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1.1 #R

111 kS k. 45K pSUMO-mFGF-21,
E. coil DH5a, E. coil Rossetta (DE3) PlysS H1 4t 4
PRS2 A iy O AR I 2 T 2 AR A 7

112 5157 . Superdex 75 pg H Bl . Ni
Sepharose 6 Fast Flow $££}. Sephadex G-25 Medium
H B, Capto Q HH ¥} . Column XK16/20 =& 1
Column XK26/40 %% ¥ . Column XK16/70 == A .
UFP-10-E-H22LA F1 UFP-3-E-H22LA 175 £ k411

H GE AH]; 20 ku FHAEIR 4 % - N (mPEG-
ALDYW A LI HLIEAE ) TRER AT BRTTAT A+
SEMEA N B EREEE R AT IR A F] s bt
A FGF-21 Z 5 BHiiAA SUMO 25 il A S5 =
Pl B A P A id 1K (HRP) — (PR
IgG)¥ H Santa Cruz Biotechnology 7~ #l; 47
Bk o4l

113 SER Y. g AR db/db HEE 2 R
BEPRI /N B, T ST i 07 3 v S 56 B A B AT
AT, RS RRIES SCXK())2007-0005.

12 A&

12.1 mFGF21 &5 H I RE Salifh. ¥ B4 ik
pSUMO-mFGF-21 %Ak 2 K155 1Pk Rossetta ™7,
A5 S8 IERRIN R RVR AT KBS R, IPTG 5%
3hJa, WEERR. H45A 28 (40 mmol/L KM,
500 mmol/L NaCl, 50 mmol/L Na;PO,, pH7.4) T &
Bk, IMNVATERE 30 min Jo, EIME. HIAZ
HEEREE)G 4C . 4000 t/min 50 60 min, ZY0IE
BBV, BIE WK 4T Ni Sepharose 6 Fast Flow
SEAZHT. Sephadex G-25 it #: . SUMO 2 [ il /iy
Y] Ni Sepharose 6 Fast Flow 2% #1 2 #1, B3k
mFGF-21 i, Jf#k17 15% SDS-PAGE £l
122 pH Xf mFGF-21 5 PEG & i 5 v 5% Wi 1)
JE. 53 mFGF-21 B3] pH5.5. 6.0, 6.5 F17.0
(IR ZE PR, R IR IR 1 /LR
RSN OGN E, LU A ). R
mFGF-21 5 mPEG-ALD Jiiftt b 1:6, T 4C K
I 12 h, FEIMAEE/REA 10 £iF mPEG-ALD ¥ 3
AR, a2 R 6 1k Y, IOREREAT
15% SDS-PAGE 73 #7.

123 [ A % mFGF-21 5 PEG & B W 521
(M€ . K mFGF-21 B 4t 2] pH6.0 114 8 1 2% i vl
W, SRR AR N 1 g/L. % mFGF-21 5
mPEG-ALD i b 116, F 4C 435 W 8 hy
12h. 16 h A1 20 h, FHIIAEE/RECAH 10 £% mPEG-
ALD FREEMEA AN, 5 a AT 2R 210 [,
HFESET 15% SDS-PAGE 4347,

124 FEHEFUKEX mFGF-21 5 PEG & R N 5%
WIS . A 3 ku 1R S £FHEFT R mFGF-21 3K
AEIRIEI NN 05 gLy 1g/L, 1.5g/L M 2gL, I
HEE#T] pH6.0 BRI, #< M mFGF-21
5 mPEG-ALD JFistt R 1: 6, T 4C KRN 12h, If
IINJEIRE 10 1% mPEG-ALD (1) 3L & A4,
Bfa MmN H & R4k )k N, BUFREEEAT 15%
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SDS-PAGE 43#]7.

1.2.5 RV ) i e mFGF-21 5 PEG &
B RS 52 . % mFGF-21 & #: 51 pH6.0 1)
WEIRGZ phih, R R A OKREE N 1 g/L. Al
mFGF-21 5 mPEG-ALD JiHE 054 1 4, 11 64
1:8.1:10, T 4CKMN 12h, FHIMABERERN
10 1% mPEG-ALD ({5 M AL, Sa A HER
PRV, HUFEREAT 15% SDS-PAGE 73 #7.

1.2.6 & 135 2 M 44k PEG-mFGF-21. 1 ]
3 ku [P AR A RER O J IR A ) B B IEX
buffer A(20 mmol/L Tris, pH8.0)4', 2 & )5
VRS WO It Superloop #E A\ AKTA purifier 100 %
48, 5 5 EAARR IEX buffer A i 4f ] Capto Q
FECEET XK16/26 74, A 5 em, it 4 ml/min)
sEagi G E, WS AR IEX buffer A Phik. 4
SRAMM Rk BRI BE I, A 4 P R i
[IEX buffer B(20 mmol/L Tris, 1 mol/L NaCl, pH8.0)
7£ 20 min PIE F] 100%] (1) 77 AT 20 8, 3 Al
Ve, FEUEAT 15% SDS-PAGE 43 #7.

1.2.7 it 9 46 ik PEG-mFGF-21. £ Jf] 3 ku
(1) 2% £F AN SN S R AT W 4, R4
Jei R A 8 1k Superloop #E A AKTA purifier 100
A4, M2 5HA4AEF PBS(20 mmol/L NaPO,,
150 mmol/L NaCl, pH7.0)*V-ij4f1¥) Superdex 75 43
T AE (2T XK16/70 Ak, FE R 60 cm, i
1 ml/min)#E( 74> B 4tifk, PEG-mFGF-21 J¢ii ok,
REWR)JER K, ol g, JFiET
15% SDS-PAGE 7} #f7.

1.2.8 PEG-mFGF-21 [ 4y ¥ itfm flal BEAs . 4y
5 H SDS-PAGE F1 HPLC = % AH €2 i PR Fl A~ [F)
(77 3240725 0 5 PEG-mFGF-21 43 1 i Je 4l JiF
SDS-PAGE K4 IR % 5%, 47 B IIKE 15%,
e Ty i R-250 Yeff. HPLC 28 #rAE 2 5 Biosuit
250, Sum HR SEC; ¥it3li4H 0.2 mol/L pH7.0 3 /2
R KR 280 nm; VA 0.5 ml/min.
1.2.9 PEG-mFGF-21 i J¥ £ M i 0 2 . I
PEG-mFGF-21 il mFGF-21 Ff & CE T =, 14 K
Ja WA, H -80C fiti /£ T~ ) PEG-mFGF-21 Al
mFGF-21 fEXT I, HepG2 40 ML AS I & 1 B2 B Wi
PECE I RZKRE A 1000 nmol/L, 777523 W, 1.2.7),
In_EREZE s A BREEAT 15% SDS-PAGE 43 #7 4K 1
TR AR L.

1.2.10 PEG-mFGF-21 Hud Fl /K g HE ) il e .
¥ PEG-mFGF-21 fll mFGF-21 ¥£5h % 1 ml 5/ i

MGG, HHE A AWK 0.01 mmol/L, 37C
B, 429 T 0h. 3h. 5h. 10 hy 20 h. 40 h.
80h HUFE, FHPREME T —20C F, HepG2 41k
DA 1T AR P (R T 249 %24 1000 nmol/L,
RS 1.2.7), TSR UR R
1.2.11 PEG-mFGF-21 S U P sl . e 54 5
Zi2kg M5 6 X, BEMLA b 240, B2 R—Ik
O3 2 R ESS PEG-mFGF-21 M1 mFGFE-21, #4:4%
253 J, BRHRE 2558 N 25 wmol/kg. 7 lfELS 2
JEII0s 1 24 3y 4y 5, THZEHCR M 500 wl
AiAi. 12000 r/min 250 10 min, HU B3, 20 90
PEG-mFGF-21 1 mFGFE-21 43, 4§ fi§ b5 B, 1
ELISA [HJE2:0 52 #5135 H mFGF-21 Uik 17K,
Geih 22T LU 2 PEG 14 I i B PE I AR 4k
1.2.12 PEG-mFGF-21 #& P -2E WIAT I . 3k H i
B2 kg K6 X, BN A 241, ol
4 PEG-mFGF-21 il mFGF-21, & 25 wmol/kg,
452550 The 3hy 5hy 7hy 24h, TH%Z
F KR I 250 wl ZE45. 12 000 r/min 20> 10 min,
W B35 . FH A RS U AN 1909 B2 1) PEG-mFGF-21 5
mEGF-21 45 145 5 J 37 % 13 B B 2 5 1 br v iy
2k, AP RE L (s B AR AR, V] ELISA
[EGENE & S AR A& &, gt ot
I3t 4 PEG-mFGF-21 1 mFGF-21 () 1& ) 2 ¢
1. AR B £,=0.301x(t1))/1g(A /A ), Herb A,
FUA, 5327 o RV gy BFERCHE L7 5% 7 g A AR L
RSSPIASTEIR
1.2.13 PEG-mFGF-21 {4 ME 2 1A .

HepG2 4 Mo YL Wk 12 h J&5, 2% 5 JH W &
1 000 nmol/L ] PEG-mFGF-21 1 mFGF-21 #il 4t
i 24 h. 36 h, F GOD-POD y:A4 il 1% 77 3k vk B
(PIRTZETRE B O R e W 2 win AN E] 200 wl
ARSI b, L 2R A D A 3 K
37C . 5~10 min J5, 7 500 nm K Tl A
. THEHARENAER, Jris gk i SE i
gER.

B5 TR B T (10 R 2 W AR PSR 2 5 VY R
IR AR

TR E /(mmol/L)=(A ps /A jp)X5.55

AN N ENFERE=[(c »rmum—c wommm)

¢ spvann] X100%

1.2.14 PEG-mFGF-21 /&N AW A3E PE T 9T

SER AL S 4. HU SPF 4 JEEE A 10~
11 J& 2 BUH R 95 HEYE db/db /N B 25 H, T 9%
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1 JEJERRE, K HAEEARERK 6 h, I E /N R
(PR MRS, S BRARE S, i OB EL AR X 20
KA db/db /R 18 I, 43 il 2 S B R ) 4
PEG-mFGF-21 41 fl mFGF-21 4, #i4H 6 H. Szit
FAT B 8 A, M S A/ RUKRE, 25457
S26 41 (PEG-mFGF-21 41 F1 mFGF-21 20 I (1) 5%
WY, KRS, & 25 pmolkg, BN
YL S AR AR AR BE AR K, SEgb Rl R rp | d iR
T POK. AN BRI, 05 /0N B o
PEARAAE DL, BRI 1k, 350F 12 he e Sese 4
PEHAT R 22T

Yo LR VE A AR, BERE 1R EL L 8 A
Hi 45 S 40 (PEG-mFGF-21 4181 mFGF-21 41)#H
PSZAR) — K, B RS, FIE 50 wmolkg, A
RS2 S AR R AR R R AR B R K, sE i fE b
R YOoK. JESES 9 Ik, BRE LENZAY
TR 5 #4 A1 N BRI, IR TR 2R 5 20 4.
6 KA I 8 skl - 41/ BRI AR AL, TS s £
PEHAT R 22T
1215 Zeitodr. N SPSS11.1 ZEit 4k ek n)
SERPTACEE. BHE x o+ s ROk, WAL LR
1 K5

2 & R

2.1 mFGF21 EFRFIESHL
WARGEAEBEE, SO0, W EFEEY
Ni Sepharose 6 Fast Flow sz flk1:4fi{t., H 40 mmol/L
K 25 5 S e 25 A A 1, T BRI G2 ke
e EARER T, WD, R4S 3 2l R R v () Rl
WAL Al RlA s Sephadex G-25 it #h AT
BRI, IR 5 MRS B % B A )
BG4 SUMO & AR D) RS 6™ 9 7138 1
Ni Sepharose 6 Fast Flow SEFIAE, WA R, P
A mPGF-21. b BL B FE O HE AT 15%
SDS-PAGE lll, HIIk&7R (K Do, DIFIER

1

SUMO Protease — e
SUMO mFGF-21 —

mFGF-21 — |

SUMO—'

Fig. 1 SDS-PAGE analysis of the purified mFGF-21
1: mFGF-21 protein; 2: Digestion products of SUMO-mFGF-21; 3:

SUMO-mFGF-21 fusion protein; 4: Protein molecular mass marker.

LA 95% /AT, ALK G mPGF-21 43 1 i it
2% 25 ku.
2.2 N pH f0/ KA B3 mFGF-21 5 PEG &
BRI B 2T

SDS-PAGE %5 % (1 2) ok, FidE pH ¥ n,
mFGF-21 &M f2 ok, I T 2 A8k 3 4
mPEG-ALD 4} 1 454 %] mFGF-21 |1, £ pH5.5 (1)
Geph A PR BB, B RCR AN, M
pH6.0 M ZZ i rh AT 2 M6, H A 2
W WGE RN pH R 5.5 5% 6.0, W 12hy 16 h
F1 24 h i, mFGF-21 FEMFEE —3, H
ZAEME, RN 8 h i, R, HEtixs
12hy 16 h A1 20 h IR AR . s M I
F] B 1L £ 8 h.

w 123 4567 8 910
i i -4 « Multi PEG-mFGF-21
ol
66 B sy — g S S . Morio PEG-mFGF-21
PR e gy Y

2

Fig. 2 SDS-PAGE analysis of modified product
at different pH and reaction time
1: Protein molecular mass marker; 2~ 5: The reaction pH is 5.5, 6.0+
6.5 and 7.0, respectively; 6~ 9: The reaction time is 8§ h. 12 h. 16 h
and 20 h, respectively; 70: mFGF-21 protein.

23 EHRKEMRNEY B KRS LT
mFGF-21 5§ PEG & RS [ B0
SDS-PAGE 73 #r &5 HL (& 3)R W, & 1 k%

12 3 4 5 6 7 8 9 10ku

3 56

¢ .49

Multi PEG-mFGF-21—
Mono PEG-mFGF-21 —

26
mFGF-21—

Fig. 3 SDS-PAGE analysis of PEG-modified product
at different concentrations of mFGF-21 and
mass ratios between the reactants
1: mFGF-21 protein; 2~ 5: The mass ratios of mFGF-21 to mPEG-ALD
arel:4,1:6,1:8and1: 10; 6~9: The concentrations of mFGF-21
are 2 g/L, 1.5 g/L, 1.0 g/L and 0.5 g/L; 10: Protein molecular mass

marker.
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¥, mFGF-21 &Rk 2 80, H#f /b8
(I AEM, WOE R A RIRELE 2 g/L FHHAT18.
Bl [ N4 PEG-ALD JIT &5 L4 0, mFGF-21
BRI, 2 MR BB 1N, Mofe 2 F
SN2 T8 i B mFGF-21 @ mPEG-ALD=1 : 4.
24 BFRBENEL PEG-mFGF-21

¥ 44k 5 (1) mFGF-21 F v 25 &1 4k F: & e 31
pH6.0 1) 16 IR £ 22 i il vh IR Wk 4 R Wk R 2 g/L,
B —& 81 mPEG-ALD(mFGF-21 : mPEG-ALD
(whw)=1 * HIETERFEAKR R, 4°C TN 8h, IIHZ
TR N, BI43%] T mFGF-21 f1 PEG-mFGF-21
FREY. IREMSE Y FE B v )G, 18
I BB A JZ M4 B PEG-mFGF-21, i F & 1
S B A M (P A ) R A AR IR R SR
R 206 1 B 1 I iy O e M, WA AR
g, JEMTE R 4 Pros, JFiE4T SDS-PAGE 41
Hraifb R (8 5). & FAC B 2T NS o, W
RSN ARG, HENZ 274, ZetEueit
HEL 2 A0, il 1S ke 1. 2) i
2( 5 HhikiE 3. 4). SDS-PAGE %5 %1, 1§ 1

Peak 2 180
1500+ ~
4160 &
w
g 1000} i Peak / £
b t 4140 <
500+ } 20 %
|
|
0= : : 0
20 40 60 80 100

v/ml

Fig. 4 Purification of PEG-mFGF-21

by ion exchange chromatograph

12 3 4 5 6k
PEG-mFGF-21 — [ -
. w45
7
mFGF-21 — ————— —— 15
- R t
T— S

Fig. 5 SDS-PAGE analysis of elution fractions
from ion exchange chromatograph
1, 2: The fractions of peak ] in Figure 4; 3, 4: The fractions of peak 2 in

Figure 4; 5: The products of reaction; 6: Protein molecular mass marker.

W E 35 4 PEG-mFGF-21 H. & /b & R 15 i (1)
mFGF-21, 14§ 2 5% mFGF-21, AEEDEN
PEG-mFGF-21, Pl 1 Fg2 2 MAFAERR A8
X, Ay Lh s Ak B M A% A (Cn SR FH 20 0h R B i
(1) 75 B T 2 M Aok 8 e 3t %) o T) 45 ) A At e ix —
fr i
2.5 EAOTEL L PEG-mFGF-21

U N S PR 6 B 4 ok Hp 2 T 2 R I 4 0
Ji» KM Superdex 75 73 F A alifl, WAL W
THE T, BN R 6 Fras, WAL T
SDS-PAGE 73t 7> B R (B 7). kIR 98 = AT 1

250 Peak 2
200

g 150}
100 -
50

20 40 60 80 100
v/ml

Fig. 6 Purification of PEG-mFGF-21 by gel

filtration chromatograph

wl 2 3456789101
T —— T

66 ‘.— - L
45 e . &

<« Multi PEG-mFGF-21
<+ Mono PEG-mFGF-21

25 —sm— g+~ mFGF-21

>
Fig. 7 SDS-PAGE analysis of elution fractions
from gel filtration chromatograph
I: Protein molecular mass marker; 2: The products of reaction; 3, 4: The
fractions of peak / in Figure 6; 5~ 9: The fractions of peak 2 in Figure
6; 10, 11: The fractions of peak 3 in Figure 6.

RN 3 N UE A2, # i SDS-PAGE 4. 4
BRI & 1 N 2B mFGF-21 7= 4 fl 515 i
mFGF-21(PEG-mFGE-2) i & Y, £ B ms
HAET Y H] Superdex 75 BRI IR TCIE By 1%
2 Wi ¥ #B4) 4= PEG-mFGF-21, Ja¥i#n EE S
PEG-mFGF-21, {HAF{E/>w K& mFGF-21; 1% 3
o 3R 4> &2 mFGF-21, H & # 2 &
PEG-mFGF-21. #Eeid 367 B R A AR, &
HE— D AR A S (W BRI A0 kD> A ) il
PEG-mFGF-21 5 mFGF-21 4} B k.
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LG UL R 2 MR R, JEESA 207w
JBORAIATYE . A, W55 % 18, G
EHT kS B 44k PEG-mFGE-21, MIfi, #RH 4l fE
0 PEG-mFGF-21, BTG 4408 5, )5 4:
LR
2.6 PEG-mFGF-21 9 FREFMAE

Hy 44k Ji5 () mFGF-21 A1 PEG-mFGF-21 4} 5
HE4T SDS-PAGE #1 SEC-HPLC 43 #7. SDS-PAGE
gh W (K 8) W7k, mFGF-21 Al PEG-mFGF-21 ff]
TG T RN G AR 7 F s Ar e — S 2e 5, I
Oy T RN 25 ku #1055 ka A£47. mFGE-21 il
PEG-mFGF-21 £ HPLC &l , Wi & 9 Bt ,
mFGF-21 7€ 16.5 min &b H Bl — 21 J& 5% & 1 0
(Kl 9a), 1fi PEG-mFGF-21 T2 7 i n, H
WA TR B2 AT, 7 12 min Ab A — 4l BE 4 i 1R U H I
(Bl 9b). &0, 2 i 5T I 200 B AR T ik 95%
LA L.

66 ""“ st «— PEG-mFGF-21
49

26— - ~ mFGF-21

Fig. 8 SDS-PAGE analysis of PEG-mFGF-21
and mFGF-21
1: Protein molecular mass marker; 2: PEG-mFGF-21; 3: mFGF-21.

(a)
40t

30t
20}

A 220

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
t/min

(b)

2 4 6 8 1012 14 16 18 20 22 24 26 28 30
t/min
Fig. 9 Analysis of mFGF-21 and PEG-mFGF-21 by HPLC
(a) The HPLC analysis of mFGF-21. (b) The HPLC analysis of
PEG-mFGF-21.

2.7 PEG-mFGF-21 HiBETRAEM

mFGF-21 I PEG-mFGF-21 J{UE T % i 14 K
i, BURE, Z3 5 SDS-PAGE Al 41 g % 4 #6
Sy B AR R AR R B VAR B L 45 R
Kl 10, 11 ffi7n, SDS-PAGE %47k, mFGF-21 {8%
MBUE 14 RJGHA g2 F#, 1 PEG-mFGF-21
TR I B PRI % . HepG2 4H i A
W2 LKW (K 12), mFGF-21 & E i R A7 14 K
JE I ME R A 32 2k, PEG-mFGF-21 7 % i A5 47 14
K G a0 MG IR B 229 8 80%. LA b 4 R i Y
mFGF-21 2 PEG &1 i B A P Wl 25 14 .

Fig. 10 Analysis of mFGF-21 after storage at room
temperature for 14 days by SDS-PAGE
1: Stored at —80°C ; 2: Protein molecular mass marker; 3: Stored at room

temperature after 14 days.

Fig. 11 Analysis of PEG-mFGF-21 after storage at room
temperature for 14 days by SDS-PAGE
I: Stored at —80°C ; 2: Stored at room temperature after 14 days; 3:

Protein molecular mass marker.
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Fig. 12 Glucose uptake activity of PEG-mFGF-21 and
mFGF-21 after storage at room temperature for 14 days
The values (x + s) shown are the average of at least 3 independent
measurements. **P < 0.01 compared with mFGF-21 group. O:

mFGF-21; O : PEG-mFGF-21.
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Fig. 13 The stability of PEG-mFGF-21 and
mFGF-21 in mouse serum

Stability of PEG-mFGF-21 and mFGF-21 incubated in mouse serum at
37°C for indicated times, and the serum-treated proteins were added to
HepG2 cells for glucose uptake assay to determine the remaining activity
of each protein. The values (x + s) shown are the average of at least 3
independent measurements. **P < 0.01 compared with mFGF-21 group.
m—n : PEG-mFGF-21; e—e : mFGF-21.
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Fig. 14 PEGylation reduces immunogenicity

of mFGF-21 in immunized rabbits
Immunogenicity of PEG-mFGF-21 and mFGF-21 was examined by
immunizing rabbits with either PEG-mFGF-21 or mFGF-21 by
subcutaneous injection (25 umol/kg) twice a week and then serum
samples were collected once per week after the first immunization.
Anti-mFGF21 IgG levels were detected by indirect ELISA method using
mFGF21 as the coating antigen. The values (x + s) shown are the
average of at least 3 independent measurements. **P < 0.01 compared
with mFGF-21 group. O: PEG-mFGF-21; [0 : mFGF-21.
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Fig. 15 PEGylation prolongs half-life of mFGF-21 in vivo
Rabbits were injected intravenously with 25 pmol/kg PEG-mFGF21 or
mFGF21. Blood samples were collected at various time points. The
amount of mFGF21 was measured by ELISA. A standard curve was
made for each protein. The values (x + s) shown are the average of at
least 3 independent measurements. **P < 0.01 compared with mFGF-21

group. ¢—¢ : PEG-mFGF-21;m—m: mFGF-21.
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Fig. 16 Comparison of glucose uptake by HepG2 cells
treated with PEG-mFGF-21 or mFGF21
The glucose uptake by HepG2 cells treated with PEG-mFGF21
(1 000 nmol/L) or mFGF21 (1 000 nmol/L). The values (x + s) shown
are the average of at least 3 independent measurements. **P < (.01
compared with no stimulation control, P < 0.05 compared with
mFGF-21 group. I : Control; O: PEG-mFGF-21; l: mFGF-21.
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Fig. 17 Anti-diabetic effects of PEGylated mFGF21
in type 2 diabetic mice

Diabetic mice were treated with either PEG-mFGF21 or mFGF21 at
25 wmol/Kg. Then plasma glucose levels were examined once an hour
after injection. Control: 0.9% NaCl-treated diabetic group. The values
(x + s) shown are the average of at least 6 independent measurements.
*P<0.05, **P < 0.01 compared with mFGF-21 group. ¢—e: Control,
m—um: PEG-mFGF-21; A—A: mFGF-21.
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Fig. 18 Long lasting anti-diabetic effects of PEGylated

mFGEF21 in type 2 diabetic mice
Diabetic mice were treated with either PEG-mFGF21 or mFGF21 at
50 wmol/kg once every two days for 9 times. Plasma glucose levels were
examined once every two days after injection. Control: 0.9%
NaCl-treated diabetic group. The values (x + s) shown are the average of
at least 6 independent measurements. *P < 0.05, **P < 0.01 compared
with mFGF-21 group. ¢—e: Control; m—m: PEG-mFGF-21; A—A:
mFGF-21.
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The Hypoglycemic Effect of The PEGylated FGF-21"

YE Xian-Long, ZHAO Jing-Zhuang, REN Gui-Ping, YU Dan, LIU Ming-Yao, YU Yin-Hang, LI De-Shan™
(Northeast Agricultural University, College of Life Science, Harbin 150030, China)

Abstract Fibroblast growth factor 21 (FGF-21) is a member of FGF family. Recently, it is discovered as a
non-insulin-dependent cytokine to regulate blood glucose and a potential drug candidate for treatment of type 2
diabetes mellitus. However, the stability of FGF-21 is poor and its half-life in vivo is short, which severely affect its
application in clinical practice. In order to solve this problem, the N-terminus of mFGF-21 was PEGylated in a
site-specific manner by methoxy poly-ethylene glycol (mPEG) propionaldehydes with an average molecular mass
of 20 ku for improving its biological properties including increasing half-life in wvivo, and decreasing
immunogenicity. The effects of pH, reaction time, protein concentrations and mass ratio between the reactants on
the PEGylation of mFGF-21 were analyzed. PEG-mFGF-21 was isolated by Capto Q anion exchange
chromatography or Superdex 75 gel filtration chromatography. As a result, the optimal reaction method for
mFGF-21 PEGylation and purification processes of PEG-mFGF-21 were established. Then we study the physical
and chemical properties, immunogenicity, in vivo half-life, in vitro biological activity and in vivo hypoglycemic
effects of PEG-mFGF-21. We found that the temperature stability and anti-protease ability of mFGF-21 were
significantly improved after PEGylation. The indirect ELISA results for detection of serum antibody levels against
mFGF-21 and the target protein concentration showed that PEGlyation of mFGF-21 significantly reduced its
immunogenicity and increased its half-life in vivo. The glucose uptake assay results in HepG2 cells demonstrated
that the in vitro activity of PEG-mFGF-21 did not decline. However, with the increment of stimulating time, the
glucose uptake in cells treated with PEG-mFGF-21 significantly increased than mFGF-21. The experimental results
of short-term blood glucose regulation in type 2 diabetic animals showed that the hypoglycemic speed of mFGF-21
was faster than PEG-mFGF-21, but it lasted shorter. The long-term blood glucose regulation experimental results
showed that PEG-mFGF-21 had better hypoglycemic effect than mFGF-21. Surprisingly, blood glucose of
PEG-mFGF-21-treated mice remained at low level for several days after the drug was withdrawn. In conclusion,
under the premise of remaining its biological activity in vitro, PEGylation of mFGF-21 can improve its physical
stability and anti-protease ability, decrease its immunogenicity and increase its in vivo half-life. It can also prolong
the hypoglycemic effect of mFGF-21 in diabetic animals. This study provides an important technology platform for
drug development of FGF-21.
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