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Background: Tissue factor pathway inhibitor (TFPI) regulates blood coagulation. To treat hemorrhagic disease, studies have been conducted to
achieve a hemostatic effect by inhibiting TFPL. In this study, blood TFPI levels of healthy and hemorrhagic disease groups were compared, and the
effects of blood TFPI level and its activity on coagulation were investigated.

Methods: The blood TFPI levels of the healthy, chronic liver disease (CLD), chronic kidney disease (CKD), and hemophilia groups were measured
and compared. Thrombin generation assay (TGA) was performed to investigate the effects of TFPI level and its activity on coagulation.

Results: The mean blood TFPI levels of the healthy, CLD, CKD, and hemophilia groups were 16.47 ng/mL, 24.90 ng/mL, 49.47 ng/mlL, and 17.35
ng/mL, respectively. The healthy and CLD groups showed correlations between their blood TFPI levels and TGA parameters (P <0.05). The TGA pa-
rameters of the CLD and hemophilia groups showed significant differences compared with those of the healthy group (P <0.05). In FVIII-deficient
plasma with anti-TFPI antibodies, the TGA parameters tended to be normalized according to anti-TFPI antibody levels. However, the differences in
TGA parameters caused by FVIII concentration were unclear.

Conclusions: Although the TFPI level was related to bleeding in the disease groups, it is difficult to interpret its effects independently because
of the various factors that affect the coagulation process. However, TFPI is worth studying to facilitate the development of a treatment strategy for
bleeding due to lack of FVIIL.
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1) TFPI assay

A1) TFPI F= 242 319 Quantikine ELISA Human TFPI
Immunoassay (R&D Systems, Minneapolis, USA)E AF8-3}%ich
A2A} ool ket ) 50 L ool 2 ao|= 2] 2 ol
H=31 5 Al Qo||A wHlr|of 247} H|FElYT) S0 ES A
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Loof| A uljoFslsit) upAEfe 2 7+ Wojl 50 ule] Stop Solution
A7¥8t 3 Fluoroskan Ascent FL (Thermo Fisher scientific, Vantaa,
Finland)-& AF-g-581o] A708F4IT

2) Thrombin generation assay (TGA)
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calc (Medcalc software, Ostend, Belgium)S AF8-5}3ch 1<
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Table 1. TFPI levels of healthy and disease groups
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2. TFPI levelnt 211 M Afo|Q] M

A 43Ut Ae9] TGA parameters S8t A9of
SERLE 71t 6178 9] B TFPI Fte= W+t 15.02 ng/mL (Y
9] 5.87-22.86, FZHA} 377)019ct. AeHE] Y TFPI 5=
b 7Sk 892) 49 Hat 2511 ng/mlL (HY] 18.24-3358,
AL 557), T APERE 1379] 7 Bt 38.33 ng/ml (¥
9 2642-82.68, EFH2} 1706), -] 79 Hat 18.61 ng/
mL (H$] 13.70-21.69, =} 259)0] 94t} D TFPI 5ieof up2

TGA parameter®] ¥3HE Trobs}7] 9Jsto] A4 BA1E AlEH

Group Gender Age (median) N Group TFPI level (mean + standard deviation) (ng/mL)
Healthy group Male 22-58(31.00) 39 8.57-24.37 (16.47 + 4.03)
Female 20-60 (31.00) 97
Chronic liver disease group Male 37-85 (60.00) 21 1.86-49.92 (24.90 & 10.93)
Female 38-83 (66.50) 10
Chronic kidney disease group Male 40-87 (68.00) 19 24.12-100.72 (49.47 + 24.24)
Female 27-91 (68.00) 1
Hemophilia group Male 4-64 (25.50) 30 8.90-26.83 (17.35 £ 4.60)

Abbreviation: TFPI, tissue factor pathway inhibitor.
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Fig. 1. Blood tissue factor pathway inhibitor (TFPI) levels in healthy,
chronic kidney disease, chronic liver disease, and hemophilia groups.
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Fig. 2. Thrombin generation assay (TGA) parameters of healthy (A, B, C, D), chronic liver disease (E, F, G, H), chronic kidney disease (I, J, K, L), and he-

mopbhilia (M, N, O, P) groups.
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potential (ETP), (C) Peak height, (D) Time to peak.
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Table 2. TGA parameters of five healthy group samples with suppressed TFPI activity

Sample ID Gender Age TFPI (ng/mL) BB e T6A parameters
(ug/mL) Lag time (min) ETP (nM*min)  Peak height (\M) Time to peak (min)
N_050 F 31 22.68 0.00 5.67 1,587.90 148.02 11.30
0.05 533 1,992.34 179.34 1n.17
0.50 4.67 2,457.91 30891 9.50
5.00 24.00 1,426.69 314.06 24.33
50.00 4.00 1,023.67 168.64 833
N_058 M 38 13.55 0.00 24.00 1,179.54 263.58 24.33
0.05 24.00 1,327.38 260.48 2433
0.50 24.00 1,285.90 261.89 2433
5.00 550 1,125.99 152.96 10.00
50.00 4.83 1,035.20 183.59 9.00
N_060 M 29 17.44 0.00 24.00 1,211.89 252.57 24.33
0.05 4.83 1,215.01 180.09 9.00
0.50 6.67 1,111.70 161.61 10.83
5.00 6.00 1,090.69 145.66 10.50
50.00 4.50 1,004.60 172.01 8.67
N_088 M 50 26.26 0.00 24.00 1,212.75 254.64 2433
0.05 4.67 1,785.11 233.73 9.17
0.50 4.83 1,538.09 147.35 11.00
5.00 7.00 1,038.88 101.98 12.67
50.00 23.33 869.61 131.90 2533
N_115 M 35 16.57 0.00 23.00 1,016.63 22543 24.00
0.05 23.50 1,088.42 233.59 2417
0.50 24.00 1,142.75 23521 2433
5.00 23.83 1,133.31 239.43 2417
50.00 4.00 937.12 183.46 7.50

Abbreviations: TGA, thrombin generation assay; TFP, tissue factor pathway inhibitor; ETP, endogenous thrombin potential.
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Table 3. TGA parameters of FVIII-deficient plasma with variable FVIII concentration in suppressed TFPI activity

TGA parameters
Sample ID AVIl (1U) M3 level P
(pg/mL) Lag time (min) ETP (nM*min) Peak height (nM) Time to peak (min)
F8D_0.0 0.0 0.00 5.00 132.46 531 22.00
0.05 4.17 854.38 47.13 11.33
0.50 4.50 1,129.98 67.42 16.00
5.00 4.83 1,252.53 78.83 16.17
50.00 5.00 1371.72 94.39 1533
F8D_0.5 0.5 0.00 6.00 222.61 11.15 19.33
0.05 433 32827 16.24 15.33
0.50 4.33 1,031.59 60.60 15.17
5.00 4.67 1,423.12 97.73 14.83
50.00 5.00 1,418.08 102.89 14.50
F8D_1.0 1.0 0.00 4.83 194.48 7.19 22.00
0.05 3.67 306.58 13.83 12.83
0.50 4.50 1,078.31 61.60 16.50
5.00 4.83 1,460.80 96.66 15.83
50.00 5.00 1,513.42 105.62 15.33
F8D_2.0 20 0.00 4.33 165.26 6.80 21.33
0.05 3.83 303.12 13.52 13.67
0.50 4.33 1,044.54 58.47 16.33
5.00 5.00 1,455.45 95.56 15.83
50.00 517 1,447.07 98.51 15.50
F8D_5.0 50 0.00 4.67 179.17 7.76 21.33
0.05 4.00 289.84 12.83 15.83
0.50 4.33 954.87 53.33 15.83
5.00 4.67 1,410.44 94.11 15.33
50.00 4.83 1,454.09 101.05 15.00
Abbreviations: TGA, thrombin generation assay; TFP, tissue factor pathway inhibitor; ETP, endogenous thrombin potential.
0} free TFPL S W25t 9 4 QIEIOL wepd 291 ARARA A58 7407} ek wheiec
T A= HSsP| YAl o w2 Aet HAlE EH*JP—E to-
tal TEPI 5% 9} free TFPI S8 RS 1831 A3 tiz}lo] 3 o o
Aaz|ojol & Aot} = FVII 5=} thrombin &4Jo] st 7]
Z Ato]| =, EQH Ao A] FVI =7} 57185 ETP HiZ&: Tissue factor inhibitor (TFP)+= -$-112H3-2 245} = 532
oF peak gro] F7H5He 201E BYTHY PN B A Aol 2, 3TN ARe] ARS 9I5to] TEPLS Ao 24 AP )
A= FVII 529 TGA parameter Atolo] o] S AbAZl 2 @ she A7k A glck o] AelAl A4 4917
PAEA QBolTh oleldh Aol B A7 HE 50 HES M 75 9F0] B AR Feirl WeL0] Wol TRPI 5ES v
St T 18] 243k 74} AT BAE197] R FVI %o} &}, Yozt Eoll TFPI % W S L7} S 712k80] n]z|i o
thrombin H4] JUWAZ F88| Bol7a] Fofol YR F& Al
M5Ol YOHE S5 U e RS ORI A i AR A1 UhY ARSHR, ThY QPEShE, B9
0% 02 Holtk ol TRPES: Z7g3o] ] WYL, TRPL 5 1 B/} %)
H oLo] A58 £39)slo] 1183 o TFPI= Ao &8 gof u]x]= JeFe EA517] 28l thrombin generation assay (TGA)
AR ol HE ABAS HOlYF SIIAe] FFL AL B AUsc
fRlo] theFstar Aol what JFE vAl= =7t vy of Aok A ARl v THERE, T A e, g9
ol TFPIO] S EYH O FAsp]is ofeje ZoR Bl BWF P TFPI Sk Z12F 1647 ng/mL, 2490 ng/ml, 4947 ng/
t}. SEA|9E FVIIo] A|shel $Hof|x] o TFPI 4] Fof A 3al% mL, 17.35 ng/mLo| Atk A4} Ad Q1 RHA 7Haghato] 79 E
o] SR E|= A0 2 MO FVII 20 2 Qlgt ZBZ4k0] cfat TFPI 519} TGA parameter Ao AFIAS BATHP<0.05)
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Fig. 4. Changes in thrombin generation assay (TGA) parameters of FVIlI-deficient plasma according to anti-tissue factor pathway inhibitor (TFPI)
antibody concentration. (A) Lag time, (B) Endogenous thrombin potential (ETP), (C) Peak height, (D) Time to peak.
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