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Development and optimization of a cell screening system for
farnesoid X receptor agonist

ZHENG Zhimin®, HUANG Xiaoxia”’, PANG Biying, HUANG Nana, KONG Bo’, LI Xin,
XIONG Wenting

School of Life Sciences, Guangzhou University, Guangzhou 510006, Guangdong, China

Abstract: This study aims to develop an improved cell screening system for farnesoid X receptor
(FXR) agonists based on a dual luciferase reporter gene system. FXR response element (FXRE)
fragments from FXR target genes were cloned and inserted into upstream of firefly luciferase
(Luc) gene in the plasmid pGL4-luc2P-Hygro. In combination with the internal reference plasmid
containing renilla luciferase, a dual luciferase reporter gene system was developed and used for
high throughput screening of FXR agonists. After studying the effects of over-expression of RXR,
mouse or human FXR, various FXRE fragments, and different ratio of FXR plasmid amount to
reporter gene plasmid, induction efficiency of the screening system was optimized by the known
FXR agonist GW4064, and Z factor for the system reached 0.83 under optimized conditions. In
summary, an improved cell screening system based on double luciferase reporter gene detection
system was developed to facilitate the discovery of FXR agonists, where a new enhanced FXRE
element was formed by a superposition of multiple FXRE fragments from FXR target genes,
instead of a superposition of traditional IR-1 (inverted repeats-1) fragments.

Keywords: FXR response element; dual-luciferase report system; high throughput screening;
nuclear receptor

e X Z K (farnesoid X receptor, FXR) 2§ Tl HE A Z P AIIG RSLEK: FXR #shi|2

J& T2 RBEE, B 5 M2 E M6 YNETEH K&, anB DT IEER (obeticholic acid) .
R R A1, BERIE T, /Ng. B Cilofexor #1 Tropifexor L7191

1Ry 18 3 B OR 2 2 W ik 0 B
B U g S v b 50 1 T O 0 AR AR A

B AR, BT RR (bile acids, BAs)J& FXR H)2E
FEMERA . FXR 5 Bas 454 5 940s, @ty

RXRa BRI 5K, RBIDF45 G TH T F
AFEPR ) FXR J2 W JCf4(FXR response element,
FXRE), M fij 8 ¥ 3 R (1 5% 51 FXR 744
PR IR Y JIE T R AR S R IR [ BE AR, 9= S50
o7 R A RO AR, (8 T O A 2 2
FRUJRER) BLAh, FXR 3K IHE A FEAR S5 R T
AR BRI R e A AR TR VR R D5 AT
(nonalcoholic fatty liver disease, NAFLD)% %
UM, H L FXR R EE M2 HbR, &
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Tl 5% R 25 ) 1 & 55 7 AR A B L,
T 40 Ff 1 FXCR YT A ARG T %) RS S i 155 35 PR O 2
B, A AR B AS , 3l AHs BUEE R R
o PR R Y 8 A él@ﬂﬁi'ﬂ‘ﬁfj gk
A, POCRMRRE AL, WAk
MG R LS BB A S v, b AT 24
Py 1) e 0 O o e SR R R e 3 R O AR AR R
M T2 e R a5, B RIS i = %A
SR AN M i e A4 2R I PR AR AL B HE R
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FXR OB kG MEmy R 59 5 FXRE
A A %, 5 FXRE F 45 5% & 46 07
(transcription start site, TSS)AJIEE A X, K]
B F5-1 (inverted repeats-1, IR-1)4& 2 FIAY
FXRE 741, & WM 1 MEERSEN 2 4
AGGTCA Sz fal R P51 BUA i 5 il
WAL 3 A IR-1 J¥ 5 B & N2 i, FXRE Jo
PEER SRR B N A % R A FRAS R FXRE
AR P X FXR 456 052 o A 58 F) H
FXR # 5P Y) FXRE ROV TTl, JF4% HE &
b A 2 — Ao B 3 5R AY FXRE 2 W TG
1, DA g LR Boks , R3] 1 5 v 0 ik
HRRREENHB . FFE i X 2k
(RXR). A[FF &R FXR, DL FXR 54
A FL DR L A9 55 TR 7 A R AT B TR — 20
S REAL, HE T R R BT O R
it At DAL A e R B A M e AR R, R R
15 /2% FXR s 7 e T A6 1 04 v 3 e 0 2k

1 MRETE

1.1 ##
1.1.1  ZHAEFAKF

JEJG B 40 HEK293T i) JH R b v
FE K i o0 I s R TR A B, AR S R
175 NN HepG2 A SLI E 177 ; FXR
iRk pCI-T7-mFXR ., pCI-T7-hFXR, %
K AN R B A FE R TR pGL4.29-3xFXRE-
Luc. pGL4.29-2xFXRE-Luc. pGL4.29-1xFXRE-
Luc . pGL4.29-3xIR1-Luc, RXR % ik Jfi ki
pGL4.73-hRXR H A 5L 56 = #8485 ¥ ' 2¢Ok
K [iff 1= ikl pRL-TK-intronless (P1685)I4 H
R ARR TR 55 Bk pGL4-luc2P-Hygro
(101788). phR-Luc (139644)J H Addgene “F
&5 UKL pCI-T7-EGFP Hi ) JH A 2oH i 5 K 24

&: 010-64807509

Hrh.O ERPREA Y, AR =R, FXR
N3 GW4064 2 K HLUH I Z BEAG I X5 A
135 O R BRI GR e B B S R A A
K383 DMEM. Opti-MEM }55%3E . a4 i
I8 . penicillin-streptomycin XX $¢ F1 [ B 1) H
Invitrogen 7Y A ; Exfect® % YL ik 7 . 2xTag
Master Mix PCR 7] . T4 DNA %%/ . DH5a
JRZ SN . ANTP Mix RNA i #7 fil 7]
M-MLV (H-)i¥i 5% 5% . RNA-easy & RNA $2HL
7] . ChamQ Universal SYBR qPCR Master
Mix W [ R i MERE A
112 EENH

SW-CJ-1FD BUBE TAER , J5 M IR 5 1]
AN s BPN-150CW B AL B b 744
¥ —1fE /N ] Infinite M Plex £ Ij BE fif i
10, Tecan /A Hl; CKX-41 5% 0 4,
OLYMPUS A7l ; ABI miniAMP PCR # 341X,
Thermofisher /3 ) ; NanoDrop ff & 43 6 G &
1T, Thermofisher /A ; ABI QuantStudio 3 &
i PCR 1, Thermofisher /],
1.2 F&
12,1 EFEwE

A DNA JP5 s fF BNk 1
s, Shp. Bsep. Mdr2. Osta. Ibabp J&: Al
B FXRAEEL, A/ 09 A= W15 B2 e |
if &I FXRE PR 7 5, 4% MIEMERE 2xTaq
Master Mix PCR i Uit B 45141 PCR 3af%
122 FAitiiE

18 1 7E 4 DK R pGLA4-luc2P-Hygro
M98 N2 Bl N JiEdd A FXRE R B, tEH
T % FXR SN0 A i 45 B P Bk . AR SRy
P14 DL JBORE A B Al el 3 3K SOk 9 £ 5L 2
* 2 s, AN NDIEE . T4 DNA 4%
fiti . DH5a 32 54000 A1 B ATl . 3%
FEREAL
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%1 DNA Z[ESI¥F7F)

Table 1  Primer sequences for DNA cloning

Name Template Primer sequence (5'—3")

mFXR-F mcDNA® TGCTCTAGATCCTTCTCAGTTGCCGTGAG

mFXR-R TAATGCGGCCGCCCTCCAACTCAATAAGATTC

hFXR-F hcDNAY TGCTCTAGAATGGGATCAAAAATGAATCTCATTG

hFXR-R TAATGCGGCCGCTCACTGCACGTCCCAGATTTCACAG
hRXR-F hcDNA CTGTGCTAGCGCAGACATGGACACCAAAC

hRXR-R CTAGTCTAGAGCAGTGACAGGCTGTGC

hSHP_FXRE-F* hgDNA GGCGAGCTCGGTCAATATCTGTGCCTCACTG

hSHP_FXRE-R* GAGCAGAGTGGGCTAGCGGTCACCATAATGGGTACGAG
hBSEP_FXRE-F* hgDNA GGTGACCGCTAGCCCACTCTGCTCAATTTGCCTC
hBSEP_FXRE-R? CTGACGTGGGATCCGCGTTGTTTACACTGGACAAGAG
hMDR2_FXRE-F? hgDNA GTAAACAACGCGGATCCCACGTCAGCATTGGACACAG
hMDR2_FXRE-R? CCCAAGCTTGTCTTGCAATAGCCCATGTGC

hOSTa_FXRE-F* hgDNA TGCGAGCTCCCCACTGTGTCCTGAAGTTTC

hOSTa_FXRE-R? ATGCCTGGAGAAGAGATCTCCAGACACCTCAAAGTCTCTCC
hOSTa FXRE2-F hgDNA GGCGAGCTCCCCACTGTGTCCTGAAGTTTC

hOSTa FXRE2-R CCCAAGCTTCCAGACACCTCAAAGTCTCTCC
hIBABP-FXRE-F* hgDNA TTGAGGTGTCTGGAGATCTCTTCTCCAGGCATTACTCTGAG

hIBABP-FXRE-R®
3xIR1-F°

CCCAAGCTTCTTCTGCACGGTCAGAGCTG
- CAGGTCAATGACCTAGGTCAGTGACCTAGGTCACTGACCTA
TCGAGTCCAGTTACTGGATCCAGTCACTGGATCCAGTGACTGGATTCGA

3xIR1-R®
The prefix “h” or “m”

in the “Name” and “Template”

indicates that it comes from mouse or human, respectively. gDNA:

Genomic DNA; ¢cDNA: Complement DNA. F: Forward primer sequence; R: Reverse primer sequence. The bold sequence in
the primer represents the restriction enzyme site with protective bases, or the overlapping sequence for overlap PCR. a: Used
for overlap PCR as 1.2.3; b: See 1.2.4 for the method; c: Reverse transcription of total RNA extracted from mouse intestinal
tissue; d: Reverse transcription of total RNA extracted from HepG2 cells. —: No template required for this clone, see 1.2.4 for

the method.

*2 BHMERRNYIR
Table 2  List of constructed plasmids

Recombinant plasmid

Original plasmid

Inserted gene®

Restriction site

pCI-T7-mFXR
pCI-T7-hFXR
pGL4.29-3xFXRE-Luc
pGL4.29-2xFXRE-Luc
pGL4.29-1xFXRE-Luc
pGL4.29-3xIR1-Luc
pGL4.73-hRXR

pCI-T7-EGFP
pCI-T7-EGFP
pGL4-luc2P-Hygro
pGL4-luc2P-Hygro
pGL4-luc2P-Hygro
pGL4-luc2P-Hygro
phR-Luc

mFXR
hFXR

hSHP_FXRE, hBSEP_FXRE, hMDR2_FXRE®
hOSTa_FXRE, hIBABP_FXRE®
hOSTa_FXRE2

3xIR1
hRXR

Xba 1, Not 1
Xba 1, Not 1
Sacl, Hind 111
Sac 1, Hind 111
Sac 1, Hind 111
Sac 1, Hind 111
Nhe 1, Xba 1

a: Multiple fragments were combined as one fragment by overlap PCR, b: Same as Table 1.

1.2.3 Overlap PCR

P HIIA ddHO . R BB =9 . S —

T PCR IR T MMA ddH0 FFEE  BrpgiE 514 . s —A By R 514 .
FrBt. 2xTag Master Mix, fZMHH PCRICE  2xTug Master Mix, &% # PCR 1% & [ 2
FOWRER, ROMLSERUR , K LIRS Y, RN SERUE, i e S ) R A R A
1 000 1%, HEFERN Y ; THMPCR K  —RMHK B,
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1.2.4 Oligo DNA Bk

IR IRMA R BCE IR K ROVAR R . TR
i ddH,O 70 pL, oligo DNA annealing buffer
(10x) 10 uL., DNA oligo A (100 pmol/L) 10 pL,
DNA oligo B (100 pumol/L) 10 uL, &M IR
JWE e AR A 45 Bk, IR 5. Oligo DNA
annealing buffer (10x): 100 mmol/L Tris pH 8.0,
500 mmol/L NaCl, 10 mmol/L EDTA, 95 CH#¥ &
5min J&, %8s PR 0.01°C, FFE25C,

1.2.5 ¢HBELESF

HEK293T #iffi3% 57 T =l DMEM 35 5% 5
(& 10% FBS, 1% penicillin-streptomycin X
1), 37 C. 5% CO, ¥EE T,
1.2.6 JRAEER

B %5 B K BB HEK293T 4, DA
AL 5x10°-10x10° MU EEFP T 6 fLAR T, FF
oA A S R IR B 80%—85% i i 47 i
Yo, FAAL 3-5 pg MEAYFOR A 10 L 5% YL
R AT B s S g TR A G a5 3 0l
200 pL opti-MEM ;7= Jehi e, i BEJ5 44
KAV R BE R SIR G, TEIRE
15-20 min J5, WMBIAMEEEFRAS, B
AT o 4y 0K TR B Bk He IR — i L ] A
#t HEK293T #4ffig: (1) pCI-T7-mFXR &}
pCI-T7-hFXR ; (2) pGL4.29-3xFXRE-Luc I
pGL4.29-2xFXRE-Luc 5 pGL4.29-1xFXRE-Luc
8% pGL4.29-3xIR1-Luc; (3) S Jfki pRL-TK-
intronless; (4) pGL4.73-hRXR,
1.2.7 ZktiE

Y 68 hfE, HIBEERR 6 LAk Y40 i
THAIWCER , e e 1 A ] R %) 248 it g 4R 7E — i
IFRE), DhEAS 6 FLARFLIEEF T 16 4~ 96 fLik
FL Y e DR 40 B 34 20 2 3 96 fLAkH, I
ALY R, KRB RRCER
P& E LU R 4 B DM SO &b B 1% 95 70 % FR 2H

&: 010-64807509

2 umol/L GW4064 Kb B ) BH P X B4, B4
3IANEE, WAL 32 h 5T R E R
HILHRI . GW4064 J2& T A FH I FXR F¢ 5
PEWOE R, ©A MR RGE B8 GW4064 TERST
0 S5 H AR R BE 1-5 pmol/L I HAT FXR %
e RO, AR SR 2 umol/L Y GW4064
AR

1.2.8 Nk RBIR & E E G

YIRS, W AIEIRE, HIBER 2 rhih
(phosphate-buffered saline, PBS)i% i 1 14 41 fitd
LR, /NG PBS, BALANA 50 pL 4t 2
20 i 24 T (RGO06- )AL FE 5 min, WRAT I HX
M ZLH P 2 1.5 mL B0, 12 000xg
JEG 2 min, HCEVEH T EZRM . B 2 )
10 L 20 i 28 f s WOm A 96 FLA AR g 2 4
fLrr, A3 50 pL % kAU 2R A I 3K
F(RG006-2) FH LA Y 13 ' 7 ' 2R il Ao ) 4k 57
(RGO17-2, RGO017-3), ffi i Infinite M Plex &
Iy it Bt A SR 100 2 K H R VB 7 DY 2R AR LA
7wk UG R B RN B O R B R A R
Z /b, T RAE G TR 55 . KRR
Infinite® 200 PRO, {#i/l] Luminescence %= 2k
N
1.29 I RAEZEE PCR (quantitative real-
time PCR, qPCR)

27 B RNA HEEGA U0 B 5 D4 it rp 42
BUE RNA, F NanoDrop Il & Houfk & FH T J5 42
Wik, 2% M-MLV (H-)i¥i % 5 B i 9 405
IAY B RNA %5 58 ¢cDNA (complement
DNA), #5510 6 WIEREHLT Y
(5'-NNNNNN-3"), £% ChamQ Universal SYBR
qPCR Master Mix 845, F5 3/ cDNA
TE ABI QuantStudio 3 & & PCR X /1 JE47 5L
5 Ot & PCR il , qPCR JF H 51 4 4
3 i
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&3 qPCRFETHSIYIFY
Table 3  Primer sequences for qPCR

Gene Forward primer sequence (5'—3') Reverse primer sequence (5'—3")
hB-actin AATGAGCTGCGTGTGGCT GATAGCACAGCCTGGATAGCA
hFXR AGGGGTGTAAAGGTTTCTTCAGGA ACACTTTCTTCGCATGTACATATCCAT

hRXR ACATGCAGATGGACAAGACG

TCGAGAGCCCCTTGGAGT

LA B-actin fE RIS, A B Y 5L
DA XS T P 2 3 ] A mRNA 7K 728 4k ok i
Pl HEK293T ZHMfif) FXR mRNA 7K %} e
H, SRA 2780 SRR S0 A AR X T X HR 4 Y
FHR 5% K-

AC=C, (HmWEH)YC (HWZHH)
AACEAC, (B2 )-AC, (W HE L)
1.2.10 #iEH

£ FLLAE ] Infinite M Plex 22 U REMFHRY
oI 38 8 2 KOG ER DA (FLuc) it 7
G FR VEGAH (RLuc) 1 LA 2R 78 9O R g I MEH
(FLuc/RLuc), B¢ 562 B G M =FLuc/RLuc.
L GW4064 KLb3E R BHM: X R ZH, DMSO &b
RN, TR R FRCR=E X B 50
RS VE R A DO R BEEYE(GW/Veh), 55
A0 R N Sk A R I R R R . B DA
X +s#n, {4 GraphPad Prism 9 #{4F7E1T4L
PEALER, WL B E AT LR ¢ KR
1.2.11 BEMSH

W8 Z -F(Z factor) 7M1 ARG BEAR &R
5T fE DL SO AT G R R IR AR . Y
Z=1 B RATHERIAZ AN, 2>0.5 BFRM
e R A R LA AR YT Z I R
T

Z=-3(c,+0,) |1, —u,l

H g, Fm BHPEXT BELL 98 R TS P AR
WEX, o, 287N BN HE 41 26 ' 2 it 106 1 (L b o4
2, 37N BHMERT B ZH 5 28 B T (B F- 21
o 2R MR REH 2R WG VBT 248

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

2 ZERE54

2.1 TRIEKRRBIMKAL

A RO B LA (R 25 ) 22 81155 S 80 1)
25, EORIREAR R BA S R, A
FE P H il 3 4> IR-1 FXRE 591 1) faj 8.2 in
ARG AR 45 S R Ok, X b B AT % e Ak
ARZSF FXRE MIZBIFHI % FXR 455 W0, 17
et — SRR A ] . il e FXR /N FRC i
B E 1R 5 2K, AR SO XU i 15 i A 1
VAR R AT T i — 20 i ket Fnfi Ak
2.1.1 pakkiE X EREFKFEDH

Jir FH 20 Mk v %) 9 5 FXR R RXR KA
K F- AT RE X 7 2 R R B DL AL AR e, S
AT LB 9 6 B PCR (qQPCR)4-#Hr T
HEK293T FIHEEAMMItk HepG2 H'iy FXR Fil
RXR [ 5KF, 25 mE 1 hs, 2 Fhd
MLrh Y FXR §% 558KF 28K, 1 RXR WA
B K, H HEK293T 40P Y RXR %
SE/KFIE T HepG2 111 RXR #4 58KF,
2.1.2 AIEMHISE

34 IR-1 )79 L R eR R 7 & A
—i, AN BN BRI R MG 2 i
(# 1, K 2A), Wi pGL4.29-3xIR1-Luc R
SRR . R IA TR E AR FR 6T FXR BB 16 Pk 1Y
FESPERGI, LIRS A FXRE F B RGOk
pGL4-luc2P-Hygro AXf i, Kl 3A H, Xf R4
Al 3xIR1 A5 nldtf% g 2 pg pGL4-luc2P-
Hygro+1 ug pGL4.73-hRXR+1 ug pCI-T7-EGFP+
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80

Il rXR
- B RXR
- 60
k5
p
a4
= 40 -~
[}
N
=
[}
& 20k
skeskosksk
— | — |
HEK293T HepG2

1 HEK293T #1 HepG2 #fi fff F &9 FXR #1 RXR
mRNA 7k ¢

Figure 1 The mRNA level of FXR and RXR in
HEK293T and HepG?2 cells. The result represents as
X s, n=3; ¥***: P<0.000 1 represent significance,
HepG2 vs. HEK293T on RXR, determined by ¢ test.

60 ng pRL-TK-intronless 1 2 ng pGL4.29-3xIR1-
Luc+1 pg pCI-T7-EGFP+60 ng pRL-TK-intronless,
HIPEI 3A AT, 3xIR1ZH 195 2805 3 8 TR
WAL, WM EEA B 0 P R AT A SR
FXR ¥ 8hi% TE R fiE
2.1.3 I3RIiE& RXR Rt;ﬂau?lt’%Aﬁﬁzr‘E’\J%Zﬂrﬂ
FXR 5 RXR DUJE B I = SR A4 T8 =%
TR L AT A, A R ME RXR %‘z‘ﬁs
AR, W RXR B2k 5 WAl GEAE % 42

e » —
A AGGTCAnTGACCT B

-{IRI]IRI[IR1 HminP[ Luc |

C D

RN FE SRR, 2ptil g LY pGL4.73-
hRXR DL %A RXR, [b#ad ik RXR 515 %t
T EAR R REE RS . WK 3A s, X
2H . 3xIR1 ZH M1 3xIR1+hRXR ZH ¥ 4L T 60 ng
W DR RS FE TR . 1 pg hFXR i3
IKFBURLFN 2 pg A FE R Bk (o pGL4-
luc2P-Hygro . pGL4.29-3xIR1 Hl pGL4.29-3x
IR1)E| HEK293T 4ffifarf, BT 3xIR14H, HA
P IALE YT 1 pg hRXR i RA Tk, 255%
FH, YT RXR Fk BRS04 5 AR F
Ju RXR WYSCE A 2 M %A B NS5
Yo FATEHE TAE RXR FI FXR FE %A
RARBEERSW, 25K 3B R, 3485
Y7 2 ug AR . hRXR 1 hFXR 3 3£
RFURLAE 2 pg, B AN 0:1, 1:1, 2:1)LA
K 60 ng WEkL, 5HIAMEK AR, K
hRXR Fl hFXR & ik Bk L 451 5 A7 R A f4
FiFFREMGESE, HEHNTREZE RXR §
FXR Rk Pk Z M WA B 3E 4, WAl Aese i
2 1o i 3% K AR AR 1 T 3 2 M AR R
Jio VA EZE UL T HEK293T 41 it P U514
RXR £ikm i 95 FXR B M5 —RIKLIE
TR B R, BRI SRR RXR ANRELE
m.%%%%iﬁﬂﬁo

~[ASHP_FXRERBSEP_FXRE[hMDR2_FXRE}HifiP

—[hOSTa_FXRE[nIBABP_FXRE-MinP[ Luc |

—|hOSTa_FXRE2<minP|[ Luc |

2 EBHERREERBIKEH

Figure 2 The structure of constructed reporter gene plasmids. FXRE was inserted upstream of the reporter

gene in the pGL4-luc2P-Hygro, which contains a minimal promoter (minP) linked to the luciferase (Luc)

reporter gene. A: pGL4.29-3xIRI1-Luc.
pGL4.29-1xFXRE-Luc.

&: 010-64807509

B: pGL4.29-3xFXRE-Luc.

C: pGL4.29-2xFXRE-Luc. D:

B<: cjb@im.ac.cn
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Relative induction folds
(GW/Veh)
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0 N N R
Q
& '\;§~ xé}
@ Q}x
N
o

o]

—_
(=]

<o
W

Relative induction folds
(GW/Veh)

0.0

3 RXR (A)FAAREAY RXR 5 FXR I 3k AL EE 51 (B) 3 R & £ B 36 48 315 S M E /I #20

Figure 3 Effects of RXR (A) and different over-expression plasmid ratios of RXR to FXR (B) on relative
induction folds for reporter assay. The result is x +s, n=3; *: P<0.05 represent significance, 3xIR1 vs.
Control; **: P<0.01 represent significance, 3xIR1+hRXR vs. Control; #: P<0.05 represent significance, 1:1,

2:1 vs. 0:1, determined by ¢ test.

2.1.4 AERER FXR XNiFiEARERSER
A0

TATH R Tt ik /N FXR s A FXR X}
i vEIR R REUE M, WK 4 ix, mFXR
ZHA hFXR HIEYL T 1.5 pg 145 HE K Bk A

1.5

1.0

0.5

Relative induction folds
(GW/Veh)

0.0

hFXR mFXR

4 AR FXR 5RIE FXR 3R &E R XK HE
X1 SRR R E

Figure 4 Effects of human FXR and mouse FXR
on relative induction folds for reporter assay. The
result represents as X s, n=3; *: P<0.05 represent

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

significance, mFXR vs. hFXR, determined by ¢ test.
60 ng N2 B0k 3] HEK293T 4ufiardr, 5 48435
WHEYLT 1.5 ng A FXR 38 #35 FOR R/ L FXR
I RIRFORL, 45 RERN], IR/ N ECEIERY FXR
FIAR R L 338 AR TR 1 FXR A9 R 1 2 %
W, HASH R
2.1.5 FXRE R EZH9fift

FXR L PR % s 1 15 55 5 FXRE 1Y)3571
ARG LI FXRE BECRAE, K FXR FEEP B
1) FXRE F BCHRECE N, 4B —Fiopr AL A3 o Y
FXRE Joff, MHETAESM 3 4 IR-1 JF5I R4
B, XFHTH FXRE JCF4 G AU & T FXRE
AR, 7% 18 TAISRIF S RIS . FXRE h B
HENE 2 PR, 3XFXRE S hSHP_FXRE.
hBSEP_FXRE #il hMDR2 FXRE F Bt ¢,
2xFXRE 4 hOSTa_FXRE Fil hIBABP FXRE
A BB B, 1xFXRE N hOSTa FXRE2
(Kl 2B-D). Bl 5, SAHAHERT 3 ng /M
FXR i 263K JFORL Al 60 ng N2 ki %] HEK293T
i, HANEABIFE YT 1.5 pg pGL4-
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luc2P-Hygro. pGL4.29-3xFXRE-Luc. pGL4.29-
2xFXRE-Luc #l pGL4.29-1xFXRE-Luc.

K SA B T 441 GW4064 kb PR 5 7% 5
MRS R, T FXRE FEBS540Hrp
R MR IR FXR 51553 e PR M B A
HgsG, WIERH LI L — € AR FXR #
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20 595 500 A A X 9 ' 2R I I I AE LA B AR 5
SRR 1.2.10), FHR 3xFXRE 4 X2t
F PR (K RO R B F VORI T
2xFXRE Ml 1xFXRE (& 5A, GW4064), {H
2xFXRE Fl 1xFXRE 21 [ 4% i FXR 3800 16 1 4%
3xFXRE 41/, DA AR X35 S 850% i A

A

(Kl 5B)., i1 3xFXRE, 2xFXRE, 1xFXRE =#]
28 SFxt L&, BNZA~ FXRE A BLAEfSIE
ERRIE SRR, TG R R RAEUE
HrEn 3 MK FXRE HBEf 3xFXRE 54
REAL
2.1.6  FEEFFR LLHIBY L

TS0 1 592 0 3 Y L2 g Joor 1% L A9 A ) 2
PR = AR, O T 1S B AR S A
B, FRATHHE T AR FXR 1 223k Fok FR &
SLR BRI Le . Z5IRINE 6 Fros, L]
HEK293T 4l ffd /) & 53 ki & [ 2 4 5 pg,
pRL-TK-intronless [ [& &£ 7 60 ng, #-41/)MR
FXR 12 & 35 JoORr Rl 2 J5 DR R A 5 % LE 3]
WM 0.5:1, 0.66:1, 1.33:1, 2:1F14:1, ZERFE
W1, FXR i 5Ok 0y B3 & e e 5 m ik R
MY R, FXR i 338 JFOn R 5 2 PR B i
e 2:1 1 4:1 I AU AN
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Figure 5 Effect of different FXREs on relative induction folds for reporter assay. The result represents as
X £s5, n=3. A: Relative luciferase activity. *: P<0.05 represent significance, 3XFXRE, 2xFXRE, 1 xFXRE vs.
control on vehicle; ###: P<0.001 represent significance, 3XFXRE, 2XFXRE, 1xFXRE vs. control on GW4064,
determined by ¢ test. B: Relative induction folds. **: P<0.01 represent significance, 3xFXRE, 2xFXRE,
IxFXRE wvs. control; ***: P<0.01 represent significance, 3xFXRE wvs. Control; #: P<0.05 represent
significance, 2XFXRE, 1xFXRE vs. 3xFXRE, determined by ¢ test.
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201 M, BFLIEYE 4 pg mFXR i F I8 kL,
; T | ng 3xFXRE 45 3 K ki Al 60 ng pRL-TK-
?5 Lsr intronless N2 BTkL, I 20 S AT b 1A & 5 1%
£s G569 3XIR1 R VSRR I B 7 PR
25 P50 3XIR1 R BRI IO Z W HE (3 )
| sl 5 3% O ) B I 1 R
. B, L o TR B PR TR 3XIR1 5 e

00 PR AR X 2 G R BTG PE L 3xFXRE (& 7A,

6 A[EAIFXR 3 RIEFRK SR & 2 F Bk Ay
EL 53 4R & £ R IX I R X iF SR

Figure 6 Effect of different ratio of FXR over-
expression plasmid to reporter plasmid on relative
induction folds for reporter assay. The result
represents as xxs, n=3, **: P<0.01 represent
significance, 0.66:1, 1.33:1, 2:1, 4:1 wvs. 0.5:1,
determined by 7 test.

22 TRRRRBBEREEEDT
MG LRt g S, e ik R A E N
T 6 FLAR 7 55 Rk 5] 80%—85%[K) HEK293T

A

vehicle)fm, FXR RSt ECIARE FXR J5 B AHXT
PEOGTEPE M AR (B 7B), KR TA
GW4064 Kb BRAH SEAFI A EE, 53] & 7B HAH
X AR P B AR 75 A% I AR &R B H
T FXR /N3 B A i 56 1o A5 v B S5C 1 Bl ARG
FEXT TR FRAIE R0, PR iz g S i B
e 5 A 07 5 R 2R AR AR XS SRR A T IR AT Y
WHER, HilEAHT FXR #hRm ik,
FeHR 1.2.11 19 Z 43 B vk X 8 R 1Y) i
AR RE TS, B 5 RS,
WA, d5RNE 4P FIR, hgsR=aTm,

700 3r
., S00r Il Vehicle ol
= i 0 GW4064 3
5 300f NG
o i g
& S =S
=~ Q NG
g3 R
5= =3
5= 2 =
2 = 1
kS| 5
° e

> T &
= <T S
5 A

7 REWHIMREERERN FXRIFSWE

Figure 7 Relative induction folds for FXR on final reporter gene system. The result represents as x *s,
n=3. A: *** P<0.001 represent significance, 3XxFXRE vs. 3xIR1 on vehicle; ###: P<0.001 represent
significance, 3XFXRE vs. 3xIR1 on GW4064, determined by ¢ test. B: **: P<0.01 represent significance,
3xFXRE vs. 3xIR1, determined by ¢ test.

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



BER FiLEE X SHHMNARBRFRPOBISHML

x4 HMEERRE ZRAFHI

Table 4 Z factor for reporter gene assay

Assay No. Mean
1 2 3 4 5
3x]R1 0.81 065 052 0.71 0.62 0.66

3xFXRE 094 087 093 079 0.60 0.83

See 2.2 for the determined reporter gene assay system and
1.2.11 for the method.

WA Z F¥RT 0.50, “FEN
0.83, W] e iR RA e PEBRAR, S o E
AR i 2R, HARE I TIA 1
3XIR1 AR R (Z FF3MEH 0.66),

3 WibE4£&#®

FXR & 24 A 15 I i #4071 25 1
br, CAMRIE RS FXR AENS AE 2 IE
RAEIEE L ST ALt A2, FF & FXR #3h
2 25 Wy i 1 T R P g W5 I R (non-alcoholic
steatohepatitis, NASH) LA M & 4 1k 1937 97 B
HERE L,

HEK293 4 A L3 e ey . AR
P, 25 IR A0 s PO T 2 N R I
FER RN A OGS, A% HEK293T
2 L R DA AS) 20 B O AR R, 3 R I A e
it Fik FXR, JER AT A FXR #3h)
GW4064, 7] 75 A5 I} =] A & AP ik FXR
BT BEAR R o Ik Y i) I PR B 3R 38 55 Tl 2R
3 TR UL S 48-72 h ik FIE Y, Z Ak
20 IR0 1) 3% IV G ORI R R R, BRI A
R ET N, PR g e 2258 FXR 4
MRS AL A i i R G i — 20 TAE,

FO BB 220, FXR SRS S5 0%
T, g A R R i A =1 oo
FXRE, 47 8 J PR %) 2/ S) it T L 12 il
R FXRE BN . AHSEF 51 FXRE £&
WA AT L FXR AL A
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/W FXRE R B, JFD E RHRB I g T
— gAY FXRE Joff, AEAR Y 5 T Ui
1) ¢ 't 28 T i 45 3k DR 199 e 3% 19 2 R 7 R
., XAHRE FXRE JCiH4H &M THES
IR-1 AN S0, [AIF 2% I8 T FXRE 45
A B A FLIR S TR A AR P 516 FXR 2545 B2 1)
K5 s SRR, 50CHM IR-1 SRR
o, 0B R B A 0 FXRE JofF8 s TR R
RYSE, WA, ARSGEIE—B A TR YL He
BIFI FXR i ek kL, R T — e KA B8
RS AR, HEA &ML, R
QNS UL W | o N S o1 SR g N
F, N AR R RE A8 T 4 S AR A ) BT
FXR Ja =B A PE, i3T50 1454 Wi
IR RN S Y 0T 5SS AR +45
Hhe i LA

s, BUE FXR 8T AU FXR,
XATRESE TR /MR FXR H S'UTR HI
3'UTR XSy #EIEH, miseREm A FXR HA
gt 751 X 4 (coding sequence, CDS), #t=TH
ZWEEFY], XA/ FXR M T A
FXR A W & B 5% S MBI KE, al ek T/
FFXR [ B HA 5 sk as s, Bk s
DRI 3 5 K A 1) 52 36 v B

HE 1 25055, 5 HepG2 4Lt
A, HEK293T 4ifigH FXR Fik/KFEA%, 1
RXR #iAK R . 3 5B ERHES, 5
X RXR JEARRRXTH S R 0 R U A H5 8l
L R 2 T B HEK 293 T 4H il 2 N 54 RXR 1
RBEHEERRPCLOTFREKTE, 285
FXR JE A% 57 SR A4 ) R0 L DR (0 7 SR o 3
TP YL RXR R i DT 9820 4 i i 5%
K RXR Fir=A: iy, X3 ek R RS
AL #0012 HepG2 1 HEK293T 41 Jifd
1 N IR PE FXR FRIBKEABAEXTEAR, BRHI T 5
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HEA AR AL S PN FRCAR R SE G, TR
8T DR R A L R A 4 . PR aE i 4
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