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Fig. 1 Confirmation of transformants by PCR
1: Standard molecular mass marker; 2: mTFPI-pPic9-GS115; 3:
mTFPI-pPic9-GS115; 4: mTFPI-pPic9-GS115; 5: m,TFPI-pPic9-
GS115; 6: pPic9-GS115; 7: GS115.
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Fig. 2 SDS-PAGE analysis of recombinant TFPI
1: Molecular mass marker; 2: mTFPI; 3: m,IFPI;, 4: m,TFPI; 5:
m,TFPL; 6: pPic9.
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Fig. 3 SDS-PAGE of purified rTFPI proteins
I: mTFPL; 2: mTFPI; 3: mTFPI; 4: m,TFPI; 5: Molecular mass

marker.

3.3 L-rTFPI 7£ K FR 4K A 0 4% X 16

B 7E 5 0.5 min I % TFPT 5541 & 11 1ML 38 &
ALk 100%. Wk 1 fros, BEN AT E, &
TFPI &40 & (176 SD K BRI 28 o 75 & 8 o /b . 3L
' mTFPI % ftk, mTFPI. m,TFPI f1 m,TFPI
3 i G AR PR AE I J A 1R B 35 %% mTFPI 2.
10 min I/, m,TFPI. m,TFPI ! m,TFPI 3 545 {4
T3 P A & 5 28 T1% 78%- 83%,
3 I mTFEPI & & (59%) £ 12%. 19%F1 24%,
AR F 2R, P<0.05.

Table 1 Plasma clearance of “I-rTFPI in mice

#/min  mTFPI/% m,TFPI/% m, TFPI/% m,TFPI/%
0.5 100 100 100 100

1.0 9347196 9480 +1.13 9640 £2.33 9579 +4.44
20 8771 +458 91.18 £0.79 93.81 £2.56 92.86 +2.84
40 8374 +3.80 8536+4.01 89.54 328 8790493
6.0 7554 +478 83.84 +6.63 83.54+734 8553 +493
80 6472577 7771 £8.65 83.03 £2.86 83.44 £5.27
10.0  59.06 +3.54  71.14 £3.04 7799 £2.53 8295 +5.36
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Fig. 4 Plasma relative clearance of rTFPI in 10 min
€—@: mTFPI; (J—J: mTFPI; A—A: mTFPI; O—O: m,TFPL

3.4 TFPI EEARBYE TR

mTFPI %} FXa #4355 P 0.5 min £ 100%
N FE 4 10 min B 1) 52% 4547, 1 mTFPI. m TFPI
A m, TEPL 35 1 W) 430 5 B 42 65% 68%FH 75%
KA, H FEa$ 5% TFPI 4 5 A 7E SD KR

P AU BB W R (AL (3R 2). B

mTFPI. mTFPI. m,TFPI #1 m,TFPI /£ SD K fl f&
WX FXa W PER0HI/E R, BE# TFPI 44 A {E
SD K B 28 rh AR I b T B

M 0.5 min % 10 min, % TFPI 4% AL SD
KB N 0 P/ AR B B IR FFAE 90% L |,
A HIURH 2R B4, 100 4% TEPI f 41 & (/e AR AR i
O L VS SRR TRAT G

Table 2 Decrease of FXa-inhibiting activity of rTFPI

in vivo

t/min mTFP1/% m TFPI/% m, TFP1/% m,TFPI/%
0.5 100 100 100 100

1.0 9255+3.08 9349 155 93.14+£2.66 93.50+0.24
20 81.95+231 8524073 86.79 199 8859 +1.85
4.0 7530+3.02 80.89 £1.62 85.19 £2.68 82.22 +1.66
6.0 67.74+355 7348 +1.27 7751 £220 80.64 +1.18
80 5781 +3.74 6838 +1.71 7212 +158 7723 +1.17
10.0 5256 +4.25 6552 +3.10 67.73 +1.51 7539 +1.65

3.5 BFEXT TFPI FE RIS G

SLIG SE IR R, &Pk TFPI H 41 & (1 #4 FXa
(05 Ik G W 2 &, B JH 2= A7 AE (0.1 U/ml) I,
TFPI 5 41 &5 A 4] FXa B3% 2 0 B 158 (K 5),
I ELIX PR FH B T 25 70 8 o 1 s (&1 6), R

AR R 02 i) TG W 5 DX ).
100 F
S
2 80r
=
8 60
<
&
= 4of B
3
g 200
o~
0
mTFPI m(TFPI m, TFPI m,TFPI
rTFPI

Fig. 5 Effect of heparin on the FXa inhibiting activity of
rTFPI

[: Presence of heparin; [[: Absence of heparin.
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Fig. 6 The FXa inhibiting activity of rTFPI in the presence

of heparin at different concentrations
% : mTFPI, 1. mTFPI; (J: m, TFPL;[0: m,TFPL

3.6 REHEASHEESNRYLER
% TFPI 41 5 14 Heparin-Sepharose CL-6B
JE T i i P i 0 23 HH BE ] 800 mmol/L NaCl i

ATUEEET (3R 3), WM 5 mTFPI AL, £ TFPI %%
ARG RN 45 A e AR B P B s (P>
0.05).

49 #

ST I TFPI JR 30 254~261 HR AL 2 0 1
SR (AT AT S AR X3 (3R 2). Ry ikbix
X IE s, FRATHE 3 AR (mTFPL « m TFPI
1 m,TFPI) & i it 254 ~261 [0 1 24 L 2 58 4%
P P R B AR KRR P AR R Y B
mTFPI §§ 12 . 7> F A 8056 & B, TFPI ) 241,
254, 260 F1 261 It 4 A B 1) H AT e 5 | 1E
PS5O, ARSI AR T 254~261 FRIEAE HL i 5 |
VR Hp ) A S AR AR P (5, HL
256~261 FRILIAE FH AL B # Gk

Table 3 Comparison of the heparin binding affinity of different rTFPI

¢(NaCl)/mmol-L" Before washing 200 400 600 700 750 800 850 900
mTFPI 0.214 0.432 0.438 0.442 0.431 0.391 0.296 0.387 0.434
m,TFPI 0.231 0.455 0.452 0.437 0.440 0.399 0.299 0.389 0.441
m, TFPI 0.220 0.438 0.431 0.441 0.426 0.405 0.305 0.383 0.437
m,TFPI 0.218 0.451 0.447 0.441 0.429 0.397 0.289 0.390 0.448

Table 4 The influence of mutations of TFPIl,,; peptide

TFPI Sequence Charge Relative half-life
mTFPI KTKRKRKK +0++++++ 5 min
myTFPI DDDDKRKK ————t+t 7.5 min
m, TFPI KTAAAAAA +0000000 9.5 min
m,TFPI KTSSSSSS +0000000 >10 min

K: Lysine; T: Threonine; R: Arginine; D: Aspartate; A: Alanine; S:

Serine;+: Positive; 0: Neutral; —: Negative

R KL 3 1E FL T X TEPT ZE 4 Th RE 10 1E 5 &% 4%
HEEEH, BT PUB LS LSS, TFPT 305 1.
BTV RN 8 2 R 8 20 2 A P v ARl T
FORRBL U (O AFAE . TEPL K3 45 A6) 338 R 22 5 St (1) i
GAILTR BN T FXa, {HE12 TFPI 4011 FXa
N HAE TF 5 5 (0 AR M it v o 4 B vk 00 T %
W0 B 4K TFPT A b, B2 R L3 ¥ TFPI
Xt TE/FV La A WKHIEE A, H40H] FXa
J FXa 5 R IR e A FH 359k 390 D4 e 7 SE K TFPI
() L4 375 R R 1) PO TR e A B LR ik i

YT TFPI 2 kgt 20 FE R % SL 06 FXa 11
WETERRE Y], AT 58480 H FXa #lH67E
PERI AT, AT 45 R 2R 3 AN rTFPI 58748 44
P46 FXa B 4E G B 2855 . DA ik m] DA ) G of
TF/FV L a 52591 TF 35 A 18 7 S I v 40 ) £
FHABIE A AR

Wi K3 g5 iR &L s HBS-2. HBS-1 JHF 3%
gEA AT 09, HF 5 TEPL 45 & I $2 L 3 1)
FXa 36 Pk, Fe 13854 ik 5 Heparin-Sepharose 4
A J5 IR TFPL A UE L Bk P 75 I Sholk B, T LT fi
TFPL S5IFREIER. BATMSE R, Bk 4 Fh
tTFPI #4J7E NaCl ¥ &£ 2 800 nmol/L I 36 Tk,
PR TR G T R I 45 G RE DI RS2 5. TF 2 A7
7E B AR i T A R R i o AR AR ] FXa B E
IS5 AR TFPL G 8 78 5. FRURGE W 4% +TFPI 58
AR G4 G AR W g

AR W, N LA TFPL R I i 1) 254~
265 ZIER A R G I E s/ NP A AL,
Arg257 F Arg259 Xt TFPI 4545 JIT 25 ) 5% i £ K09,
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B LSO IR Rk D B TR T AR I ERROR
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WU 2E & 4 BRI
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Decreasing the Clearance Rate of Tissue Factor Pathway Inhibitor
From Plasma by Selectively Mutating The Amino Acid Residues
in Its C-Terminal Region

YU Bo", LUO Shi-Ping", SONG Li-Ping"”, LENG Xi-Gang"™, ZHAO Ming-Hui?, NIU Hui-Sheng?
(VInstitute of Biomedical Engineering, Chinese Academy of Midical Sciences & Peking Union Medical College,
Tianjin Key Laboratory of Biomedical Materials, Tianjin 300192, China;
Jnstitute of Radiomedicine, Chinese Academy of Midical Sciences & Peking Union Medical College, Tianjin 300192, China)

Abstract Tissue factor pathway inhibitor (TFPI) plays a vitally important role in the blood coagulation system.
Recent studies showed that TFPI could also inhibit the proliferation of vascular smooth muscle cells. Studies has
suggested that TFPI may find wide applications for the therapy of various diseases such as sepsis, DIC, vascular
stenosis, atherosclersis, and miocardial infarction, etc. However, the rapid clearance of TFPI from the circulation
remains to be one of major drawbacks to its clinical application. The aim of the present study is to prolong the
half-life of recombinant TFPI while maintaining its biological activities by reducing the interaction between TFPI
and cell surface, which is mediated by the negative charges on the membrane of the cells and the positive charge on
the molecule of TFPI. For this purpose, three rTFPI mutants, m,TFPI, m,TFPI, and m,TFPI, were generated by
introducing mutations in the DNA sequences coding for the C-terminal amino acid sequences. The clearance rate
of the experimental group (three rTFPI mutants) and the control group (wild-type TFPI, namely mTFPI) in rats was
investigated. The inhibitory function on FXa and the heparion binding capacity of the TFPI mutants were also
studied. It was shown that at 10 min after intravenous injection, (59.06 + 13.54) % of the injected mTFPI
remained in the circulation, while (71.14 + 13.04) % of the m TFPI, (77.99 + 2.53) % of the m,TFPI, and (82.95 +
11.36) % of the m,TFPI were still in the circulation. The relative half-life of m,TFPI, m,TFPI and m,TFPI were
prolonged 0.5, 0.9, and more than 1 times respectively in comparison with that of mTFPI, while their FXa
inhibiting activity and heparin-binding capacity were little changed.
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