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VI H Takara 2~ 7; AxyPrep Uk DNA $#2HUik
##. DNA BRFMGRF @I H Axygen A LW
B O SO F & 2 OMEGA A wl s & bl
DMEM #4557, B4 s (NCS)E H GIBCO A Al
A IMIF E A T (BSA) R I bt B~ i A
VARG Aw]; EAANBEERNA Sigma A A;
N FGF-21 HASEEG % alifb 35435 i 28 B X 77

£(GOD-POD )l B VU 13 5e BH AT BR5TAE 22 7] 5
RNA i #1371 (RNasin, RNase inhibitor). i %% 5%
fi# (M-MuLV). RNA 4 Bt 7] Trizol. 1kb Plus
DNA Ladder & 5 Invitrogen /A #]; Oligo(dT),s 4 H
Takara 23w, HAth Ak 20135 4 73 Hr 4.

1.1.3 5. L5 E & PCR 514 H Invitrogen
A

Table 1 Characteristics of the primers used for Real-time reverse transcriptase polymerase chain reaction analysis

Gene Forward primer (5’ to 3")

Reverse primer (5’ to 3")

GTAAAGCTCTCTGTCTCCTC
GCGGAATTCAATGCTGATGAT

Resistin(human)
GLUT1(human)
PPAR-y(human)
B -Actin (human)

GCAGGAGCAGAGCAAAGAGGTG
GAGCGGGAAATCGTGCGTGAC

GGAATGCTGCTTATTGCCCT
CAGTTTCGAGAAGCCCATGAG
AAATATTGCCAAGTCGCTGTCATC
GCCTAGAAGCATTTGCGGTGGAC

1.2 BERFTIEHKREIEE

# Peedual F1 pMDI8-T-H-Resistin #% & £
PCR. WV, & A7 B AL R IA Hi ik
Peedual-H-Resistin.
1.3 ZHpEIESF

W VRA7 1) HepG2 40 il 52 75 J5 %% N\ 100 ml £55%
M, F S 10% K356 5 2R 24 M35 [f) DMEM % 783
£ 37C \ 5% COpn MIFIVRIE S N TR, M4l
TE A M2 S5, ] 0.25% B (% 1 3 Ll
FEAR, dIBR Sy 1x 108,  HOH B A K 30T 1 40 it )
ENEE DX
1.4 HHREEER

A RR B R U 1) HepG2 4 i, FHR & XUt
(PG TR REAL 2x10° 20 MR 6 FLBR, Ar4 i
R4 L $) 70%, FH Lipofectamin2000 45 4 4
% HepG2 410, #J% HepG2-G(4% A Peedual 7% 3%,
PRI ). HepG2-R(%% N\ Peedual-H-Resistin H. %
KIS A ) 2 Ma R, BRITESR
Invitrogen 2~ &) & UL AT,
1.5 [FRTELAREREYIFIE

R A IELLY 5, A Peedual 244 I
(1) 25 25¢ 6 H 11 (GFP) i 32 A 6 4 4% Ji5 1R 40 i ik A T
TG A S22, 5318 5 0 M gk S dEA T S 57
TR OV v A E Y [ b A p sy = S T
1.6 MInFIFEEIMBRIEE

M Trizol % 73 Jj #& HU HepG2. HepG2-G.
HepG2-R R4l iL ) &t RNA, LLUE RNA JHAR,
Oligo(dT),s M 51H4 1% cDNA. ) 52 i 9 )l i

PCR 7 VARG I = Fh 40 il N HE DT 2R (R R IE L. %
M4 Thermal Cycler Dice™ Real Time PCR ] fif F 5t
WS BEAT SE I, I3 9 2 L resistin H 1)
L. MNAAZR A 20 ul: 2.0 wl cDNA L, 10.0
ul SYBR Premix Ex Taq™ (2x), 0.4 wl PCR 1E )% 5|
¥ (10mol/L), 0.4 pl ROX Reference Dye II (50x),
K =78 KA 20 pl. N 414 95C 30 s,
95°C 30's, 60°C 30s, 72°C 30s, 40 MEI. FFK
9G¥ o = 28 KA ) 2 R R, BN RE
Z/TEST 3 UK. AT AR E BT 7122 V)%
I R RTEA T A R o

1.7 BEREEELR

171 BERSAH  FERBE RSO0 T i F sk A
FIFCEAL I GOD-POD 0 I 1 57 3k v 2 28 0 15
i, ¥ HepG2. HepG2-G. HepG2-R — Ff 4 iy 43
A 0.25%BREE AL S, HICHE DMEM £ 7% A0
JSCERAS A LB, Fe B FLAE IR LR 5%10* /> /ml
BT 96 fLEE TR, BEALAAEFR 200 wl, fE
37C .\ 5% CO, FINEEESRAT RIS FRAR P R 1R,
IR, MGG R IRk S 9R 12h )5,
el i ) U D 1000 nmol/L « 100 nmol/L
(RIRE TR B TC IR B 2 IS IR, AR5 77401 24 h
Joi, HUERFREE T FE U 2l T R U
WERZARER o &, S5REM A B B AL 4
Bl S AR AR, L AL AN R A R T RE R
Y8 TN o 5% 22 SRR ST B 20 9k 2 A 8 ) 2 1 4L
TR RERS, TR A ) o ol I 25 T P A
P FER I LLZ,  RERDAE BN TR 1 3
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ARSI EE M, A 2E s 1.

1.7.2  FGF-21 I 1% 24 40 Jf 8% W i 1 5% mi . L
HepG2. HepG2-G. HepG2-R —Fh4ifil, SZiG414)
A FGF-21 £ % 4 1 000 nmol/L 100 nmol/L
(KI5 IR AL BRAN I 24 b, %k HRZH A AR AT f] A 34 1)
FEFRARE TR =4,  H GOD-POD V245 AN [F)
Qb FZE A0 M B FR I A E R RE R DL, KA
FGF-21 31 52 56 4 93 23 0k R AL 1) A 25 B T FE 26
THE AN [RIAR B FGF-211 540 6 57 26 5 04 A 1) 1
L, FMGE 220

1.8 HepG2 #fif2 GLUT1. PPAR-y mRNAFRIZEHY
Tk

1.8.1 NPT F I K 5 4 X HepG2 41 e GLUTI.
PPAR-y KA. J] Trizol 12:43 A2 HL HepG2.
HepG2-G. HepG2-R — F 41 Jfg 1) & RNA,
Oligo(dT),s J 5144 i cDNA.  F I SEI 96 6 ¢ 1
PCR J5 A I 40 Y GLUT1. PPAR-y [ K ik
. BARTIA 1.6.

1.8.2  FGF-21 X HRHUE AL K % GBI M4 i GLUTL
PPAR-y KK [FI5401. HepG2-R 4 i 1] G I35 1% 5%
KI5 12h J5, 100 nmol/L ) FGF-21 57541
JL, DAA AR AT Ak B ) 40 i 6 B, 597 6 h )i
Wk 4 e, ] Trizol 3% 4% HX 40 JHO ¥ &2 RNA,
Oligo(dT),s J 5144 i cDNA. I SEI 96 6 ¢ 1
PCR J5 A I 40 Y GLUT1. PPAR-y [ KA
. BARTIA 1.6.
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2.1 EMERFEHERGE
# Peedual. pMDI18-T-H-Resistin /A% PCR.

ME U1 & HAL Oy RS B B R A ik
Peedual-H-Resistin. Peedual %14 [ 7 A 5 (8, % )6
T (GFP)IR H 2 A ) g IR T 38 R IA 2 A 18] 0
w1 TR,

HindIll

Sal 1
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' Hind Il
Not | Leader
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EcoR 1

Fig. 1 The profiles of resistin eukaryotic expression vector
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2 PhEREE YA )5, HEAT IR A0 R AR
DA L) HepG2 41 4 B PEXS K JLAS M 1)
POCIREE BB AL P2 [IE NS I, Rl G iy i 4
WEREAT AL, 7339 v T R 4. 7k
SR NRAREE TR, A REEL R 108 N E AT N —
orik, & 48NS, 1920580 B g a0 Ak
HepG2-G. HepG2-R, &R /R 9865 B 3204 ] il
3, HFHMERER 90% L . K 28 4 %45
16 J =M i A P 45 SR EL AR
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Fig. 2 Comparison of each kinds of transfected cells by flow cytometry

The cells were washed by PBS twice, after that they were suspended with PBS, the cells were sorted by flow cytometry at 488 nm.
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2.3 MIMEEFEFE R MRREE
N FH 82 I 9% 0% 2 & PCR J7 vA A Ml HepG2. wool
HepG2-G. HepG2-R — 4 i ]y kBt & I R 1L 4% §ﬁm ——
P, GHHILE 3.l 3 TR, B TR 41 M L
HepG2-G 5 HepG2 4L 2 AN G, 1 HepG2-R gs@:_L v
AN NPT R R IE W 0 5 T HepG2. HepG2-G 4 400l
Mo, HZERWEE, Uil AT S B g i §3m_ y
). % 2.001
2 Lo}
B 0.00
=2 3.5} 100 1000
:2: 3.0 i c(Insulin)/(nmol * L")
East
é 201 Fig. 4 Increase rate of glucose uptake in three cell lines
E, L5r 1 treated with different concentrations of insulin
5 L0y - The values ( x + s ) shown are the average of at least 3 independent
E 0.5r measurements. *P < 0.05 compared with normal HepG2 cells, P < 0.05
5 0 Hor2 o260 A compared with HepG2-G cells.[J: HepG2; d: HepG2-G; M: HepG2-R.

Fig. 3 Quantitative mRNA expression of resistin
in HepG2, HepG2-G and HepG2-R cells
Quantitative mRNA expression of resistin in three cell lines were
measured by real-time PCR. The values (x + s ) shown are the average

of at least 3 independent measurements . **P < 0.01 compared with

normal HepG2 cells, #P < 0.01 compared with HepG2-G cells.

2.4 1REVAAI AR B R AR AT

¥ HepG2. HepG2-G. HepG2-R — Ff 4l iy 1]
AN LIS BB IR R AL 12 h, IR [R)9K E
(PR S 25 20 24 h 5, 846 GOD-POD
ERMRE SRR A S T, S R AR
AR O AR T B L 0 ) R FE R, S
B 21 55 2 1 2 A B T AR R A 2 S v S AR
FERGINLL A, HEHATGE . A RER (B 4),
T KRBT (A2 20 3 2 T RS (L 2R B W
I T 158 40 B 23 o R L Je i e, 2 R B
(P<0.05), FHUEAT UL, o FRIAHDTZASL N X fik
By 2 OB A, 7 A B AL
2.5 FGF-21 ¥ i3 3=k # 1 2= 12 B 20 R 47 R Yo |9
Al

F A 8] 9K BE () FGE-21 7Y %) 4k 2 HepG2.
HepG2-G. HepG2-R =H 4l 24 h J5, &k
(1) GOD-POD A0 15 77k i A8 5 1, 5040

P 55 7 s R A B R ik U B 0 P e e b
THFER, SEIOALS 7% (1 41 B T FE A = (e 5 v
A PEEAE R I, AT . 45 R
KW, FGF-21 X} HepG2-R #8441 Ay {12 3E4F FH 5
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Fig. 5 Glucose consumption increase rate of three cell
lines treated with different concentrations of FGF-21
The values ( x + s ) shown are the average of at least 3 independent

measurements. []: HepG2; [O: HepG2-G; M : HepG2-R.
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2.6 i EE F % HepG2 A A2 GLUTL.
PPAR-y FRiZHIE 0

M Trizol % 73 Jj #& HU HepG2. HepG2-G.
HepG2-R — 4l fi (1) &4 RNA, Oligo(dT),s A 5|4
A cDNA.  FI 52 i 5¢ 0 i 7 PCR J7 2460l 4
HIP GLUT1. PPAR-y [MFRIAARIk. BRRY I
= ZRKARVE R 1 25 (I R, AR R DR
3 K. AT AN B B R VR R H
BHATARDE . 4R BN, W RIAHPTRE A 4
Jf HepG2-R ] GLUT1 ik 5 HepG2. HepG2-G
L, #Em T3 52, FHEREZEE6), 1
P 20 ffy PPAR-y ik 5 HepG2. HepG2-G
A MR, MERAREE D).

500
45t
40} #
35)
3.0}
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15}
1o}
0.5}

Fold increases of GLUT1 mRNA level

HepG2 HepG2-G HepG2-R

Fig. 6 Quantitative mRNA expression of GLUT1
in HepG2, HepG2-G and HepG2-R cells
Quantitative mRNA expression of GLUT1 in three cell lines were
measured by Real-time PCR. Total RNA were extracted by Trizol
method. The values ( x + s ) shown are the average of at least 3
independent measurements. *P < 0.05 compared with normal HepG2

cells, “P < 0.05 compared with HepG2-G cells.
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Fold increases of PPAR-y mRNA level
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Fig. 7 The expression of PPAR-y in HepG2,
HepG2-G and HepG2-R cells
Quantitative mRNA expression of PPAR-y in three cell lines were
measured by Real-time PCR. Total RNA were extracted by Trizol
method. The values ( x + s ) shown are the average of at least 3

independent measurements.

2.7 FGF-21 X i3 Rz i F R E 40 GLUTI.
PPAR-y FRiZHIE 0

B TR ok R TA P 3R A 4 s GLUT1 %
IR R ES N, AP FGF-21 X R L4 iy
ARG, AR — DRI T FGF-21 XA
4l GLUT1. PPAR-y FIAMI 52, Kl ik HEht
F AR 40 Y HepG2-R JIJ 100 nmol/L [#) FGF-21 &b
B o6h 5, WORANHPE AN ML B RNA, DL e
J& ) cDNA AR, FHRe 5 Pk 5 )R AT 52 16 ¢
JE B PCR 34, A MUAR AL 40 e & FGF-21 Ab 3 )5
GLUT1. PPAR-y [FJZRIAAEAL,  DAA AL (1) A5 4
WA X, 4E R R FGF-21 AbFE )5, R4 i
GLUT1 ik W& n (&l 8), wtWikyizRid &
LB AL L 6F FGF-21 (RIS e 2 B2, T
PPAR-y 3R IA G 2 A2 4(14] 9).

350 .
3.0t I
2.5¢
2.0}
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1.0} I
0.5¢
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Fold increases of
GLUTI mRNA level

Control FGF-21

Fig. 8 The expression of GLUT1 in HepG2-R cells
treated with 100 nmol/L. FGF-21
Total RNA were extracted by Trizol method and levels of GLUTI
mRNA were measured by Real-time PCR. The values ( x + s ) shown

are the average of at least 3 independent measurements . *P < 0.05

compared with no stimulation control.

141
12} I
1.0+ I
0.8+
0.6F
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02+

Fold increases of PPAR-y mRNA level

Control FGF-21

Fig. 9 The expression of PPAR-y in HepG2-R cells
treated with 100 nmol/L. FGF-21
Total RNA were extracted by Trizol method and levels of PPAR-y
mRNA were measured by Real-time PCR. The values ( x + s ) shown

are the average of at least 3 independent measurements.
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AR, SEMEACTAH L% 40 AR T R AT M T
3 4%, FIFCEAL Y GOD-POD <1 Tkl 410 fifa 761 %5
FEHFER, 4R EN, W RIAHRYT AR G0 f % B
By S BUBVERRAS, AR =P, UESEERAT %)
M Tl RIS YU RE I RIS ZHPURE T
HepG2 4iifl. 1% FGF-21 Rin, o FisHHi %
TR 240 J0 (1) 1 4 85 T FE 5 15 HepG2 40 il 7 J5t
R AN AR L, 3899 R R E R, Bkl
UL, FGF-21 A 21 i X IPTE S RIS
BTN 0 1] 25 0 Y

HuEr S AW 5tuEY, FGF-21 @it Fif GLUTI
(R 1K R IZ MG 5y 1 40 i N R R 0L Rk
TEIN K I IR K HepG2 4 fiy GLUT1 43 1
T EAZE A B ED. Simone A, fEAN
FWE T, KPR GLUT1IEIE AN, 7E
—EREE (10 ng/L), #PIEAREE [ GLUT1 %
ik, AT R WAL T 50 pg/LI GLUT1 #ik
BERRAC, AT CUESE 2 BB R B e IR
PURS T, MEIRPUR G EE TF A, HS
HAE 10 pg/LA AWM, FEARBF U, il %ot &
i PCR Kll, 450, W RIEHPTLR 41+
GLUT] (W3R 35 i T P Mol B4 i, FRATTIA
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WREAT, mgl R T 8BS MR R N, MRS
GLUT-1 [3RIE L, (HIXA R T 0 1 sE5AE
S5 FEMN FGF-21 FS, i 3Rk HGht 2 158 4

JFR) GLUT 142 3K 8 5 A il 1 A5 284 40 i AH LG AL AT
B L, U FGF-21 fgfT ROM iyt Bl Rk
4B GLUT1ZRIA 5, 3173 250 71 40 1 11 7 26 b
R, deah, TATERN T FGF-21 K542 4E
FH A 55— T B 40 A% 3K T A2 AR PPAR-y 1978
1, RINZFARAN B3, (S RIA TR 1)
FAIAN i PPAR—y IR IE A %, PPAR-y
S MCAAT 25 G nT LS I B R sk, DRt Rk
ORI AT R TR I R T R AP S A
Z—, {EMN FGF-21 J¥ 5 PPAR-y KikH P |
THEZE S AR,

gi ATk, AT KPR I RIE AR S5 m
FGF-21 [I/EF, FGF-21 g3 20 TPt &£ 51 LMk
Sy E AP AT b A, M FGF-21 5 3N H
FIRIT IR 2 TR0 PR S5 1 B ZEHCHTAH S
ASERG A A JE R TRTT AT ER 5 1 R B i 23T
PP AL T E IS LA

2 % x M

[1] Steppan C M, Bailey S T, Bhat S, et al. The hormone resistin links
obesity to diabetes. Nature, 2001, 409(18): 307-312

[2] Ort T, Arjona A A, MacDougall J R, et al. Recombinant human
FIZZ3/resistin stimulates lipolysis in cultured human adipocytes,
mouse adipose explants, and normal mice. Endocrinology, 2005,
146(5): 2200-2209

[3] REFFHE. NIHRUZE (A SR DR et 20 26 W S 11 5% iy S FCATL ).
AR HAOREE, 2008
Sheng C H. Effects and mechanisms of human resistin gene
transfection in vitro on glucose uptake. Jilin: Jilin University, 2008

[4] Muse E D, Lam T K T, Scherer P E, et al. Hypothalamic resistin
induces hepatic insulin resistance. J Clin Invest, 2007, 117 (6):
1670-1678

[5] Rajala M W, Obici S, Scherer P E, et al. Adipose-derived resistin
and gut-derived resistin-like molecule-@ selectively impair insulin
action on glucose production. The Journal of Clinical Investigation,
2003, 111(2): 225-230

[6] XEEEE, E3CK, T25, 55, T4 41 Mo A=K X 1 (FGF-21) 3%
B 5 AR I 200 M X 2 1 RS R D 5 k. AR
54 ek, 2009, 36(10): 1327-1333
LiuMY, Wang WF, YuY X, et al. Prog Biochem Biophys, 2009,
36(10): 1327-1333

[7] 2% #k, f W, ZF05 8, 45 HRPUER A0 TR B 2 0o e H
KR o 3 3 A 3 2K, 2009, 25(4): 688-692
LiY, He J, Li F P, et al. Chin J Pathophysiology, 2009, 25(4):
688-692

[8] YangY, Xiao M F, Mao Y Q, et al. Resistin and insulin resistance
in hepatocytes: Resistin disturbs glycogenmetabolism at the protein
level. Biomedicine& Pharmacotherapy, 2008, 63(2009): 366-374

[9] MH:E, mi/hF, 24475, 4. GOD-POD V1 Akl <& J5 23 1) 1



*530 EYUESEYYIRHRE Prog. Biochem. Biophys. 2013; 40 (6)

N2 LA 3T3-L1 IR s 40 M A HepG2 4 Bl 45 M v (¥ B . DY R, 2010, 8(8): 997-998

JIfER 24 2% &, 2003, 11(1): 12-15 Hao X L. Chin J Integr Med Cardio-/Cerebrovasc Disease, 2010,

Yang G Z, Gao X P,Yan J F, et al. Sichuan J Anatomy, 2003, 11(1): 8(8): 997-998

12-15 [13]3kHa4T, £ S, b A, 45, 240 2 B0k s S5 VS KUK
[10] Fh WS, wh Bt e, ATH:PE, S5, aF 44 i AR R 21 X 1 Z0pk S b5 I By 3 HR BT I AH OC M ST BE A 2R A%, 2011, 10(5):

PRI B AR 1) B AR ST 5% e S LRI 9. AR S AR 342-344

FRAERE, 2011, 38(10): 953-960 Zhang Y H, Wang L, Yang W, et al. Chinese Journal of Difficult

Sun G P, Ye X L, Ren G P, et al. Prog Biochem Biophys, 2011, and Complicated Cases, 2011, 10(5): 342-344

38(10): 953-960 [14] FALLBR, FRIT, EAR R, 25 2 FBOBE R 58 M3 #PT 2 KT/
[11] Simone N D, Nicuolo F D, Marzioni D, ez al. Resistin modulates AT, P E LA IR, 2005, 21(11): 1011-1013

glucose uptake and glucose transporter-1 (GLUT-1) expression in HuHL, Wang CJ, Wang Y M, et al. Clin Med Chin, 2005, 21(11):

trophoblast cells. J Cell Mol Med, 2009, 13(2): 388-397 1011-1013

[12] /K. MR HRHTER 5 B RS FROAR SR RIT AL o G B 45 5 0 i o

The Effect of FGF-21 on Glucose Metabolism in The
Resistin-induced Insulin Resistance Liver Cells”

LIU Miao, WANG Wen-Fei, LIU Ming-Yao, ZHAO Jing-Zhuang,
BAI Yin, GUO Mo, REN Gui-Ping, LI De-Shan™
( Northeast Agricultural University, College of Life Science, Harbin 150030, China)

Abstract Resistin was a cytokine associated with insulin resistance. The objective of the study is to investigate
the impact of fibroblast growth factor (FGF)-21 on glucose metabolism in resistin-induced insulin resistant liver
cells. A stable HepG2 cell line expressing human resistin was developed. The cell line was treated with different
concentrations of insulin or FGF-21. The glucose uptake of the treated cells was measured by the method of
GOD-POD, and the mRNA expression of GLUT1 and PPAR-vy of the FGF-21-treated cells were examined by
real-time PCR. We successfully developed the HepG2 line which stably expressed human resistin. The results of
glucose uptake showed that the sensitivity of the cell line to the insulin treatment significantly decreased, but
FGF-21 could effectively stimulate the glucose uptake by the same cell line. The mRNA expression of GLUT1 was
elevated in the cell line, and the GLUT1 mRNA level of the cells significantly increased after treatment by FGF-21.
The expression of PPAR-y had no significant change. The cell line in which resistin was highly expressed has a
reduced susceptibility to insulin. Although the high level of resistin makes cells insulin resistance, FGF-21 can
regulate the glycometabolism effectively in the cells.
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