15 575 45 .
1.5 8 8 %5t B 75 W 2 USPG-mCherry A549
2R mCherry 3% %

Bk 2 YL ) USPG-mCherry A549 41 fififin A
24 fLH, £ 37°C,5%CO, AWML &1 B3, 75
YRR BE TR 20 80% B AT 5L 50 . SEB043 R AH Xt
I TGF-B(Z&HE 10 ug-L™") \LY2109761 (£ &
5 umol - L") . SB431542 ( £ ¥ & 10 uymol - L") .
LY2109761+TGF-B il SB431542+TGF-B 41, H:
LY2109761+TGF- 11 SB431542+TGF-B 4145434l

A LY2109761 (23 £ 5 umol - L") Fll SB431542
(ZYRE 10 pmol - L) WiFE 1 h, 2R J5 A TGF-B
(ZORFE10 g L") e 4ketEgR24 nm, a3
B R A4S 4L 4 mCherry YA
1.6 W HEBEEK K F £ N USPG-luciferase
A549 AT N R EFHIRIX

Hka 5 R YL () USPG- luciferase A549 4 i i
A 24 fLH 75 37°C, 5%CO, KM AR 5440 R 1
F5 R AR IC B B Ik 24 80% I EATSEE . SEER > Ky
4 HfL X B TGF-B (2 ¥k B2 10 A1 50 wg - L) .
LY2109761 (¥ J& 5 umol - L) + TGF - B ( & ¥ JiF
10 pg + L) 1 SB431542 ( £ J& 10 pmol - L) +
TGF-B (& E 10 ug- L") 4, H.v LY2109761 +
TGF-B i1 SB431542+TGF-B 41 5 fin A LY2109761
F1SB4315420FH 1 h SRJG A TGF-B, 2 414k%E
K% 24 h )5 24 4B, {8 H Tanon 5200 1k %Ot
IR 53 B R GEAR O G IR, IR 216 2R 4G D
TR SN 2 2 Wl R A
1.7 Western E[l 75 ;% 4 ] A549 4 il F Smad2/3 &
B BEER K

4 AS49 41 it 43 7 T 24 FLIE F M, 75 37°C,
5%CO, M AR R BE A5/ T H55% , Rr 4TS BE IR 2
80% I HEAT 525 o S5 43 i 4 i X B TGF -
(AWRIE1,5H10 ug-L™") (LY2109761 ( £k Ji
5 umol - L") , SB431542 (£ ¥ Ji 10 umol - L") |
LY2109761 (24 i 5 umol - L) +TGF-B (2 5 4y 1,
5110 ug-L™")F1 SB431542 (2 i 10 ymol L")+
TGF-B(&HeJE 1,510 ug-L")4H . @ 4iExs
HE2H Ffl DMEM 85 55 £: 55 3% ;@) LY2109761+TGF-B
1 SB431542 + TGF - B 41 4% il A LY2109761 FiI
SB431542 i F 0.5 h, SR J5 A TGF-B. 45 4 4k 2k
F 37 1.0 h J5 25 B 4 e 3% 5 0, 7 ve 19 PBS &
27K, A RIPA 2L i (RIPA 24 % 4 i A 10%
() PMSF, B BT ) 22 fife 40 M0 5 SR him A 254 FH 2
EE EREE U, T 98Tk 4 15 min, {41 ifg
FE4yZ41i ;6400% g B0 2 min, |75 BCA ge k4T
B E A s B . SRR IR AR
¥, SDS-PAGE HiLIk 7 B8 11, Bl J5 FLEE 5 22 NC
W, 5% AR A4 = iR £ 1 h, 5 1:1000 7
1) —PL TAER 4CHFH 1 . TBST PRI 31Kk, Bk
10 min, JILA 1:1000 i B0 — 0 TAERIEIR L=
W E 1 h; TBST ¥E3WK, &K 10 min, il A ECL
6 Tanon 5200 1k 2% & 6 R 70 Mt R 4 i
L, S AT WS R A p-Smad2/3
HHRIL,
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2.1 E 2% & R HL pCDH-USPG-mCherry #1
pCDH-USPG-luciferase £ 7E
4 7 1%) B 41 P25 7 Sk pCDH-USPG-mCherry

1 pCDH-USPG-luciferase £ EcoR | 5 BamH |
XUBEEYT) Jr 228 3 R W el J P Yk 3 25, i s P 3 e LA
S AIEL . &l 2 Fir s, pCDH-USPG-mCherry
i) ), T L — 2529 1690 bp Y 447 , K/ UAS-
Smad RE - Pmin-Gal4VP64-mCherry ¥ 1] — % ;
pCDH-USPG-luciferase iVl J , 1] I —45#4 1772 bp
) 415, K /N5 UAS-Smad RE-Pmin-Gal4VP64 -
luciferase J7 51 — 3. LI U 1E 6 1) 50 58 B 1A 7%

AT T o B, D P 285 5 R 5 B iR F 5 — 3, 3R
A 20 18 5 75 J5UkE 2 /& pCDH-USPG-mCherry Fil
pCDH-USPG-luciferase #4 # . ) .

A Marker 1 2

7500 bp |
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1500 bp —»| 1690 bp
B 2 Marker

— 4000 bp
1772bp «— 1500 bp

Fig.2 ldentification of recombinant lentiviral plasmid
vectors pCDH-USPG-mCherry and pCDH-USPG-lucif-
erase. A: pCDH-USPG-mCherry vector identification by EcoR |
and BamH | enzymes digestion; lane 1: PCR product; lane 2:
pCDH-USPG-mCherry enzymes digestion product. B: pCDH-
USPG-luciferase vector identification by EcoR | and BamH |
enzymes digestion; lane 1: PCR product; lane 2: pCDH-USPG-
luciferase enzyme digestion product.

2.2 %4 fis USPG-mCherry A549 #1 USPG -
luciferase A549 14 E

FH e 45 #9 & pCDH-USPG-mCherry 5 pCDH-
USPG-luciferase 1455 1 &« A549 4iififl, 72 h )5
FHEIE 5t W AMAE 1E 488 nm I R G ISR Al W%
)4l R YL 1) AB549 4 il 3R ik GFP (51 3) , & B A549

20 B JER g B Ty, 4y Ol A 44 S USPG-mCherry

A549 F1USPG- luciferase A549 2 it .
488 nm

Bright field

USPG-mCherry
A549 cells

A549 cell

USPG-luciferase

Fig.3 Identification of USPG-mCherry A549 and USPG-

luciferase A549 transfected cells (x100). A549 cells were
infected with concentrated virus fluids containing pCDH-USPG-
mCherry or pCDH-USPG-luciferase (namely USPG-mCherry
A549 and USPG-luciferase A549 cells, respectively). The expres-
sions of green fluorescent protein in USPG-mCherry A549 cells
and USPG-luciferase A549 were observed under excitation light
at 488 nm under an inverted fluorescence microscope.

2.3 TGF-B X H Z 4k # Hu 7 X¥ USPG-mCherry
A549 A il mCherry &% 251

W& 4 F 7 , USPG-mCherry A549 2 fifg i 18
20 J B A LY2109761 55 SB431542 41 o 46
#| mCherry () ik ; TGF-B 41 mCherry (1) % 15 %
4 M %o AR AT B G5 43 0 i A LY2109761 Al
SB43154 J5 mCherry 13¢5 TGF-B 41 B 06k 55 o

2R, 27 Smad 4515 mCherry 1) USPG-
mCherry A549 i it 7] ] ¥ 1t TGF-B/Smad {55
e S AR )
2.4 TGF-B XK H Z {5 Hu 7 3t USPG-luciferase
A549 i 3% H K B R 1A W RN
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IR BN FIBTERL KT, L AEL; 540
Ji et FEZHAR L N A TGF-B(10 #1550 pg- L) Hili e
PECER IR W T, 4300 hy 4t 0T B2 14 3.55
H13.76 1% ; i LY2109761+TGF-B (10 ug-L™") F
SB431542+TGF-B (10 ug - L™) 4 %¢ )t &K i 55 ik
B TGF-B(10 pg-L™) 41 U W 0d 55 , [ TGF-B
(10 ug-L"HMZ1/3, b5 EMH, 22 Smad i
2R E W USPG-luciferase A549 4f fifd ]
FHT-07 25 TGF-B/Smad {5 57 S8 BR M 1) .
2.5 TGF-B R EZ A H 73 A549 4 f Smad2/3
FE AR AR

& 6 Firs , iR R \LY2109761 F11 SB431542
2 A549 4 IS K W p-Smad2/3 F 131k ; it A TGF-B
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TGF-B =
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SB431542 = - -
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Fig.4 Effect of TGF-p and its receptor antagonists on mCherry red fluorescent protein expression of USPG-
mCherry A549 cells (100x). USPG-mCherry A549 cells were divided into cell control, TGF-B (10 pg-L™"), LY2109761 (5 pymol-L™"),
SB431542 (10 ymol-L™"), LY2109761+TGF-B and SB431542+TGF-f groups. LY2109761+TGF-B and SB431542+TGF-B groups were
pre-incubated with LY2109761 (5 umol - L") and SB431542 (10 pmol - L"), respectively, for 1 h before TGF-p (10 ug- L") was added.
After 24 h of culture, the expression of mCherry in cells was observed under an inverted fluorescence microscope.

A Max B c
. Cell control 8
TGF-B 10 ug-L™ 355
fd TGF-B 50 pg-L™" -
SB431542+TGF-B 10 gL f 122
I LY2109761+TGF-B 10 pg-L™ 2122
Min 0 1 2 3 4 5

Relative fluorescent intensity

Fig.5 Effect of TGF-pB and its receptor antagonists on luciferase expression of USPG-luciferase A549 cells
detected by luciferase detection kit. See Fig.4 for the cell treatment. A: pseudo-color image of cell luminescence imaging; B: lumi-
nescence imaging of cells; C: the relative expression level of luciferase was normalized by the cell control group.

A TGFPugL'0 1 1 00 5 50 01010 0 B TGFPgLl® 01 1 0 055 0 01010 0
LY2109761/jumolL”" 0 0 5 5 0 0 5 5 0 0 5 5 SB431542/umol-L" 0 0 10 10 0 0 1010 0 0 10 10

R T R e LS
L B oo T -

Fig.6 Effect of LY2109761 (A) and SB431542 (B) on expression of phosphorylated of Smad2/3 proteins (p-Smad2/3)
in A549 cells by Western blotting. LY2109761+TGF-p and SB431542+TGF-B groups were pre-incubated with LY2109761 or
SB431542 for 0.5 h, and then incubated with TGF-B for another 1.0 h.

(1,5H110 pg-L ) Hl)5 , BT K2 p-Smad2/3 8 #ii Bl FiRZE L, Smad2/3 1 IRz b ik
38 FJE A LY2109761 5 SB431542, TGF-p  LY2109761 5§ SB431542H KT, LY2109761 F11SB431542
(1,5F110 ug-L™") %% p-Smad2/3 H LKL X TGF-p/Smad {5 F 5% 3 B A W A6l 1EH .
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USPG-luciferase A549 41 Jif 3¢ ik ¢ Y K il 5 i i A
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1 pCDH-USPG-luciferase 2 ~18 Jik 15 4% &5 %k [H 2%
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Construction of lentiviral reporter vectors for screening inhibitors of
transforming growth factor-f/Smad signal transduction pathway

YANG Cui-ping'?, HE Yuan?, LIU Hui-ying®?, ZHANG Luo®, ZHOU Chen-chen®, MI Zhi-giang*,
ZHA Yu-hua?®, BAI Chang-qing®
(1. Medical School of Chinese PLA, Beijing 100039, China; 2. Department of Respiratory and Critical
Care Medicine, 3. Department of Biomedical Engineering, Southern District of the Fifth Medical Center,
Chinese PLA General Hospital, Beijing 100071, China; 4. State Key Laboratory of Pathogen
and Biosecurity, Institute of Microbiology and Epidemiology, Academy of Military
Medical Sciences, Beijing 100071, China)

Abstract: OBJECTIVE To construct lentiviral vectors containing Smad response elements (Smad
RE) and red fluorescent protein mCherry or luciferase sequences induced by transforming growth factor-f
(TGF-B). METHODS UAS-Smad RE-Pmin-Gal4VP64-mCherry and UAS-Smad RE-Pmin-Gal4VP64 -
luciferase reporter gene sequences were designed, constructed and inserted into the pCDH-GFP-Puro-
noCMV lentiviral plasmid vector digested by enzyme EcoR | and BamH | , respectively. The TGF-p
responded recombinant lentiviral vectors containing Smad RE and mCherry or luciferase sequences
were named pCDH-USPG-mCherry and pCDH-USPG-luciferase, respectively. pCDH-USPG-mCherry
and pCDH-USPG-luciferase were packaged in 293FT cells by using the lentivirus three-plasmid pack-
aging system and infected A549 cells (named USPG-mCherry A549 and USPG-luciferase A549 cells,
respectively), and the expression of green fluorescent protein (GFP) was observed under a fluores-
cence microscope to find out whether A549 cells were infected. USPG-mCherry A549 and USPG-lucif-
erase A549 cells were treated with TGF-B (10 ug-L™") and its receptor antagonists LY2109761 (5 ymol-L™)
and SB431542 (10 umol-L™) for 24 h. The expression of mCherry in USPG-mCherry A549 cells was
detected by a fluorescence microscope, while the expression of luciferase was detected by luciferase
reporter gene detection kit to verify the feasibility of the constructed lentiviral reporter vector for screening
TGF-B/Smad signaling pathway inhibitors. A549 cells was treated with LY2109761 and SB431542 for
24 h, and the phosphorylation of Smad2/3 proteins in A549 cells were detected by Western blotting to
verify the inhibitory effect of LY2109761 and SB431542 on TGF-B/Smad signaling pathway. RESULTS
The pCDH-USPG-mCherry and pCDH-USPG-luciferase recombinant lentiviral plasmid vectors were
constructed and verified by enzyme digestion and sequence. A549 cells were infected by pCDH-USPG-
mCherry or pPCDH-USPG-luciferase lentivirus packaged in 293FT, respectively. The infected A549 cells
were able to express GFP as was observed under a fluorescence microscope, indicating that USPG-
mCherry A549 and USPG-luciferase A549 cells were constructed. After 24 h of TGF - treatment,
USPG-mCherry A549 cells expressed mCherry, and USPG-luciferase A549 cells expressed luciferase.
However, after LY2109761 and SB431542 were added, the mCherry expression could hardly be detected
in USPG-mCherry A549 cells, and the luciferase expression was not detected in USPG-Iluciferase
A549 cells. Western blotting results showed that phosphorylated Smad2/3 protein was expressed in
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A549 cells after stimulation with TGF-B, but after LY2109761 and SB431542 were added, phosphorylated
Smad2/3 protein was not detected in A549 cells. CONCLUSION Lentiviral reporter vectors have been
constructed, which can effectively infect target cells and serve as an effective tool for screening inhibi-
tors of TGF-B/Smad signaling pathway.

Key words: transforming growth factor-B; Smad; lentiviral reporter gene; receptor; antagonist
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