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macrophages basically play a role in the defense against tumors in
the absence of IL-2Ry,., whereas the antitumor effect can be likely
affected by modulation of M1/M2 macrophage polarization by
tumor cells.

In conclusion, to our knowledge the present study is the first to
assess qualitative and quantitative differences in innate elimina-
tion of human cancer cells between the presence and absence of
IL-2Rvy. function in NOD background mice lacking adaptive
immunity. The results provide insights into the nature of innate
response in the absence of adaptive immunity, aiding in devel-
oping tumor xenograft models in experimental oncology.
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Impact of nonsynonymous mutations of factor X on the
functions of factor X and anticoagulant activity of edoxaban
Kengo Noguchi®®, Yoshiyuki Morishima®®, Shinichi Takahashi®®,

Hiroaki Ishihara®®, Toshiro Shibano®“ and Mitsuru Murata®®

Edoxaban is an oral direct factor Xa (FXa) inhibitor and its
efficacy as an oral anticoagulant is less subject to drug—-
food and drug-drug interaction than existing vitamin K
antagonists. Although this profile of edoxaban suggests itis
well suited for clinical use, it is not clear whether genetic
variations of factor X influence the activity of edoxaban. Our
aim was to investigate a possible impact of single-
nucleotide polymorphisms (SNPs) in the factor X gene on
the functions of factor X and the activity of edoxaban. Two
nonsynonymous SNPs within mature factor X, Ala152Thr
and Gly192Arg, were selected as possible candidates that
might affect the functions of FXa and the activity of
edoxaban. We measured catalytic activities of wild type and
mutant FXas in a chromogenic assay using S-2222 and
coagulation times including prothrombin time (PT) and
activated partial thrombin time (aPTT) of plasma-containing
recombinant FXs in the presence and absence of edoxaban.
Michaelis-Menten kinetic parameters of FXas, K,,, and Vax
values, PT and aPTT were not influenced by either mutation
indicating these mutations do not affect the FXa catalytic
and coagulation activities. The Ki values of edoxaban for the
FXas and the concentrations of edoxaban required to

Introduction

The interpatient variability of a drug response is a major
problem in clinical development and practice. It can lead
to therapeutic failure or adverse drug reactions in indi-
viduals or subpopulations of patients [1]. The interpati-
ent variability may be partially explained by genetic
variations, mainly single-nucleotide polymorphisms
(SNPs). Such polymorphisms are located in gene coding
for proteins, which influence drug pharmacokinetics
as well as pharmacodynamics by modulating their
expressions and functions. Owing to accumulating evi-
dence that genetic variations can influence drug reac-
tions, pharmacogenomics progressively informs drug
regulatory agencies decisions, including pharmacoge-
nomic information onto labels regarding drug product
characteristics [2].

Warfarin is the most commonly prescribed outpatient oral
anticoagulant in the world [3,4]; however, it is well known
that warfarin has a large interpatient variability not only in
pharmacokinetics by SNPs of cytochrome P450 (CYP)
2C9, but also in pharmacodynamics by SNPs of vitamin K
epoxide reductase complex-1 (VKORC1), the target
protein of warfarin [2,5-7]. Hence, the US Food and
Drug Administration has updated the labeling for
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double PT and aPTT were not different between wild type
and mutated FXas indicating that both mutations have little
impact on the activity of edoxaban. In conclusion, these data
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warfarin several times to deal with pharmacogenomical
issues. Furthermore, clinical efficacy of an antiplatelet
drug clopidogrel is affected by SNPs in CYP2C19 [8],
paraoxonase-1 [9] and the PlApolymorphisrn (Leu33Pro)
of the platelet glycoprotein IIIa gene [10]. As variable
response in antithrombotic effects can lead to increased
thrombotic or bleeding risks, more consistent antithrom-
botic effects with novel agents in all patients regardless of
genetic variations are highly desirable.

Activated factor X (FXa) plays a pivotal role in the
coagulation cascade being the first enzyme in the com-
mon pathway of thrombin formation and is a promising
target for antithrombotic drugs. Edoxaban is a new once-
daily, oral, direct FXa inhibitor and its efficacy is less
subject to drug—food and drug—drug interaction than
existing vitamin K antagonists [11-15].

Factor X, a zymogen of FXa, is synthesized and cleaved
signal and propeptide in the liver followed by secretion
into circulation as mature factor X. The factor X gene,
located on chromosome 13g34, spans 27 kb and contains
eight exons [16,17]. Amounts of variants including
deletions, missense, frame shift and splice site mutations
have been reported in factor X gene [18]. Congenital

DOI:10.1097/MBC.0000000000000147
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deficiency of factor X is thought to be rare because factor
X has critical roles in hemostasis. In knockout mice,
approximately one-third of the factor X-deficient
embryos died around embryonic day 11.5-12.5 and the
majority of neonates died within 5 days, most frequently
from hemorrhagic complications [19], implying that
variants in the factor X gene likely influence clinical
cardiovascular events. Therefore, impacts of genetic
variants in the factor X gene on functions of factor X
should be assessed carefully. However, little has been
elucidated about influences of genetic variants on the
catalytic activity of FXa as well as the pharmacodynamic
profile of direct FXa inhibitors. As direct FXa inhibitors
like edoxaban exert its effects by direct binding to FXa,
SNPs accompanying an amino acid substitution within
mature factor X could modulate the effects of direct FXa
inhibitors via, for example, change in the affinity for FXa.

Among known SNPs of factor X gene, two nonsynon-
ymous SNPs, Alal52Thr (A152T) and Gly192Arg
(G192R), which are positioned within the light chain
and activation peptide region, respectively, were selected
as possible influential mutations. Although the A152T
mutation is structurally apart from the active site of FXa
and interacting sites with factor Va (FVa, Fig. 1) [20-22]
and the G192R mutation is located inside the activation

Fig. 1

peptide, they can affect the function of factor X and FXa
by several aspects, for example, modulating posttransla-
tional modifications, secretion from hepatocytes, factor X
activation and interaction with cofactors.

In this study, we assessed the influence of two mutations,
A152T and G192R, on the function of FXa, and anti-FXa
and anticoagulation activities of edoxaban.

Materials and methods

Reagents and drugs

Edoxaban tosylate, (DU-176b) was synthesized at
Daiichi Sankyo Co., Ltd. (Tokyo, Japan). All restriction
enzymes were purchased from New England Biolabs
(Beverly, Massachusetts, USA). S1 nuclease and DNA
Ligation Kit Ver.2.1 were obtained from TAKARA BIO
Inc. (Tokyo, Japan). LB-Agar Medium tablet, LB-Med-
ium tablet, vitamin K1, dimethyl sulfoxide (DMSO),
phosphate-buffered saline (PBS), albumin from bovine
serum (BSA) and PEG8000 were purchased from Sigma-
Aldrich Co. LLC. (St. Louis, Missouri, USA). Ampicillin
and kanamycin sulfate were supplied from Funakoshi
Co., Ltd. (Tokyo, Japan). Isopropyl alcohol, ethyl alcohol,
distilled water (dH,0), NaCl, CaCl, and HCI were
purchased from WAKO Pure Chemical Industries Ltd.
(Osaka, Japan). Human embryonic kidney (HEK) 293

Schematic representation of crystal structure of FXa and locations of A152T mutation. The A152 is colored red and the active site residues, H276,
D322 and S419, are colored blue; interacting site residues with FVa, R387 and K391, are colored green. Both active sites of FXa and interacting
sites with FVa are structurally apart from A152. This model was generated using PyMOL (http://pymol.sourceforge.net).
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cells were purchased from Dainippon Pharmaceutical
(Kyoto, Japan). Trypsin/ethylenediaminetetraacetic acid,
Dulbecco’s modified Eagle’s medium (DMEM), peni-
cillin/streptomycin and Opti-MEM T Reduced-Serum
medium (Opti-MEM I) were obtained from Invitrogen
Corporation (Carlsbad, California, USA). Tris was pur-
chased from MP Biomedicals (Solon, Ohio, USA). Taq
PCR Master Kit was from Qiagen K.K. (Tokyo, Japan).
QuikChange II Site-Directed Mutagenesis Kit and
pCMV-Script vector were obtained from Stratagene
Cloning Systems (La Jolla, California, USA). Fetal bovine
serum (FBS) was obtained from JRH Biosciences
(Lenexa, Kansas, USA). FuGENE 6 Transfection
Reagent was purchased from Roche Diagnostics Corpor-
ation (Indianapolis, Indiana, USA). Factor X extracted
from human plasma was obtained from Calbiochem (San
Diego, California, USA). RVV-X factor X activator was
purchased from Pentapharm (Basel, Switzerland). S-2222
was purchased from Chromogenix (Milan, Italy). Factor
X-deficient plasma, Owren’s veronal buffer, Thromborel
S, actin-activated cephaloplastin reagent and CaCl,
solution were all obtained from Sysmex Corporation
(Hyogo, Japan).

Construction of expression vectors

The pCMV4-ss-pro-II-hFX plasmid, which contains a
chimeric cDINA consisting of a human prothrombin signal
and propeptide sequence (position: +1 to 129 in Gen-
bank accession number NM_000506) followed by mature
human factor X (position: 121 to 1467 in NM_000504)
[23], was provided by Dr Rodney M. Camire (The
Children’s Hospital of Philadelphia, Pennsylvania,
USA). This chimeric factor X ¢cDNA increases the ratio
of fully y-carboxylated recombinant factor X (rFX) com-
pared with the carboxylation of the native factor X cDNA
[24]. In this study, the oligonucleotide numbers are
defined as follows: the A in ATG initiation codon of a
chimeric cDNA of prothrombin and factor X is denoted
nucleotide +1. The first amino acid of mature factor X,
Ala, is denoted amino acid +1. Two mutations, G463A
and G583A, which correspond to G454A (rs3211772) and
G574A (rs3211783) in NM_000504, respectively, were
introduced using a QuikChange II Site-Directed Muta-
genesis Kit. Modification of G463A and G583A result in
amino acid substitutions of A152T and G192R, respec-
tively. The following primers were constructed for muta-
genesis, in which the underlined parts show where the
nucleotide was modified. Primer A: 5,-GTGTGCTCC
TGCACCCGCGGGTACACC-3 and primer B: 5/,-GGT
GTACCCGCGGGTGCAGGAGCACAC-3, introduced
A152T. Primer C: 5-CAGCAGCAGCAGGGAGGCCCC
TGAC-3' and primer D: 5¥-GTCAGGGGCCTCCCT
GCTGCTGCTG-3, introduced G192R. Each chimeric
prothrombin/factor X insert (wild type, A152T and G192R)
was digested with Bg/ll followed by S1 nuclease and
digested by Hindlll, gel-purified and subcloned into
pCMV-Script vector generating pCMV-Script-ss-pro-11-

hFX, pCMV-Script-ss-pro-II-hFX-A152T and pCMV-
Script-ss-pro-II-hFX-G192R, respectively.

Expression of recombinant factor X

HEK 293 cells were dispersed to flasks in DMEM
supplemented with 10% FBS and grown to subconflu-
ence at 37°C in 5% CO; followed by changing the
medium to Opti-Mem I containing 6 wg/ml of vitamin
K1. Cells were transiently transfected with pCMV-Script-
ss-pro-1I-hFX, pCMV-Script-ss-pro-II-hFX-A152T, or
pCMV-Script-ss-pro-II-hFX-G192R using FuGENE 6
Transfection Reagent to generate wild-type rFX, rFX-
A152T, or tFX-G192R, respectively. The culture media
containing rFXs were harvested every 48h and concen-
trated with Amicon Ultra-15. The concentrations of rFXs
were determined by diagnostic assay (ASSERACHROM
X:Ag/Diagnostica Stago, Paris, France). The concen-
trations of tFXs referring to the standard curve of factor
X extracted from human plasma were calculated.

Measurement of enzyme activities of rFXas and
anti-FXa activity of edoxaban

Catalytic activities of rFXas were measured based on
the methods described in the previous report with
some modifications [11]. Activation of rFX to rFXa was
driven as follows using 96-well microplates: 25 pl of 1FX
(0.2 pg/ml: adjusted with Opti-MEM ) was mixed with
25 pl of activation buffer containing RVV-X FX activator
(0.1 U/ml), NaCl (0.1 mol/), Tris-HCI (0.02 mol/1), BSA
(0.1 mg/ml), PEG8000 (0.1%) and CaCl; (5 mmol/l). The
reactions were incubated at 37°C for 1.5h. The enzy-
matic reactions of FXa were triggered by the addition of
the chromogenic substrate S-2222. T'o measure amidolysis
of S-2222 (125 to 800 pmol/l) by FXa, the absorbance at
405 nm was monitored with a Wallac ARVO 1420 (Perkin-
Elmer, Inc, Waltham, Massachusetts, USA) for 10 min
and the reaction velocity (mOD/min) was obtained.
The anti-FXa activity of edoxaban was measured in
the presence of 1 to 4 nmol/l of edoxaban. Michaelis—
Menten parameters, reaction velocity maxima (V)
and Michaelis constant (K,,) of rFXas were calculated
by the Lineweaver—Burk plots as indicated in Fig. 2, and
the inhibition constant (Ki) values and their 95% confi-
dence intervals (95% Cls) of edoxaban were calculated
by the Lineweaver—Burk plots followed by subsequent
secondary plots.

Measurement of clotting time and anticoagulant activity
of edoxaban

To investigate an influence of factor X mutations on the
coagulation and anticoagulant activity of edoxaban, we
used reconstituted plasma consisting of rFXs and factor
X-deficient plasma. Clotting parameters Including
prothrombin time (PT) and activated partial thrombo-
plastin time (aPT'T) were measured with a coagulometer
CA-50 (Sysmex Corporation, Hyogo, Japan).
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Representative Lineweaver—Burk plot of catalytic activity of
recombinant FXa. Catalytic activities of recombinant FX as were
measured in a chromogenic assay using S-2222.

PT was measured as follows: 25 pl of 5 pg/ml rFXs, 25 ul
of edoxaban (0.01 to 1.0 pmol/l) in 4% DMSO/Owren’s
Veronal Buffer (v/v) and 50 pl of FX-deficient plasma
were mixed at 37°C. Three minutes later, the clotting
reactions were started by the addition of 200 pl of Throm-
borel S and the clotting assays were measured.

aPT'T was measured as follows: 25 pl of 5 pg/ml factor X,
25l of edoxaban (0.01 to 1.0 umol/l) in 4% DMSO/
Owren’s Veronal Buffer (v/v) and 50 pl of factor X-defi-
cient plasma were mixed at 37°C. One minute later,
100wl of actin-activated cephaloplastin reagent was
added to the reagent mixture and incubated at 37°C
for 2 min. The reactions were started with the addition
of 100 pl of 25 mmol/l CaCl, solution to the mixture and
the clotting times were measured.

Statistical analysis

Analyses were performed using EXSAS ver. 6.10 and 7.10
(ARM SYTEX, Osaka, Japan) based on SAS System
release 8.2 (SAS Institute Japan, Tokyo, Japan). Data
are expressed as mean (standard deviation of mean, SD)
unless otherwise noted.

Results

Impacts of F mutations, A152T and G192R, on functions
of factor X

As with wild-type rFX, both rFX-A152T and rFX-G192R
can be obtained from transfected cells, suggesting these
mutations did not influence secretory pathway of factor
X. A representative Lineweaver—Burk plot of catalytic
activity of rFXa is shown in Fig. 2. All of rFXas activated
from wild-type rFX, rFX-A152T and rFX-192R cleaved
S-2222 with K, values (SD) of 0.58 (0.06), 0.56 (0.05)
and 0.60 (0.09) nmol/l and V,,,, values (SD) of 50.4(7.3),
46.4(3.3) and 53.3(8.6) mOD/min, respectively (Table 1).

Table 1 Impacts of Factor X mutations, A152T and G192R, on
functions of Factor X

Catalytic activity Coagulation time

K Vinax PT aPTT
(mmol/l) {mOD/min) (s) (s)
Wild-type 0.58 (0.06) 50.4 (7.3) 23.6 (1.8) 75.1 (3.6)
A152T 0.56 (0.05) 46.4 (3.3) 23.8 (0.6) 72.5 (5.6)
G192R 0.60 (0.09) 53.3 (8.6) 24.3 (0.4) 71.8 (8.1)

Factor X mutations, A162T and G192R, did not affect the catalytic activity and
coagulation activity of FX. Data represent mean (standard deviation) of six
independent experiments. aPTT, activated partial thrombin time; PT, prothrombin
time.

These data indicate that these mutations do not influence
FXa catalytic activity.

Clotting time was measured using reconstituted plasma
consisting of factor X-deficient plasma and recombinant
factor X. All rFXs were functional in both extrinsic (PT)
and intrinsic (aP'T'T) coagulation pathway measurements
in the reconstituted plasma. PTs of plasma containing
wild-type 1FX, rFX-A152T and rFX-192R were 23.6
(1.8), 23.8 (0.6) and 24.3 (0.4) seconds, respectively.
APTTs of plasma containing wild-type rFX, rFX-
A152T and rFX-192R were 75.1 (3.6), 72.5 (5.6) and
71.8 (3.1) seconds, respectively (Table 1). There are
no changes in clotting times by these mutations.

Influence of A152T and G192R on anti-FXa activity of
edoxaban

All of FXas activated from wild-type tFX, tFX-A152T
and rFX-192R were inhibited by edoxaban with the
coequal Ki values (95% CI) of 0.89 (-0.020 to 2.8),
0.85 (0.30-1.6) and 1.1 (0.40-2.4) nmol/l, respectively
(Table 2), implying that anti-FXa activity of cdoxaban
was not influenced by the mutations.

Impact of A152T and G192R on anticoagulant activity of
edoxaban

The coagulation times of reconstituted plasma consisted
with rFXs and factor X-deficient plasma were prolonged
by edoxaban (Fig. 3). The concentrations of edoxaban
required to double the PT (95% CI) of wild-type rFX,
1FX-A152T and rFX-192R were 0.12 (0.09-0.14), 0.12
(0.09-0.14) and 0.11 (0.09-0.14) pmol/l, respectively.
The concentrations of edoxaban required to double

Table 2 Impacts of Factor X mutations, A152T and G192R, on anti-
FXa and anti coagulant activity of edoxaban

Concentration to double coagulation
times (umol/l)

Ki value (nmol/l)

rFX Mean (95% ClI) PT (95% CI) aPTT (95% ClI)

Wild-type 0.89 (—0.020-2.8) 0.12 (0.09-0.14) 0.50 (0.44-0.56)
A152T 0.85 (0.30-1.6) 0.12 (0.09-0.14) 0.45 (0.40-0.51)
G192R 1.1 (0.40-2.4) 0.11 (0.09-0.14) 0.46 (0.41-0.52)

Data indicate there was no significant difference among wild-type and mutant
rFXas. Ki values of edoxaban are expressed as the means and 95% confidence
intervals (95% Cl) of three independent experiments. aPTT, activated partial
thrombin time; PT, prothrombin time.
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the aPTT (95% CI) of wild-type rFX, rFX-A152T and
rFX-192R were 0.50 (0.44-0.56), 0.45 (0.40-0.51) and
0.46 (0.41-0.52) pmol/l, respectively.

Discussion

Pharmacogenomics has recently been used to uncover a
number of genetic variants that affect drug safety and
efficacy. The identification of such genetic variations can
improve drug-prescribing decisions by identifying which
patients should avoid specific drugs and which patients
should take a modified dosage of drugs. In fact, the labels
of several drugs have been updated based on pharmaco-
genomic evidence. The variability of a drug response
caused by genetic mutations often results from changes in
the pharmacokinetic and pharmacodynamic properties.
Pharmacokinetic alternations can be attributed to vari-
ations of drug-metabolizing enzymes and transporters.
Alternations in pharmacodynamics often result from vari-
ations of genes of the drug target or target-related
proteins such as VKORC1 for warfarin [2,5-7], platelet
glycoprotein Illa for clopidogrel [8,9] and KRAS (V-KI-
RAS2 Kirsten rat sarcoma viral oncogene homolog) for
panitumumab [25,26]. The interpatient variability of a
drug response is a serious issue especially for antithrom-
botic drugs. Warfarin has a large interpatient variability
not only in pharmacokinetics by SNPs of CYP2C9, but
also in pharmacodynamics by SNPs of VKORCI1. Hence,
the patients receiving warfarin have to be carefully and
repeatedly monitored to maintain the appropriate dosage
[27]. Anticoagulant drugs, which can exert a consistent
antithrombotic effect regardless of genetic variations,
therefore provide a clinically important advantage over
vitamin-K antagonists.

In this study, we focused on the possibility of impact of
genetic SNPs on factor X. Among known factor X SNPs
in the NCBI dbSNP database, we selected two nonsy-
nonymous SNPs inside mature factor X, A152T and
G192R, as possible candidates, which might affect the

function of factor X and the activity of edoxaban.
Although allelic frequencies of A152T and G192R are
around 5% or less, if these mutants would have an excess
procoagulant tendency or an abnormal reactivity to antic-
oagulants, these mutants may lead to severe thrombotic
or hemorrhagic events. At present, limited data are avail-
able regarding the impact of these two mutations on the
function of factor X as a coagulation factor and the
activities of anticoagulants. Therefore, we investigated
the impact of A152'T" and G192R mutations on the func-
tions of factor X and the activities of edoxaban by
measuring FXa activity and clotting times, PT and
aPTT. Although we cannot exclude the possibility that
PT and aPTT are insensitive to detect the impact of
factor X mutations, we think the coagulation times reflect
some important process related to factor X function such
as factor X activation, prothrombinase formation and
thrombin formation.

First, both mutations showed no statistically significant
differences in K, and V,,, values of FXa, or PT and
aPTT. These results indicate that the mutations have
little impact on the functions of factor X and FXa and
suggest that the two mutations do not influence the
activation process from zymogen to active form and
interaction between cofactors including FVa and Ca®™,
or enzyme activity. Secondly, no statistically significant
difference was found between wild-type and the two
mutations in activities of edoxaban, suggesting that these
mutations do not influence the affinity of edoxaban
for FXa.

In our previous report, the Ki value of edoxaban was
0.561 nmol/l, and the concentrations to double PT and a
PTT of human plasma were 0.256 and 0.508 pmol/l,
respectively [11]. The Ki values and the concentrations
to double aPT'T of edoxaban in the present study were
consistent with those in the previous report. In contrast,
the mean concentrations to double PT of reconstituted
plasma containing rFX and factor X-deficient plasma
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were 0.12, 0.12 and 0.11 pmol/l, respectively, indicating
the concentrations were approximately half of that in the
previous report. This difference may depend on the
different PT reagents used, as P'T response by edoxaban
differs by PT reagent [28].

In previous reports, edoxaban was noted to have a pre-
dictable and consistent pharmacokinetic and pharmaco-
dynamic profile across subjects with low intersubject
variability [14,15]. Taken together, these data suggest
edoxaban might have less interpatient variability than
warfarin in terms of both pharmacokinetics and pharma-
codynamics. To prove the above hypothesis, the impact
of the mutations of factor X should be investigated in
clinical pharmacogenomic studies.

In conclusion, two mutations of factor X, A152T and
G192R, did not affect the FXa catalytic and coagulation
activities and, furthermore, had little impact on the anti-
Xa and anticoagulant activities of a direct FXa inhibitor,
edoxaban. This study suggests that edoxaban is less
likely to have interpatient variability stemming from
SNPs in the factor X gene.
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Abstract

Basic examination of direct thrombin inhibitor monitoring using two fibrinogen reagents
containing different thrombin units

Yuta Fujimori”, Hisako Katagiri”, Masatoshi Wakui®, Nobuko Shimizu”, Toshiyuki Sakata”,
Takayuki Mitsuhashi®, Mitsuru Murata®
UDepartment of Central Clinical Laboratory, Keio University Hospital,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan
Department of Laboratory Medicine, School of Medicine, Keio University,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan
9TL Japan, 1-3-30 Mita, Minato-ku, Tokyo 108-0073, Japan

It has been expected that oral direct thrombin inhibitors (DTIs) would not require routine moni-
toring, in contrast to warfarin. However, some cases of severe bleeding with or without a fatal out-
come have been reported among patients on medication with a DTL Therefore, the clinical signifi-
cance of monitoring DTIs is of considerable interest. We focused on the discrepancy between the
measurement of fibrinogen in the presence of DTIs due to the use of different thrombin concentra-
tions in the Clauss fibrinogen assay to basically examine the potential for laboratory tests to monitor
anticoagulant activity of DTIs. Human plasma was spiked with various concentrations of the DTT, ar-
gatroban, and was then subjected to the measurement of fibrinogen at two different thrombin con-
centrations. The measured values of fibrinogen in the presence of argatroban were similar to those in
the absence of argatroban at all concentrations up to 1.9 pmol/L when assayed with a high thrombin
concentration (high-thrombin). On the other hand, the measured values of fibrinogen decreased in
parallel with an increase in the concentration of argatroban when assayed with a low thrombin con-
centration (low-thrombin). The fibrinogen ratio, which is calculated by dividing the fibrinogen value
measured with high thrombin by that measured with low thrombin, increased more sensitively than
the activated partial thromboplastin time at a high concentration range of argatroban, and the
prothrombin time at both low and high concentration ranges. These results suggest that the fibrino-
gen ratio is useful for DT monitoring, especially for the detection of the levels of DTI activities poten-
tially leading to bleeding.

Key words: Direct thrombin inhibitor, Argatroban, Fibrinogen ratio, Monitoring
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o BEMIRAFREDM/IMRBAEICE T EIERFESRVLSNTEY, B
BRTCHEAL TV S HBORHERIELEDATIHHI DI EDPUBETHS.

o M/MREAIEICIZEY b7+ —ILBHFEEL, BREETRENDEANT S
LRFFFER LD M/MEEROBRIZERETHS.

o M/MREIED/ (S X — & IR M/MREIMS C ST M/MEETE(MPV), /R
BREAHIEPDW R ESHY, MMRICET BIEREEBIENTES.

o M/MEHAME BINEICRE < DEBASHBH, MPV LRSS M/MEY 1 X
IS B BER DT B.

/iRy, /MR ER (MPV), m/MREESHIE(PDW), HBitf/Migsd, fivik

WERE

1EUHIC

BE, MMEBORIEIZ, BEIMBREEEEE I
EBHENRTEREL>TwS, LaL, HENMBR
SABEBORBRTHMETCELRVEAENDHD,
Brecher-Cronkite 3+ Fonio 7 £ % B\ C#
#ELTn3,

I /AR B o> 2 M B 13 15 5 ~35 F/ul. T, 5
F/uL BRIl 3 L IR S HIR LB ®,
2H/UL BT CI/MREIMONSRE L7 5 Z 035
%, MUMRIZ BRSO BEZIR3 oML, BREL, %
DOOIEE O E VI L TS EoM/MEZ T
%, BN /MR IR IE S 2 7~10 HiE

EERL M cEmZRAS. JOEERTFICE
WHBEL 3 &, MM DR PHEM, 8LUOKR
EZDORNCED AL NS,
MUINERAME THIL A3 A & e GE, B
EOEBLERZEIESEITILLHD, AFL
L TR 23774 5, 2 J5/ul. BUT O /b
WRECRRICBEOE VREBES RO 6N S, —
73, MUNMFSEIEE C i MMAREHRED U A 7 S ERE
Ll anidie 57w, M/AMRE D B2 BIE 21T
)L RBHPIRERBICREWTEETH S, £
7o, BEVMBREHEEEE D S X M/MRICEET %87
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A= PHEEINTWED, MEEEDORNTH
FOEHIN TR, TN T X—F Tk
/A (mean platelet volume : MPV)
oM/ IMEATE 2108 (platelet distribution width :
PDW)Z &b b, I FLBEREB/B L

B 283k 3 R ERE O m/h iR S E IR IE

TE?5,

AR IR ET 2RMEOBECER
B, oMz BaE 9 % B /MR I
DTS,

B B MBRF S B I S 11T % MR EGT
HOFEE I, BREFUELENEEESERT
5. BRIESERA —L0BRZIGHL 2 HE
T, BREBELINIL(PAA—F v —) ic Bk %8
WEE B L IMBROBREICHA L TEKIEF OB
BAHALN, ZEFHGTHERE #E5 L <Mz
BETE. Ay T AMEESS D, B
BEICENTW A, BEREIERE, L—¥ -k
%MWM A BRI X b ROgT L 2B ERELE
A EELED SO R E X PEEREHEIL &
R HET, L—F—DREHEHRD S kD

MMEROFREICHITBHEY b 73—

NEEEZ BRI TE 370, BRRINERP RN
e EDEEEZIFIC v,

AR, HOBEEEEYT CD61 Fifh % o 7= B2
WEEERALZELTAL Y 37 74 727
By FPr0)?®, StEaELAVE7n—
¥4 b A Y —(flow cytometry : FCM) i X
LPLIT-FF v v 2 WY 2BBRL XN Y — X
(A A 7 R)HEEIN, Rl MEUEERIC
BII2BEORMEBE SN TwS, HEIMRSHT
EBOMAMREBEHINC L EOREEBH ), FiE
PIELSCHBL THROSIT 2 LPRTITH S,

EEMBREHEEERE I BT, BRIEHECHIE
ENLMIMRDOKREZIZERA NI LICTERE
N5, ANRIMERSCHEHR IR FET 5 & FRIMER
DOREZIDBIMIMEDOKE XGRS B B0, Ih
WOBEGLFPICA D AREEEE 2% (R1)",
—7, KIVMRE 5 I ZERIVMEDSTEET 5 &
KEZIDRIMER &I 7 5 72 OITHRIMER & DXl
BSEL <, /MBI HEEE P> & Wb L < fida
Eld, ZOEIBHEBEDEAMTT LI, EH
FHETHHEENERLD, BRILESER L
DDX)BRERTOTERL2ET S, £,
BREYIE LC2NEEER P A EHIN TR 3
FEETE, M7T—FICBEIAROND DS
<, HEMAHBETH .

BRI 28F 232250, 1
DRFEEAOLF L VYT S v UEEE (ethyl-
enediaminetetraacetic acid : EDTA) < & b i/
WS % i Z 3 EDTA A7 M B M /MR AE

(I 2) % B sk o & B 2 /MR DM 3 1K
HWRERSTH 2Y, EDTA R R M /MRS
FEDESEDL N BE DMV MEBGEHINC I, 7 v
Na o~y 7 & EDTA &3 B 2 PrgeEH %
L CHIEZT ) HES—RITH 528, 1E0
b EDTA MR Ic A F <=4 > vz EDORE
FEERM L CHIE T 5 A EPHBEEEFI DA > T
ROERINE CERINE, EHICHET 2 5% 8D
b5,

2 OBHDFEREE, HMFEPEML ERICX2
MVMREEETH 5. MREE T, WEHEDSMAN
B 15 F/uL BUF, %714, BiEE? S Dd
&/HiEE & S EEDFEE >40%Th 554, Il
INFIRESR 7 4 7Y ¥ DF R RMIMEHEART
MERL w23, BEIMBREIEEEIC L >, &
NS L TESE X v 2 — (PLT Clumps? %
O)ERTFLEBZRRETILLHD, ZOBEAKC
R IMVIMRALE 3R & EARDTERVNETH 5,
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a count b count

PLT HI*

i amplitude
el 1 | |RBC BC (volume)
PLT RBC i RB
— R —
volume range volume range  amplitude volume range volume range
(volume)
€ count

PLTLO*F] |

1l LN amplitude

APELLBBO L L g (volume)
RBC

volume range volume range

1 BRIENECIZMMRBOEAN F LA

a : normal blood. M1/ (B4 2 um) EFRMER (BER 8 pm) PERFEICHEE N TV 3.

b : microcytic blood (microcythemia). M/IRSERIC/NFRILER, WHGRAOIKAAVRA TV S (FE).

¢ : macro platlet. KM/ IME, BEAM/NMEA 0/MESEE D 5% LT3 (F8®).

PLT LO* : lower threshold, PLT Hi* : upper threshold.

BILER, RACZ : BEOIRSFOESE. EIMER RN T « —F - J—BBOBRAMEBEOEARFE (RAZ, MEEEFEM
RaIR), FEENKEE, pp32-38, 2006 & V) —HHE L TEadH)

R2 {BiEf/MRED
MUMBEORES 2 HFRRS 505 (FAH). BBMIK
SMBETR, TNASOMIMENS YL FERE VL
Bic, R EMIMRIZED T 5. BT E
EEZBND.

M/MRESED/INT A —&

HENmBREHECEB I B 2 IECRRI NS 1M MPV (& R IR T O PR [ BREHE (mean cor-
INRBEE NS X — F %, A DIE D, puscular volume : MCV) 24824 L, M/MEEESE
MPV, PDW, /M2 Vv b (plateleterit : PCT) OEERERHEETSE Z L3TE S, IVMEEA
BETFTOND. FEICEBWTMPV BSHAENTE D, BEFRME
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Al EOMAMREEE T TIINE (D, R
PRI/ MR A P28 (idiopathic thrombocyto-
penic purpura : ITP) @ X 9 ICHEEHE & TTETIE
KREL 2, MMROBEEDTLEL T 3 IRET
i3, BHCOEEERD ZOIMIOBERITKE
T 7, @ ATIRIIMMIEE MPV ORI
FW A OGS S Y. L L, MPV iR
EDTA #8imic & Y B & & & i I/IMR 2SI IR {E
BRT IO, BB ARSECHET S Z &8
Wi Ly, MY, MPV i EDTA %0 30 45
THEEML, Z0% 2 K T HBINERE L 718
ZEBY, ZOBIFISICHEARTZELTVS,
R MPV OfENT 24T 9 12 1k, BRI 30 o5
5 2BMICHIE LR E2AVEO0EE L v,
F 7o, EEHEIIHEREIC X DRIEEVSER S
72, MR EICRET DHENDH S,

PDW &, FRIMBR T D 7R MM BRKL BE 43 A5 1§ (red
cell distribution width : RDW) iz fH¥4 L, & X
N2 5 THE U T M/MRE TS i DR EE % $iEfb
LabDThb, MPVICHARBRIWESRIZE
VW, ¥, BRIETECTEEINE D, B
FRIMBRBZHHIE L T 3B clBEE L2 3
BERH B,

PCT iZRfiBkd~= b 7 Uy MicHEY L, £
M3 2 M/MRBEBOBEEZ R L TW» 5,
% DIIMEERED /N E W20, BRRNAE R8I
&,

ZFOMI, YARX Y 7 ADDHEBDAT A —

M/RICEI S B PRE

#124& K /NR 3R (platelet-large cell ratio :
P-LCR), %h# Ifi /N #% Lk 2R (immature platelet
fraction : IPF) 3% %, P-LCRIZ12fL ¥4 2 7
U B RBEMRIEEZ R L CE D, MR
ERWHRMBRE R TR 24 —N—=F v 7
O, IMREMEEOE—y -t L EN
w3, '

IPF 13, BHD SIS Wi h ogh#E 4
IR ERCR L Bl T, SEEEREIR LI~
6.1% T&H %. IPF i BHED M/ 2 BE 2 STk
LEMEZRE LT 2. BRIV IERECTH
TURIMMR S8 2 % & ERBRASRD , I VR
DB & BRI Z 5720, #EATIE, IPF
& fvMREIZ AR 2R 9. IPF i fvMRIEE i
BT LTHEMT 32720, (LR
7 & D I/ INHR BT 3050 XL/ N i TR s oD T BT,
M/ R BT oA R (BERBEE L
% &) L M/IMRIEE FLE TP 4 &) ofEilicE A
THE". EDICHBHRE L L ORBIKED
R e 3742 RIS B 1T B /MR A RE O 8871 8
BEIcbAvon, EADENEN>TWS, L
2L, ‘BRI AE R (nyelodysplastic syn-
drome : MDS) iZ & /MR EDS Z 7UE ETA LT
VWIS 22 b 5§ IPF 23| WIIPF F
MDS” SEFHET 5. Z D MDS OF#icix, 7%
efafk il & L PRAROREMRERE, M/
WP BHEMIROMER Y OFEY BT 5T
W3,

8 M/MREDE (& 1)

M/ EAs 10 T3 /ul LTI IA U 2256 % I
AIMFIAME v 9 BRBERENREILTL 3T E
H23h 0, HERIREE L A CRElIcBELZIT
DEBH D, ZOBERIGEERR, - HET
i, MBEBNSHEED 3DIZaiiond,

EERROBEBRIEFIC LD X5 ICoEER,
ZORDPD 1 2TH5EKROBATHERRYE
ZiZz & OFHASECIEEHEO BRI, &
BRI ANRIRE B 2 2 5 Se R MR TR0
545, 13, MDS TEICERD 5 5
M /MR EE & RETRE O RE 1D 5.

B TLEIC X 3 IMVIMRIBA 212 2 3R
(&, ITP M A o /s #5968 4> 14 56 BE 9% (throm-
botic thrombocytopenic purpura : TTP), #%f&
4 I8 PNl (disseminated intravascular coag-
ulation : DIC) T&% 5. ITP ZECHEIC X 20
AN, TTP SiE L R BAERE B #F (hemolyt-
ic uremic syndrome : HUS) % & e A& MR/
% [ % (thrombotic microangiopathy : TMA),
DIC (& Ml M 12 B 1) 2 MRS REE & 7%
3. 0L RENEMCHE, HEITEDRE
Tl ERBREDE I L CIVIMR D BEELE Y 4 7 V3
Bl 370, REIMEHREAR L TRILIMRDER

HRERRE vol59 no2 2015428



NBEHEOES |

®1 M/MRICET BHEPES

1. M/MRER OB,
(1) m/vREGES
a) BEDET
BEARMEN, B2 E BIUSEE), MR - REARECLIBEIH
SRR (Fanconi FEfEEE, May-Hegglin £%, Bernard-Soulier SEfREE & L)
BHETMRERE (MDS), E43 B, $UERMISE
Wi - HEOTLE
SSRMEM/IGR D MRER (TP), BER, BEMIVIMERIE, ~/UERI/MERDE (HIT),
et f R D HERBERS (TTP), WM REEAEREE (HUS),
BEMOENZEE (DIC), FERM/IMIRIE, Hik, REE
c) MENTHEE
Banti fERE, BRSEETTERE
(2) m/MEESEM
a) EEMICLDEmM
AREME MR INAE (ET)
b) RISHICEBHM (2 Rk MREhn)
BVERE, REMRE, BOMEND, SXZHAEAN, BHEEE EMUL/E),
B MEPY), SBHSEEamE (CML), BEERHEE (MF)
2, HUMEY1 XRE
(1) MEU/ME (MPV D)
BATRMAND, BSEBETERE, E430 B $ARERRZE, MEALRECE%E,
Wiskott-Aldrich fEf&EE
(2) Aff/ME - EXIME (MPY O#10)
SR IR D MR (ITP), EMESMEa IS (CML), BHE,
May-Hegglin &5 (MHA), Bernard-Soulier fEf&# (BSS)

b

=

MDS : myelodysplastic syndrome, ITP : idiopathic thrombocytopenic purpura, HIT @ heparin-induced
thrombocytopenia, TTP : thrombotic thrombocytopenic purpura, HUS : hemolytic uremic syndrome,

DIC : disseminated intravascular coagulation, ET : essential thrombocythemia, PV ! polycythemia
vera, CML : chronic myelogenous leukemia, MF : myelofibrosis, MPV : mean platelet volume, MHA :

May-Hegglin anomaly, BSS : Bernard-Soulier syndrome.

5N MPV 2 PDW I3E1H & 742 %23, I/DRE
EEEML v, 727 L, TMA, DIC TR
MBRDOHEHH A 541, HIb L 7 I MRE R S E D
HEEED D D EBRPISETH 5. 1ZhICEANC X
D M/MEIRARIMIEDE - 2EEDFEEL, bk
Y A S EYR S 6~10 HERICEN 3
BAEDEL, By vickoTHIERIIN
DR BT~ ) VR MRS AE (heparin-
induced thrombocytopenia : HIT) & BEEdL 5,

RNSAE R, EE 1/3 77—V LT 3 [
I THMEDSER L, M DI MRS 3 54K
Bchsr, FREREEET, BEEECH oM
ML,

EHEMAMEY A4 38 2 pm i L, RIMZDMR
1 4~8um, BRI/ I AR IMBR (§ 8 pm) %
R eREZTHBY. MIMROEREIZ, K
MAMEPERIIMEDIZ E A EZ HH, MPV ik
EEE 3, Ok RI/MRIEITP = MDS 72
JThAEREMMMURDIEIC SR D 6N,
R, 58 % B 12 13 May-Hegglin & % (May-Hegglin
anomaly : MHA) 212 U ® & ¢ % MYH9 EH#JE,

(xzmk 9, 10) & ¥ fERR)

Bernard-Soulier ¥ {8 # (Bernard-Soulier syn-
drome : BSS) 3%1F 6 1 5 (K 3a). MHAWE
KIMAMR,  MANEIRA N 2 B SRS A% R
95, HMIRE AMBIZ T — LVEIMEE SIE
N, T LAMEEREFRERMAHC S AN B ET
Bind, PEENTEOE T — VRMED
BHEREBIEINDT WY, IVMEIEUEETH
b, I SKEKXRMMEIERD 6N BREFTIX, B8
WEOBEREL L CHMICBEL T 2NETDH
2 12)'

MUNMROFERIC BB AN BB L LTI,
o TR 2SE I T 5 Gray platelet fiEfREE (X 3 b),
E K o f8% % H T % Paris-Trousseau JiE & 5 72
EHY, FNTEDZVRBEICE L TIEARZ
THZEHRETH S,

—7, M/MEOEEEIMET 9% & iMRIZRE
bl IMENOBEBRZBEVEL, MBS
5, BEAREEMAL T TR AEARERERD
Wiskott-Aldrich fE#E (R 3c) ic b A 51 5,
2O X /MR MPV 2MEME £ 72 3 EART
L GEbH B,
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B3 FEXREmM/NMRHEDE

a: May-Hegglin 8%, 77— L#/MeEXM/MENVEREEI NS (—).
b : Gray platelet fE1&8, O M/NMEE « BROZREI 5N 3
P, B BRIEELTSY, 2ARHNERBIOEVWVEBEELT
W3 (FAE).

c : Wiskott-Aldrich fE1&8f, £ LOEHE Y 1 O Mm/RICHER,
FROM/PMEDEFIEEMIUATEEL TV,

8 Mm/MMRIZIEE
— MRS MR B A3 40 F5/ul Bl E DA % 4R
gL MBI BB EER OB X D

D, REWN 7 B B ARRME /MK E (es-
sential thrombocythemia : ET) T & %. ET i
100 H/WLB ETcH B EBFELAETHY, I
ISR RE ST 5 2 L5 20, 13hici
RS R TERBCIE, SRZEEMm, B
Ex e URERRE, FEEEREE, ENEE
REMH D, 18HEHEME A S (chronic my-

HEbYIC

elogenous leukemia : CML) T3 MPV & % £
AZELHB. INSRFEETH B LS,

M/MEEDSEETH 2 MR T, hoBlEEH
NOHEELEZRT HLEVD S, MEHNEEET 5
WRTIIMUIIKED A Y 7 AZBHL, 208
&, Itrl‘?*ﬁl:’@ir VI LDF— I BEREEMEE
5, ZOWNERZITTIEDAY Y AMERZBIET
31z i, BIEFRE LTty VR L 72 n#E %
A2 HERD 5,

HERIZThb T 5 HEIMEREHEER E DI/
BHRIE D & DD B [EHZ Pl i~ e, iR
BTk, ARICAEI NIRRT XA —=805
BonsBERIIL (, I ELEME L OBIRY
TRINTHS b, BEMEREINES

WREDNRI A= ZIENT2 2 LT, RIWPMR
PRFER IR ETHOFEMOHE, M/MRIESR
EEPFROTFHIMATE 2AREND S, i,
BRI CIVIMRZRE 2 BIE T 5 2 E b EETH
h, zhs BERNEREDRCERE RS,
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