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1.1 #l& A FGF-21 &H

MO 43 25 FGF-21 ¢DNA, 715 %Kik
Z 4 pET30a/BL21(DE3) 1, LA [1)5 C i 55 Flag
of His fr2 b o ARiE. EARIBESERE, &
BRARATAL . AR VRN PR S5 U VAT . H T
Flag $U AR 30 19 4 Bk (Sigma 2 7)) 35 F1 2 #r 464k

FGF-21-Flag fili &4 A, H Ni-NTA 35l (Qiagen
N HE]E MM 44k FGE-21-His fil & & 1. HPLC
(Waters 2 F)) /AT 40 fEAE 95% LA FJ5 nl A .
1.2 &£¥IERRICA FGF-21 &R

F A FE BRI £ (Cat. No: 21336, Pierce
Biotechnology Inc. Rockford, IL) #£## {) /7 1 £ AT b5
id. 24k N FGF-21 5 50 % 1) biotin-NHS i
G WAV 2 h, B @S VE LB AR
biotin-NHS.  FH %] 25 B WK T i 560 A 00 A 49 35 i 1)
FGF-21 AWt A PRAF o] i 128 7 25 5 W e 2y
REM FGF-21 £ 1A REH T A5
1.3 2 FGF-21 5 3T3L1 B4 RasECsiE %
1.3.1  3T3L1 JIE /05 40 ffa ey 35 92 F 40 4. Bl 3T3LA
g0 0 A gy, T 10% /0 2 I i 1
DMEM #5753 85 IR fdi iy 3T3L1 T4 40 fa (R
JEWG A ). B A KRS R UF 1) 3T3LT B 2F 4 4 e
PL 2.5x10% (% B4Rl T 12 FLAR, 24 3T3L1 41
TERCRE ST, IR 40 B 23 A 1(5 5 mg/L B 5y
%, 0.25 wmol/L Mt ZEK#2, 0.5 mmol/L IBMX,
10% 54~ 1L () DMEM 35 97508597 2 K, IR
05 40 A3 AR 2(F 5 m@/L I 2, 10%016 2 1 i
() DMEM ¥5 75361595 2 K, SRJEHE 10%57H 41
H ¥ DMEM 578 LYl RF, BF 2 Rk, 1k
214K, 1 90% L IR 4 i o4k i 195 40 i s mT
. B ER. HIEKFA. IBMX W H Sigma 22+,
DMEM. JAZRIME. /MM A Invitrogen 2]
1.3.2  FGF-21 413 3T3L1 JIg /I 40 Ji0 (1% %1 25 B 04 K
(00 52 Aoy M. 2l Ak 1R R R A 200 mg/L (1)
FGF-21 F 40 M3k I e mioBe, A 2R B2 73 0 A
0.1 nmol/L, 1 nmol/L, 10 nmol/L, 100 nmol/LFl
1 000 nmol/L. 74k e #4074l B LI R 9% 12 h
i, P FIRW IR FGE-21 &b BEZ0 M 24 h, FE¥EAT
RACFRIR S A IR, BRI B3 2 ul, iR
1L1¥) GOD-POD A5 15 = B i A b o i, f A
WER/DWE 3 AMUCLIERA, Gk
PEHFER.
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U FGF-21 25 1 B v BE TR AN 2 v B A
AR, AL PUA. FGFR-2 Hrikf
Sk, 2PN FGF-21 F FGFR-2 5 [ 31 3if 4
SKIR B, AR A RS E B QL B AN KA FGF-21 Al
FGFR-2 ] BaF3 41 s, LI ik FGF-21 1 FGFR-2
N PR 2R A AR, PR Re B TR EAT G i BN IR R
IR R . REENIE AR K e
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il S DUVE DI /K 8 min, AP H 7843 AR V.
FE AL AE Tris-Glycine 85 [/ L8, FEM 2 5 5
% 2 H IR 4T 4 Z i (Amersham A ), H 5%H i
NEAE W IR RR LT YE L. AR5 SHe e tEdifk 4°C
A, HAE N M FR A HRP [ — $T (Santa Cruz
Biotechnology A &) % i #F & 1 h, H SuperSignal
(Pierce 2~ m)) A IR ARSI S BV AT 5
1.5 FGF2U/ZHRESMMIRRFEE

3T3L1 AR 4AE 37°C LMLEYLE 2 h 5, N
A FGF-21-Flag 50429 % br i 1) FGF-21-His, &
4°C 55 I 7 40 Mo BpL 2 4 B 2 h. T4 1Y) Hanks
GEPE VR M, BR AT RCAR. RS, IATE
I JE AR BS*(Pierce A H]), fE 4°C 5 H1541 i
FZEE 2h. BREMBEHE, MAF 50 mmol/L
Tris, 150 mmol/L NaCl pH 7.5 (2% s, 37°C 1k
A 15 min 205 M. H 22 A% W (50 mmol/L Tris,
1% Triton X-100, 0.1% Chaps, 150 mmol/L NaCl,
1 mmol/L EDTA) 1 & [ g 41 il 771] € & P (Roche,
Indianapolis, IN)ZfEAN . RAEY)INE Fig H T
P YTUE 5> B FGF-21/ A E A1), iy AR
I ECAR R iR FHAS R 7 V253000 FGF-21/ 52465
“W: AV FE AR d ) FGF-21 I, H 827 55
= I B (Sigma & ®)YLHE ;s A Flag A5 19
FGF-21 i, H¥t Flag HufA 3 b (Sigma 2 7)) ¥t
V. TP =41t SDS-PAGE H /4 & )5, Mt FGF-21
PUAEAT Sog% BN W FGF-21/ 2R 54,
1.6 SZRHBERLH I

SCYHT 3T3L 40 M i YLk &, 1Y FGF-21
AL B L R A0 ML 10 min, 37 R 5 Bk P il 40 ) 5
(Upstate, Waltham, MA) [ fift R 40 B, i
JIE 2210 v FH BB R AL T 2 PR BUAR (4G 10, Upstate) %
PEDLHE, HPUIAR FGFR-2 ik BN, sz H
Pt FGFR-2 PL3E , F P W2 14 1% 20 1R Pe 44k f 92
=158
17 BBERBRERELE FGF-21/FGFR-2 E5Y)

FGFR-2 S Pive fo, Al P A e ol /) &
(Calbiochem, San Diego, CA)likE, J=Z4% i
PAHRTERAT. ) FGE-21 R sIi 40, 2
filt i, FHHT FGFR-2 HuA Bt il sl o i R 1 1% 2
PR PUIATE IERE (Upstate) 34T St vE, H PBS #4)
5 VEAH 3K FGFR-2 MY B IRHE, FH B0 &b iR &
g, CUFE N- HE 5§ F(N-glycosidase F, New England
Biolabs 28 7] ). a-N- £ B 2 . ¥ 1% B (Endo-o-
acetylgalactosaminidase, Sigma A F]). a- 1 £ %

CHH IR B (-2-3, 6, 8, 9-neuraminidase, Calbiochem
oNE) B- - FUBETTBE(B-1, 4-galactosidase, Merk 2
Al ) MOB-N- & WE s A OB I OBE (B-N-
acetylglucosaminidase, Merk), 37C yHfbil#z. Js
b O- EBE R N- HEREH AT B AL . B S I
FGFR-2 £ SDS-PAGE Jii, F¥t FGFR-2 $if&(C-17)
By P I 6 156 24 1R $1 44 (Santa Cruz Biotechnology
2 a]) G EIIE.
1.8 LEFEF{IFTIZA FGFR-2 HITHEL L
1.8.1 ¢F% FGFR-2 cDNA. #2HL 3T3L1 Jlis Jiij 4 i
RNA, WH] FGFR-2 ¥ 51 3" s E B X 5 [0 i
RT-PCR 5% 7 & 4> & FGFR-2 ¢cDNA. L 514
43 5" GCCCATGGTCTCAGAAGAAGTG 3', Fiif
5% % 5" GTTCCTGGTGCTGTCCTGTTTG 3'.
PCR ¥ 5 [% £ T #/k(TaKaRa A 7)) Ji7, FHHLPE
HC 10 A cDNA 38 B 2847 5 51 40 i . 51 4 i
Invitrogen A 7] K.
1.8.2 i Bk vk B S AT 3ROk 1) B R b
FGFR-2. 44 FGFR-21llc cDNA 7 [ 1] 10 # 5%
Jpi 13 I8 A pPBMN- [ -GFP(Stanford A 7)) |, H
FuGene (Roche 24 ] ) %% 4 il 71 #% 4% 40 %< 41 i
EcoPack (Clontech, Mountain View, CA). 241 iy
E WU Y TG FGFR-2 A 1) BaF3 41 fl, JH &
0.1 mg/L FGF-1(R&D Systems, Inc. Minneapolis, MN)
6 IL-3 15 9% 5 0 i £ € % 45 FGFR-2 ) BaF3 4
M. HI FGF-21 kb AG € 21k FGFR-2 (1] BaF3 4
L, MR Z IR DUk IP RH, IP 4
SDS-PAGE J&, Hl¥t FGFR-2 HufkiEAT 4y BV,
MELHMIFFRIE ) FGFR-2 WERALAE DL, A5 K
FGF-1 1 4 BHPEXT I, FGF-1 Al 5514 ) FGFR %
N, IR L.
1.9 FGFR-2 7£ 3T3L1 ML BRERRERRIED
5B 3T3L1 4 )i 5344 i i A ] ik [ BE AL 2
A, ARG, BUIE L5 #ET SDS-PAGE,
M #t FGFR-2 Hi A HEAT e 2% BN 2L %5 5€ FGFR-2 1L
3T3L1 48 o A i v 1 22 e ik L.

2 4 R

2.1 FGF-21 5 3T3L1 FEAn¢mpasEig atE

Bl 3T3L1 41 Jfa H s o7 40 M 23 A 1 0 i s 4
M AL 2 AEEL IS, 90% DL - Fry 41 B 2 L HA T f 4
HUFRFAECE 1), FIANFIR ) FGF-21 Ab#ER] 3T3L1
ST 2 A0 R 3 AL A IR T A0 B, 24 b 5 HORE 9%
B EIEA MR K) GOD-POD A6 I 1% 57 5 vh 4 25
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WS B, Gk rai R EoR, FGF-21 XAk
() AT LA M ANEAE T, AR REAREE 510 )5 IR IR 15 48
JRL S FE T 20 . 5 A 2R AR B R U7 40 K B A A
bb, 28 FGF-21 b5 T 107 20 B ) 7 26065 16 46 HOR)
F SN, BRATAERT FRIE b (1)1 W o
DIREARR M ¢ K25, P<0.05 ZRE#E, P<
0.001 % i B 3). AL AL AEL R /N 3T3L1
UG 75 40 60 250 W R B LA 30.24%, T4 FGF-21
A AP IR 17 4 6 2 W U AR 20 R 1 0, ARk R
0.1 nmol/L I B AJ ik 3] 46.32%, I HFti# FGF-21
WREBE N, 20 B 2R AR, B =
W= 28, AEWEER 1 000 nmol/L I ik 61.01%,
EEXTREIE N T 30%(14 2).

3T3L1 pre-adipocytes 3T3L1 adipocytes

Fig. 1 Differentiation of 3T3L1 pre-adipocytes (200x)
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Fig. 2 Analysis of the glucose uptake of 3T3L1
pre-adipocyte and adipocytes by FGF-21 stimulation
The glucose uptake of 3T3L1 pre-adipocyte and adipocytes stimulated
by FGF-21. The values ( x + s ) shown are the average of at least 3
independent measurements. *P < 0.05, **P < 0.001 compared with no

stimulation control. (1: 3T3L1 pre-adipocytes; H: 3T3L1 pre-adipocytes.

2.2 FGF-21 5313L1 R AR Ry IR & B 2 B
FGF-21/FGFR-2 E&1)

M Flag Fric i) FGF-21 541k e M, Mt
Flag $iL/& IP 41 L, 1P ¥4 SDS-PAGE

5, F¥TFGF-21 2 e HiiibAT s e Epak. I
FGF-21 5 3T3L1 JIg i 4 W i &5 U2 i N 2 &
Y, 4y ¥ ITE 250 ku LLE(FE 3).
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Fig. 3 Identification of FGF-21/receptor complexes
in 3T3L1 adipocytes by Western blot
FGF-21  was

immunoprecipitated with anti-Flag antibody and the IP products were

The 3T3L1 adipocyte lysate treated with

immunoblotted with anti- FGF-21 antibodies.

H W FGE-21/ 2R G2 ARy, M5
Flt FGFR $ifAf SEWHAT T el RIAA
Pt FGFR-2 [$ifk 5 Hoh — AN AW R AR e R 25
4 (Kl 4a), BEHIZE AW TS A FGFR-2. AiEW]
gi R el &M, A A Biotin bR il 1)
FGF-21-His 5 3T3L1 i 05 40 Mo & i /5 . H
Streptavidin IP 4 il % f# ), 1P P~ 4% SDS-PAGE
J&, BT FGFR-2 HUiABEAT S BNk, 25 R FHRAIE
WiHt FGFR-2 $itik 56— 1R E N 2 S5 W R L
FeESE A (K] 4b). X4 AR FGF-21/ A E &
Yih &4 FGFR-2.
2.3 FGF-21 5] 313L1 BER 408 F FGFR-2
[i:404

LiRgE R K], FGE2l/ 2 E &M EH
FGFR-2, #¢/~ FGFR-2 W] figs& FGF-21 7E5 /i 41 iy
R ThBESZ K. 1% FGFR-2 J2 FGF-21 1Ihfgs2
&, FGFR-2 %} FGF-21 AbFRAH N, [ YK
bRi& 2 — 2 AR IR . FRATTH FGF-21 43 5%t
YL S5 () 1 G 07 40 B R0 T 07 4 M 2R AT Ab B, LA
FGF-1 15 FH xS f, F P Ak i = IR Pt A4 1P
ZUBW, TP P4 SDS-PAGE Ji, JH#t FGFR-2
PR R ENE . 5 THUHAH—30 X ] FGF-1
Ab BRI AY FGFR-2 WAL, 54 B/ IR STEOG,



2009; 36 (2) EHERSE: BAHMMRE KEFEGHFK-2 55 FGF-21 T SRIBREIE N *169-
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Fig. 4 Identification of FGFR-2 in FGF-21/receptor complexes
(a) Adipopcyte membrane proteins were cross-linked with Flag-tagged FGF-21 and the cell lysate was immunoprecipitated with anti-Flag antibody, the
FGF-21/receptor complexes were immunoblotted with anti-FGFR-2 antibody. 7: BS?® control; 2: FGF-21 control; 3: FGF-21/BS% 4: FGF-21/BS.(b)

Adipopcyte membrane proteins were cross-linked with biotinylated FGF-21 and the cell lysate was immunoprecipitated with streptavidin, the

FGF-21/receptor complexes were immunoblotted with anti- FGFR-2 antibody. 7: FGF-21 control; 2: BS? control; 3: FGF-21/BS>.

Wi WA AT IR 5 40 R0 T 10 41 B 38 2k V5 1 FGFR-2 %2
&, SR FGF-21 Ab 2 - REAE IR 7 41 it FGFR-2 T
WAk, X5 ET AR 40 M0 FGFR-2 AR, S RaE
ZPHEROBOR IS 25 AR (B Sa). MIESEEs RIGATE
Pk, BT T &m 1P, B $HT FGFR-2 Bk 1P 41 g

UM, PRI IR DR S B, 1531 [
FEMIEE H(E 5b 25),  FHHT FGFR-2 Pk f s BN 5 )
iKW, FGF-21 AFERIA £ AL FE ¥ 41 L 1P 1)
H FGFR-2 115 & —2(l 5b 47). Uil FGFR-2
FRALAS 2t T2 AR5 AN A T 3L

(a) Western blot with R2 (b)
FGF-21 - - + - - 4 Western blot with PY Western blot with R2
FGF-1 - + - - + - FGF21 - + .
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Fig. 5 FGF-21-induced tyrosine-phosphorylation of FGF receptor-2 in 3T3L1 adipocytes
Adipocytes and pre-adipocytes were treated with either FGF-21 or FGF-1. (a) The cell lysate was immunoprecipitated with anti-tyrosine
phosphorylation antibody and the IP products were immunoblotted with anti-FGFR-2 antibody. (b) The cell lysate was immunoprecipitated with anti-
FGFR-2 antibody, the IP products were immunoblotted with anti-tyrosine phosphorylation antibody. R2: Anti-FGFR-2 antibody. PY: Anti-tyrosine

phosphorylation antibody.

2.4 FGF-21 55 HHBER L ERZ FGFR-2

N HEBR FGF-21 S MR EA 2 S
FGFR-2 73 AR A oAbt L Bl ek, A
5 LW T FGF-21 153 B R 1k 55 11 55 FGFR-2
JI5E B S WS 4 R WR SRR E AR
FGFR-2, HTHiHALFI AR LA, bR AL 5
M E A RS SRt FiiE . Bl6 45 RE
B, B AT FGF-21 5 5 B IR b 8 11 55 A7 Ab B

f) FGFR-2 4> 1 it —3(. Wik 5 FGF-21 % S11)
1 B2 4K 2 115 FGFR-2 3438 A8 B 56 4 — 801 6 4
W, —4% AT et FGFR-2 PR, —45 AT REZ M0 I
B (1) FGFR-2 (&l 6a). Js ] TP 1 4 328 B3 328 (FH 4t
FGFR-2 $ifk 1P, FHHUBERR S 2T 1A % 9% BV IE)
SRAF AL 45 5 (K 6b). 45 AFE B FGF-21 %1
IR 1L 55 11 & FGFR-2.
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(@) Western blot with PY (®)  Western blot with R2
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Fig. 6 Comparison of deglycosylation pattern of FGFR-2 with tyrosine phosphorylated
proteins induced by FGF-21 in 3T3L1 adipocytes
The adipocyte lysate treated with FGF-21 was immunoprecipitated with anti-FGFR-2 antibody and anti-tyrosine phosphorylation antibody respectively,
the IP products were de-glucosylated and immunoblotted with indicated antibodies. PY: Anti-tyrosine phosphorylation antibodies; R2: Anti- FGFR-2

antibodies.

2.5 FGF-21 AR Z K2 FGFR-21c HIFGFR-2 Ml ¢ /741 LA 45 K W], 10 4~ cDNA 3¢
B FGF-21 )2 &80, HI RT-PCR 17 B&¥JA FGFR-2Mc(&l 7), IX484h B5L 8 FGFR-21 ¢

5N 3T3LL NG 7 4 M i) RNA Hhooe B 7 &K 2 FGF-21 ZhREsZ k.

FGFR-2 cDNA. J¥4I5#71)5, 5briE FGFR-2 1 b

R2(Ilb) ERSPHRPILQAGLPANASTVVGGDVEFVCKVYSDAQPHIQWIKHVEKNGSKYGPDGLPYL
R2(Ilc) ERSPHRPILQAGLPANASTVVGGDVEFVCKVYSDAQPHIQWIKHVEKNGSKNGPDGLPYL
R2 cDNA ERSPHRPILQAGLPANASTVVGGDVEFVCKVYSDAQPHIQWIKHVEKNGSKYGPDGLPYL

R2(Ib) KVLK HSGINSSNAEVLALFN
R2(Ilc) KVLKAAGVNTTDKEIEVLYIRNVTFEDAGEYTCLAGNSIGISFH
R2cDNA KVLKAAGVNTTDKEIEVLYIRNVTFEDAGEYTCLAGNSIGISFH

R2(Ilb) VTEMDAGEYICKVSNYIGQANQSAWLTVLP
R2(1llc) SAWLTVLP
R2 cDNA SAWLTVLP

Fig. 7 Analysis of amino acid sequence from FGFR-2 ¢cDNA
Comparison of amino acid sequences of FGFR-2 ¢cDNA isolated from 3T3L1 adipocytes with standard FGFR-2 [l[b and [l ¢ published in GenBank.

2.6 FGF-21 £F{IFRiZH FGFR-2 B 1L

2.4 M85 VLR FGF-21 v {ff FGFR-2 7E /I 15 41
o & AR A . At — 2 WF9Y FGF-21/FGFR-2 .
HIT RIS R R BB 5, ) FGF21 fhaegs | . . — Phesphoniain
5E 715 FGFR-2 [f) BaF3 4HJfd, 45 %4 W] FGF-21 7]  FGRR=2
fif 57V 2K 1K) FGFR-2 WAL, H S 98 55 T i
05 40 0 9 R 3244 . 5 mg/L FGF-21 W] i FGFR-2 W
BRI, HBERRLFLE & FGF-21 7S Ak ik,
7 i B-actin $L A (Santa 2 1) %34 E[V 25 B B £ 5 1 D W - .- p-actn
ﬁ?’i@?i’f{.%%ﬁ SRR, 25 mg/L FGF-21 frifE Fig. 8 FGF-21-induced FGFR-2 phosphorylation
55 FH %) B FGF-1 AHRL(IE 8).  siii &5 SRt — DAk in FGFR-2-expressed BaF3 cells

B T FGF-21 5 FGFR-2 E‘J#%j%‘fi*ﬂﬁ%ﬁ?%% I: BaF3 cells without treatment; 2: BaF3 cells treated with 1 mg/L
FGF-21; 3: BaF3 cells treated with 5 mg/L FGF-21; 4: BaF3 cells treated

with 25 mg/L FGF-21; 5: BaF3 cells treated with FGF-1.
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The expression level of FGFR-2 were analyzed by immunoblot before

and during 3T3L1 differentiation.
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Fibroblast Growth Factor Receptor-2 Involved
in FGF-21-mediated Glucose Metabolism"

REN Gui-Ping™, LI Lu™, SUN Guo-Peng, HOU Yu-Ting, WANG Wen-Fei, LI De-Shan™
(College of Life Science, North-east Agricultural University, Harbin 150030, China)

Abstract FGF-21 is a new member of FGF family and reported to regulate glucose metabolism, as well as lipid
homeostasis, therefore, FGF-21 is a potential therapeutics for treatment of diabetes and metabolic syndrome.
However, little is known about its functional receptor (s) and mechanism of action. The aim of the paper is to
investigate the functional receptor(s) for FGF-21 in order to understand the mechanism of action of the molecule.
Previous result showed that FGF-21 could stimulate glucose uptake in differentiated 3T3L1 adipocytes, but not in
pre-adipocytes, suggesting that differentiated 3T3L1 adipocytes express functional receptor (s) for FGF-21.
Therefore, the differentiated 3T3L1 adipocyte is a perfect target for searching receptor (s) of FGF-21. 3T3L1
pre-adipocytes were differentiated into adipocytes. The cell membrane of the life adipocytes were incubated with
FGF-21 which was labeled with either Flag-tag or biotin, the FGF-21/receptor complexes were cross-linked once
they interacted by cross-link reagent BS®. The FGF-21/receptor complexes were immunoprecipitated by either
Flag antibody or streptavidin and analyzed by SDS-PAGE. The results showed that FGF-21 could form putative
FGF-21/receptor (s) complexes with surface membrane protein of differentiated 3T3L1 adipocytes, not
pre-adipocytes. The molecular mass of the complexes is proximate 300~ 400 ku. The complexes were formed by
the FGF-21 labeled with either Flag-tag or biotin, suggesting the complex formation was not influenced by
different labeling. To understand the component of the FGF-21/receptor (s) complexes, Western blot assay was
used to examine the interaction of the complexes with known antibodies. FGFR-2 was detected within the
FGF-21/receptor complexes by specific antibody for FGFR-2. To confirm the specific relationship between
FGF-21 and FGFR-2, FGF-21-induced FGFR-2 tyrosine-phosphorylation was studied in 3T3L1 adipocytes. The
results showed that although FGFR-2 was expressed in both pre-adipocytes and adipocytes FGF-21 could only
enable adipocyte-expressed FGFR-2 tyrosine phosphorylation, which was consistent with glucose-uptake by
FGF-21 in this two cell types. FGF-21 not only phosphorylated in situ adipocyte-expressed FGFR-2, but also
ectopically expressed FGFR-2 in mouse pre-B cell line BaF3 cells. Sequencing analysis of FGFR-2 ¢cDNA from
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adipocytes revealed that FGFR-2 IIl ¢ was the only subtype of FGFR-2 expressed in adipocytes, suggesting that
FGFR-21lc is at least one of the functional receptors for FGF-21 and involved in glucose metabolism in the cells.
In order to understand the reason why the same FGFR-2 only functions in adipocyte and not in pre-adipocytes,
differential expression of FGFR-2 before and after 3T3L1 cell differentiation was systematically analyzed, the
result showed that adipocytes expressed high level precursors of FGFR-2, which were not observed in
pre-adipocytes, suggesting FGFR-2 turn-over rate could be a key factor to determine the function the molecule.
Alternatively, adipocyte-specific molecules could be another key factor participating the signal transduction of
FGF-21.

Key words FGF-21, adipocytes, FGF-21/FGF receptor-2 complex, FGFR-2
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