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Pharmacokinetics of a fusion protein for human acidic fibroblast
growth factor and transcriptional activator protein in rat and its
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Abstract: This paper is to report the study of the pharmacokinetics of a fusion protein TAT-haFGF 45, for
human acidic fibroblast growth factor and transcriptional activator protein in rat plasma, and the investigation of
their penetration across blood-brain barrier in mice and rats, in order to provide a basis for clinical development
and treatment of Alzheimer’s disease. Enzyme-linked immunosorbent assay (ELISA) was used to determine
concentration of TAT-haFGF,_;54 in rat plasma and in mouse brain homogenate; and immunohistochemistry was
used to analyze the distribution in brain. The concentration-time curve fitted two-compartment open model
which was linear kinetics elimination after a single intravenous injection of TAT-haFGF,_54 in rat at the dose of
300 pg'kg . The half life time was 0.049 + 0.03 h for distribution phase and 0.55 + 0.05 h for elimination
phase, and the weight was 1/C*. The result showed that TAT-haFGF, 454 could be detected in the brain by
ELISA and immunohistochemistry, the elimination of TAT-haFGF 4 s, in rat was swift, and TAT-haFGF 454
could penetrate across the blood-brain barrier, distribute in pallium and hippocampus and locate in the nucleus.
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N IR PE B £F 4E 40 i 28 K I+ (human  acidic
fibroblast growth factor, haFGF) 7Ef4£t &4 /7 1 H
HZMAEYEDRE . IR TR haFGF X5 HE 4
Y5 A is G o), 53 4h, haFGF nf LA
HRARZE TR T, (R ERNSAE S, el T 1 0 i 1)
B AL O AR, BP 4 haFGF i 154 A&
FERRARFER Y, R RARIREE T, haFGF N i AU,
003 2 SE PR T Ik by B At o AR SIZHS K FH 1) haFGF 14154
ST AR haFGF 256 N i 13 ANAERE 2218 1) 2
KA, WEFTEWI, haFGF 4 54 1E B35 3 A E PERIF]
I, P 7 EFAEM haFGF ML RAEE > 545 %
T e DR

Rl 7K 9% ¥ BRAE  (Alzheimer’s disease, AD) J&
— s WL AR A 2 R SRR AT MR, A
R IR A 5 70 KM R 2 A S B g-IE M AR R A
(amyloid-g protein, AB) R IMZEFTE (SP), Tau
A R RE T I E T 4Egi 45 (NFT) LA
TR Bz J2 R0 X 2 a0 i /DB AT R T 2
Y HREZZ MR AD B eIk, O MRAS Bihdr . Jk
T haFGF 7EM& RS T7 M2 oige, LA
R TY AD B 8 25 ) R AR 5.

SR haFGF 73 7~ HH 0K, Hfi LA 2 it figi 5 i, AA
MBS T H R 3 B i 1697 A o 2 IR TAT
(transcriptional activator protein) Jg&—FF 47 [ Hi faf [
FLIK, e T AT 2 B4 9 o o ik 4 i i as ik
BN . LK, K FBILS E AR, R
TAT 45 K57 EIA IR 08 H a2 Cai 251
A BR300 T RRECR (17 kD) 4L H
BENNBUA, PRI S2 8RN, WU W) TAT-FNK,
TAT-Bel-xL. TAT-GDNF. TAT-XIAP. TAT-Hsp70
S AT LR I AR S 0 1) 000 e e, A K T S 9
(9697 M FEY, i AR S2 56 S AT IWF 9T R WA : haFGF
SURARXT AR P BUK B S ph 2 o i 5 vk R A 8
FRPERN, 5 TAT gla ]l DU 2t PC12.
HaCaT FIAE I 28 0 5 40 e R 40 il 2 1 BT,
P T R R AT mT A5 A 2 M K 40 -4 o o o 4 e
JEEE N Al B R P, S AR R Gy TR YR T
KT HESN, RSB % 4% TAT 5 haFGF (Ml &
F1 e R 24 5 A B 9 IR 25480 00 27 R R B G It i
VL Bl Bk c = R d ey SN )7 N VAEE Eri e e

MR 5A%
G ENY)  Sprague-Dawley (SD) KB, MEMES
A, REE (250 £30) g; RPN, MERES S, A

(21+£2) g, WH RAEZELTANY) L, VFaTiES:
SCXK () 2008-0002.

H@BEIRF  ELISA kit (XBOH R E R
HIR A, BPTN aFGF L refEdifk (R&D A H));
A Pk E (LA F]); TAT-haFGF 4 54
(4LE: 92.7%, L5 20110314, 35PE: 5.1x10° TU-g )
1 haFGF 4 sy (ZEJ: 97%, #it'5: 20110313, ¥hifk:
4.5x10° TU-g™") H1 R K 2E B 2 A W R IT K
Hty () FRft.

FEMFFZE AR (Thermo Lab
Systems); 5’5 %6 BB (Olympus Co); HLFH L
TR (R TERE AR B A D).

FREZRIGEH KRR A MERRE 10 £,
B 1 mL A haFGF #rifEdh, V5, ¥ haFGF Fii|
B 2 000 1000, 500, 250, 125, 62.5 #131.25 ng'L™
SEUREE, FHL 100 pL IINBEFRR, 20k NS T
FRAX 450 nm AL (4) 18, 2iblbrdEdhZe.

NFEEUC R 10 F5RORE S 1S Il 2Rk
TAT-haFGF 4 54 FCHI 2 000, 500, 125 Fl 31.25
ng' L' % 4 MIREE, REANREE S AL, THEIRICR

FEZEEMNE 10 R 2 FILR TAT-
haFGF 4 54 it /% 2 000, 500. 125 #131.25 ng'L ™' %%
4 NIREE, BEASHREE [F]— SRl 2 5 Wk, i 5 Bk
ANTEIRSCAST DN, o1 SR P RS T A 2% 12

MR AMREWRN  DOCK 8 K, MEMERS, &
B0 (4 gkg ) MEREESIRRIE, o BRIk, 46
B, R E A2 g G 7 1 Bk, Ak T0idT 45, 485
i, FIEGTE; 24 h JG SAGE S TAT-haFGF 1454
(300 pgkg "), 4Z5)5 2. 5. 100 15, 30. 60. 90.
120 F1 180 min, MIHFE HP I, SO0 EIEH. F i
HRE S MRE 10 fi5, INNBEARACHEAT SN, BbRAX 450
nm ARSI (4) (E, FRNARIE M 2 v 5 29K
BE, 2l S 29 Mok B -1 1) gl £, 15254080 %

KIERHEARIREL BN 45 5, 908 9 41, 4
5 K, R IKESFIE R 300 pgkg !t B TAT-
haFGF 14154 A1 haFGF 4154, 25 0 HRZH 33 5[] 25 5751 1
) PBS. #5255 15, 30+ 60 A1 120 min HUKM, 4
MW, I 4% 2 R TR, J1—F—80 CLRAF.
BOKRE 9 K, 4028 3 4, &4 3 K, 4524)5 120 min
HUW, A s T 4% 5 .

RERBEPREEARIENRN A H &bk
ek, JLUCR /N RUMA 2% 0.2 g 41400 1 mL
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PBS [fLufl, MAL RN 5HK, SO B Bk
TEWE 100 pL AN 96 FLEEFRAR S Y, 450 nm ARAS
WOEEAE, TSR] RS B A A, R RS A
U L EAE

REBEALUFZRNAR PN KETEZE
RPN G K B, R wHlG, 37
FIEVIR (7 3 pm), HAREBT, 60 CREH&H. &
Ja B AU R IR A B . PURAE ST B L i
PEL B AW B AR B B E P L.
DAB . IRAREEL. BiAEW. HH. HE,

BIELLIE TR A R x s 2o,
SPSS17.0 HAFEAT N 2 T7 2537 (one-way ANOVA),
298l 2K H 3p97 AT A HE

#HR
1 FrfEfs

A ERBIMLIE 10 A5 B8 W TC 1 A [] 94 52
haFGF, BEAR{X 450 nm AR FLOROSCRE (4) fH, B
FRUERZE N y = 0.000 7 x + 0.068, R = 0.997 9, it
HIZE 31.25~2 000 ng-L ™" £k B 1o
2 IR E

FERE DA FE Y0 1 9 BT e 31.25. 125, 500 A
2000 ng-L™" & 4 AU EE N FE [ 5 Bk
(118.62 + 9.2) %. (110.24 + 7.8) % (86.92 + 4.2) % FI
(95.07 £ 1.5) % (x £ s, n = 5), FXFHRAE 2553 51 4
7.93. 7.03. 4.79 F 1.60. 50BN, miRIERBCE
e, EUAESOBR A 22 /0 T R B AT, AR At
TRZERR, AR AR UEDR 2 RSD (%) <8%, [H[W® L F
WENAE 20% LAY o
3 RREE

DA Ay a2 2% 1 E SO Ji 30 min YA DI R AL (A)
B, BT AR PN RS 2% P RS (R s B) (] B4 5 min, B4
5K; 31.25. 125, 500 F12 000 ng-L ™' 25 4 AN
BRIAIKE 35 B2 23 59 k) 8.46. 6.91. 7.66 F1 4.09, KNk
B HN 2,96, 131, 1.62 F1 0.27. 45 % HoR, W
Pk ey, AR DA N ARREBR HE R 22 (RSD) /), Tfi
IR ARG A it 22 TR B AR A v O 22 /0S, 1)
<3%, BRIV br At O 22 25075 10% LA, 50 B Bk
B, Jrikel g,
4 KEEIKEST TAT-haFGF 415 5B 1 ZF
4.1 MEHYIKRE-BTE ML X RENKE SRS
B 1 TAT-haFGF 1454 Ji 75 I 8] A5 1L 24 94 o s i) A%
Tt 2 WL 1

Concentration/ pg-L!
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Figure 1 Concentration-time curve of TAT-haFGF4 54 after
iv 300 pg-kg ™" in rat plasma (n = 8)

42 HRIMAZESE LK AYIKREEL 3p97
AT RLE, TAT-haFGF 4 54 £E KR MLIE PN 1 24
REN S 2556 ISR, Bk 1/CP, oy A58
M (i) N (0.049 £ 0.03) h, MR (fop) A
(0.55+£0.05) h, VV &y (1543 +3.7) L'kg”', AUC 4
(821 = 1.4) pgL™"h, CL & (33.6+4.5) Lkg "“h",
MRT 4 (0.71 £0.1) h,

5 ELISA ZME/NRK S & TAT-haFGF 454
F0 haFGF 4154 &2

5.1 #wRAERRZE  FAS S UGS SRR S R
¥ haFGF BEATBEIERRE, Hl&hruEih g, Frigprak
Mzl y =0.001 2 x + 0.225 6, R = 0.995 4, FWI{E
31.25~2 000 ng-L ' £k R

52 /NERARBTMEEASERN KN
g5 W R B SR S e bl T e R &, 45 RRH
SPSS17.0 B AFEAT LN 3 )5 22537 (one-way ANOVA).
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Figure 2 Concentration of TAT-haFGF4 154 and haFGF 4 54
after 300 pg-kg™' iv in mouse brain homogenate (7=5). ~P<0.01,
P <0.001 vs control; P < 0.01, P < 0.001 vs haFGF 454
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195.85 ng'kg™'; 1Ml haFGF 4 sy 411XAE 1.5 h ol A ),
LLEAE A 38.28 ng'kg ', 147 TAT-haFGF 4 s, 4l
EEI 1/5. H4IAHLE, TAT-haFGF 4 s 4L/ L E
¥ %0 T haFGF 4154 4o

6 TRIZLELI RGN 4E 40
#N haFGF 4154 95 0

6.1 /IEAALDH LU LR PR,
N ER K BT TAT-haFGF 4154 J5i 15 min (] 3A.
4A) RIAJ A S RIS RS I 21 Bl 2D H5s ta gk
(AN Sk B, S BHE S5, AR Rl 8 A 78 i 41 21
(K153 41, 2 J5 K 30~120 min (& 3B~D. & 4B~D)
B TR, AT LUK 2 kA 2 (9 A7AAE, 7E 60 min
i (B 3C. K 4C) ikFIH ;1T haFGF 4-1se 7£/N B
K Bz A S 60 min A IANE, ALAE 90 min (&
3F. [ 4F) il 247 /D B ik .

6.2 KERALRDH ALEARMLELER (K 5)
BoR, KEFIKIES TAT-haFGF 454 J5 120 min,
P B ORI T 0 ] LUK B A B (K] SA R 50),

TAT-haFGF14_154

1M haFGF 144 B A 5 )5 120 min 78 K i B2 J50FN i 5
X (K 5B f1 5D) ¥4 /b okl L, PBS Xf
N BRI .

Figure 5 Immunohistochemistry analysis in rat pallium (C and D)
and hippocampus (A and B) after intravenous injection of TAT-
haFGF4-154 (A and C) and haFGF4-154 (B and D) at 120 min. Black
arrows indicate the typical positive-stained (magnification, x400)

Figure 3 Immunohistochemistry analysis in mice pallium after intravenous injection (iv) of TAT-haFGF4 154 and haFGF 4 is4.
Immunohistochemistry was performed 15, 30, 60, and 120 min after iv of the TAT-haFGF 4154 (A—D), the control PBS (E) and 90 min
after iv of the haFGF 4154 (F). Black arrows indicate the typical positive-stained (magnification, x400)

Figure 4 Immunohistochemistry analysis in mice hippocampus after intravenous injection (iv) of TAT-haFGF 4 154 and haFGF4-54.
Immunohistochemistry was performed 15, 30, 60, and 120 min after iv of the TAT-haFGF 4154 (A—D), the control PBS (E) and 90 min
after iv of the haFGF 4154 (F). Black arrows indicate the typical positive-stained (magnification, x400)
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'LTJ'TI:. neuroglobin protects against focal cerebral ischemia in mice

Hur, ARG ) =it 50516
A, B Bidd. ik, (o5 ks, meipt
Hu9% (ELISA) V& T~ S e 27 7 v (¥ — b, il i v
AT & FIURG 35 B SI2 46 ] %01, ELISA vE R 5. AR5
SEUG S K], TAT-haFGF 4 154 (300 pgkg™!) &%
Jikid 5, WGEAEAR N A, BRI 2R P BR R, 3 h
JEAE MR AT AR T ARSI 2 o TAT-haFGF 4154 AR
o PR AR, RERAFRARE, BT (Wi
FE pHAESE) S Fefi, SRR . thoh, &
SRS R 10 3% 1 58 5 R 9 51 5 o oA T 285
LSRG 10 BRI ORFF — B, 1 T 9850 72
KRR/ BRI B 8 A AL 24 A I 45 SR 48 iR, TAT-
haFGF 14-154 ?é%ﬂ]k{?ﬁﬂﬁmlﬂ@?ﬂmlmﬁﬁ%, vaiiil
TR i {2 AN X, B E AT A, SRt
18— B X P € 7 7] fE 5 TAT-PTD (Gly-Arg-Lys-
Lys-Arg) A1 haFGF (Lys-Pro-Lys-Leu) 41 i #% f1iT
¥ Fe 54 2t 51, N ELISA VAR 4 234k 246
Mg BB &, 453 BoR: TAT-haFGF 4 54 7
1 h EH &g, 3 h JE0 AT ORI R FH S5 R, 1
haFGF 4154 X FE 90 min A /D ESAA T M+ 2K
2 STV OV R SO 1 R 22954 I 2 T-rhaF GF 2 JIk F 24
254080 1124 85 FAL R W, rhaFGF 14180 A /1 K
I de b, Ui W] haFGFy-yse 75 1E 340 KM N AT
I3 e PIERT LI 45 SRR W] TAT W /3 haFGF 4154
B 22 TPk 7 o K oK 52 40 K S P it i BB . AT
KT TAT 3P LG A I, w5 40 s
FMW 205 UL K L BT 25 2 1) (g i e A A o0
TAT-haFGF 4 sy % 38 M 0 57 B, 3N KB, KE ok
haFGF 454 75 i 4 52 47 b 4t AB TS & a2k
MR VE S BEnT BETE, A TAT-haFGF 4 154 BOA I
IR EVGIT AD [ IE 25 D)4 (A4 -
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