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Optimizations of an ELISA-like high-throughput screening
assay for the discovery of g-catenin/TCF4 interaction
antagonists

Zhenghao Fu', Gangan Yan!, Xiaohong Zhu?, Xiaoping Liu®, and Yunyu Chen*

1 Institute for Drug Screening and Evaluation, Wannan Medical College, Wuhu 241002, Anhui, China
2 Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China

Abstract: In canonical Wnt/B-catenin signaling pathway, p-catenin/TCF4 (T-cell factor 4) interaction plays an important role
in the pathogenesis and development of non-small cell lung cancer (NSCLC), and it is tightly associated with the proliferation,
chemoresistance, recurrence and metastasis of NSCLC. Therefore, suppressing B-catenin/TCF4 interaction in Wnt/B-catenin
signaling pathway would be a new therapeutic avenue against NSCLC metastasis. In this study, considering the principle of
enzyme-linked immunosorbent assay (ELISA), an optimized high-throughput screening (HTS) assay was developed for the
discovery of B-catenin/TCF4 interaction antagonists. Subsequently, this ELISA-like screening assay was performed using
2 ng/mL GST-TCF4 BBD and 0.5 pg/mL B-catenin, then a high Z’ factor of 0.83 was achieved. A pilot screening of a natural
product library using this ELISA-like screening assay identified plumbagin as a potential B-catenin/TCF4 interaction
antagonist. Plumbagin remarkably inhibited the proliferation of A549, H1299, MCF7 and SW480 cell lines. More importantly,
plumbagin significantly suppressed the p-catenin-responsive transcription in TOPFlash assay. In short, this newly developed
ELISA-like screening assay will be vital for the rapid screening of novel Wnt inhibitors targeting p-catenin/TCF4 interaction,

and this interaction is a potential anticancer target of plumbagin in vitro.
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A/Nan i fifides - (Non-small cell lung cancer,
NSCLC) & [ R FIFE T35 i A AE 2 —
HAAEEAERIN 20%, ™5 B R 1Y B 1A
U2, B HBTE A FARBT . 7. o7,
MGYTSE 2 F6YT TB, (Hil T NSCLC HA
MMM E RGN, BB IET MR R B
T fE NSCLC & & ffER R firh, w5 s ik
(i Wnt/B-catenin {553 5 K A2 i T iR T
Yl (Cancer stem cells, CSC) W4 k5 F o
B, TR R EA 4R (Tumor initialing cells,
TICs), 2 T NSCLC Ml (H) ## Ha &,

TEIEH Mg, B-catenin 1372 RALRFL [
fi#% , Wnt/B-catenin {555 i i S UUEIRAS . HAE
NSCLC & E M 4 i rh , B-catenin 32 = AL KA
AR, SRTEMTNE p-catenin Kt A%,
55 TCF4 (T-cell factor 4) 1) BBD Z5#445, (B-catenin
binding domain, BBD, 1-53 &Lk (aa)) M H.AE
FIIE RS 558 41K, 16 Ak Wint/B-catenin {5 58 %

% : 010-64807509

Whnt inhibitor, B-catenin/TCF4 interaction, enzyme-linked immunosorbent assay, high-throughput screening,

JA Bl s R R ) R E Rk, {2 NSCLC 3578
AL RS T2 55 kU8 G, B-catenin/ TCF4
A EAEH C B B A S B E BT NSCLC R824
VIt R AR ERR Z —

A% % R B g 57 i 9 e PR (Fluorescence
polarization, FP) =i & fifi 16 455 7Y i ) i 1% 21 1
M, XF B-catenin/TCF4 A1 HAEFHHA KAy
TEVE, WIPAIESE T IMARBEAE Wnt/B-catenin {5538 [
H VR TED TR TG o> THEAR AT B2 B-catenin/TCF4
FEE A RO, B AR 5 e (i 4 e 108 i 5 A 7 .
AR e R AL O ARSI A
{HAE 2 Im AR i e B R o, it A SR R
iR »¢ & (Fluorescein isothiocyanate, FITC)
FRICH TCF4 Sk (FITC-TCF4). N4 FITC-TCF4
AN RE T S AU AL s IH - TCR4 1% FL 32 25 ] 45
¥, BT DA 28 2 1 1 Sk b B YR 7 L LU TR
BT -2 L BA EAE R S 7 ik (Jn GST
pull-down SZ56) FE— A UEH ARSI 36
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R T PR B B-catenin/TCF4 AH H. 4
FHEET kA6 A W e & V7 HAA S0 3 1k
A9 F T g K G 8 W B S 5 (Enzyme-linked
immunosorbent assay , ELISA) Jgi # , R J&
B-catenin/TCF4 Al H. A5 ) 45 44 A Wy 2 £ 101
AN IR ELISA oy 3 £ i A B A Ui ik 1 Sk Ak
Yy, Jg#E p-catenin/TCF4 #H H.AEFH/INY T4
TR 18 v R 2B B LA

1 MRE5FE

1.1

KI#FF 1 Escherichia coli Rosetta(DE3) J&&5%
UM, A FARES T B TransGen 242w ;
Febkby . REE R . U A Oxoid A+ ;
Lipofectamin 2 000, BCA (Bicinchoninic acid) {7
& R 2E KOG A ThermoFisher 2AH] 5 i
R ER . RHNEmA I (Isopropyl
B-D-thiogalactoside, IPTG). MEMEHE (Thiazolyl blue
tetrazolium bromide, MTT) g H FIEERHL T A LR
R A PR R A 1A (Bull serum albumin,
BSA). /INRIT4IZRR (Histidine, His) brss i rifidi
A BRI ALY (Horseradish peroxidase, HRP)
FRICHIEPT/NE 19G 19 H Biosharp 23wl ; 96 fLEFFR
W H Corning ZAH]; AT HYBAZH 43 DU H LR
(3,3,5,5'-tetramethylbenzidine, TMB) ¥ I F KAR
AR (db D) AR A 90 K R
TOPFlash M9 H Merck 2w ; [ R F 4t % B
HisTrap™ J2 #7 K0 GE A &l 5 2¢ Y645 4
FITC-TCF4 (FITC-GGDDLGANDELISFKDEGEQ
EEK-OH) i GL Biochem A HI &L KR =1k
SN A ChemDiv 24 1] ; PKF118-310 ., I AR 6 .
FIfEFF &Il A TargetMol A+ ; A549, H1299,
MCF7. SW480, HEK293 Zififi i AN = 17 ; 4l
A H KB (Glutathione S-transferase, GST).
F 4 N GST-TCF4 BBD (1-53 aa) A==l Al
PRAE s HoA AR AR A [ 43 B iR
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1.2 FHik
1.2.1 p-catenin B4tk 5 EE

Fie IS 25 SCHR[L2] ik 1 7 v W R e i S 4
itk pET-30a-B-catenin %4k E. coli Rosetta(DE3)
Bz AS D, WEHSIRE 25 C. R
10 h.0.2 mmol/L IPTG Hif 551, #17 B-catenin
ik, BOWEE SRR, LS
Mk fEHL (SCIENTZ) WERER A, Bl Big
W, FLL HisTrap™ )2 444> 25 4lifk p-catenin.,

A3 544 1.4 .10 pg p-catenin #£4T SDS-PAGE,
FELLE TR, BEE 4 ng BSA N AMEXT IR .
S A S BN R 22 T S, PR YOI AN BT
His PR 40 (12 000) H1 HRP-TFHi/M i 19G
(1:4 000), DAHRBbEEICHEZRE, U
Western blotting 7 %5 % B-catenin fIERfFRIA .

i B8 2 22 SCHR [91 9 ik i 9 S IR 7 i,
40 nmol/L FITC-TCF4 Ll 30 uL/fLin A 3 384 Lk
L FELL 30 pL/ALARIMA 0. 10, 50, 100, 200,
300, 400, 500, 600, 700, 800, 1 000 nmol/L
B-catenin, & 3 MEAFL, AEROLKMHT, =il
B HE 15 min, DL Z ) fg B A AR I 2 fw (E
(Millipolarization unit, mP), F-Ll GraphPad Prism
5.0 #4814 B-catenin/FITC-TCF4 454 F v i £k,
THAEfi B F- A4 % (Dissociation constant, Kg) fH .
1.2.2 EF ELISA R R E R IHFEER T
b5

1) w0V T R

#0.1.2.3,.4,5,6,7.8.9,10pug/mL
GST-TCF4 BBD LA 100 pL/fLta 8k T 96 FLIFFR R
i, RE 3RS, 4 COBEER . KRR L
¥ 0.1% Tween-20 AYREIREEZZ npi (Phosphate-
buffered solution, PBST) ¥k 3 WJm, LA 5%
BSA Fi = IREA 2 ho HHMEEFRRZ PBST
Uk 3 WA, FRUOmANEST GST #nsE st
(1:2 000, 100 pL/fL) 1 HRP-ZEHT/NEL 1gG
(1:4000, 100 pL/fL), Z=WEEE 1h, LA PBST 784
PREARLE A PG, iINA TMB ¥ (100 pL/fL),
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ZIRAWEE 5 min B, FA 2 mol/L HSO, 24 11
RN, ZINREBER AT ODaso fH . 1% L9
BSA Ly xR .

# 2 ug/mL GST-TCF4 BBD UL ik 7 ¥ 4
96 FLEE ARG, FELA 100 pL/ALIMA 0. 1. 2. 3.
4.5, 6, 7. 8,9, 10 pg/mL p-catenin, = i
H 1 h, FIIA/NESL His Fr2584% (1 : 2 000)
FITHRP-EH/NEL 19G (1 © 4 000), TMB ¥ % . {3,
DL 2 DI RERE AR A AG I ODyso fEL. A1 A0 GST fL
BEE XTI .

iz 1% GST-TCF4 PBD AY ALl Ik B 3% B A
Ik, [EVEfLE B-catenin, LI/NEAL His bR
U (1: 2 000) Fil HRP-“EHi/MEL 19gG (1 4 000)
Kl B-catenin {4 i .

4 4 pg/mL B-catenin 4% 96 FLAEGFHRHR ) , FF
DL 100 pL/fLAmA O, 1, 2, 3. 4. 5. 6. 7. 8,
9. 10 ug/mL GST-TCF4 BBD fil GST, =iIFH
1h, FIMA/NRPT GST #rZ&HpT (1 2 000) F
HRP-2£4H0/NR 19G (1 © 4 000), TMB iAW 54,
DL Z D) REFEHR UK ODaso 1H -

2) IR AR T R E

¥ 2 pg/mL GST F1 GST-TCF4 BBD L
100 puL/fLEudk 7 96 fLEGA R, B 3 DAL,
fifi bRl 4 PBST PR 5% BSA #HH 5, LU
100 pL/FLAMA 0, 0.5, 1,2, 3. 4 pg/mL B-catenin,
4 CHE 1 h. FINA/NRBL His P& H BT
(1 2000)F1 HRP-“F47i/M i 19G (1 : 4 000), TMB
B, L2 I REEEAR R I ODaso fEL. FH-1 5%
FilEBRE A= (25 C) M37C, [FEHAE.

3) IR fENEF B[] A i o

Fie B R S5 ik, R GST-TCF4 BBD I
B-catenin Y = LI & BFE] A 15 min. FRIIA /N
L His FRZSBAHT (102 000) F1 HRP-FEHI/ME
IgG (1 : 4000), TMB #E# . 5, LIZIREREFRIYL
) ODyso fH o 555 & B I] 5 %E 4y 30, 45, 60 min,
[FEERE . DL GST KL A B4 .

% : 010-64807509

4) DMSO ffisf 37 14 52 5

1E4 9% GST-TCF4 BBD (2 pg/mL) ¥ 96 FLif
Frd, L 100 pL/ALAnA 0.5 pg/mL p-catenin, 4%
JSAR Z2 5 DMSO &R 0%, 1%, 2%, 3%,
4%, 5%, ZIRWFE 30 min, FIIA FR—HiF—
Pi, FiRWEE 1h, ZIBEREHRUEI ODaso fE

5) ELISA fifi i A5 7 (1) 4 S M TE A

L 0.5 pg/mL B-catenin M#E W, FIFH 2 %
55 He R B L K 10 mmol/L AR B B 28 12 4 ik
BEOGE W E 100 umol/L) , - A F| A 8%
GST-TCF4 BBD (2 pg/mL) £ 96 fLEFFR MR, %
WS 30 ming A iR —HiR —Hr, FiREE
1 hJja, IZYIaEmEFR K ODgso fH . VU
GraphPad Prism 5.0 U4 ARG A ] i £k
THE o B i W (Half maximal inhibitory
concentration, 1Cso) fH . ASSEH i E & 1%
DMSO 1k FHYEXTREZH , A5 B-catenin ¥ S 1 £L
A FHPEXT B2

6) Z'N T K HTS EEF RS E I E

TEAL P GST-TCF4 BBD (2 pg/mL) ¥ 96 FLJf
Fatiedr, BA 100 pL/ALA 0.5 pg/mL B-catenin,
I E 30 min. #E S 30 pmol/L Ifit HR A L
BT RRZHE (A B 1#-60#), 5 1% DMSO HIfL K
FAPEXTREZH (B Az 1#-60#). JA ik —Pifn —4t,
FIEE Lh, AZIREREAR (UK ODaso fH, #%
e BioTek #/E RGP AT Z/A Fi155

FR A bR A O AG T B4, X S AR A
(Signal to background, S/B). {55 #i{i (Signal
window, SW). {5 Fb{E (Signal to noise, S/N).
SIS S R BUE (Coefficient of variation of
signal/background, CV) #FTHHE 7.
1.2.3 HikLEY RS

¥ 0.5 ug/mL p-catenin L4 99 pL/FLNA F 4y
¥ GST-TCF4 BBD (2 pg/mL) 4 96 FLEGEFRAR
L1 pLALImANY TS (10 mg/mL), &
HEIFEFE 30 min, A _BiR—PUF —h, FRGHE
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1 h, VAZINBEREAR (A ODaso fH o &E S 1%
DMSO FL R BA M XT BE2H, & 30 pmol/L il AR
AOFL R B BRZH . TERIUO it b, Al i 5
KT 50%1) /N T A& W e e v Sk A 59
124 BERABSYHERS 1C ERTE

i P A A A M ASE TR Y ELISA %,
XHEBE kAL G i T & 0, LA GraphPad Prism
5.0 FAFE AL S Wl 4, 15 1Cso 1.
1.25 MTT %L

B85 K40 1) A549 \H1299 \MCF7 ,SW480
I HEK293 4iifitd, L4 5 000 4~/FL4EFN 5] 96 £L 40 i
M, B3R5 ¥ 10 mmol/L AL P12 FALAR R
Oy ILLARIE S FRIEVEAT 2 AT LA R GRUAME
100 pmol/L, F:AFHRE 10 MM, 100 pL/fL), R4l
BEE 3 AL, kL0 E 48 h, FF BRI FRILE
FELL 200 pL/HLIMA B REF5E, WEE 24 h )5,
LA 22 L MTT % (5 mg/mL), 37 CHFE
4h, LI 150 pL/fLImA DMSO, iRk 15 min,
ZIIREMFAR UG ODseo {H.. BE % DMSO LN
FAMEXT BEZH , & 25 pmol/L PKF118-310 (4L Jy BH:
XFHRZL, LA GraphPad Prism 5.0 {44 FI4EFFE
FIAR RO 1 34 A s 5 S B 2% 3158 1Cs0 (.

[ F B PKF118-310 J&, 5 % DMSO KL
IS EERTERZH , & 25 pwmol/L ARG L A B X
B84, LA GraphPad Prism 5.0 #4404 PKF118-310
XF RN MR FE A 2, 5 1Cso 1L
1.2.6 TOPFlash L5

H2 1 Raghu ZEMUEF iR g 07 v, OG0 K30
i) HEK293 #iiJifd, 1L 3 000 4~/FL4%Ah 2] 96 141 Jif
M, B, fEdniRiR e MR KIS,
Lipofectamin 2000 %%t % i Jit ki TOPFlash %% %4
#| HEK293 40 g . 7E HEK293 4 fifi%% % 8 h )7,
YHIMA 075, 1.5, 3 pmol/L HESHER, &HE
3AEAL, TFARELRTSR 24 ho MRAEDOC R BHRAE
RS UL B2 HEK293 41, 1L Z DhfERHR
AU A % % Al (Relative luminescence unit,

http://journals.im.ac.cn/cjbcn

RLU). KM RLU {HZRAE B-catenin &% sgiE M,
DMSO 41 RLU {HT14 100%, FIESFZE ASFF
#4205 DMSO 411 RLU HUAEH AR XS 4 st s 4k
1.2.7 IS

X Jl GraphPad Prism 5.0 #4045 AR B A1 1
FEFFZ BRI ML, H1Cso AR T Frik .

" ODyppviiz — ODyy:
Hit #0HR (%)= g1k 0f 8 Hit
Digypnne — OOy e

x100%

2 BREH

2.1 B-catenin R EALEEFEMHERE

TREAHERERGE, WHIKRHE EER
HisTrap™ 247474 8 44k . SDS-PAGE 4
W, 4lifkiy B-catenin FETMI /> T 77 kDa fif
BEAWEHR -MEOAN, WHEEARES
B4l E (K 1A). Western blotting 5256 45 S %01 ,
e FIRTU A F R B R, BT His FREPTRRES
B-catenin S )i H B A RAFMRBOCH , (HHARE
5 BSA St i, ESE T B-catenin 1Y IE ffi ik
(F 1B). 2 e Im iR L g 25 R R W, 4lifk iy B-catenin
Y FITC-TCF4 HA RAFIIZEE I, o Keflh
65 nmol/L, X Ut BH4ifL Y B-catenin FA R 4714
Wi rE (B 1C).

22 mECHRESENARNHE

P AR He ) GST-TCF4 BBD a4k T 96 LT
PRAH, DL ELISA A Haugi s, SCiss e
AN, YA Ik E) 2 pg/mL i, ARk s 2k
BT (K 2A), #E 2 pg/mL 1l GST-TCF4
BBD AUk vk i, ELISA SZIb4s R Bn, bk
f) GST-TCF4 BBD 5 B-catenin Ay 454 [ )i H AT B
BREROCER H GST Al B-catenin &A= 254
J . 24 B-catenin SN HEEKE] 2 pg/mL i, 4%
BV R T V-5 401, ODaso fE ik 0.66 (& 2B).
AP [E Y B-catenin B, JoAL R g 2k 7
4 pg/mL B TR (B 2C). BEE 4 pg/mL 1EH
B-catenin F LA IR, ELISA L4 R E/R, 4
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Fig. 1 Purification and bioactivity analysis of recombinant human p-catenin. (A) Expression and purification analysis of
B-catenin using the coomassie brilliant blue-stained SDS-PAGE. 1: protein marker; 2: purified p-catenin band (77 kDa);
3: purified GST-TCF4 BBD band (32 kDa); 4: purified GST band (26 kDa). (B) Validation of purified B-catenin using
Western blotting assay. 1: 4 ug BSA control; 2: 1 ug B-catenin band; 3: 4 ug p-catenin band; 4: 10 ug p-catenin band. (C)
Bioactivity analysis using fluorescence polarization (FP) assay. 40 nmol/L FITC-TCF4 was added into B-catenin
solution at the indicated concentrations, and then the mixtures were incubated at room temperature (RT, 25 °C) for
15 min. The mP values were recorded by a microplate reader (BioTek), and the Ky value that indicates the binding
affinity of p-catenin/FITC-TCF4 interaction was subsequently analyzed using GraphPad Prism 5.0. The experiment was

performed in triplicate.

#i Y p-catenin 5 GST-TCF4 BBD HI45& [ W45
55, TEZ G SO -T2 -F- 5 191, L OD4so {35 0.13,
2 EEM 2 £5 (K 2D). ZE ERTR, Kk
GST-TCF4 BBD 5 B-catenin 2 W 1 Ay e A3 S W 7
%, LAt GST-TCF4 PBD HefEfL#i ik &4 2 pg/mL.

23 REMRBRE.HWERENHES DMSO
R EHISZMN

B A [ e B9 B-catenin il A F] 2 pg/mL
GST-TCF4 BBD i # Y 96 fLEFbRAR T, Hah 4%
RIMHTE 4 °C . Eilk (25 C). 37 C&MTFHE
1 hoELISA SE3e 45 5 R |, 0% & X GST-TCF4
BBD/B-catenin £ & Fz N A 77 AR B E R . Y
B-catenin ik A 2 pg/mL B, HZEA KO R
LT G (K 3A). Ry 1 5 i & i LA
A WA A R 1, e = RAE  GST-TCF4
PBD/B-catenin 454 S Y i AE I 7 TR EE -

% : 010-64807509

¥ GST-TCF4 BBD/B-catenin 454 52 v 43 BITE
FiRAMFFEE 15, 30, 45, 60 min, ELISA 52
B4k BRI E 30 min A4S 4 R 28 5 45
60 min MZEG RO &R TS, BLBITEE & IR
4 30 min AYIHE] S, GST-TCF4 BBD 5 B-catenin
Cams4dia (B 3B). WL, #E# 30 min /EH
GST-TCF4 BBD/pB-catenin £%4 5w 1) f5e FE G 77 i
(] o Ay 7 e 3 AR TR EL A R R 1 R AR R
{556, %# 0.5 pg/mL 1EH p-catenin F i 1
R, FA5 G ROV AR = IR E 30 min,

A FIRSLEG i E i) GST-TCF4 pBD/B-catenin
B A A 357 ELISA i A8y, 46 A [A]
DMSO ¥ i %F 45 & R W [ 52 M . ELISA SEIG 4%
BN, DMSO #e FE7E 5% L)L I, HiX) GST-TCF4
BBD/B-catenin 454 S A 77 A B 5, H ODygso
% (0.45+0.01) (&l 3C).

. cjb@im.ac.cn



2884 ISSN 1000-3061

CN 11-1998/Q A# T2t  Chin J Biotech

A 1.0 B 0.8
e 0.6
20.6 g
Q 04
© 04 ©GST-TCF4 BBD 2 o B-catenin
0.2 B 0.2 =BSA
1 = s s " " === =3
01 2345678910 0123454678910
Concentration of GST-TCF4 BBD (pg/mL) Concentration of B-catenin (pg/mL)
0.20
€12 b © GST-TCF4 BBD
1.0 015 =BSA
= 0.8 s
Q06 20.10
S e (-catenin S
o =BSA 0.05
0.2
L
0123456738910 01 234546728910

Concentration of f-catenin (pg/mL) Concentration of GST-TCF4 BBD (pg/mL)

2 BREGHRESREARENHE

Fig. 2 Determinations of an optimal working concentration of coated protein and GST-TCF4 BBD/B-catenin in vitro
interaction mode in an ELISA-like screening assay. (A) Determination of an optimal working concentration of coated
GST-TCF4 BBD. GST-TCF4 BBD at the indicated concentrations was coated into a 96-well microplate and then probed
with the mentioned antibody. The OD,so values were measured. BSA was used as a control. (B) Analysis of GST-TCF4
BBD/B-catenin binding curve. Different concentrations of B-catenin were incubated in a GST-TCF4 BBD-coated 96-well
microplate. After addition of antibody and TMB, GST-TCF4 BBD/B-catenin binding curve was determined by measuring
the ODyso values. GST was used as a control. (C) Determination of an optimal working concentration of coated p-catenin.
B-catenin at the given concentrations was coated into a 96-well microplate. After addition of antibody and TMB, the
ODys50 value was recorded. (D) Analysis of B-catenin/GST-TCF4 BBD binding curve. GST-TCF4 BBD at indicated
concentrations was added into a B-catenin-coated 96-well microplate. After the measurement of OD,s, values, the
binding curve was plotted using GraphPad Prism 5.0.
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Fig. 3 Incubation condition optimizations of GST-TCF4 BBD/B-catenin binding in an ELISA-like screening assay. (A)
Analysis of GST-TCF4 BBD/B-catenin binding curve in the different incubation temperatures. B-catenin at the indicated
concentrations was added into a GST-TCF4 BBD-coated 96-well microplate, and then the mixtures were incubated at
4 °C, 25 °C, 37 °C for 1 h, respectively. The binding curve was plotted according to the ODys values. GST was used as
a control. (B) Analysis of GST-TCF4 BBD/B-catenin binding curve in the different incubation durations. As previously
mentioned, GST-TCF4 BBD/pB-catenin binding mixtures were incubated at RT for 15, 30, 45, 60 min, respectively, and
then the binding curve was recorded. GST served as a control. (C) Analysis of DMSO tolerance in an ELISA-like
screening assay. p-catenin (0.5 ug/mL) was incubated in a GST-TCF4 pBD-coated 96-well microplate at RT for 30 min
in the presence of the indicated DMSO concentrations. The OD,s, values were recorded for comparison analysis.
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WESE T M ARBRAE Wnt/B-catenin {5538 B (T AE
UG PR FHRAR A RE 2 B-catenin/TCF4 A H.AE
FHo B R TARAL R ELISA §1 Sk 4G ) ifn 4R
XS GST-TCF4 PBD/B-catenin HHH A By I
FH. SEEAE SR, 16 ELISA sy, i AR
X EIRAH A EA AR snE P, e 1Cs R
(1.82+0.16) pmol/L (& 4), 5 HAEDE IR e 452
HIY 1Cso {H (1.2220.08) pmol/L LA,
UL T EE ST 1) ELISA TRt A HA RAF ek

25 ZEFRHTS TERASHHIBE
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Fig. 4 The inhibitory activity of sanguinarine (SAN) in
an ELISA-like screening assay. The mixtures containing
B-catenin (0.5 ug/mL) and sanguinarine at indicated
concentrations were added into a GST-TCF4 BBD-coated
96-well microplate at RT for 30 min. After addition of
antibody and TMB, the ODys, values were recorded, and
then I1Cs, value of sanguinarine was analyzed using
GraphPad Prism 5.0.
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Fig. 5 Determination of Z' factor in an ELISA-like
screening assay. The ODys, values of the negative and
positive wells were shown.
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Table 1 The general indicators in an ELISA-like
screening assay

Indicators Requirements of HTS  Results of HTS
S/B >3 6.34
S/IN >10 31.16
SW Not determined 0.38
CV (%) <10 2.56
Z' factor >0.5 0.83

ST T3 AT p-catenin/TCF4 AH H.AE FH/IN: T4
791 1 308 R T R ) ELISA G e AR
26 BHEUEYMHFHESHEARMEEY
B 43 F B R B E

FRAE 138 ELISA G A5 8 i) A0 1k 52 56 45
e 2 ug/mL A~ GST-TCF4 BBD e fu gl ik i
0.5 pg/mL 1E B-catenin FcfE S W, et
I 25 A 5 IR 30 min, WINEE . T ELISA &
R (B 6A). W FiR ELISA it
RIS AR KRS VI (& 500 > KR H))
HEAT e 8 07 , DAD O 400 1 38K 500 R bR
ARAT 10 e kAL E&Y) (K 6B). 7655 4
S N LRI e SR (Plumbagin) HA
R4 B 5 4 L L 1Cso {4 (4.55+0.27) pmol/L
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Fig. 6 A pilot screening and the anticancer target validation of plumbagin in vitro. (A) The schematic illustration for
an ELISA-like HTS assay. Briefly, 2 ug/mL GST-TCF4 BBD (100 pL/well, light red) was coated into a 96-well
microplate overnight. After PBST washing, the mixtures containing of p-catenin (0.5 pg/mL, blue) and small molecule
were incubated for 30 min at RT in a GST-TCF4 BBD-coated 96-well microplate. Remaining B-catenin was detected
using anti-His tag antibody (green) and HRP-conjugated secondary antibody (gray). After addition of TMB, the ODs
values were measured. The candidate hits (purple) were identified as potential antagonists because of the lower ODyso
values in the primary screening cycle. (B) Overview of a pilot screening of a natural product library. The red dashed line
in the figure indicated 50% inhibition. The candidate hits (>50% inhibition) were further validated in second ELISA-like
screening assay. (C) The inhibitory curve of plumbagin (PLB) in second ELISA-like screening assay. The chemical
structure of plumbagin (PLB) was shown. (D) The effect of plumbagin on the B-catenin-responsive transcription in
TOPFlash assay. HEK293 transfection cells were treated with DMSO (control) or plumbagin (0.75—-3.00 pmol/L) for 24 h,
and TOPFlash luciferase activity was carried out as previously described in reference!™®. All data are expressed as the
x £s from three independent experiments and considered significant if P values were found to be less than 0.05.
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*2 AfAEHE. MIRFEM PKF118-310 HAAEE 1
Table 2 The inhibitory effect of plumbagin (PLB),
sanguinarine (SAN) and PKF118-310 on the proliferation
of various cell lines

Cell 1C5 (umol/L)

lines PLB SAN PKF118-310
A549 7.83+0.51 8.74+0.85 0.75+0.15
H1299 10.230.77 3.69+0.56 1.14+0.66
MCF7 14.21+1.25 7.56+0.94 1.56+0.35
SW480 7.36x1.21 5.37+0.86 0.24+0.19
HEK293 8.12+1.38 10.31+1.05 3.56+0.89
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