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Farnesoid X receptor upregulates fibroblast growth factor 21 expression in cultured

liver cells
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Abstract Objective  To determine the effect of farnesoid X receptor FXR on the expression of
fibroblast growth factor2l FGF21 in human hepatoblastoma HepG2 cells and hepatocyte 102 cells. Methods
After HepG2 cells and 102 cells were treated with FXR agonist chenodesoxycholic acid CDCA at0 50 or
100 pmol/L  or with another agonist GW4064 at 0 1 or 5 pwmol/L respectively. The FXR specific target gene
small heterodimer partner SHP and the FGF21 mRNA level were detected by reverse transcription-polymerase
chain reaction RT-PCR  and FGF21 protein level was determined by Western blotting. Results  After
treated with CDCA and GW4064 the mRNA expression of SHP was significantly increased in the treated
HepG2 and 102 cells when compared with the untreated cells respectively P <0.05  which suggested that
FXR was functionally activated in those cells. The mRNA and protein expressions of FGF21 were also increased in
those treated cells P <0.05 . Conclusion FXR receptor upregulates the expression of FGF21 in hepatocytes.
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PRAGAS RIS JF 0] LAHKHT = PR IR 175 5 1 A o £ 34
TNFAE I HERR $27% FGF21 1] B AR K VAT 38 15 7 AT Jbf:
R F A2 AR KRR 515 Je R X Z K farnesoid
X receptor FXR PR L 57 7% M ] i e A Bk 32 g vk
JEERMI 4% BT 1995 4EpE & * J5 ok & PR
2 R HRARBCAR X edn 24 BT IRZ A L rh RS AR
fHEZ chenodesoxycholic acid CDCA ky H v id KR Bc
& GW4064 S H N T & MBS & 38 2ok 8 55 8% i AR
WA FEE T RERR A dERE IR ORI T
hEAGEREEN . ISR AT & R AL
PR T ZL R S T FXR 76 B Bk A 4V FH 8 i 38 EE
A ARSLEEE FXR R A Mk HepG2 MG
SRR 102 rhgiih 5 FGF21 Rk R AT
F¢ 09 FXR AEAEREA A A FGR21 Bk A4 HL
AR B BERT A AR A

1 #MREFE

1.1 ##5X A

NNFEEAMIRE HepG2 A1 ARG AT A0 MO Ak 102 | A 5236 % ff
# DMEM S5 32 3L 06 B HyClone 23 7 1640 ¥ 32 3L H
Gbico 4w FXR 4§ 5 £ # 3l 5] CDCA F1 GW4064 4351 ity A
Sigma 7\ ) FT i 36 [ UG 2% B8 K 2% 25 2% BE AN A LI Trizol 1y
H ZE [ Invitrogen 2y 7] M-MLV 5% 550§ H 25 [F Promega 2
#] Ex Tag DNA A 100 bp DNA Ladder Marker 1ty B &
EREAEYATE A WY Marker Il A fiIl& K Fermentas 237 %
Bi A FGF-21 Z Bkl H 52[E Abacam A F] BUR T4 0
FEbMCEht R il A P2 & AR B-actin —HT W H AL
AR/ ) SuperSignal West Femto trial Kit Il [ 22 [# Pierce
o] HAb AR 3k 7 o 4l
1.2 Fi%
121 4iffid%se HepG2 1 102 ZH Mgtk o3 iR HI & 10% i
ML 100 U/ml F 853 100 pg/ml 5555 K () DMEM #2548 1%
FRILHN 1640 JEFRIE 37 C 5% 1 CO,RAEREFE 2 ~4 d FEHLIE
FEH LW TRANM BB K 4L 1 x 10°/FLIERI & 6
LA PERHZYREE A 50 100 wmol/L ) CDCA LK% 1 5 pwmol/L
i) GW4064 43 il 4b 38 102 1 HepG2 4 Jif LA fife e 44% (1) ¥4 511
DMSO Zykfl 0.1% VEXIIE 24 h J54 Trizol W FI#RAE UL
L A RNA sl B A e e 2 2 1
1.2.2 Wit FR A& N RT-PCR FGF-21 SHP &
B-actin 514 A T MAEL T Primer Premier 3.0 [ 17
#it FGF-21 F¥F5|% 5'-aGGACTGTGGGTTTCTGTGC-3' T
WSl ¥ 5'-aGTGGAGCGATCCATACAGG-3' 1 P= W K BF Ny
314 bp SHP F #5149 5'-TGGCCCAAGATGCTGTGAC-3" T jif
5141 5'-TCGGGGTTGAAGAGGATGGT-3" ¥ 3 = ¥y K H
232 bp B-actin #5149 5'-CCATGTACGTTGCTATCCAGG-5'
THEgl 4 5'-TCTCCTTAATGTCACGCACGA-3" 334 p= 4 K
252 bp  FFE 51N i Invitrogen 23 TS W, RT-PCR 2
W2 FGF-21 94 C7Z8PE S5 min 94 °C 30 s 65 °C 30 s 72 C
30 s fEFF 353K 72 CIEA S min  SHP 94 CA5E 5 min 94 °C

30 s 60 C30 s 72 C30 s FEFF35 K 72 CHEMH 5 min B-actin
94 CAFPE 5 min 94 °C 30 s 55 °C 30 s 72 C 30 s fE¥F 25 %

72 CIEAH 5 min TR G HRGEE PCR =4 7.5 Wl & A
0.5 pg/ml AL ZEEN 1% SENEREBER R IKSE E B LR
RGP STEBMEREYE B-acin —FHEER
i

1.2.3  Western blot — ffi [IZE IR BURIZ AL BB 10 %
DGR E B RO E SR AENEE LS ST
12% SDS-Z& P s B e B WS FL UK. Bio-Rad ) 1% IR 4F 4 R
B 5% BAAg WKy =R A0 2 h 4CHEH —Hi FGF-21 1: 600

B-actin 1:500 if# TBST #t# =EMHF —H 1:3 000

40 min TBST P:i% i fl HRP-ECL {6 W5 &% F it

1.2.4 ittt BTA SRR SPSS 13.0 Geit it 41
PaLh Py, P,y Py FRon LW ILEH Kruskal-Wallis H ;56 £
26 22 16 W 95 L8 FiT Nemenyi 46

2 R

2.1 CDCA #= GW4064 i# % FXR &M

Kl RT-PCR J5 ¥k Al T 2 FP i fig i FXR [ SHP
mRNA &K 1E N HepG2 ZHHI7E 50 wmol/L F1 100 pwmol/L
CDCA 5 1 wmol/L 15 pmol/L GW4064 £E 4] F SHP mRNA iy
TR SR IR LB R EH M P <0.05  [AAE LO2 40E7E
455 50 wmol/L F1 100 pmol/L CDCA 5§ 1 wmol/L 15 wmol/L
GW4064 J5 FH SHP mRNA {33k 7K 5% R 20 bh 5t dat 3 44
i P<0.05  WE1 F£1 LIEZHREY HepG2 5 102 4
Jil FXR 3% PEAE FXR JifA CDCA I GWA4064 £ IR &7 K
T T R

M 1 2 3 4 5 6
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200 bp— «—SHP(232 bp)

200 bp— BJ«B-actin(252 bp)
A HepG2 fmfie, B LO2 e,
M 100 bp DNA 474 1 CDCA #8412 2 CDCA 50 pmol/L 432 3
CDCA 100 pmol/L 432 4 GWA4064 2F BB 40 5 GW4064 1 wmol/L
42 6 GW4064 5 pmol/L A 22
E 1 RT-PCR %R ERE CDCA 1 GW4064 4bIE HepG2 F1 L02
4B f5 SHP mRNA &ik

2.2 FXR k8 FGF21 mRNA &) & ik K-F

5345 T HepG2 5 102 2 ff] 50 wmol/L F1 100 pmol/L
CDCA 5, 1 pmol/L 15 pmol/L GW4064 5 FGF21 mRNA 323k
ACOF-55% B2 LAt W B O BRI AR P <
0.05 K2 %2
2.3 FXR Lif FGF21 & & k& ik K-F

K Western blot J7EEAG 1435145 T HepG2 5 102 4l
0 50 pmol/L #1100 wmol/L CDCA 1 0 1 pmol/L F15 pmol/L
GW4064 J5 FGF21 AR AEN 4R B/R HepG2 5 102 4iififl
FGF21 2 [AFRAACT- R ECARIF RS I P <0.05 &3 K3
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%1 FERE CDCA GW4064 43234 HepG2 L02 4Hf SHP mRNA RiEHIZN n=3 Py, Py Py

CDCA  pmol/L

GW4064 pmol/L

Ak
0 50 100

0 1 5

HepG2 4iiffd  0.473 0.446 0.479 0.679 0.646 0.692 *

1.352 1.286 1.385 *

0.638 0.637 0.668 0.844 0.787 0.866 * 1.089 1.019 1.119 *

102 4ijf 0.985 0.962 1.024 1.080 1.073 1.144 * 1.545 1.517 1.597 * 1.126 1.086 1.139 1.865 1.844 1.917 * 1.892 1.866 1.975 *
a P<0.05 5t 0 wmol/L g ik
%2 FERE CDCA GW4064 4b323T HepG2 L02 £ FGF21 mRNA RiEHIEM n=3 Py, Py Pis
CDCA  pmol/L GW4064 pmol/L
TS
0 50 100 0 1 5
HepG2 4lijifd  0.489 0.472 0.524 0.606 0.600 0.637 * 0.887 0.830 0.890 @ 1.041 1.039 1.103 1.364 1.267 1.404 * 1.775 1.697 1.780 *
102 4 i 1.257 1.254 1.283 1.685 1.670 1.703 * 2,152 2.138 2.181 * 0.687 0.662 0.695 1.094 1.025 1.096 * 1.862 1.804 1.864 *
a P<0.05 5t 0 wmol/L ik ki
%£3 T EKE CDCA GW4064 SIEXS HepG2 L02 il FGF21 BEERIAMEM n=3 Ps, Py Pis
CDCA  pmol/L GW4064 pmol/L
il OR7S
0 50 100 0 1 5

HepG2 4fiffs  0.225 0.221 0.226
LO2 4y 0.387 0.380 0.403

0.359 0.358 0.360 *
0.695 0.694 0.731 *

0.441 0.425 0.451 *
1.187 1.150 1.194 @

0.258 0.235 0.261
0.524 0.495 0.526

0.330 0.328 0.330 * 0.567 0.561 0.597 *
0.868 0.839 0.901 » 1.538 1.456 1.546 *

a P<0.05 5t 0 wmol/L g ki
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A HepG2 #ajie, B 102 4nfie,
M DNA 47 1 CDCA #3848 2 CDCA 50 pmol/L 43 3 CDCA
100 pwmol/L 432 4 GW4064 #+ 841 5 GW4064 1 wmol/L 4 32
6 GW4064 5 pmol/I 4 22
E 2 RT-PCR #&MARERE CDCA 1 GW4064 4-IE HepG2 #1 L02
ZHf1 /5 FGF21 mRNA K3k

1 2 3 4 5 6
NS e GE21(24x10°)

_- Bonctin(43x10°)

_- - - —FGF21(24x10°)

‘*B actin(43x10?)

A HepG2 #afg. B 102 Zm At
1 CDCA st 4 2 CDCA 50 pmol/L 422 3 CDCA 100 pmol/L 4 22
4 GW4064 R4 5 GWA064 1 wmol/L &3 6 GWA4064 5 wmol/L 432
B3 Western blot #l| <[5 ik BE CDCA #1 GW4064 432 HepG2 #n
L02 i /5 FGF21 & H ki

3 it

FCF21 ERFA T fENR M AR A Dk
kT ORI RUBAR B-Ai it R 0 A
BRI i T HARSR ALY D RE NPl RS R
FEHL T AR B AN T © WEBR H O = ER ek
DIRENE TR N i Do R F A (i 07 N PS
TE AR TR SRR S AR S A AE
AW BL ST RO RO R TE R AR FGE21 IR SR
W 2SR R Hh = PR R BRI R

FF HAR BT U CAE e T A (%) 4R S5 o Y St A [
BFd & RE R LDL JIH KRR 1
WHEAREH HDL JHEBKTR S T 5 — RS
KL FGF21 TE4 IR A5 L /N BN Leptin i 25 A
PN RBL T ARG AR TR Xu 45 il g
R RERFE DR HR/NRIEE RE4HT
FGF21 b3 e SR /DN B o o BH S BRI A A v
BB ER HI =R R R W AR K T
PEABERHAERY I HET FGF21 B4 5 i 1 AL
Ml ARIERE  AF5ER FCR21 Rk 2 ALy b 5E
Z K o peroxisome profilerators activated receptora
PPARa " T E ALY HE G SZ K v peroxisome profiler-
ators activated receptor y PPARy " HEEERZ 1A HH %
I JL 3% & o retinoic acid receptor-related orphan
receptora. RORa #8#5 1M FXR X} FGF21 (45 /E
FH i 20 D 4

FXR @35 FIFAE /Mg R A " &
0757 PN R AL - AL 44t A R s 240 L v o A Ik P
ek 7" ARIHIC R B FXR 5 xR R AR
AR DG R R TR TE UM PR 0 3l K ok o B 16 254
g T B B AR ARSI A LI
KL FXR Al AR DT s Ak Mgk
PR BN HEAE BRI T IR A & 81 liver fatty
acid-binding protein L-FABP Wik N FXR A4
e LR F R THONE Y B4
FXR VE A4y B A H 2 Ty g i A 42 R - 7 fik 4t
JEREE R W EAERY i A5 L HepG2 il
LO2 4 A Bt FXR 5 FGF21 1y 5C R #AT 1 b
3% B {#H FXR #3h5) CDCA 8 GW4064 4bFH4H
L AR FXR RS L ) SHP mRNA |3 ik
FXR 7E WA 40 Mo b g BT Z J5 5250 & 3 CDCA
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I GW4064 ¥ 0] ffi HepG2 F1 102 41 ffl tp FGF21 (1
mRNA 17 (K F 1§ JF % 0 8 §9 CDCA
GW4064 ] ik H B RE 1 FXR 3 U5 AT 1 L
FGF21 ik FXR BUE G #H 5 EmR X ZikLL
S RIRIE S G T R 3 7 XY FXR 254570
£ FXR element FXRE SEEFFEEPFES *  HAEJ
KB FXRE K Z 8 2 1) B 2 A8 AGGTCA 41

Al — MZ IR T BRI In 842751 IR-1 - inverted
repeats separated by 1 bp TR-1 I JF4 R FXR 45519
Z Yy WA R HE A AGGTCA A5 3 2H B i1
S50 DR-3  direct repeats separated by 3 bp I
IR-10 inverted repeats separated by 10 bp 4§ [fij &+
FXR X FGF21 42 (i BARML b 75 1 — 2B 52
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