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Development of a new laboratory test to evaluate antithrombin resistance in plasma 

（アンチトロンビン抵抗性評価のための新規臨床検査法開発）  

	  

村田	 萌  

 

【緒言】  

	 静脈血栓塞栓症は、遺伝的あるいは環境的要因が複数重なることで発症リスクが高ま

る多因子疾患である。遺伝性血栓症は、アンチトロンビン、プロテインC、プロテイン

Sなどの抗凝固因子の低下によるものと、Factor V Leiden変異やprothrombin G20210A変

異などの凝固因子の異常による凝固亢進によるものがある。後者の2つの変異は白人に

おいては遺伝子多型として検出されるほど頻度が高いが、日本人を含むアジア人には検

出されていない。 

	 現在まで、遺伝性血栓症家系において非常に多くの遺伝子異常が同定されているが、

未だ原因不明とされる症例も数多くある。私たちは、ある家族性血栓症症例において、

凝固因子の一つであるプロトロンビンをコードする遺伝子に、新規の変異（c.1787G>T, 

p.Arg596Leu: prothrombin Yukuhashi）を同定し、アンチトロンビン抵抗性という新たな

機序による血栓性素因を報告した。しかしながら、現在行われている臨床検査では、こ

のアンチトロンビン抵抗性を検出することはできない。本研究では、アンチトロンビン

抵抗性を血漿検体で検出する、新たな臨床検査法を開発した。 

【方法】  

	 測定系はトロンビン生成相、トロンビン不活化相、残存トロンビン活性測定相の３相

で構成した。はじめに、健常人プール血漿を用いてプロトロンビン活性化すなわちトロ



 

ンビン生成相における検体希釈液の至適pH、塩化ナトリウム濃度を決定し、プロトロ

ンビンアクチベータの各構成要素の濃度、活性化時間を順次決定した。次に、生成され

たトロンビンをヘパリン存在下および非存在下で、アンチトロンビン液の添加により不

活化した。トロンビン不活化相の至適条件の検討には、ヒト精製プロトロンビンを用い

た。不活化時間は、ヘパリン存在下で5分まで1分毎、ヘパリン非存在下では30分まで10

分毎とした。最終的な残存トロンビン活性測定相においては、トロンビンに特異的な発

色性合成基質S-2238を添加し、吸光度変化率を測定した。トロンビン活性残存率は不活

化0分の値との比として算出した。 

	 測定法の評価のため、リコンビナントプロトロンビンを作製した。まず、野生型と変

異型（p.Arg596Leu: prothrombin Yukuhashi）プロトロンビン発現ベクターを作製し、ヒ

ト胎児腎細胞株HEK293に遺伝子導入後、安定過剰発現株を樹立した。ビタミンK添加・

無血清培養液に交換後24時間で培養上清を回収し、限外濾過にて濃縮した。プロトロン

ビン抗原量はELISAにて測定した。 

	 血漿検体におけるアンチトロンビン抵抗性検出のため、至適条件を用いて、健常人検

体とアンチトロンビン抵抗性患者検体を解析した。また、抗凝固薬であるワルファリン

服用の影響を検討するため、アンチトロンビン抵抗性以外の血栓性素因も含めて血栓症

発症予防のためワルファリンを服用している患者血漿検体の解析を行い、prothrombin 

Yukuhashi変異の有無による各時点でのトロンビン活性残存率の有意差検定を行った。 

【結果・考察】  

	 変異型プロトロンビンはある程度の活性を保持しつつ、アンチトロンビンとの反応性

が著しく損なわれていることが予想されたため、トロンビンへ活性化後のアンチトロン

ビンによる不活化動態を解析する検査法を構築した。トロンビン生成相では、FXa/FVa



 

様プロトロンビンアクチベータとして、カルシウムイオンと陰性荷電リン脂質を必要と

するOxyuranus scutellatus（Ox）蛇毒を用いた。検体希釈液は50 mmol/Lトリス塩酸緩衝

液pH8.1、塩化ナトリウム0.2 mol/Lとし、プロトロンビンアクチベータの至適濃度（リ

ン脂質50%、塩化カルシウム15 mmol/L、Ox蛇毒0.1 mg/mL）を決定し、活性化時間は2

分、検体の希釈倍数は100倍希釈とした。トロンビン不活化相のアンチトロンビン液の

濃度は75 µg/mLとし、ヘパリンは5 U/mLを添加した。添加アンチトロンビンの量は希

釈血漿検体自体に含まれる量の約5倍に相当し、検体中のアンチトロンビン濃度のばら

つきによる影響を最小限に抑えることができた。 

	 リコンビナントプロトロンビンの解析では、ヘパリン存在下でのアンチトロンビンに

よる不活化１分後のトロンビン活性残存率は、野生型では6.3±1.2%であるのに対して、

変異型では34.3±2.2％と有意に高値を示した。ヘパリン非存在下でのアンチトロンビン

による不活化30分後のトロンビン活性残存率は、野生型では10.1±1.7%であるのに対し

て、変異型では95.8±0.4％と有意に高値を示した。以上の結果より、本検査法はリコン

ビナントプロトロンビン解析においてprothrombin Yukuhashi変異によるアンチトロンビ

ン抵抗性を検出可能であった。健常人血漿検体解析における本検査法の再現性は、ヘパ

リン存在下および非存在下いずれの測定系においても良好であった。 

	 prothrombin Yukuhashi変異をヘテロで持つ2名のアンチトロンビン抵抗性患者の血漿

検体解析では、ヘパリン添加系、非添加系のいずれにおいても健常人血漿検体と比べ明

らかな不活化不良を示した。また、抗凝固薬であるワルファリン服用中でのプロトロン

ビンを含むビタミンK依存性凝固因子低下の本検査法への影響を検討するため、アンチ

トロンビン抵抗性変異を持たないワルファリン服用血栓症患者5名の血漿検体を解析し

た結果、多少のばらつきはあるものの健常人とほぼ同様の不活化動態が観察された。



 

prothrombin Yukuhashi変異の有無により、ヘパリン添加系では不活化1分後から3分後の

トロンビン活性残存率には有意差がみられたが、以降は有意差がみられなかった。一方、

ヘパリン非添加系ではいずれの時点でもトロンビン活性残存率に有意差がみられた。す

なわち、アンチトロンビン抵抗性の検出はヘパリンの有無に関わらず可能であったが、

ヘパリン非添加系の方が時間を少し要するものの、より明確に検出できた。また、ワル

ファリン服用患者においては最大トロンビン活性が低値を示すために実測値の変化が

小さいものの、トロンビン活性残存率に換算することで不活化動態の差異を明らかにす

ることができた。 

【結語】  

	 私たちは、prothrombin Yukuhashi患者の血漿検体においてアンチトロンビン抵抗性を

検出する新たな臨床検査法を開発した。本法は、原因不明の静脈血栓塞栓症症例におい

てアンチトロンビン抵抗性を検出するツールとして有用であり、患者がワルファリン服

用中の血漿検体であっても解析が可能であった。 



 

Abstract 

 Introduction: We recently reported a variant prothrombin (p.Arg596Leu: prothrombin 

Yukuhashi) that confers antithrombin resistance to patients with hereditary thrombosis. To 

detect antithrombin resistance in plasma, we devised a laboratory test analyzing the kinetics of 

thrombin inactivation using antithrombin.  Materials and Methods: After incubation with 

prothrombin activator components (phospholipids, CaCl2, and snake venom), samples were 

treated with excess antithrombin in the presence or absence of heparin for various time periods. 

Subsequently, H-D-Phe-Pip-Arg-p-nitoranilide was added and changes in absorbance/min 

(ΔA/min) were measured at 405 nm.  Results: After 1 min inactivation using antithrombin and 

heparin, the relative residual thrombin activity of recombinant mutant prothrombin (34.3% ± 

2.2%) was higher than that of the wild-type (6.3% ± 1.2 %). After 30 min without heparin, the 

relative residual thrombin activity of recombinant mutant prothrombin (95.8% ± 0.4%) was 

higher than that of the wild-type (10.1% ± 1.7%), indicating that this assay could detect 

antithrombin resistance of the variant 596Leu prothrombin. Moreover, warfarinized plasmas 

from 2 heterozygous patients with prothrombin Yukuhashi mutation clearly showed higher 

values of the relative residual thrombin activity than those from 5 thrombosis patients lacking 

the mutation in the presence or absence of heparin.  Conclusions: We have devised a 

laboratory test to detect antithrombin resistance in plasma by analyzing the kinetics of thrombin 

inactivation using antithrombin. This assay may be useful for detecting antithrombin resistance 

in plasma, even in warfarinized patients. 
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antithrombin resistance of the variant 596Leu prothrombin. Moreover, warfarinized plasmas 
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Introduction 

 Venous thromboembolism (VTE) is a multifactorial disease resulting from a complex 

interaction between circumstantial and genetic factors. VTE risks can be identified in >80% 

patients; however, a common environmental or hereditary thrombophilic defect has not been 

found 1. 

 Genetic studies of hereditary thrombophilia have revealed 2 genetic defect types, namely, 

loss-of-function mutations in the natural anticoagulants antithrombin (AT), protein C, and 

protein S, and gain-of-function mutations in procoagulant factors V (factor V Leiden) and II 

(prothrombin G20210A: F2 c.*97G>A) 2-4. In the typical Caucasian population, the 

gain-of-function mutations in procoagulant factors are more prevalent than abnormalities in the 

anticoagulant proteins; however, this is not the cause in the Asian population 5. 

 To date, numerous genetic defects have been identified in families with hereditary 

thrombophilia, but several causative mutations still remain undiscovered. We recently reported 

a case of hereditary thrombosis induced by a novel mechanism of AT resistance, which is a 

gain-of-function mutation in the gene encoding the clotting factor prothrombin (prothrombin 

Yukuhashi) 6. However, current conventional laboratory tests are unable to easily detect AT 

resistance in a patient’s plasma, although the thrombin generation assay (TGA) could detect AT 

resistance in the reconstituted plasma with recombinant wild type and mutant prothrombins. 

In this study, we have developed a relatively simple test to detect AT resistance that may 

be valuable in the diagnosis and detection of hereditary thrombophilia. 
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Materials and Methods 

Materials 

 Purified human prothrombin from fresh frozen plasma was purchased from Enzyme 

Research Laboratories (South Bend, IN, USA). PTT-Reagent RD was purchased from Roche 

Diagnostics KK (Tokyo, Japan). Prothrombin-deficient plasma (prothrombin activity <1%) was 

purchased from Mitsubishi Chemical Medience Co. (Tokyo, Japan). The chromogenic 

substrates, H-D-Phe-Pip-Arg-p-nitoranilide (S-2238) was purchased from Sekisui Medical Co. 

(Tokyo, Japan). Oxyuranus scutellatus (Ox) venom, also called as taipan venom, which is a 

high- molecular-weight (approximately 250 kDa) prothrombin activator, was obtained from 

Sigma-Aldrich (St. Louis, MO, USA). Human AT was obtained from Mitsubishi Tanabe 

Pharma Co. (Osaka, Japan). Heparin was obtained from Mochida Pharmaceutical Co. (Tokyo, 

Japan). Other reagents used were of analytical grade. We tested plasmas from 2 patients (Pat1 

and Pat2) who were on warfarin with prothrombin Yukuhashi. Their prothrombin 

time-international normalized ratios (PT-INRs) were 2.8 and 1.2, respectively. We also tested 

plasma from 5 thrombosis patients (W1, W2, W3, W4, and W5) without the prothrombin 

Yukuhashi mutation, who were on warfarin. Their PT-INRs were 2.7, 2.2, 1.4, 2.5, and 1.9, 

respectively. 

Recombinant prothrombins 

 As described previously, wild-type and mutant (p.R596L: prothrombin Yukuhashi) 

prothrombin expression vectors and stable transformants were established by selection with 

geneticin (G418) after transfection into human embryonic kidney cells (HEK293) 6-7. In brief, 
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we transfected HEK293 cells with 30 µg of the recombinant prothrombin expression vectors 

using the calcium phosphate method. The transformed cells were selected in a culture medium 

containing 700 µg/mL G418 (Gibco BRL, Rockville, USA), and the stable transformants highly 

expressing the respective recombinant prothrombin molecules were obtained. Conditioned 

media containing stable transformants expressing recombinant prothrombins incubated for 24 h 

were collected in a serum-free medium containing 10 µg/mL of vitamin K1 (Isei, Yamagata, 

Japan), concentrated using Centriprep (Millipore, Billerica, USA), and stored at − 80 °C until 

use. Antigen levels of the prothrombins were determined using an enzyme-linked 

immunosorbent assay (ELISA; Enzyme Research Laboratories). 

Kinetic analysis of thrombin inactivation by AT 

 The assay consisted of 3 steps, namely prothrombin activation, thrombin inactivation, and 

measurement of the residual thrombin activity. In the prothrombin activation step, Ox venom 

was used as a prothrombinase (FXa/FVa)-like prothrombin activator. First, the optimal pH of 

Tris–HCl buffer was determined in the prothrombin activation step as follows; 500 µL of 1:100 

normal plasma dilutions in buffer (50 mmol/L of Tris-HCl, 0.3 mol/L of NaCl, pH7.2-8.9), 100 

µL of a phospholipid (50% PTT-Reagent RD)/CaCl2 (12.5 mmol/L) mixture, and 100 µL of Ox 

venom (0.2 mg/mL), were mixed and incubated for 4 min at 37 °C. The remaining assay 

conditions were determined sequentially (Fig. 1). 

In the second step, thrombin was inactivated by adding 100 µL of AT solution in the 

presence or absence of heparin. To determine the assay conditions in this thrombin inactivation 

step, purified human prothrombin solution containing equivalent activity as normal plasma was 
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used. Inactivation times with and without heparin were 0–5 min and 0–30 min, respectively. In 

the presence of heparin, 3 heparin concentrations with 30 µg/mL of AT (Fig. 2A) and 6 AT 

concentrations with 5 U/mL of heparin (Fig. 2B) in 100 µL of AT solution were used for 

various time periods up to 5 min. 

 In the final step, the residual thrombin activity was determined using a chromogenic 

synthetic substrate [200 µL of S-2238 (0.5 mmol/L)] to measure changes in absorbance/min 

(ΔA/min) at 405 nm with TBA- 180 (Toshiba Medical Systems Co, Tokyo, Japan). Because the 

initial changes in absorbance were unstable (data not shown), a 5-s lag time for measurement of 

stable changes in absorbance was included. Relative residual thrombin activities compared with 

the 0-min data were calculated, to overcome differences in the original prothrombin levels in the 

samples. 

Demonstration of AT resistance in warfarinized patient plasma 

 We tested the samples for AT resistance using the optimized procedures as follows: First, 

500 µL of 1:100 dilutions in buffer (50 mmol/L of Tris–HCl, 0.2 mol/L of NaCl, pH8.1), 100 

µL of a phospholipid (50% PTT-Reagent RD)/CaCl2 (15 mmol/L) mixture and 100 µL of Ox 

venom (0.1 mg/mL) were added simultaneously, and the samples were incubated for 2 min at 

37 °C. Next, 100 µL of human AT (75 µg/mL) with or without heparin (5 U/mL) was added, 

and the samples were incubated for various time periods. To determine the residual thrombin 

activity, 200 µL of S-2238 (0.5 mmol/L) was added to the sample as a chromogenic thrombin 

substrate and changes in absorbance/min (ΔA/min) were measured at 405 nm. Relative residual 
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thrombin activities were calculated by comparison with 0-min data. Using this optimized 

procedure, normal and warfarinized patient plasmas were analyzed. 

 We also tested warfarinized plasma from thrombosis patients with or without 

prothrombin Yukuhashi mutation for AT resistance using the optimized procedures in the 

presence or absence of heparin. We detected statistically significant differences between the 

data from thrombosis patients with and without the prothrombin Yukuhashi mutation using 

Student’s t-test and one-way factorial analysis of variance and multiple comparison tests 

(Fisher’s method). 
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Results 

Assay conditions in kinetic analysis of thrombin inactivation by AT 

Optimal assay conditions in the prothrombin activation step, such as pH of 50 mmol/L 

Tris–HCl buffer; concentrations of NaCl, phospholipids, CaCl2, and Ox venom; reaction time 

for Ox venom treatment; and dilution folds of plasma were demonstrated (Fig. 1A-G) and used 

in the assay. In the thrombin inactivation step with heparin, we tested 3 heparin concentrations 

(2.5–10 U/mL) with 30 µg/mL of AT (Fig. 2A) and 6 AT concentrations (8–75 µg/mL) with 5 

U/mL of heparin (Fig. 2B) in 100 µL of AT solution. Finally, we chose the optimal 

concentrations of heparin (5 U/mL) and AT (75 µg/mL) in 100 µL of AT solution in the 

presence of heparin. Amount of AT in 100 µL of AT solution (75 µg/mL of AT) was 7.5 µg, 

whereas that in 500 µL diluted (1:100) plasma was 1.5 µg because the AT concentration would 

be 30 mg/dL in normal plasma. Thus, 5-fold excess AT was added to the diluted plasma to 

minimize the influence of endogenous AT differences during thrombin inactivation of this assay. 

We also used the same concentration of AT solution in the absence of heparin. 

Analysis of AT resistance for recombinant prothrombin 

 Recombinant prothrombin samples containing chromogenic activity equivalent to that of 

normal plasma were prepared, and AT resistance in the presence or absence of heparin was 

analyzed. We performed triplicate measurements (intra-assay) for recombinant prothrombins 

and obtained very good reproducibility of data, as shown in Fig. 3. After 1-min inactivation 

using AT with heparin, the relative residual thrombin activity of the recombinant mutant 

prothrombin was 34.3% ± 2.2% [n = 3, mean ± standard deviation (SD); intra-assay], whereas 
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that of the wild-type was 6.3% ± 1.2 % (Fig. 3A). After 30-min inactivation using AT without 

heparin, the relative residual thrombin activity of the recombinant mutant prothrombin was 

95.8% ± 0.4% (n = 3, mean ± SD; intra-assay), whereas that of the recombinant wild-type 

prothrombin was 10.1% ± 1.7% (Fig. 3B), indicating an obvious AT resistance of the 

recombinant mutant prothrombin. 

Kinetic assay profile of normal plasma 

We analyzed normal plasma with and without heparin repeatedly (inter-assay) (Fig. 4). 

The relative residual thrombin activity of normal plasma decreased rapidly in the presence of 

heparin by AT inactivation and slowly decreased in the absence of heparin. 

Analysis of AT resistance for warfarinized plasma from thrombosis patients with or 

without the prothrombin Yukuhashi mutation 

 We also analyzed warfarinized plasmas from 5 thrombosis patients without the 

prothrombin Yukuhashi mutation (Fig. 5). Again, relative residual thrombin activities decreased 

rapidly in the presence of heparin by AT inactivation and slowly in the absence of heparin, 

although a small variation was observed. Higher PT-INR plasma appeared to exhibit a higher 

relative residual thrombin activity. 

 Plasma samples of 2 patients with the prothrombin Yukuhashi mutation (Pat1 and Pat2; 

PT-INR = 2.8 and 1.2, respectively), 5 thrombosis patients without the prothrombin Yukuhashi 

mutation (W1-5; PT-INR = 2.7, 2.2, 1.4, 2.5, and 1.9, respectively), and a healthy normal 

subject were analyzed in the presence or absence of heparin (Fig. 5). 
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 The initial thrombin activities of the warfarinized patient plasmas were very low, but 

inactivation using AT of the plasmas containing prothrombin Yukuhashi was very slow 

compared with that of the plasmas lacking prothrombin Yukuhashi (data not shown). Analysis 

of the relative residual thrombin activities after inactivation using AT revealed higher AT 

resistance in the plasmas of the 2 patients with prothrombin Yukuhashi than in the plasmas of 

the patients without prothrombin Yukuhashi, both in the presence and absence of heparin (Fig. 

5). After 1-min inactivation using AT with heparin, the relative residual thrombin activities in 

the plasma of the 2 patients with prothrombin Yukuhashi showed significantly higher values 

[32% (Pat1) and 31% (Pat2)], than those in the plasma of the 5 thrombosis patients without 

prothrombin Yukuhashi [4%–11% (W1–5)] (Fig. 5A). There were statistically significant 

differences between the data of the patients with and without the prothrombin Yukuhashi 

mutation after 1-, 2- and 3-min inactivation, but not at 4- and 5-min inactivation. 

 After 30 min inactivation using AT without heparin, the relative residual thrombin 

activities in the plasma of patients with prothrombin Yukuhashi showed higher values [48% 

(Pat1) and 52% (Pat2)] than those in the plasmas of patients without prothrombin Yukuhashi 

[9%–16% (W1–5)] (Fig. 5B). There were also statistically significant differences between the 

data of the patients with and the patients without the prothrombin Yukuhashi mutation after 10-, 

20- and 30-min inactivation. 
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Discussion 

 We recently reported a case of hereditary thrombosis associated with a novel mechanism 

of AT resistance, a gain-of-function mutation in the gene encoding the clotting factor 

prothrombin (prothrombin Yukuhashi) 6. We did not initially identify any known causes of 

hereditary thrombophilia in this family. In 2009, at the XXII Congress of the International 

Society on Thrombosis and Haemostasis held in Boston, it was reported that a genome-wide 

linkage scan to detect genes associated with a susceptibility to thrombosis, identified a 

prothrombin missense mutation (Arg>Trp; no description of the position); however, the detailed 

molecular mechanism for thrombophilia remains unknown 8. Therefore, we analyzed the 

prothrombin gene as a candidate for causing thrombophilia in this family, and found the 

mutation 6. 

 Several laboratory tests are available to evaluate thrombotic diathesis, however, none of 

the current conventional laboratory tests can detect AT resistance in plasma easily. We 

developed a new laboratory test that evaluates the thrombin inactivation response in plasma to 

the added AT. To our knowledge, such an assay has not been previously used to analyze 

patients with thromboembolism, with the exception of an activated protein C (APC) resistance 

test measuring the anticoagulant response in plasma to the added APC 9. The developed assays 

were designed to measure the residual activity of plasma-derived thrombin after the addition of 

excess AT and were based on the hypothesis that a poor response to AT is a predisposition to 

thrombosis. 
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 The assay consists of 3 steps: prothrombin activation, thrombin inactivation using AT, 

and measurement of the residual thrombin activity. In the first prothrombin activation step, Ox 

venom, also called as Taipan venom, was used as a FXa/FVa-like prothrombin activator, which 

only requires Ca2+ and negatively charged phospholipids for maximal activity 10. Ox venom 

consisting of enzymatic and non-enzymatic subunits is stable, unlike the FXa/FVa complex, 

which is transient. Ox venom could probably be replaced by FXa and FVa in the assay. This 

modification is currently being tested. 

 Inhibition of thrombin using AT, forming a covalent complex in a 1:1 molar ratio, is 

relatively slow, but is markedly enhanced in the presence of the glycosaminoglycan heparin11. 

Plasma AT plays a key role in the natural hemostatic balance to maintain blood fluidity, and 

patients with AT deficiency are susceptible to thromboembolic diseases, particularly deep vein 

thrombosis of the lower limbs and pulmonary embolism 12. Similarly, patients with AT 

resistance are susceptible to thromboembolic diseases 6. During thrombin inactivation of this 

assay, 5-fold excess AT was added to the diluted plasma to minimize the influence of 

endogenous AT differences with or without heparin. AT resistance was detected in using both 

methods. During the measurement of the residual thrombin activity, the assay without heparin 

appeared to be more effective in plasma than the assay with heparin, although a longer time was 

required. 

 Because warfarin treatment decreased the levels of vitamin K- dependent coagulation 

factors, including prothrombin, the initial residual thrombin activity in the warfarinized 

patient’s plasma containing prothrombin Yukuhashi was lower than that in normal pooled 
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plasma; however, a definite AT resistance was observed when converted to the relative residual 

thrombin activities. 

 We have developed a method for analyzing thrombin inactivation kinetics in plasma to 

detect AT resistance. Although identification of more patients with prothrombin Yukuhashi will 

be required to fully characterize this new assay, AT resistance was successfully detected in the 

warfarinized plasma obtained from the patient with prothrombin Yukuhashi. To date, plasma 

samples from several unrelated Japanese patients with VTE of an unknown cause have been 

analyzed, but none have demonstrated AT resistance. The availability of the new assay may 

identify more patients with AT resistance, including those with prothrombin Yukuhashi or other 

mutation. 

 In conclusion, we have devised a new laboratory test to detect AT resistance in plasma 

obtained from patients with prothrombin Yukuhashi. Although it is necessary to improve the 

efficacy and convenience of the assay, it can be used as a research tool to find AT resistance in 

undiagnosed patients with thromboembolism. 
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Figure Legends 

Fig. 1.  

Optimal assay conditions in the prothrombin activation step.  

Diluted plasma samples were incubated with prothrombin activator components 

(phospholipids, CaCl2, and Ox venom) at 37 °C, S-2238 was added, and changes in 

absorbance/min (ΔA/min) were measured at 405 nm. Several parameters of the assay in the 

thrombin generation step, such as pH (A) of 50 mmol/L Tris–HCl buffer; concentrations of 

NaCl (B), phospholipids (C), CaCl2 (D), and Ox venom (E); reaction time for Ox venom (F); 

and dilution folds of plasma (G) were determined. The values with arrows indicate optimal 

conditions. 

Fig. 2.  

Optimal assay conditions in the thrombin inactivation step.  

Purified human prothrombin was used to optimize heparin (A) and AT (B) concentrations 

in the thrombin inactivation step. A: Under optimal conditions of prothrombin activation (Fig. 

1), the samples were treated with 3 heparin concentrations [2.5 U/mL (□); 5.0 U/mL (●); 10 

U/mL (◯)] in the presence of AT (30 µg/mL). B: Under optimal conditions of prothrombin 

activation (Fig. 1), the samples were treated with several AT concentrations [8 µg/mL (□), 15 

µg/mL (△), 30 µg/mL (■), 45 µg/mL (▲), 60 µg/mL (◯) and 75 µg/mL (●)] in the presence 

of heparin (5 U/mL). 
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Fig. 3.  

AT resistance analysis for recombinant prothrombin.  

AT resistance for recombinant prothrombin with or without heparin was analyzed. A: 

Activated thrombins from recombinant prothrombins by Ox venom were inactivated using AT 

with heparin for 0–5 min, and relative residual thrombin activities were determined. rWT (◯) 

and rMut (●) indicate wild type and mutant recombinant prothrombins, respectively (n = 3, 

mean ± SD; intra-assay). The lower table shows actual numerical data. B: Activated thrombins 

from recombinant prothrombins by Ox venom were inactivated using AT without heparin for 

0–30 min, and relative residual thrombin activities were determined. rWT (◯) and rMut (●) 

indicate wild type and mutant recombinant prothrombins, respectively (n = 3, mean ± SD; 

intra-assay). The lower table shows actual numerical data. Relative residual thrombin activities 

were calculated by comparison with the 0-min data. Respective values indicate the final % of 

the relative residual thrombin activities. 

Fig. 4. 

Kinetic assay profile of normal plasma. Normal plasma was analyzed using the new AT 

resistance assay with or without of heparin.  

A: Activated thrombin from normal plasma prothrombin by Ox venom was inactivated 

using AT with heparin for 0–5 min, and the relative residual thrombin activity was determined 

(n = 4, mean ± SD). The lower table shows actual numerical data. B: Activated thrombin from 

normal plasma prothrombin by Ox venom was inactivated using AT without heparin for 0–30 
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min, and the relative residual thrombin activity was determined (n = 8, mean ± SD). The lower 

table shows actual numerical data. Relative residual thrombin activities were calculated as 

described in Fig. 3. 

Fig. 5.  

Analysis of AT resistance for warfarinized plasma from thrombosis patients with or 

without the prothrombin Yukuhashi mutation.  

Warfarinized plasmas from 2 patients with the prothrombinYukuhashi mutation (Pat1,● 

and Pat2,▲) and 5 thrombosis patients without the prothrombin Yukuhashi mutation (W1,

□;W2,△;W3,◇;W4,×;W5,✳), and normal plasma (◯) were analyzed. Their PT-INRs were 

2.8 (Pat1), 1.2 (Pat2), 2.7 (W1), 2.2 (W2), 1.4 (W3), 2.5 (W4), and 1.9 (W5), respectively. 

Activated thrombin from plasma prothrombins by Ox venom was inactivated using AT with 

heparin for 0–5 min (A) or without heparin for 0–30 min (B) and relative residual thrombin 

activities were determined as described in Fig. 3. There were statistically significant differences 

between the data of the patients with and the patients without the prothrombin Yukuhashi 

mutation (*, p<0.01; **, p<0.001). 
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