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[EZE] a4 HINHEEE X 2k (FXR) FRrrEmshil GW4064 Wil 25 K= il ek Aoh
Rege N&EI AN & HT-29, FHME R 0. 0.1, 1. 3. 5. 7. 10 umol/L fX) GW4064 4r#II4bFE HT-29 ZHf 72 h, R
MTT BEAGIARMLE 5 RN 0. 1. 5 pmol/L 19 GW4064 4 HIAb3E HT-29 4ififl 24 h, A2 B4 iuTE
A; RSN 0. 1 pmol/L 1) GW4064 43 5iIAbHE HT-29 4 24 h, RAIANMERYRE SCoeAam AR b2tk FkE N
0. 1. 5 pmol/L ) GW4064 43 5IAbEE HT-29 4fififl 24 h, R PCR £l FXR mRNA FILF4HATAEF T 1 (SDF-1)
mRNA FEHZA8 ks YR 0. 1. 5. 7 umol/L A GW4064 35431 24 h, SFH ELISA WAl 4nfbs % s wirh
SDF-1 FiknyAsfb. FHEEUL FHEFP HT-29 AN r g Sy, WS 45 7 GW4064 S 7 DMSO, 16 d JE#ill
Jiebed A KA L SRR R FXR 5 SDF-1 mRNA FUIA, &%  GW4064 4bF HT-29 4iffljs, 4z, H
SEFIEAE, 1. 3. 5. 7. 10 umol/L GW4064 4 HT-29 44/ K% J1 5 x5 HRZH (0 pmol/L ) #H 2= BB St
2 (P H<0.05) o FHAHZE BAEEIEEn] W, GW4064 ZbBE HT-29 405, A0Moiscde78 15, MR At 4T 1) 26 i
FEAIMIRAAS . AN RIIRSEEGES R R GW4064 4bFH HT-29 4iffl)s, AR Asd, SxHR2 (0 pmol/L ) AL
ERAGIFEE L (P<0.05) . PCR K455 B8 GW4064 ZEFEJS FXR mRNA ik S5 AR N, T SDF-1
mRNA FANAHZ . ELISA Rl 25 5 R AAERE 7% W T SDF-1 MFh mHE GW4064 Mk 3E iz i &k,
1. 5. 7 umol/L GW4064 215X 2l (0 pmol/L ) AHHEZE RIS E L (P #<0.05) . 4T GW4064 J5, i
B ARFRAR /N, SXTIRAL (44T DMSO) Mt ZERAG2#E X (P<0.05) , FH AN FXR mRNA Fiki
Jin. SDF-1 mRNA Fiklgi/b. 4 # FXR BIGEMG T mmai A Kmm, FeHms r 45 manii SDF-1 A3k
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Activation of farnesoid X receptor by GW4064 inhibits invasive growth of colon cancer cells and expression of
stromal cell-derived factor 1
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[Abstract] Objective To explore the mechanism by which specific agonist of farnesoid X receptor (FXR) GW4064
inhibits the growth and invasion of colon cancer cells. Methods Human colon cancer cell lines HT-29 were in vitro cultured.
After treatment with GW4064 of 0, 0.1, 1, 3, 5, 7 and 10 pmol/L for 72 h, cell viability was measured by MTT assay. After
treatment with GW4064 of 0, 1 and 5 pmol/L for 24 h, the cell morphology was observed under phase contrast microscope,
and the mRNA expression levels of FXR and stromal cell-derived factor 1 (SDF-1) were detected by PCR. After treatment
with GW4064 of 0 and 1 umol/L for 24 h, the cell invasive ability was detected by cell scratch test. After treatment with
GW4064 of 0, 1, 5 and 7 umol/L for 24 h, the SDF-1 expression in the culture medium was detected by ELISA. Nude mouse
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tumorigenesis model was established by subcutaneous inoculation of HT-29 cells. After intragastric administration with
GW4064 or DMSO for 16 d, the tumor growth and the mRNA expression of FXR and SDF-/ in the tumors were determined.
Results GW4064 inhibited the growth of HT-29 cells in a dose-dependent manner, and there was significant difference in
the cell viability of HT-29 cells between the GW4064 groups (1, 3, 5, 7 and 10 umol/L) and the control group (0 pmol/L, all
P<0.05). After treatment with GW4064, phase contrast microscopy showed contracted and rounded colon cancer cells and
slender cells transforming into epidermoid cells. The cell scratch test showed that the invasion ability of the colon cancer cells
was significantly reduced after treatment with GW4064 compared with the control group (0 pmol/L, P<<0.05). PCR results
showed that the mRNA expression level of FXR was increased in a dose-dependent manner after GW4064 treatment, while
the expression of SDF-I mRNA changed in the opposite way. ELISA results showed that the SDF-1 expression in the cell
culture supernant was decreased with the increase of GW4064 concentrations, and there were significant differences between
the GW4064 (1, 5 and 7 umol/L) groups and the control group (0 umol/L, P<<0.05). GW4064 significantly reduced tumor size
compared with the control group (DMSO, P<<0.05). In addition, the mRNA expression of FXR in the tumors was increased,

and the mRNA expression of SDF-1 was decreased. Conclusion The activation of FXR can inhibit the invasive growth of

colon cancer cells and the expression of SDF-1.

[Key words] colonic neoplasms; farnesoid X receptor; GW4064; stromal cell-derived factor 1
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FETtE, M-S BUpE M ks, B8 & SE
TR AT LA i 45 i 95 0 R KU, kel X A2
& ( farnesoid X receptor, FXR) JEAHITERAAZ Z
A, LR — R YLD B F R T8 40 P9 A R
WEE, S5 BIESS, e8| IR
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MICHERIZR, YA S S g e R, AT REZsT |
M RAEFE BB AN . FXR 5455 VM,
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Uy RFKE S BEBUEA Y, HET FXR M
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1 #MEFT %

1.1 @mpe, AAN5E8shy AL HEN K
HT-29 g [ b Ba MR RA R, 64 s
(fetal bovine serum, FBS) . DMEM 3533 Flk
FREE 2% pP A H € [E Gibeo 28wl , U H SEAH S me
4L (methyl thiazolyl tetrazolium, MTT) I H /%
Sigma AH], FXR F5HEh7 GW4064 1 [ %
[ Tocris 23], ZHMIRPIR S0 L R FRAG 1 R SR L
1) [ f% [ IBIDI 23w, TRIzol A5 & [ 55 H
Invitrogen 2 F), S 555 G104 F1 32 [E Fermentas
vH], PCR A& H HA TaKaRa 24 F], 54
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A4 AT 1 (stromal cell-derived factor 1, SDF-1)
ELISA il A7) & A & E R&D A . AR
A e s SR s A FR ST A ) (A VAT HIE
+: SCXK (/') 2017-0005],

1.2 e HT-29 4iHedE3R 1 10% FBS (1)
DMEM Ri#H, 78 37 C. 5% CO, 346
BigE, MANMmA R A E] 70%~80% BT HH 0.05%
JEREH ALK

1.3 MTT Al 45 W5 s 36 78 0L B GW4064
%t T DMSO, il BRI EE Y GW4064 15,
W HT-29 413 7 X 10°/FL Y% BB fh T
96 fL#, & 10% FBS A DMEM }; K #
24 h J5, KEREFRRARS 1% FBS ) DMEM K%
FR (BAL 200 pL) o KEARREs R 7 4, Sr5lim
ARFEHER) GW4064 (0, 0.1, 1, 3, 5. 7,
10 umol/L ) , F4HER 5 fL. B398 72 h 5, &
FLASIMA 20 uL 5 g/L ) MTT, 4kZ2153% 4 he
SRIG SRR, LN 150 uL DMSO,
FEARSCREI 570 nm P KAMVDEEE (D) He T
SR 240 R3S 3 R0 A B B R BE - (half maximal
inhibitory, ICs,)

1.4 TA0£S8ETFIR@RTEFEEAL ¥ HT29
SR 1 X 10°/FLIN B EE AN T 12 LAk
4 10% FBS [ DMEM #5335 0i55% 24 h 5, W%
REFRW A NS 1% FBS B9 DMEM 1538 (4L
500 uL) o REANAES R 3 4, IR RIS Y
GW4064 (0. 1. 5umol/L) , ¥i3% 24 h Ji7, JHAHH
2B (Nikon Eclips TE300 ) 7 20 X AUfLEF
SREL AN T A 24 AR Ak
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1.5 smfa XRS5 a iz @ e A1 B ikl
() HT-29 #fdi 3 X 10°/FLAY % BE 42270 T 6 FLAK,
ARG FR L, VAT k40 BRI 5
JHI4r 10% FBS () DMEM 535 Wi85535 24 h ),
o 240 S IR A7 2R 1 SR LGB A OR3P ety 1
W& 1% FBS B DMEM 1539k 1 mL 3440
Mok 2 41, Sl InAS R ) GW4064 (0.,
1 umol/L ) 4b# 24 h J5, KM IBIDI A A4 1
WA TG A R B S

1.6 PCR #mapsy FXR, SDF-1 mRNA #
ks ¥ HT-29 GHTEI L 4 X 107/FL I % B 1%
FF 6 fLARF IR 3 41, Al in AAS TRk
1) GW4064 (0, 1. 5 umol/L) #bFH 24 h Ji7, 2
I RNA, FH R 0 & R 5 i cDNA
Pl 2 ug cDNA MM, JMAGI##E4T PCR, 5l
YIS NBMM GAPDH Fi51% 5' -GCA CCG
TCA AGG CTG AGA AC-3', FiiFsl¥ 5 -TGG
TGA AGA CGC CAG TGG A-3'; FXR L5l
¥ 5' -AAC AAT CCA AGG AGG TAG AAG AC-
3", FiE514 5’ -GAA GAA ATC CAG GAA ACT
AAG AG-3'; SDF-1 LJi#514%) 5' -GCA GCC TTT
CTC TTC TTC TGT C-3', Fi#514) 5’ -ACT CCA
AAC TGT GCC CTT CA-3' . Rt 95 C
1 min; 95 C 30s, 55 °C 30 s, 3t 40 IMEH;
72 °C 1 min, B 5 uL PCR 725 DNA FHEEZEuh
WOR S R TABERE TR Ik, fHE 80 V, 50 min J5
FHEEAMT WS, JF B A A T .
BandScan 5.0 #{4T LUK A KR, DLH 93k
[R5 2 35 RDIR BE ALY AR B B SE PR R AR
ki,

1.7 ELISA %4 4 e 5 L& & F SDF-1 89
Fik ¥ HT-29 0BT 1 X 10°/9L 5% B 4%
P 24 fLBOITS R 4 A, A BIINAAS TR R B Y
GW4064 (0, 1. 5. 7 umol/L ) , Ki3% 24 h )7,
ARG FE B W 100 uL, H] ELISA i# &
W SDF-1/KF-. BAPBE . fE4 ROw LA
100 uL — W, & 37 C 1 h, FABERRERZE ob
WPEUE 2 W TE A SO AL HR I AHT 5 7 R 1Y) it
FRBiAR 100 pL, 37 °C 1 h, FH#ERREESE Bk
2 WK AEA RN FLH I A FH B G A D R 3
BORBE (tetramethylbenzidine, TMB) JR¥) K
200 pL, 37 C 30 min; 74 ALHIIABR R
50 uL, FHEEPRICIIE 450 nm BKAL D E, A
SDF-1 HYAHX Rk & .

1.8 MAXTMBMHELEANGET FELENA
BN, HOBEEEEMERAL, R Bse i fil 4 my &

1X 107 /> HT-29 2 Jfd 4 200 it T 422 o 1 R LA )
P& LA, 2 JE S BEAL S ) BRI GW4064
H, B 10 H., GW4064 AEFIZH 24T GW4064 i
A, 30 mg/kg, 4.d 1 W; XHRARES T4
AR DMSO. 4425 16 d JahbE/NRL, AbFERT 4 h
BRIEH IR &AM LG 2 . AbFE I B i 41 2140
BRI AR, ] PCR IEAGINAPRE L4141 FXR I
SDF-1 mRNA H#ik .,

1.9 “itsaz® [ SPSS 15.0 Bt 75384
Bro BIESAMIITETEIL x+s Fn, 24100
FCACR AR 2 22500, RALIR] ELBSR FH R REA
t RS, K KIE (o) A 0.05.

2 & R

2.1 “mEmpiEsg R 0, 0.1, 1, 3,

5. 7. 10 umol/L GW4064 £ HT-29 4% /143
A4 (101.80+£2.50) %, (96.64+2.33) %,

(76.43+3.81) %. (61.70+4.31) %.

(47.72+£5.21) %. (5.34%£3.57) %,

(2.61+2.11) %, Hd 1. 3. 5. 7. 10 pmol/L
GW4064 HANALTE S 5% B2 (0 pmol/L ) #HLb 22
SWEG IR (PY)<0.05) 5 72h 408 1Cs, Ky
4.83 pmol/L., K GW4064 % HT-29 Zfit iy 4 K7
AR, JFEBREAEIC R, IR G R T
Jin, GW4064 T HT-29 4 K Al /F FHes

2 GW4064 WBEE#T 5 umol/L I 4R 1 2 R
W, ZupEEtEsE .

22 m@ieHAFEA 0, 1, 5 umol/L GW4064 4t
HHT-29 Z0fifl 24 h )7, FlE GW4064 HEE RIS,

YRS R AR 5], DAIEE K P AT ) 3 B R4 A A

FUAAH AR AZ 2 . LA 1.

2.3 @ XRFERLZER 0 pumol/L (X4 )

11 pmol/L GW4064 435 AbHE HT-29 4} 24 h
Ja, MMEBIEE 5 (150.004£6.35) pm,

(97.00+13.21 ) um, WA LEZERAGITAE X
(P<<0.05) . WL 2,

2.4 #mia¥ FXR. SDF-1 mRNA #£i5 PCR #
MR (K 3) o, HARFRYEEER GW4064 Ab
FEOHT-29 408 24 h J5, 1. 5 umol/L GW4064
‘H FXR. SDF-1 mRNA %3k 5 % B4
(0 pmol/L) MHILZERHAGITFEL (P H<
0.05) , 1 umol/L GW4064 ZHF1 5 umol/L GW4064
ZH 7] FXR mRNA . SDF-1 mRNA f# k2244
GiitFE L (P¥)<0.05) . FH] FXR mRNA =ik
R EHPERG N, M SDF-1 mRNA FiEHI 25|
SRR
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Bl 1 GW4064 48R EER7 =AM HT-29 FITESFE M E
Fig1 Morphological changes of colon cancer cell HT-29 after GW4064 treatment
A: Control (0 pmol/L GW4064) group; B: 1 pmol/L GW4064 group; C: 5 pmol/L GW4064 group

2 HRERIRSCE AR
Fig 2 Results of cell scratch test
A, C: Control (0 pmol/L GW4064) group; B, D: 1 pmol/L GW4064 group; A, B: 0 h; C, D: 24 h
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Fig3 Effects of GW4064 on mRNA expression levels of FXR and SDF-1 in colon cancer cell HT-29 by PCR
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FXR: Farnesoid X receptor; SDF-1: Stromal cell-derived factor 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
"P<<0.05 vs control (0 pmol/L GW4064) group; “P<<0.05 vs 1 pmol/L GW4064 group. n=3,x=*s

2.5 tmfgsEd bikik P SDF-1 é9%%k 0, 1. 2.6 HMEAMNBFAHEALER LK 4. X
5. 7 umol/L GW4064 Ab¥ HT-29 Ziffl 24 h 41 (DMSO ) K& GW4064 21 i 4 B4
Jo, AR IR FWEW P SDF-1 1Yk &4 (840.31+172.96) mm’, (266.14+107.16)
5 (100.00+2.41) %, (94.424+7.35) %, mm’, P42 RA G EE L (P<0.05) .
(73.25+£6.11) % F1 (24.184+10.33) %, £ PCR fill&55 (K 5) R, GW4064 41fhfgid14e
SDF-1 HYZikbiE GW4064 Vi B i3 i T 1 . H FXR mRNA FikFHiy, 1 SDF-1 mRNAKILFE
1. 5. 7 umol/L GW4064 4 5%} B2 (0 pumol/L ) &, S5XTHEZH (DMSO) W2 R EE &
i, ZRWAGIHEL (P1<0.05) . (P31<0.05)
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Fig4 Tumor implantation in nude mice
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Fig5 mRNA expression of FXR and SDF-1 in tumor
tissues of tumor-bearing mice
FXR: Farnesoid X receptor; SDF-1: Stromal cell-derived factor 1;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. "P<<0.05

vs control (DMSO) group. n=3,x+s
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& H4S Bl ki H 2000 4F1 16.1/10 1
FFFE 2013 4ERY 17.06/10 TN, HRETSSEZ2 R
HUSNBFFAR N L 22B06YY, (B0 A Ka i
WF et s . AMEfT s mia R, IKRA
25%~40% (R KA SRS, Hi, g
— A [ IR 45 i BRI i R AL SR 24 45 2 &

AR LR R IR R 5% 5 e 56 2R A A 5
BTN IGE , T FXR 5 3 i R R 55 44
FHSES, B FXR 7E4S i o fOFE I A5
o 7E FXR PR mflR/N AR R o /NRRUR AR 18 1
il A . e RS B A R s (IS FXR AT DIRE
AL 46 /)N BB AU 1 e 4 R K% 98 he™™
De Gottardi ZF"F55 & B, 2EMmiRseE . 45 infm 4 a
SIEW B A L, FXR mRNA [k T,
H FXR IR0 =5 45 W 04 43 14 K 4 1A B AR

Ko Lax FEUWREWE—2ES, 259 o 1
MEFE S FXR RIS EAAC. TERTHHPTSE
e, FRAT RS A e 5 I IR 2 2 FXR
) FIRPEAT T g, WA B T AL g5 R
Smith ST I, A R SRR R AT L
NGB R IR R, IF H TSR R AR
(' small heterodimer partner, Shp) . ZF4ERE4NAIA:
KK+ 15 ( fibroblast growth factor 15, FGF15) &
AR iR45 &8 (ileal bile acid binding protein,
IBABP) [H#ik, TMIXEE8H F1HYF&RIAEIH FXR
o AW ERABUESL FXR RIB SR K
BHEKER, it GW4064 T FXR %Kik, 41
RHARZ 2, A IR, difE S kL
[ G
iR A0 AR A L R S R FRL O B G,
TUFREE ARG 12 FH B BT A L . SDF-1 & 8211
LA AEAT A, I [ 53 Bl 55 43 A Y A
P A B3 B8, I AT PR IR] e 24 L % 0 R
( macrophage migration inhibitory factor, MIF ) i
PSS R AN 4 AE KRR EE RS Margolin 251
TELS W e ¥ /N RS RY vh 9 e B, 6 o 40 i ]
DAGE SE g 4 M 1 #4275, Bk SDF-1 B 5,
PAE IR B A . Wang ZEUBFSE & 8L, SDF-1
WG RS R avBo M AILA AT & H I/ E26
5% HF 1 (extracellular regulated protein kinsase/
E26 transformation specifc 1, ERK/Ets-1) {55
B DELE T 75 . Ma UL BLTER SDF-1
S, W] DL Gk 22 245005 A0 8 1 ome/ w A L
B 3 /S A H 1 ( mitogen-activated protein
kinase/phosphoinositide 3 kinase/activator protein 1,
MAPK/PI3K/AP-1) {553t s 1 25 4 il 45 7 Je
AR . RIEFER . SDF-1 i [ LA P [+
CXC kA Fhcfk 6 (CXC chemokine ligand
6, CXCL6 ) i Wi hE e LEE 3 Bl /& 1 I
B/EME R EN ( phosphoinositide 3 kinase/
protein kinase B/mammalian target of rapamycin,
PI3K/Akt/mTOR ) i % e 2 25 fig I 240 il A i
R, Stanisavljevié ZEUE i S M4k i JiE HR A ik
AL SDF-1 5 CXC #fkH T34k 4 (CXC
chemokine receptor 4, CXCR4 ) &L AH, TG
2 BHE MR A2 iRz T CXCR4 =ik . 4ii
Jiirf SDF-1 fi3%3k, 1M H SDF-1 fil CXCR4 fE4
[V i A PR 283k 22 S T VRS 5 Mides TNML 4330 T
BB HUGTER. W LIRFRES R AT WL, SDF-1 7£
i A RN R vk TR
ABFFEN I GW4064 % FXR J5, 735178

mRNA JKF-5 8 K A T SDF-1 YKk,
5 KW SDF-1 FKiLZ B, I 2 5] i 4K
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o ¥ GW4064 fEHFH BB, H—L5%
UET FXR 5 SDF-1 #£ik 45 I A= K 1 56
Z. MR, GW4064 05 FXR 3
TR AN 25 B e A0 B A A= R, FXR 7] fig 2l i
F#{ik SDF-1 AYRA RN . Peng S HFFTUESL
GW4064 il FXR /EH L5, nl LA
SEERIE R K, X SRR R —2. Sk
R ] S8 I RN, R B AT E
L LA N AR ERYR BERG N, i AR R
SRR . T FXR A] LS4 i 240 i AE iR K
-, S FXR A LAGESERR T RR G S, ARV TAR
K38 = S TS Ik FXRPY, i fE
RS I A A Y B AR R A

ZE Lk, AR FH GW4064 FT LD
il Eh g A AR A o LT REAILHI Ay i B0 S
FXR F#IK T SDF-1 ik, Ml 74579 40
ML A KR . R GW4064 B B IRTTF 45
TR . R EEA Y, (BHIRANLE] M7
HE—AH5E .
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