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Table 1 The fasting blood glucose, glycosylated hemoglobin and serum insulin level of the model mice

Group ¢(Glu)/(mmol+L™) GHbA1c¢/% p(Serum insulin)/(ug+L™")
Control 4.61 +0.36 4.33 +0.28 0.35 £ 0.04
Model set 1622 +1.14™ 8.41 +£0.37" 0.24 +0.04"

The values (x + s) shown are the average of at least 5 independent measurements. *P < 0.05, **P < 0.01 compared with

control group.
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Fig. 1 Affinity chromatograph of SUMO-mFGF21 400 800 1200 16.00 20.00 24.00

t/min

by HisTrap™ FF crude

—— :Manual run 9:10 UV1 280 nm; ——: Manual run 9:10 inject.

Fig. 3 Analysis mFGF-21 by HPLC
—— : Sample lijinnan. (3)2008.08.05; Injection 10; Satin Ch 1; Date:
2008-8-521:41:16 CST.
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Fig. 4 SDS-PAGE gel analysis of purification of mFGF-21
I: Marker; 2: SUMO-mFGEF-21 fusion protein; 3: Digestion products of
SUMO-mFGF-21; 4: mFGF-21 protein.

2.3 mFGF-21 Western blotting
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Fig. 5 Western blotting analysis of mFGF-21
1: mFGF-21; 2: BSA.

c(Blood glucose)/(mmol+L™")

2 h IR TFZE(9.18 + 0.56) mmol/L, £ 4h &
2564 [l 5 2 )46 /K F (17.91 £ 0.78) mmol/L;
0.125 mg/kg mFGF-21 AbFRALAE )5 1 h WEA FRE
(16.09+0.83) mmol/L, (HA 22 0.25 mg/kg mFGF-21
AbFRA AR S 2 h 5 I % 52.(10.3240.66) mmol/L,
RGBS, 25 6 h [MIS BIY 467K 0.5 mgkg
mFGF-21 A #2076 5 2 h i 0B 2 305 15 % 7K
(7.33 + 0.62) mmol/L, JFFHFEEYERFEIAY /)N BB Ak
TIEH KV 5h; 0.75 mg/kg mFGF-21 AL B4 5
0.5 mg/kg mFGF-21 ZbBRATAH [H], [F)FF w] 4 RR L
N BRI AR T 1IE 5 K FE 5 h, IESE mFGF-21 #£3))
WA P SRR TR R T R R AR s R 2
0.125 mg/kg mFGF-21 B AL BB R B4, 4 9T
HES IR AR RURE IEH K, B A
FAHBRBRMERINE G 2h 224, K 4U HAH
NS #E 5 0.125 mg/kg ) mFGF-21 A,
TCIR A RFELIN )30 2 A FH SR AW A0 TR A 4 4
FPRER G RR,  MOBEAETE S 1 h 5 B e] R
JKF-(6.33+0.79) mmol/L, Ff— B 4k HF I B 1F 4 7K
Fik6h, ZiF LK 6.

Fig. 6 6 hours blood glucose of different groups
The animal model mice were administrated with saline(Control), 4U insulin, 0.125 mg/kg mFGF-21, 0.25 mg/kg mFGF-21, 0.5 mg/kg mFGF-21,
0.75 mg/kg mFGF-21, 4U insulin plus 0.125 mg/kg mFGF-21 co-treatment respectively for 6 h. The values (x + s) shown are the average of at least 5

independent measurements. *P < 0.05, “P<0.001 compared with each group before treatment. l: Control(saline); [J: 4U insulin; [: 0.125 mg/kg;

:0.25 mg/kg; EH: 0.5 mg/kg; M:0.75 mg/kg; HE : 4U+0.125 mg/kg.
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2.4.2 mFGF-21 %f 1 ZU8H PRjps B 2 (1 < 0 o 2
BOAEH 1 WRESEE B 2 (4U insulin). AN R )
FGF-21(A #1: 0.125 mg/kg mFGF-21; B #H: 0.25 mgkg
mFGF-21; C 41: 0.5 mgkg mFGF-21; D 4:
0.75 mg/kg mFGF-21)Al FGF-21 5 i 5% 2R & F &
(E #H: 0.125 mg/kg mFGF-21+4U % 2), &E4E
W8 MG, 1 | RGN R, 1E5F
W OKE ) TBEFORR A 20 288 A4k, BPE
XTI, IBE S A 2T A R 8 T T i KT
ZEFWFEC*P<0.01), BEHITCIRTT R L
RZWy i MR RER N, R AR, kS
BRI AT 2 4L 8 I RTC W] ARk, Uil e 3
VAT AT A5 JLIN TR) A A B Y, G2n) IR

R NS HTINEE A8V E B S KA A S b oy £
s A G155 055k 1l 21 85 R 8 RT3 BRI
HZEREFH*P<0.05), BH/NFIEPF mFGF-21 X}
BRI )0 (00 = R IRAT T2 fidt, E— e R L
KRR, B 20 B U RR YT 2 /T
A E MG B4l C4l. DM E 4, I
B SRR I 2T B (14 8 SR RTIAT W B IR, HL2E
SRS 2 (P < 0.01), i B 57 B mFGF-21 41
(C 200 D 21)55 W [ 1 FH 2008 PR 995 542 1) af B 7K
PAHKARFLLIREEN, R 8~ 12 J M fE /K
(PR IEAR I 21 3R (TR 0T TS AT R R
b, 4R WAk 2.

Table 2 The blood glucose level and glycosylated hemoglobin of the model mice after administration
with different doses of mFGF-21 and insulin plus mFGF-21 for 8 weeks

Before administration

8 weeks later

Group ¢(Glu)/(mmol-L™) GHbAIc/% ¢(Glu)/(mmol-L™) GHbA1¢/%
Control(salin) 18.58 £0.75 12.31 £ 0.95 24.19 + 0.82" 19.72 +0.83"

Insulin 18.22 £ 1.63 13.44 + 0.46 18.67 = 1.32 14.32 £ 0.73
Group A 17.28 +1.02 12.49 + 0.54 13.33 + 0.85" 10.52 +0.67
Group B 18.27 +0.78 14.73 + 0.31 10.21 + 0.52" 10.10 + 0.73"
Group C 19.13 +0.81 13.08 = 0.74 9.17 £0.717 8.11 +0.62"
Group D 18.17 £ 0.69 12.32 + 0.67 8.38 +0.57" 7.62 £0.67"
Group E 17.64 +0.93 12.11 £ 0.78 7.65 £0.46™ 7.82 £0.817

The model mice were administrated with saline(Control), 4U insulin(insulin), 0.125mg/kg mFGF-21 (Group A), 0.25 mg/kg
mFGF-21 (Group B), 0.5 mg/kg mFGF-21 (Group C), 0.75 mg/kg mFGF-21 (Group D), 4U insulin plus 0.125 mg/kg

mFGF-21 co-treatment(Group E) respectively for 8 weeks. The values (x + s) shown are the average of at least 5 independent

measurements. *P < 0.05, **P<0.01 compared with each group before administration.

2.5 mFGF-21 & M 1% 2 7 49 Bf B M GLUTI1.
4 mRNA FTixT L

Bl IR o B2 By W) Gy 0] vE AR AU TR R
0.75 mg/kg mFGF-21. 4U i % 5 0.125 mg/kg
mFGF-21, XHA1ES AR K, 8 &G, #REUT
JIEE RNA, 513 2010 cDNA B, FI 4
S5 ¥ HEAT Real-time PCR A& AN [7] &b B 20 [a]
GLUT1. 4mRNA [RIASRARM, DL A H K
REBZN P 0 I, 5 R 7. &R R KT
WG, GLUT4 mRNA [JRE=IINT 2.6 5,
X FEZH 25 S 2 3% (P < 0.01), 1T GULTImRNA ff)
RKILEWE L1365, BXANBALWE ER; &
mFGF-21 KWV ES 5, GLUTI mRNA [ %k &,

BT 3.4 4%, B4 ZE S EZEP<0.01), 1M
GLUT4 mRNA [{JRIE =GN 1.22 %, BN 41 AH
PO W25 s W ESHIGRI & FGF-21 5 el &=
Ji, GLUT1 mRNA [ RIAmH I T 1.8 £, XY
WA A EE 22 57 52 (P < 0.05), GLUT4 mRNA [{] %
RN T 3.0 4%, WX AL E R R B E
(P<0.01). HILATW, S ZFEMEHE GLUT4 Kik
ANTF )L, mFGF-21 768 W) B vh 2l ik b
GLUT1 1) 3 15 Sk & ok % 25 0% i s . K A7) &=
mFGF-21 55 [ 5 2 P [5)73 46 i ) o] 3@ ask m] s 1 37
GLUTI. 4 W35 KN 56 2 b8 IR E 0, 388 e 24
Wiz
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Fig. 7 GLUT1 and 4 mRNA expressions in the liver of
T1DM mice model after administration with insulin,
low-dose mFGF-21 plus insulin co-treatment,
high-dose mFGF-21 respectively
The animal model mice were administrated with saline (Control), 4U
insulin, 0.75 mg/kg mFGF-21, 4U insulin plus 0.125 mg/kg mFGF-21
co-treatment respectively for 8 weeks. The values (x + s) shown are the
average of at least 3 independent measurements. *P < 0.05, **P < 0.01
compared with control group administrated with saline. [J: GLUTI1

mRNA; H: GLUT4 mRNA.

2.6 mFGF-21 3 &2 ¥ RT#E [R #Y £2 g

T 4U BB # . 4U B &= + 0.125 mg/kg
mFEGF-21 F1 0.75 mg/kg mFGF-21 H % 5 )73 4 8
JAJEfE 2, RAERTIEALER, 20 W vk e b Jsi
H(E 8). g R M, 3 R I S 34 T i AR Y
AN W) I R IR A s, TR 2R S AL R =
(19.05 + 0.33) mg/g 5 7 4 A= B 35 /K 19 %) H 4L

S ]

W
T
*
*
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Glycogen synthesis(mg/g)
9 [

(=)
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Fig. 8 The glycogen synthesis of model mice after
administrated with insulin, low-dose mFGF-21 and
insulin co-treatment, high-dose mFGF-21 respectively
The animal model mice were administrated with saline (Control), 4U
insulin, 4U insulin plus 0.125 mg/kg mFGF-21 co-treatment, 0.75 mg/kg
mFGF-21 respectively for 8 weeks. The values ( x + s) shown are the
average of at least 5 independent measurements. *P < 0.05, **P<0.01

compared with control group.

(16.43+0.82) mg/g WL, 225 W3 (*P<0.05), JHEE
# 5 mFGF-21 3 [A)33 S 20 )55 5(20.26£0.37) mg/g
XA b, 2R B3P <0.05), &
mFGF-21 15 418 I 75 12(22.88+0.84) mg/g 5 %)
AL, ZERWIEEE*P<0.01).

3 it it

5% AT 4 41 Jfd 2F K X ¥ (fibroblast growth factor,
FGF) & — 2 D) RENT M) i, FGF-21 #& Nishimura
ZE1E 2000 A /N BUVRSG Hh 23 B H SR IF FGF 51 1)
—ANHOA, LR PRIL . BAR FGF-21
RIVEH., HEF] 2005 44 SCEROA H D Ge kAT
8. FGF-21 & —Fpze 4. nlSE. AT 5
FZIARE R, 2 5RRAEM RS, &
A RESLIUE I OB S A, AR XA
RERE O R TR IR 0. 4 AT IR FGF-21
(DI REREAT T REIIHEIE, A R2Izhy), Wik T
R ARZ 210, HEX FGF-21 78 1 B8 bR 5
YR A RIS, EE WA IR G
WiE. ABPTCE N RAESE STZ &8T5, R
JG s N 22 IR 2 AR TR AR /DN B A R4
IGOLR, $a TR %, KR A STZ
M&, WA, oA EZRER /N EZ
S STZ,  Getl 153/ W™ A8 R VE IR i 5
W, R USRS PR R SO AR R, R
WORE PRI R AR R B R SEAR I (R AIE. 3X A,
IE ARG IS BT L T CIE LU LA . X Pl 7
OB R TT 167 RUR AL R A T
WoRiEA . Wi LM s scs- &, ACFH
1 BB 5 A5 700 56k mEGF-21 [0 A I8 R 22 ML
BEATAIFST. T8 W A2 B S 1 0 R T
A, KB mFGF-21 fE0% T M ISAR B (1) 1 B 7K
S, JERFEMOBIE. R ZE T B R (R
RBHEA BT TR, (HRFSER o0 . Ask
B REM TR, BUE FGF-21 FAJE FGF-21
FEAE G 107 20 B A4 i b 5 5 35 A B R A
FHESL RSO IR R 1 BB PR 9 sh WA 156
mFGF-21 5k 5 2 o A /E O RBEATER T, UE
W] mFGF-21 REM%E b A0 b 38 g B % 32 4 F 2
SRR SE ).

B S ) K IAE I7 AR R I, BRI A &
mFGF-21(0.125 mg/kg) i 5 756 B P o) (8% 142 il
Aoy BEAR, ARSI S S TR W DO B A7
FIEEE 5 ) R B A I 2T 2 A 7K 1R B B 7



2011; 38 (10)

FNENS, & RAFLEMIREKET 21 X 1 BUERF AR AT R RAEIR

*959-

S3UESE T ARG mFGF-21 b 76 5 47 1) 1t B 1 2L
ARSI, HENE TR, 76
RN ERZNS, BRI EE, @ KIEE
fIGH % mFGF-21 /e8I iA N a2t 2, W T =11
TSl B b s R i b i LR 2. TR 2 B
i ZNWIAE 2 h WIBZK-P IR R EH, BE T2
TSR, BURZ I B 2 K, (R %
RFREEIN AL, R RIS —IRIHTER N, A3
WA R K 2R AR BRINIIA] DGR o B I) EEL S 2 A T v o
POIRAS,  S lRSH W AT (R BR AR I 4T 2 1 R B
%, LA AR B R 7Ky SR ZEAT T 45 T AT A 1t
LR A gkst FTF. KA (0.125 mg/kg) mFGF-21
IV S5 B 0 AR AR A e ) R S AT A e
PE, R FE AR S A6 K T s R R AN
. KFHE mFGF-21(0.125 mg/kg) 5 B 5 £ IR &
A e RESR AR TS &R &
mFGF-21 & A & R AR MR R . KRS,
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Abstract Fibroblast growth factor (FGF)-21 is a new member of the fibroblast growth family. Recent studies
show that FGF-21 is a novel regulator for glycemic control in various type 2 DM models. However, its potential to
treat type 1 diabetes mellitus has not been explored. An evaluation of the function and mechanism of FGF-21 was
made in hepatic glucose metabolism of type 1 diabetes mouse model with slow-onset of the impaired glucose
tolerance induced by STZ. The mice were administrated with FGF-21, the mRNA expression of GLUT1 and 4 in
the liver were detected by the real-time PCR and glycogen synthesis was examined by the anthrone method. The
results showed that FGF-21could lower the blood glucose level of the type 1 diabetes model in a dose-depend
manner. The blood glucose level of the experimental animals maintained at normal level by injection of the
FGF-21 once a day. For the first time, the synergistic effect of FGF-21 with insulin in the animal model was found.
Unlike insulin that stimulated GLUT4 expression, FGF-21 could increase the mRNA expression of GLUTI,
co-treatment (CT) with insulin and FGF-21 could increase the mRNA expression of both GLUT1 and 4. After long
term treatment, the same as insulin, FGF-21 also stimulated glycogen synthesis of the model mice. The results
suggested that FGF-21 can regulate glucose metabolism through GLUT1 expression, stimulate glycogen synthesis
and improve glucose metabolism in type 1 diabetes model. Moreover, CT administration could increase both
GLUT1 and 4 expressions. These data provide the first evidence for clinic application of FGF-21 for treatment of
type 1 diabetes patients.

Key words fibroblast growth factor-21, slow-onset type 1 diabetes animal model, glucose metabolic, synergy
effect with insulin, diabetes therapeutic agent
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