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F); RNA B 01151 (RNasin, RNase inhibitor), ¥
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Plus DNA Ladder J#J H Invitrogen /A #]; Oligo(dT);s
W H Takara 2w, HABALZA T34 4 4.
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Oligo(dT),s J 514 1% cDNA. ) 52 i 9 't i
PCR J5 LKA 41 fd ) GLUT1 mRNA [ iA4%
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CAGCG 3'. GLUTI H (5L Ky~ 34 L3z 5190k
5" CATCAATGCCCCCCAGAA 3', N5 h
5" AAGCGGCCCAGGATCAG 3'. X Nk & H
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HY R 28 B 4% 500 25 0 1250 6.25 4 3.12 J¢
1.6 mg/L FC il 7 % W b5 HE A, A b o il 26
1.6 mg/L ¥4 25 B /2 AH 4 T 1.44 mg/L [P0 L.
MM YUBAE LSS, 43 H 1000 nmol/L A FE41 ik
%, 1000 nmol/L FGF-21 /2 1 000 nmol/L ) \
Y B B # R FGF-21 [ Ra AL BEA L, 24 h J5
PBS M40, 40 M 1 x 10%ml. HX
0.5 ml 40 iy B 30% KOH % fi#, 1007C Jil &
10min 5, BT =IE N 3min, A 1.5ml TL/KS
BZ, 4000 g 250 20 min. 5% BIEW, Kooed
TN ZEWKAE Z ARF R 0.5 ml. BEJG N 1 ml K
FE 4 0.2% (1) # R 771 (0.2 ¢ #5100 ml 98%
H,SO, A Bl JF Ay, BB, 100°C 25 W
30 min. 620 nm K MAGIIL A fH.
1.9 HitEHE

I A Excel 710 4T 48 v 2% 45 M1, B4 34 LA
x x5 Ko, AN EREHILERERN (1%, £
YL LG BER FH T 2200 M. PR 1 (R SR T AR DG 93 #
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2 & R

2.1 MTT %40 FGF-21 33 HepG2 4 i 1 78 #Y
Al

ST x 105 1 x 107, 1 x 105, 1 x 107,
1x107° mol/L [¥] FGF-21 fEH] HepG2 41l }fd 24 h, LA
ATy FGF-21 (35 FR M AR 45 K W] FGF-21
X HepG2 4 MU 3A TG (R 1).

Table 1 Effection of FGF-21 on HepG2 cell’s
mitogenicity by MTT assay

Groups ¢(FGF-21)/(mol/L) A Survival rate
Control 0 0.71 + 0.06

1 1x10° 0.73 + 0.05 102.82

2 1x107 0.69 + 0.01 97.18

3 1x107® 0.70 + 0.05 98.59

4 1x10° 0.71 £ 0.07 100.14

5 1107 0.71 + 0.05 99.86
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Fig. 1 Glucose uptake of insulin-resistant HepG2 cells
after treatment with different concentrations of insulin
The values ( x + s) shown are the average of at least 3 independent
measurements. P < 0.05, P < 0.01 compared with no stimulation
control, “P < 0.05, #P < 0.01 compared with IR HepG2 cells. [1: IR

HepG2; @: HepG2.
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1 P 2 B ¥ A R A 2 K LR T 4 P T 2
HFERICH R 2R, 1 A AH R IR FGF-21 5311
BRI 55500 RAZHAH LG, 6 2 W )R DU FH A 35
s GEvh b PR 7 e . AT FGF-21 4b 21
S PR 25 B VY G 2R 38y Yl 2 ORI Y v T () A R
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R 5 A A R L 2 e N R 2 S
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76 St W S RN 7 e 3 (K 2).
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Fig. 2 Effects of FGF-21 on glucose uptake
of IR HepG2 cells
The values ( x + s) shown are the average of at least 3 independent
measurements. P < 0.05, P < 0.01 compared with no stimulation
control. “P < 0.05, ¥P < 0.01 compared with insulin stimulation cells. [1:
Insulin; @: FGF-21.

2.4 FGF-21 5R B0 E{ER

1020 B A T R B =P L, &
1 nmol/L 55 Z A1 1 nmol/L FGF-21 )R & 1575 5
LA H HepG2 LA M, 24 h J5 HURE 37 34 I
1 I 110 0 2 B SR IR 0, RIS A 1 nmol/L JiE i 2%
A1 nmol/L FGF-21 4 F A A5 70 46 fu 25 245 %) i
g1, DLIER R FRIEEE IR 1) HepG2 #2841 i 4 25 (1
PR, SR 3, I SR S A0
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Fig. 3 The synergism of FGF-21 and insulin on
glucose uptake of IR HepG2 cells
The insulin-resistant model cells were separately treated with 1 nmol/L
insulin, 1 nmol/L FGF-21 alone, 1 nmol/L insulin and FGF-21 co-treatment.
The values ( x + s) shown are the average of at least 3 independent
measurements. P < 0.05, compared with no stimulation control, *P < 0.05,

compared with insulin and FGF-21 treatment alone.

PR FER 5 2 (A A = AR B3, Uil
Ji S R 4k S 4E FH BN, 1T 1 nmol/L
FGF-21 FifE ] B 5 32 8 FGF-21 SR AF FH
TR0 4 6 10) T 25 B VP AR 2 0 v T IR R R IR I R 0
W, JEH., B 20R FGF-21 JL R A A5 78 41
I 367 25 B0 Y FE 2 LG FGF-21 Bt FH (9 A 754 440 i
AR FER TN, AT, FEA0 M AP
DU, BRI ZR FGF-21 S5 41 i 481 45 Wi S AT
1E—E P R .
2.5 FGF-21 18# GLUT1 mRNA FiXx
HIAHEANRE B I8 40 MRS N4 B, AENE L
ANV 10 P 470 A T 5 I A s R g
B 58 ), T X M A 7 2 s R
(GLUTs) I ahio. A2k s 8 1 1(GLUTL) 2%
AP IE B O R E A, R SR ED)
IR, AEARSNRE R 400 A FA v ik
F 100 nmol/L ] FGF-21 AbHEHCHTA 41 AL 6 h )5
WCHR 0 B B BN B A RNA, DL S )5 1 cDNA
B, %R R 5 1 )3 AT Real-time PCR 4 3445
T4 2 FGF-21 4 ¥ )5 GLUT1 mRNA [ £ 1548
b, DUBE S 203 dn fa o i, 25 R 4. &
FGF-21 &b B (1) JiE & 2 #K It HepG2 £ 2 41 iy
GLUT1 mRNA [k & 5 R BRI A U AH b, 3
T s 5%, WS RPN GLUTI 3R1A
BN, (A5 RS ZE R AR
F.oonl UL, RN RO S # AP ST
FGF-21 n] LB H 4 GLUT1 [IKIE, M
0t 20 B U 2 W

Fold increases
of GLUT1 mRNA level
S = N WA N

-
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—
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Fig. 4 FGF-21 enhances GLUT1 mRNA expression
in insulin-resistance HepG2 cells
The insulin-resistant model cells were treated with either 100 nmol/L
insulin or 100 nmol/L FGF-21 for 6 h. Total RNA were extracted by
Trizol method. The expression of GLUT1 in these cells was measured
by real-time PCR. The values ( x + s) shown are the average of at least
3 independent measurements. *P < 0.01 compared with no stimulation

control.
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2.6 FGF-21 XH&ER A HE R A R 20

HepG2 41 ¥ ik & # PG, HEHE R,
FGF-21 [R5 A7 o 5 1 FGF-21 TR G 1 70k
A ERREIANAG 24 b J5 . WORANM, 2 R A
A0 A R B (] 5). & RAEWT, FGF-21 Al
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Fig. 5 The glycogen synthesis of IR HepG2 cells
by FGF-21 stimulation
The values ( x + s) shown are the average of at least 3 independent
measurements. P < 0.05, “P < 0.01 compared with no stimulation
control, ‘P < 0.05 compared with insulin treatment alone or FGF-21

treatment alone.

3 it it

B DR e NS BRI, 2 4k oI i 57
P A E 2 i N A = KR T, 1999 A it
PAHZ(WHO) S K], 4t 58 IR
BB T 210, dafhivh, #2050 E4 AR RN
BFHILR] 342, Horpoak B 5O e TR S
E oK. BEEZTNH kR, Bl o Rom 8%
o B BT, R ah R v R E RS
4000 J7 R AL T AENE RO B, 2 2Bk
PRI 5 90% LA b, SR BE IR B ) A
BE. 2 BUBE PO 2 — RIS AT PR, H 3223
T HLAI 2k SRR @ 4t L ) i 5 2% 0 b I R I
ZYEH N FE, BPJEE S FEHCPi(insulin resistance, IR).
i B ZE KPR 2 BUBE PR 1K) 5 B R WL 2
0, R 2 ROBE IR IR R AR R A R,
J& T BN PR SR O ACRER) “3h )7 AR, B,
T T A 28 S I 2R AR T o P R R I )
25— EAAWT TN DRI A R0,

FGF-21 & i IR N X —A Retg Ao i

TR B A R 0. R CA SRR
RIL, (ESAKT L, FGF-21 {EAk N AT w25+
FRELUR TR IR, £ Bk B 40 B o fie S HL 8K
H, SCENREE S TIEE, JF H RN AT R e R
Bk, R O A7 SCHERHRIE T FGF-21 18 £
ATRTIRE, AR B AAER LI HRGE R >, 7R
B s, B R IRPUER AR A,
FGF-21 75 5 AP UIRE T2 588 m LA 250
TIPSR IRIE. K, AYBZLN FGE-21 15
FAMUHIRIEST, IR S5 ok 5 2 HE P ML
WL, Kk FGF-21 BCARYT i 5 2 48T 2 20pk
PRIF BT P B DA T BRI A

JHRIE A B AR P9 77 AR J B SR T I = KA1 22
—, R EMNESA WS, STk, L
UL BB R ARG 1 )5 BRI AT T
X JBE B AP R AE WL B ILFR T AT IR AT
HAECL 2P, Bk, EPWAMKRZEHE R R
HEBTHL R SRR ST A0 2 DL AN B Y sl 2 A 8
WS % . HepG2 40 MJs 1 A (¥ JHF U8 Jifs 988 41
TR TR VE 2 AR 2R DS H, B
WP 5 5 9% HepG2 41 i BT & ) (1 44 S0 i 1 2%
HCPUBA RS E . ATEE, Uk 2 NS s Sk I ak
F SR R B 20059, iR TR B 2R P &
HRHT I I FEOWE 1) 4 e SRR 0 A2 T 5 0 11 e E0OR P
R 2 B 8 2 B R IR S 1 A A T BRI
Wi AR (R G ST BTN, R AR S -
Bif2:(GOD-POD ¥2:) & —Fliilfii A N FH FRUHEAST DU 792
LA Zbnid H-DG A e SR bnAH L, ¥ 4
AN ST i fE, i BRI (4 i eT TR —
10K S DA PS N R NP 0 (= S /I 5% T O N
FH 1 W 5 9 9 25 5 HepG2 411, LI GOD-POD
PRI HE T AN AEHRHT HepG2 4 o %o 75 %5 B (1 5L
BeJ), e IlprtEan B ek, 45RE, &
R VAR JEE 9 I 3R % I 40 T A W B I ) I AT
KFEFYM, UEW] HepG2 Bl i ZARPUB AL 37 ik
Iy fEMIERE b, 34T FGE-21 2 5 (3 A R0 4
TR, FH R A 0 A H i A IR 240 A P i
THOL, RIT FGF-21 78 e = AHUIRAS T %) HepG2
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FGF-21 Improves Glucose Uptake and Glycogen
Synthesis of Insulin-resistant Liver Cells

LIU Ming-Yao, WANG Wen-Fei, YU Yi-Xue, HOU Yu-Ting, REN Gui-Ping, LI De-Shan™
(Northeast Agricultural University, College of Life Science, Harbin 150030, China)

Abstract Insulin resistance in insulin sensitive organ results in metabolic disorder such as hyperglycemia,
hyperinsulinemia and hyper triglyceridemia which are common features of type 2 diabetes. Insulin resistance in
liver cells mainly causes impaired glycogen synthesis, failed to suppress glucose production which is the major
contribution to hyperglycemia. FGF-21 as a new metabolic regulator can control fasting blood glucose. The
mechanism of FGF-21 effects on regulating plasma glucose has little to known. In order to establish an in vitro
insulin resistant model of liver cells and evaluate the effects and mechanism of FGF-21 on glucose metabolism in
the cell model, HepG2 cells were incubated with 10~” mol/L insulin for 24 h to build insulin-resistant cell model.
To evaluate the cells for insulin resistance, the cells were stimulated with fresh insulin for 24 h and the glucose
uptake by these cells was carried out. The insulin-resistant cells were treated with different concentrations of
FGF-21 for 24 h and insulin-treated cells were used as a control. The glucose uptake by the cells was detected by
the method of glucose oxidizes/peroxides (GOD-POD); the synergy between insulin and FGF-21 was evaluated.
The mRNA expression of GLUTI in the insulin-resistant cells was detected by the real-time PCR. Glycogen
synthesis of the cells was examined by the anthrone method. The results showed that HepG2 cells treated with
10" mol/L insulin for 24 h became resistant to insulin and the insulin resistance status was maintained for 48 h
without change of cell morphology. FGF-21 could stimulate glucose consumption of the insulin-resistant model in
a dose-dependent manner. The glucose consumption and glycogen synthesis of the insulin-resistant model were
significantly improved by FGF-21 treatment. FGF-21 showed strong synergy with insulin in glucose uptake and
glycogen synthesis of the model cells. While the cells became resistant to insulin, FGF-21 could increase the
mRNA expression of GLUT1. Thus, It is concluded that FGF-21 stimulates glucose uptake in insulin resistant
HepG2 cells through GLUT1 expression, stimulates glycogen synthesis and improves the glucose metabolism in

the insulin resistant liver cell model.
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