Heparin monitoring using APTT and anti-Xa assay

Laboratory assays

The APTT was measured using Dade® Actin® Activated
Cephaloplastin Reagent (Siemens, Bayern, German) using
ellagic acid as a surface activator and rabbit brain cepha-
lin as a phospholipid. To evaluate the sensitivity to UFH of
different APTT reagents, we used additional three APTT
reagents, Coagpia™ APTT-N (Sekisui Chemical Co. Ltd.,
Tokyo, Japan), STA®-PTT Automate 5 (Stago, Asnicres,
France), and STA Cephascreen (Roche Diagnostics, Basel,
Switzerland). The surface activators and the phospholip-
ids of these reagents are the followings; Coagpia APTT-N:
ellagic acid and rabbit brain-derived phospholipids, STA-
PTT Automate 5: Celite and cephalin, STA Cephascreen:
polyphenol compounds and cephalin prepared from rabbit
cerebral tissues. APTT ratios were calculated by dividing
the clotting time obtained for each sample by the clotting
time of the normal plasma pool, and the slope for each
APTT reagent was calculated by dividing log APTT ratio
by UFH concentration (U/mL). The clotting time was
measured up to 240 s. The chromogenic anti-Xa activity
was measured using the STA-Liquid Anti-Xa assay (Roche
Diagnostics). All assays were performed five times with the
fully automated coagulation analyzer STA-R Evo (Roche
Diagnostics). The FVIII activity and the fibrinogen activity
were measured by the clotting time method using the STA
Factor VIII kit and the STA Fibrinogen kit (Roche Diag-
nostics), respectively. The concentration of the VWF anti-
gen was measured by the Latex aggregation method using
the STA Liatest VWF kit (Roche Diagnostics).

Statistical analysis

We analyzed the effects of the increasing concentrations of
FVIII on the APTT and anti-Xa activity in the plasma sam-
ples with or without UFH using the Tukey—Kramer test. We
analyzed the effects of fibrinogen, FVII and FIX using the ¢
test. P values <0.05 were considered significant. All statis-
tical analyses were performed using JMP (ver. 10.0.0, SAS
Institute, Cary, NC).

Results

Effects of the fibrinogen concentration on the APTT
and anti-Xa activity in the plasma containing UFH

To examine the effects of increased fibrinogen concentra-
tion on the APTT and anti-Xa activity, we prepared plasma
samples with a twofold increase in fibrinogen concentra-
tion (500 mg/dL of fibrinogen) and measured the APTT
and anti-Xa activity in the presence of 0.0, 0.3, 0.5, 0.7, and
1.0 U UFH/mL.

In the plasma samples containing 0.0, 0.3, and 0.5 U/mL
of UFH, the differences in the APTTs between the normal
plasma and the plasma samples with the twofold increase
in fibrinogen concentration were very slight (Fig. 1a). In
the plasma samples containing 0.7 U UFH/mL, the APTTs
were slightly shortened in the plasma sample with the two-
fold fibrinogen concentration (Fig. 1a). In the plasma sam-
ples containing 1.0 U UFH/mL, all plasma samples showed
prolonged APTTs over the detection limit, 240 s. Thus,
Fig. 1a shows that the twofold increase in fibrinogen short-
ened the APTT in the UFH-containing plasma sample by
0.7 U UFH/mL. In contrast, the anti-Xa levels were rela-
tively constant in all plasma samples and were not signifi-
cantly influenced by the fibrinogen concentration or UFH
concentration (Fig. 1b).

Effects of the FVII concentration on the APTT and anti-Xa
activity in the plasma containing UFH

We measured the APTT and anti-Xa activity in normal
plasma (0.5 g FVII/mL) and plasma samples with a two-
fold increase in FVII concentration (1 pg FVII/mL) under
the therapeutic concentrations of UFH. The APTTs were
slightly shortened in the plasma samples with the two-
fold increase in FVII concentration compared to the nor-
mal plasma samples at 0.0, 0.3, 0.5, and 0.7 U UFH/mL
(Fig. 1c). Plasma samples with 1.0 U UFH/mL showed
prolonged APTTs over the measurable range. The anti-Xa
levels were relatively constant in all plasma samples and
were not significantly influenced by the FVII concentration
or UFH concentration (Fig. 1d).

Effects of the FVIII concentration on the APTT
and anti-Xa activity in the plasma containing UFH

We prepared normal plasma and plasma samples with
2, 4, and 6 U FVIIlI/mL and measured the APTT and
anti-Xa activity in the presence of 0.0, 0.3, 0.5, 0.7, and
1.0 U UFH/mL. In the plasma samples without UFH, the
APTTs were slightly and progressively shortened depend-
ing on the FVIII concentration, and the same trend was
observed in the plasma samples containing 0.3 U/mL of
UFH (Fig. le). In the plasma samples containing 0.5 U/mL
of UFH, the dependency of the APTT shortening on the
plasma FVIII concentration was prominent. The APTTs
were shortened by approximately one-half in the plasma
samples with 6 U FVII/mL (shown in the black column
in Fig. le) compared to the normal plasma samples (shown
in open column); the APTTs were 106.3 & 2.6 s in the nor-
mal plasma samples and 49.5 &+ 1.0 s in the plasma sam-
ples with 6 U/mL of FVIIL In the plasma samples contain-
ing 0.7 U UFH/mL, the shortening of the APTTs was more
prominent, to approximately one-third (229.8 & 4.1 s in the
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Fig. 1 Effects of increasing concentrations of fibrinogen, FVII,
FVIII, and FIX on the APTT and anti-Xa activity in plasma samples
with or without UFH. The UFH concentrations in the plasma sam-
ples were 0.0, 0.3, 0.5, 0.7, and 1.0 U/mL. Both the APTT and anti-
Xa activity were measured five times in the same samples and are
expressed as mean = standard deviation (SD). *P < 0.05, **P < 0.01.
a, b Effects of fibrinogen on APTT and anti-Xa activity. Mean + SD
of APTT (a) and anti-Xa activity (b) in plasma samples containing
250 and 500 mg fibrinogen/dL are shown in open and filled columns,
respectively. ¢, d Effects of FVII on APTT and anti-Xa activity.

normal plasma samples, 80.3 £ 3.1 s in the plasma sam-
ples with 6 U FVIII/mL). In the plasma samples containing
1.0 U/mL of UFH, the APTTs in the normal plasma and
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Mean + SD of APTT (c) and anti-Xa activity (d) in plasma samples
containing 0.5 and 1.0 pg FVII/mL are shown in open and filled col-
umns, respectively. e, f Effects of FVIII on APTT and anti-Xa activ-
ity. Mean &£ SD of APTT (e) and anti-Xa activity (f) in plasma sam-
ples containing 1, 2, 4, and 6 U FVII/mL are shown in open, light
gray, dark gray, and filled columns, respectively. g, h Effects of FIX
on APTT and anti-Xa activity. Mean + SD of APTT (g) and anti-Xa
activity (h) in plasma samples containing 5 and 10 g FIX/mL are
shown in open and filled columns, respectively

the plasma samples with 2 U/mL of FVII were over the
detection limit (240 s), and the APTTs in the plasma sam-
ples with 4 and 6 U/mL of FVIII were shortened to within
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the detection limit (Fig. le). In contrast, the anti-Xa levels
were relatively constant in all plasma samples and were not
greatly influenced even with the high FVIII (6 U FVIII/mL)
and high UFH (1.0 U UFH/mL) concentrations (Fig. I1).

Figure 2 shows the mean regression lines for the plasma
samples with increased concentrations of FVIII, where
added UFH is plotted against the log APTT values. The
increase in the concentrations of FVIII showed a reduction
in the slope of the log APTT-added UFH response curve
(0.94 s/U/mL in the twofold increase, 0.93 s/U/mlL. in the
fourfold increase, and 0.85 s/U/mL in the sixfold increase)
compared to the normal plasma (1.25 s/U/ml), indicat-
ing that increased FVIII concentrations shorten the APTT
under the therapeutic dose range of UFH.
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Fig. 2 Relationship between APTT (logarithmic scale) and the UFH
concentration in plasma samples with increased FVIII concentrations.
Slope: normal plasma, 1.25 s/U/mL: twofold FVIII increased plasma,
0.94 s/U/mL: fourfold FVIII increased plasma, 0.93 s/U/mL.: sixfold
FVII increased plasma, 0.85 s/U/mL
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Fig. 3 Sensitivity to UFH of different APTT reagents. Four differ-
ent APTT reagents were evaluated their sensitivities to UFH. a The
mean regression lines for the APTT reagents, where added UFH is
plotted against the log APTT ratio. The slope for each APTT reagent

Effects of the FIX concentration on the APTT and anti-Xa
assay in the plasma containing UFH

We measured the APTT and anti-Xa activity in normal
plasma (5 pg FIX/mL) and plasma samples with a two-
fold increase in FIX concentration (10 jug FIX/mL) with
0.0, 0.3,0.5,0.7 and 1.0 U UFH/mL. The APTTs were con-
stant and not significantly affected by the twofold increase
in FIX concentration, even under the high UFH concen-
tration, 0.7 U UFH/mL (Fig. 1g). The anti-Xa levels were
significantly higher in the plasma samples with the two-
fold increase in FIX concentration compared to the normal
plasma samples at all UFH concentrations (Fig. 1h).

Sensitivity of different APTT reagents to UFH

Four different commercially available APTT reagents were
evaluated their sensitivities to UFH. Figure 3a shows the
mean regression lines for the APTT reagents, where added
UFH is plotted against the log APTT ratio. The slope for
each APTT reagent indicates the sensitivity to UFH and
was highest in STA-PTT Automate 5 reagent (slope 7.74)
and lowest in Actin reagent (slope 4.70) (Fig. 3b) and the
difference was 1.65-fold. The slopes of Coagpia APTT-N
and STA Cephascreen reagents were between STA-PTT
Automate 5 and Actin reagents. APTT values of four APTT
regents were ranged from 30.2 to 33.1 s in the absence of
UFH (Fig. 3b).

Discussion

We examined the effects of increased concentrations of
fibrinogen, FVII, FVII, and FIX on the APTT and the anti-
Xa activity in plasma samples with therapeutic concentra-
tions of UFH. We found that the APTT was shortened with

APTT value
APTT reagent slope without UFH (sec)
Actin 4.70 30.2
Cephascreen 5.26 30.0
Coagpia 5.82 31.7
STA PTT Automate 5 7.74 331

indicates the sensitivity to UFH. b The slopes and APTT values in
plasma samples without UFH for each APTT reagent. The slope was
calculated by dividing log APTT ratio by UFH concentration (U/mL)
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the increased concentrations of fibrinogen, FVII, and FVIII
in the heparin-containing plasma samples. Among those
factors, FVIII greatly shortened the APTT. Compared to the
normal plasma samples, in the plasma samples containing 4
or 6 U/mL of FVIII, the APTT was shortened to 60 or 50 %
in the presence of 0.5 U/mL of UFH and up to 40 or 33 %
in the presence of 0.7 U/mL of UFH, respectively. In the
pregnant women’s third trimester, 4 U/mL or even 6 U/mL
of FVIII can be observed [14, 15]. Our present in vitro
findings are thus clinically relevant, and they suggest that
an increased concentration of FVII could be a culprit in
the shortening of the APTT during pregnancy.

In addition to FVIII, the twofold increase in the fibrino-
gen concentration shortened the APTT in plasma samples
with 0.7 U UFH/mL, but its effect was weaker compared to
the effects of FVIIL In the plasma samples with <0.5 U/mL
of UFH, the APTTs did not show a great difference
between the normal plasma and the plasma samples with
the twofold increase in fibrinogen concentration. A twofold
increase in fibrinogen concentration is sometimes observed
in pregnant women [14, 15], and thus these in vitro findings
are clinically relevant. The therapeutic range of heparin is
0.3-0.7 U/mL [3, 4]. We suspect that patients rarely receive
a very high dose of heparin (i.e., >0.7 U/mL). The effects
of an increased fibrinogen concentration on the APTT
would thus be observed in a very limited number of cases.

We measured the anti-Xa activity in the plasma samples
with increased concentrations of fibrinogen, FVII, FVIII,
and FIX under therapeutic UFH concentrations, i.e., from
0.3 to 0.7 U/mL of UFH. We found that the anti-Xa activ-
ity was fairly constant and was not significantly affected by
the concentrations of coagulation factors or UFH. This out-
come is reasonable because the anti-Xa assay specifically
measures the heparin—antithrombin complex, and coagula-
tion factors such as fibrinogen, FVII, FVIII, and FIX do not
affect its activity. However, we must point out that the two-
fold increase in FIX slightly enhanced the anti-Xa activity
in all UFH-containing plasma samples. Further studies are
needed to clarify the mechanism of this finding.

We used “FVII concentrate” for preparing the plasma
samples with increased concentrations of FVIIL. The FVIII
concentrate we used contains a large amount of VWF to pro-
tect FVIII from its degradation. Therefore, the plasma sam-
ples with a twofold, fourfold, and sixfold increase in FVIIL
concentration had very high concentrations of VWEF: 362,
1,026, and 1,786 % VWF, respectively. Pregnant women have
an increased concentration of plasma VWF up to 10-fold
[14]. FVIII affects the APTT but VWF does not. Therefore,
the shortening of the APTT under the high concentrations of
FVIII and VWF is attributable to the FVIII concentration.

Chunilal et al. [9] collected plasma samples from preg-
nant and non-pregnant women, mixed them with UFH, and
measured the APTT and the anti-Xa activity. They found
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that the APTT response to UFH was attenuated in the preg-
nant women’s plasma and was correlated with the fibrino-
gen concentration, FVIII activity, and nonspecific plasma
protein binding. Since pregnancy is associated with an
increase in coagulation factors including fibrinogen, FVII,
FVIII, and FIX [14, 15], Chunilal et al. did not identify a
main influential factor on the APTT response. Our finding
that the increased concentration of FVIII greatly affects the
APTT response is compatible with their finding.

It is well known that the APTT value has a high degree
of variability from one reagent to another [3, 11]. In the
present study, we evaluated the sensitivities to UHF of four
APTT reagents. We found that there is 1.65-fold difference
of the sensitivity to UFH among reagents (Fig. 3b). In the
present UFH study, we utilized a low sensitivity actin rea-
gent for APTT measurement and discussed the FVIII effects
of APTT values in UFH-containing plasma samples. As the
sensitivity to UFH was different among APTT reagents, the
degree of APTT shortening with FVIII in UFH-containing
plasma sample would be dependent on the reagent.

The limitation of the present study is that we prepared
plasma samples with increased concentrations of a single
factor only. We did not prepare plasma samples mixed with
multiple factors because of a technical limitation; we can-
not prepare such plasma samples without extensive dilution
at the mixing step. Once such samples are prepared, they
must be diluted and are not appropriate for the assays.

The results of our study demonstrate that the APTT
was greatly shortened mainly by the increased concentra-
tion of plasma FVII under the therapeutic range of hepa-
rin. Therefore, in patients with increasing concentrations of
coagulation factors—such as pregnant women—the APTT
may underestimate the anticoagulant effect of UFH. Anti-
Xa activity reflects the anticoagulant effect of UFH without
the influence of these coagulation factors. The evaluation of
anti-Xa activity is thus useful and ideal to adjust the thera-
peutic dose of UFH in pregnant women, and is favorable
to avoid the unwanted bleeding. A dose-adjustment nom-
ogram for a specific APTT reagent used in the laboratory
may be an effective alternative method [3, 4].

Acknowledgments This work was supported in part by grants-in-
aid from the Ministry of Health, Labor, and Welfare of Japan, the
Japan Society for the Promotion of Science, the Uehara Memorial
Foundation, and the Takeda Science Foundation.

Conflict of interest The authors declare no conflict of interest asso-
ciated with this manuscript.

References

1. Basu D, Cade J, Gallus A, Hirsh J. A prospective study of value
of monitoring heparin treatment with activated partial thrombo-
plastin time. N Engl J Med. 1972;287:324-7.



Heparin monitoring using APTT and anti-Xa assay

. Raschke R, Hirsh J, Guidry JR. Suboptimal monitoring and dos-
ing of unfractionated heparin in comparative studies with low-
molecular-weight heparin, Ann Intern Med. 2003;138.720-3.

. Hirsh J, Raschke R. Heparin and low-molecular-weight
heparin:the seventh ACCP conference on antithrombotic and
thrombolytic therapy. Chest. 2004;126:1885-203S.

. Garcia DA, Baglin TP, Weitz J1, Samama MM. American College
of Chest Physicians. Parenteral anticoagulants: antithrombotic
therapy and prevention of thrombosis, 9th ed: American College
of Chest Physicians Evidence-based clinical practice guidelines.
Chest. 2012;141:245-438S.

. Eikelboom JW, Hirsh J. Monitoring unfractionated heparin with the
APTT: time for a fresh look. Thromb Haemost. 2006;96:547-52.

. Vandiver JW, Vondracek TG. Antifactor Xa levels versus acti-
vated partial thromboplastin time for monitoring unfractionated
heparin. Pharmacother. 2012;32:546-58.

. Kitchens CS. To bleed or not to bleed? Is that the question for the
PTT? J Thromb Haemost. 2005;3:2607-11.

. Levine MN, Hirsh I, Gent M, Turpie AG, Cruickshank M, Weitz
J, et al. A randomized trial comparing activated thromboplastin
time with heparin assay in patients with acute venous throm-
boembolism requiring large daily doses of heparin. Arch Intern
Med. 1994;154:49-56.

. Chunilal SD, Young E, Johnston MA, Robertson C, Naguit I, Ste-
vens P, et al. The APTT response of pregnant plasma to unfrac-
tionated heparin. Thromb Haemost. 2002;87:92-7.

10.

16.

17.

Morabia A. Heparin doses and major bleedings. Lancet.
1986;1:1278-9.

. Gouin-Thibaut I, Martin-Toutain I, Peynaud-Debayle E, Mar-

ion S, Napol P, Alhenc-Gelas M, et al. Monitoring unfraction-
ated heparin with APTT: a French collaborative study compar-
ing sensitivity to heparin of 15 APTT reagents. Thromb Res.
2012;129:666-7.

. Teien AN, Lie M, Abildgaard U. Assay of heparin in plasma

using a chromogenic substrate for activated factor-X. Thromb
Res. 1976;8:413-G.

. Wool GD, Lu CM. Acad Clinical Lab Phys Scientists. Pathol-

ogy consultation on anticoagulation monitoring factor X-related
assays. Am J Clin Pathol. 2013;140;623-34.

. Stirling Y, Woolf L, North WR, Seghatchian MJ, Meade

TW. Haemostasis in normal pregnancy. Thromb Haemost.
1984:52:176-82.

. Szecsi PB, Jorgensen M, Klajnbard A, Andersen MR, Colov NP,

Stender S. Haemostatic reference intervals in pregnancy. Thromb
Haemost. 2010;103:718-27.

Brancazio LR, Roperti KA, Stierer R, Laifer SA. Pharmacokinetics
and pharmacodynamics of subcutaneous heparin during the early
third trimester of pregnancy. Am J Obstet Gynecol. 1995;173:1240-5.
Chiu HM, Hirsh J, Yung WL, Regoeczi E, Gent M. Relationship
between anticoagulant and antithrombotic effects of heparin in
experimental venous thrombosis. Blood. 1977;49:171-84.

@ Springer



— B K i ¥

1A 1 if PR AR R R R D BT AR

AZAAICSTBEREMSHRR —FKE DL

= W 1T,

o B T

Key words : Genetic mutation, Population genetics, Thrombophilia, Venous thromboembolism

1. IU&IC

BRI ZERFE (venous thromboembolism, VIE) @
HBEZRBAEERS D VDN, B V7 AZVIE R
PRNEHFHEINTVWBY, 707 A-RERENRIC
U722 seid s, 2006 5E D7 4 — MRAZICHE
DE, EARISIZHAANDERIEDFREREHEL T
WaY, ZNICkD &, EMOMEREDBEFI
7,864 AN THY, 10 5A%ED 619 ATHolz, £/2, B
ERER IR AR IE O BB ERIT4ER 14,674 ATH D, 10 A
WD 1155 ATH o722, Lee 513 2002 EEORBOEER
BERBROT—F X—2 2 HIT, MEE VIE ORER
ZHHLEY, BEORAD VIE OFERIL 10 5 AY
D165 ATHY, TNIIAAPEAZDIEL, o7
T ANDFERIEN D Tz, T OMETIE, 40 LT
DEBEZET 10 FALD 4 NTHo D, S0mIULDORE
2103 A% D 108 ATH D, MEick D VIE OFEMN
Rk AFBRICHENT 5 Z & 2R L 7Y,

mEtERRE &, BREEBEREOERIC X D EETT
EREZESLELUTVIEZ2EURTWERIE SN B,
VIE OFEICETERD 0% EEBEET 5 Z &1, A
ANDFERIEDIFENSHAS N> TWB, VIE
DOBEEBERE LT, EEEEOEMEFIEEEEOKT
NELHENTWS, BEREWICTaBRFFINTNS
VIE BEIBEET 2B EFERIT, VETF Leiden £E
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ABLUEEATOREZESD THHT D,
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5OMERIZEL T, AEICENZRANEERHINATY
LHDT, TIZTREETBY, 77 ALRRITHEE
AT D RIBAE DOBEE 23RO =5 Z L, sl —i{E
BH LU <IF@EEAZNRIT, KBHIC AT, PC, PS OIF
HEEBEE LR, AREFEMSHEINTNDS,
FEOESERERME L > ¥ — 2 To T, —
MR 4,517 ATO AT & PC D RIBREDHEEE FNE
N015%BXT0.13%, —RER 2,600 AT PS DX
BEEOBEZ B 1.12%, TH 1.60% @& L mow
(Table 1),

FETE, JtE, RiE SN, RKEO 4T ORZER
BT T 3,493 AD RN A CEEER 37 %) &3
LIT AT, PC,PS 2HlE L7728 ENDH 22, HEEED
%, EENINN—tF 1 NVUTERTREOBEG TR
H2ETRY, 3 AT AT BETFERE, 10 A2 PCHEET
BE, 2 AN PSERTER, dHOETI0 NTESTE
RERELE. ZOWEIIHEERET /REEDEEZR
DAPETIIRNOT, RBEHEEITEHBEINTHARN
n, BETEREEZETS AT, PC,PS D& RIBEDHEE
1 0.09%, 0.29%, 0.06% &7x% (Table 1), JEMH{EM
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Table 1 Prevalence of protein S, protein C, and antithrombin deficiency in Japanese and Chinese

Protein S deficiency Protein C deficiency Antithrombin deficiency
Number of Number of Number of deficiency/total
Ao o [) PR s [ [
Population deficiency/total (%) deficiency/total (%) (%) Reference
VTE general VTE general VTE general
patients population patients population patients population
20/113 8/392 9/113 2/392 2/113 0/392 . ;
> Suel t al, 20014
Japanese 1700y (2.02%) (7.96%) 0.51%) (L77%) 02%) vehisa etal
7/108 6/4,517 6/108 7/4,517
- - ’ Sakata et al, 200410
Japanese (6.48% (0.13%) (5.56%) (0.15%) dratacta
Male:
14/1,252
12%
Japanese — (1.12%) — — — — Sakata et al, 20040
Female:
23/1,438
(1.60%)
40/85 1/126 27/85 1/95 6/85 0/95 . .
Ki ta et al, 2005
Japanese 7069y (079%)  (BL76%)  (105%) (7.06%) 0%) noshita et
10/52 9/52 5/52 .
hi — — — Liu et al, 19944
Chinese  19.93%) (17.31%) 9.62%) et
28/85 16/85 3/85
hi — — — Sh t al, 19974
Chinese (39 94%) (18.82%) (3.53%) eeta
39/116 8/125 20/116 5/125 6/116 8/125 i
i St t al, 20001
Chinese  aa620)  (640%)  (724%)  (40.00%)  (5.17%) (6.402%) renetal
4/50 2/50 2/50 .
ines - - — Ho et al, 2000%
Chinese g 00%) (4.00%) (4.00%) o etal, 200
6/56 6/56 4/56
i — — — Chen et al, 2003
Chinese  1071%) (10.71%) (7.14%) eneta
2/3,493 10/3,493 3/3,493
i — ’ - ’ - ’ Zhu et al, 2011%
Chinese (0.06%) 0.29%) (0.09%) wetal, 2011

— : Data unavailable. "Deficiency was defined by low activity level and mutation.
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Fig. 1ick M7 A LOBEFARO—RADIBT
HIEE B BOREBERE~DOEE %R, Common var-
jation GEHE OB WER) 37 VIVEEN %L E (N
TOEEERN 10 A1 ALL) OBETFERZRET,
CIRBTBAERIY /LR E MR TS
(Genome-wide association study, GWAS) DIz : :
FERTHY, &< OEETEEFENTONE, TOD 0.05% 5%
MR Z<OBEBETFHREEOEEZRLEDDOOD,
Fw ZIEENS O D TL <, HEEOFHWERDE
BRENOHE L OEEINENEEZSND LD IR
7. Fig. 1 Genetic mutation in humans

—7, T VIVEED 0.05% LU F @ Rare mutation (F

“Low frequency” variation

“Common” variation

Size of phenotypic effect

Minor allele frequency of single nucleotide
polymorphisms in the general population
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NEAER) BEEOHREEELZGASERNEEN, H
BT ONRERL2BETERTHD. ZOMEDHWN
7T VIVEEED 0.05% ~5% & Low-frequency varia-
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IHEREIC B R 52 DB BNH 0, REREOBSENS
FEHINTNVWD, EWH0H, INETEEREBERTOR
E D= GWAS EEEMEFTH W SN, REEE
BIIWTNOFETHIN—TERWERTHD, FD
WY O ERRTIENTES, MEHETIE, AA
DVIE DU AZHFELTHENL T3 VET Leiden
FRETOMICE Y G0210AZ R DY LVIVEER
4% ~5%BELUN1T%~4%TH D, KEELRICET
%, BT HHAANCOARS NS PS KIOGE £R X
HEERTHD, REEERL ELLEBENETIET
FERTHAD, ANERICHEEOEWRRLSNS,

2) PS KI196E Z5& (B34 PS O ¥ % E Tid PS KI155E

)

A& AD VIE OBGERZHLNMNCT 2720, BN
6 MRS = FE 2 S, 3 D OEF R NTT
Hi, PSKIE ZRENEREMEERRE L TRES
72219 (Table 2), A REIL PS T D% 2 EGF £ K
AL VRSB, RAPSOT I BEEEZHNVD L
PSKISE AR, FHEREZRELZHAICKATPS
Tokushima ZR & H XN B0, VIEICHT B4 v
X 3.74~856 TH o /=o AL BRI FE ML PC
(APC) a7y 7 —{EEERIBNWI ENHEBBRZ
PSZAWEHETHONER > TNDEY, AERICH
LT, BECBARETHEAL THWEDT, 255665
EZIZLTWEEERNWY,

Az, E, BETELED VIE BZ2HKICPSE
RTINS I N TS, PS KI196E R OMIZIX
EROERIR S NRN2,

i) PS K196E 28 B D #ERE
INETOLDOMEEEDED L, HEA4319 A
277 ADATFOFESERRFREINTNS, REEAK
FBRERICEREINTVWARL, LENST, F048
120018 THV, E 7 LIVEEIX 0009 TH22, T
DEI AT OFEAERIIEARAK 5 A1 AZD SN,
FEEEEITR 12,000 N1 ANE#EFEEIND, HED
MAOZ 1E270 FAET S E, 1 TANRERES
HTHDEHTFINEY, AERTFEACEE AT
Hond, ARANCHMNTHZOND, —F, RKEE
A8 VIE #5258 Ath 3 AMICRBNER Y, REHE
RO PSHIEBIXERE 2RI, FEEETEEL 35%
~39% EREER L, LAAo T, PSKIE 2RIk
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M EE PS O FBRT 20 TREETH 5.

i) PS K196E 2 BARE & OFikEEE

— IR 1,862 A0 PS HLlEEIEE2BIE L AT O
BEROEEERNZREICLD E, 34 ANOATOES
RO PS FLEEEITE ML 40% 0 5 110% DT WE I 0
LT, [EHE PS5 H OFIEEENEMEL 40% 00 5
170%ETERL, NTUEEGROEEEREF—
N=Fw T L TWE, ZOFERNMNS, ANFOESKIT
PS HIEEIE TRIMETERWEEZLZ BN, LML,
EHEEAD &, AT OEEERIEK 16%HIEEEE
EWEZERL 7z, PSHPIEREEEIZIER BORTE
BEERETETTAIENMENTNELEDT, AER
REENED Vo EREBERICBEEINS EFEIZPSH
BENEMEMNETL, MRY XX EFET2EELEN
%, 2014 5 1 A 16 HiZ, BEAHHE TR OMTIEC
Lo TMEEMNFEEEIND E LT, [kl Tk
DEBMARZTT o 2. BOBIERIC X 2 m&EE, PS
MBS T 2R REM N D B, PS KI96E ZHE7x & D ifiteit
FRZHEAE U LEOMBREREY R 7 ICEEEL DB
BB BN LN,

i) MAesE OEMKT & LT PS KI196E &

HZA A VIE &% 173 A&%412, AT, PC,PSO¥ >
NZBEO— REBOEY — 7 T AR zTo =Y, %
Nicks e, 113 AD32%ICHE5 55 AD, 3DDE
BFOWTNNIT 2/ BEREESBETREZRE
LTWiz, 3DODERTDORNTS PSERTERESR
FEIZ29 ATEDE N/, ZOHICKE, Ldo PS
KI96E ZEDOAT O#EEEK 13 ABLIVOFREEEER 2 A
MEENTWE, PSEREFELARREHE29 ADS5, 5
ANEPSEETEPCEGTOMACERZHERFL TN
o KREFEBRENI &IC, 205 AlZ4 8, PSKI%E
BEREFETH>/, TDT EMD, PSKIE ZEIT
MOBEFLEREER>TVIEOREY X7 25T 5
EHETTHHEEZ NS,

iv) PS K196E Z88L L HEAR - BEWRHASEAE D VIE

RS U <EEEMIC VIE 2589E L2 B3 18 A& Xt
f&L, PSS PCATOY >NJEHI— REHDOE —7
I AR ET O MR A NCPSEETFBEIULA
I PCEBETOERZREDLY, ATRETICRERE
RO Txno T, PS KI96E ZR3 VIE BE 2 NIl
oo BRERETSH5ADVIER, BHEREROHHBIT
THNCERD, #®EE S NCERITOREITRD 2o
7zo TOWFEM S, PSKI9E £EEED PS, PC, AT ©
R, HEERICBITS VIE THUATEFIRIRSH]
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Table 2 Influence of genetic variants in protein S and protein C genes on VTE in Japanese and Chinese

No. of
Nucleotid Ami id Risk i 9 i
Gene ucieonde 1no act rs number sk deficiency/total (%) Odds ratio p value Population Reference
change change allele (95% CI)
Cases  Controls
PROS1 ¢.586A>G Lys196Glu  rs121918474 G 5/85 5/304 3.74 (1.06-13.2) - Japanese Kinoshita et al, 2005
‘ i (5.88%)  (1.64%) AR pane et =T
5.58 (3.11-10.01)
15/161  66/3,651
PROS1 ¢.586A>G  plLlysl196Glu rs121918474 G ( 953/2 %) (1/812/5) adjusted: <0.001 Japanese  Kimura et al, 2006™
e o 472 (2.39-9.31)
PROS1 c.586A>G Lys196Glu rs121918474 G 6/60 3/234 8.56 (2.07-35.30) <0.05 Japanese Ikejiri et al, 2010%
. p.Ly (10.00%)  (1.28%) . X . . pane jiri et al,
5/116 11/1,292
PROC .565C>T Argl189T 14692232 T ’ 1 7-14. — Chi T F al, 200429
¢.565 p.Arg189Trp rs146922325 “31%)  (085%) 5.10 (1.7-14.8) hinese say et al, 200
7.10 (3.50-14.39) 3.31X10°®
59/1,003  9/1,031 adjusted: adjusted: .
PROC .565C>T Arg189T) 14692232 T Ch T tal, 2012°39
¢ p-ArgIeIIIp 18 ° (588%) (0.87%)  7.34 361-149H%or  3.88X10-% or fnese - tangetal
7.13 (3.49-14.56)% 6.88 X 10788
68/1,304 12/1,334 _ . "
PROC  ¢565C>T  p.Argl89Trp 1s146922325 T G21%)  (0.90%) 6.06 (3.26-11.25) 1.03X10~1° Chinese Tang et al, 2013
2.93 (1.84-4.67) 2.59X10°¢
68/1,003 25/1,031 . . . §
PROC c¢.574 576del p.Lys193del rs199469469 Del ( 6/7£; % 2/4 99%) adjusted: adjusted: Chinese Tang et al, 20123
e e 2.71 (1.68-4.36) 459X 1075
4 2/1
PROC 574 _576del p.Lys193del rs199469469 Del 85/1,804  32/1,334 2.84 (1.88-4.29) 2771077 Chinese Tang et al, 2013%
(6.52%) (2.40%)

*Data were analyzed by logistic regression adjusted for age, gender, smoking status, alcohol abuse, malignant tumor, type 2 diabetes, sedentariness/immobilization,
and pregnancy/puerperium. ;
$Data were calculated by unconditional logistic regression adjusted for age, gender, smoking status, malignant tumor, sedentariness/immobilization, and pregnancy/
puerperium.
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KT 207T, eXREm2EREAERE TIEmED Y
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v) PS K196E Z&E & REIE

BAZRRICLUAEAREERET 05T, KEED
HREMBERERTHD VIET Leiden BESL T b O
B G20201A B ERFE & OBSEN A S N8,
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T, WEANODEENRKEVWELZI NI ENR
AT, PC,PS EENAEFEDER & 250 E D MO %R
E 137,

B, FElX PSKI96E B8R & PS, PC, AT O E iz
BEPAEEOERERDINEDINOMFEREL2FEEL
=7, ZOBFETH, 330 A\OARFERELED PS PC,
AT £EB LT OEEEEIET 21T 72, TORE, PS
KI9SE ZRIZ 6 A\OXRBEREFICASNFOHEE R
0018 Thok. ZOHEI—RERICRSNSHE
77/4,319 A (0.018) &N, BEEEZRD LMD /.
7z, ENREPS PCAT OEBRIIFREED 33% (330
AH 11 A) 128807, ZOFEMNS, PSKIE Z2&1T
FEEOEBEGHI A I3 R SRBRWEEZ N, £
RERIAETED 33%DEFIZULIRDRNZD, K
FREOFREEEIIHRVICS WEE XD,

vi) PSKI96E ZEAAFHOMRIE | HIEEZER W2 A
PS K196E & RARE HZ O M T, PS HFEEEE K
TI5NRERBIEREERT,. ZN% PS /KIEME I #
SFREEELR, BHEIFEENEDIET T2 XRE
FE IR & KR, BT RERE T, EHEZRE
TE> THELND IEEEMET T 5, 22T, migz
AWTEEEEPSOHOTFREEZHI TS0, 8PS
EHEERPSHEEZEFEL, PSOIEMZRD 25
HEIEENEREEINED, ZOHFEEAVD L, FEH
D HIEMIZ 1ITEWEI 2D, —7F, PS KI96E ZZHEA
FOEESRE ST I EKERE DM TIX 0.69 EUF OfE
2720, EEEEATOBRGEROHENTRRICED &0
5, BIRD & 512, PS D MEBEIIBRNLERTE
BEZTHDT, WEHEERDD EERBRZHICEND
AREERD D, SHRIEHI N,

3) PCRISOW £ (5@ PC D#EEEZ S T3 PCR147TW

ER)

4 PC A RI13 2004 FFICHRIBA VIE BE D 4.3%, #
BAD0.8%ICRESN, VIEICHT BA v XL 5.1
LG EN (Table 202, 20, HEALTOKRE
AR THIZIFEEOHEE TEEEN, VIE Ok
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BWUAZTHBEWmEEINL (v X, 7300, E
W oME SN T, 23 AD PC REBIEEED
55 10 A\DFEREEETH > 2%, RERKDHS
#ix PC ORBERICE D &, BREE DS BIEEILE
HTH DM, EPCRICHT HEMMEAN 3 F55<, ZoK
BAMENAZROMMBEREZHIT S EBbN 5%,
BB EHEALO—RAOTIL 09%EEDHEETAT
OSENREZ NS (Table 2), HABIUHET
i, VIEZEZFIZ LI ATDREIN TR,

4) PC K193del £ 8 (A PC OB EFE S TIZ PC
K151del = 5£)

AZEFIT PC D 192 fir & 193 70D Lys A% 2 FeAi/s -
OBED1REORKTHY, PCEEED CEmMS 6
BRERICMET S, ALRIIET 3 ADHAAN VIE £
FIT, PRESAREES RIS, BERRE
ETHEST 2HEEEENMET T2 NABREBEELT
FEENE?, 208, MINKRZFOHETIE, BEA
BOAFIAN) KBEESNEY, LML, BARIER
FEINTWwizly, PCEHREESMMBIEERIL, BEEES
ENnzEEthsktREOR ) -2 7 ELUTA
{fEHNZD, PCKI9del ZEZFDOMBIIESREL
HREEME T LARVWDO THEENNETH 3,

FRE AL B BT D 5 S X N2 E e AT S T,
PC K193del £ 813 VIE BE D 6.8%, —RERD 24%
wReh, VIEiCHT 54y L 27 EHEaI k-
(Table 2)3, AZEAKDOHAHZ AR PC 2 FH N/ ERIC
£% &, BREBOSBIEEIIEE TH D, PSTEE
TTOFEBEIEEN 2~3 EEEINTHBD, ZIhhE
EROMBHZRZHAT S EEDNE?, AFTHAE
ERBEEINTVSOT, BERADEREmeERE
D1DEEZBNS, FROBEOHE T, AERII
VIE 8% 3 NICRES N TN B,

5) PC R211W 2552 & PC M4061 282 (5i3h PC OFEEE

BT PC R169W Z# B X N PC M3641 £ 5)

PC R211W Z & & PC M4061 ZRiZHA A VIE £& 7
ABELU6 ARREENTBY, HEACEL RGNS
BETH S, BETIE, 500 AD VIE £35 & 3,000 A
PAEDO—# A %5512 L7z AT, PC, PS ORFZEA S 52,
ZDWFE T, VIEEFTIEHEZ < DELETEENFEE
INTWBA, FTH PCR2IW 25 & PC M406I 2 5
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Table 3 Representative thrombotic genetic mutations

type of mutations known thrombotic mutations ethnicity
ABO
common mutations fibrinogen 7’ chain worldwide
some others
PS K196E Japanese
PC R189W Chinese
PC K193del Japanese, Chinese, Korean
PC R211W Japanese, Korean
low frequency mutations PC V339M Japanese
PC M4061 Japanese, Korean
factor V Leiden Caucasian
prothrombin G20210A Caucasian
. mutations causing deficiency of AT, .
rare mutations worldwide

PC and PS

BENBR®, UAZIEDO TN EH A 51
72, HE AT PC R2ZUIW Z8 BIEFE N Thign
73, PC M406I 285813 1 ACREE SN TN B,

6) PC V339M A& i (54 PC O B I % = Tk PC
V297M Z55)
AEFRITHANVIE BF 9 NCHETINTHD, H

ANTIELS ReNBERTHZ?, Lnl, PEEER

O KIS TS XN TN,

4. fhomietzEs

VIE OBRER & U T, EEEEMEOBEMB L Kt
EHEEOE TR SN TS, PS & PC DEETE
B34 C loss-offunction OZERT, FEEIEEOEKTIZ
BN, BEETOMFRICHETIEETSE VIE
BETO GWAS RHT /2 E OF k2 AINT, MmiRmEIck
BT DB TLIENEERIN, ABO MiEH &7 1 7Y
J =527 SR OWETRIEEN TV S,

1) ABO

ABO [ E L M4E VWF & VI HFOEBICEEZ S5
ATVIEDY AV IZI2% (Table 3), ABO & VIE DB
BIZLARI N SR ENT WA, GWASf#HTH ABO I
VIE icBi# 2R LU (F v X, #1.8)%%, VWF X
ABO RUpESHZ4 L JE O BUEE 2 © D VWF id i &A%
B, VWF 3 VII HFORELICHFEGT 20, VWF
EAmWEmh VIIRFESEMT 5, LzdioT,
FOMTIVIIETREMNEATVIE DY X7 @< 7
LEFHENTWS, LrL, VWF & VIII AT&ETH

ELTH, JEOMIVIEQU A ELTERDDT, =
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HInH LI,

Population attributable risk (PAR) {E—f# AN B Z
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WEET; Y TN GEHETES, 1 ¥ ATk
VIE O fElEET 0 — NI B 2458 T, VETF
Leiden 285 (JHEE 3.4%, A v Xk 7) @ PARI 16.9%,
o bhorlEr 20210A 2R GEE 2.0%, 4 v Xtk
2~5) @ PAR I 2.0% ~74% TdH 0, & O & (HE
55%, Fw X 1.8) ® PAR X 30%T&H - 7=%, HA
ANIZR.53 % PS KI96E 285 (B 1.8%, v Xth35
&9 5H) ODPARG 43%ThH D, JEO B (BEE 70%,
A X 1.8) @ PARIE 356X RIEHD L ENTES,
EMeERTRS &, REEERID D, SEITOHEEN
BN ABO MIEENI VIE DU R THBHEWAL D,

2) FGG: 7147V /) =7 v #4

T4 TV ) =B VAN T 1 REETENS -
AaBBy D3 DDRYRTF REEHD 2 Bk & LTIz
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B, 7 8ITIT 7 8 C R 4 FRENE U B splicing i &
579, 4BEN20T7I VEBBICERLEZ 4277 I JBE
BO 7 ENT%~I5%BFET D, ZORD, MHITE r/
THIZIMAT Y P #EEEBED 74 7Y ) —F O NEET
5, oy EzERE L VIE & OBEMBT 21T o - #
B, 7/ 7 747D = NMEE S BEEERLZY,
FGG DEET 28 152066865 1 1/ ¥ 7« TV ) —5 >

—913—



- K M W-—

BICBEEZ/RL, RZHIVIE CHEEZRLE (T
X 1479,

BbUIC

INFE TR EEETERZE Table 31CE &
Oz, SREMEERRIIEEICED, D v XR
FOFNW1ZEAEEDERVWI X7 Z2RTHEEDREWN
ZR i) HEBEERTEREEELZR ) EhREE
THEIVHREEZEECRETLER, THETES, Z
NHEBRBERTENERD VIENRET S EEZL 56N
£5. BEEEZH WS E VIE OFRKEENET O
HBEDHH DY, BBICSBOWEIIDNWTRENTHE
vy,

i) PS K196E ZZEIZ DWW T

AR LD, HARAIMEEE eEER s
U T PSKIE ZHENH 5, BAEMITICE D AL RIE
FINTHOLSETIOEIIRDN, BRANSVWEE
WA ORSICIARERERE U TR TN TR NY,
PS K196E ZH1E VHTF Leiden ZE X D HENEV D
T, BRTEEEDIISWERDN S, VIE OF%
DPERBICHTIEHELE, VIERESE & VIE RFEHT
AERBEEO VIEREHEDOENREZHET 54
ENHDEELD, Fig, ~REREHSICPSEERE
HIEL TS, VIERELEELZNEWS T,
LOREND VY, AEERFEFHED VIE KL THEIC
MEEZEDDNENH D EEZD,

i) 10007/ A7 0Pz s SOEGEROERAE

1000 7 A7 0Pz 7 bOBBERNAFEIN TN
% (http://www.1000genomes.org/about), Z @ H1 {2 1d
BA 75887 LIV DEEBEHRICMAT, HEAN (178
T EHEA 1947 LIV OBERBEEINTY
5, ZDTFT—FR—=ZXEHWNWB &, FilkdD FGG D
rs2066865 DEEL, UATZTULINTHB GTLVIVOE
EWRHAATTIT%, HEATSHIXTHD, HEAZU X
JF7UNVOEENMENZ ENEEINS, £/, PS
KI196E ZEIZAARANIC 1 7 VIV (T VIVEE, 0.0056)
HFHEL, BAESHEARITIRSNMWI &, PC RISIW
ZARIIHBHEAC 17 VIV (7 VIVEE, 0.0052) F1EL,
10005 /L5707 PTEHEAAEBARIZR SN
BN ENEREINS, PSKIGEZRDT LIVHEER
0.00972DT, ZORECHEEOLZIEROEEN T
B ENGIND, S, BNTITONTWAHAEAAT /
ADBRBERICT 7 EATED LI CRNUL, Ihbz
ANTHREANOEREEEROBHRZNETE, ERER
ZIMBIED TR & FAICHENT TORHMNREIC R 5725

—914—

-

Do

iil) ENREEETH 0L EEICEET 52RO

GWAS BB L UENICFESZAKTOE hay /
LRI OFRERMN S, E MEBIIINETEAON TV
PIEICE LB R —EE2EEE U TRET S &%
A6NDEDIa> TEE, TORE—IEITREFED
ZBRETEETHIENDNTNBEY, Thabb, 1)
BELIWEENRERTD, ZNoNEFDEHDLSNE
FERP2REIIBROI T &E2E~LT, i) HBE
BOBEFIZIE, FUBETFCELR S ENREEOHEE
BEEHEZLSEENSHAGND, i) BEICL-T
3, AUCEREZRERBLU TR EBERERERT &
MH B, iv) BlzohBETFLOERETS, MUNRA
T B BBETTHNE RUEBRZRTIEND
%, ZRFEEOEZZIEEOHEEEEEZHADENR
BENRITIESEZEALN, IOV ok ENRERT
EREFRETHHOIFY —LAEITOBEEESERI N
T3,

B

TR

RFFNSCRBEV SR BB &, AT @R AR
e, EEFESEMBEMROZEEZIT TTo k.

EED COl (conflicts of interest) BN @ AL FHEENEIT B E
UCRICHEEGRL

X

1) Montagnana M, Favaloro EJ, Franchini M, Guidi GC, Lippi G.
The role of ethnicity, age and gender in venous thromboemb-
olism. J Thromb Thrombolysis. 2010; 29: 489-496.

2) Sakuma M, Nakamura M, Yamada N, et al. Venous
thromboembolism: deep vein thrombosis with pulmonary
embolism, deep vein thrombosis alone, and pulmonary
embolism alone. Circ J. 2009; 73: 305-309.

3) Lee CH, Cheng CL, Lin L], Tsai LM, Yang YH. Epidemiology
and predictors of short-term mortality in symptomatic venous
thromboembolism. Circ J. 2011; 75: 1998-2004.

4) Martinelli I, De Stefano V, Mannucci PM. Inherited risk
factors for venous thromboembolism. Nat Rev Cardiol. 2014;
11: 140-156.

5) Margaglione M, Grandone E. Population genetics of venous
thromboembolism. A narrative review. Thromb Haemost.
2011; 105: 221-231.

6) Kujovich JL. Factor V Leiden thrombophilia. Genet Med.
2011; 13: 1-16.

7) Yin T, Miyata T. Dysfunction of protein C anticoagulant
system, main genetic risk factor for venous thromboembo-



)

9

10)

11

12)

13)

14)

15)

16)

17)

18)

19

20)

20

lism in Northeast Asians. J Thromb Thrombolysis. 2014; 37:
56-65.

T, WSS, JIE SR, @, Thrombosis & Hema-
stasis/Vascular Biology H 4~ A O i k4 #5 KL 1 i, 2009;
50: 381-388.

ANUEAE AL A PR SR T O R IR &R TE. 1 L. 2011; 52: 1454-
1460.

Sakata T, Okamoto A, Mannami T, Matsuo H, Miyata T.
Protein C and antithrombin deficiency are important risk
factors for deep vein thrombosis in Japanese. ] Thromb
Haemost. 2004; 2: 528-530,

Sakata T, Okamoto A, Mannami T, Tomoike H, Miyata T.
Prevalence of protein S deficiency in the Japanese general
population: the Suita Study. J Thromb Haemost. 2004; 2:
1012-1013,

Zhu T, Ding Q, Bai X, et al. Normal ranges and genetic
variants of antithrombin, protein C and protein S in the
general Chinese population. Results of the Chinese Hemosta-
sis Investigation on Natural Anticoagulants Study I Group.
Haematologica. 2011; 96: 1033-1040.

Kinoshita S, Tida H, Inoue S, et al. Protein S and protein C
gene mutations in Japanese deep vein thrombosis patients.
Clin Biochem. 2005; 38: 908-915.

Kimura R, Honda S, Kawasaki T, et al. Protein SK196E
mutation as a genetic risk factor for deep vein thrombosis in
Japanese patients. Blood. 2006; 107: 1737-1738.

Ikejiri M, Wada H, Sakamoto Y, et al. The association of
protein S Tokushima-K196E with a risk of deep vein
thrombosis. Int J Hematol. 2010; 92: 302-305.

Yamazaki T, Sugiura I, Matsushita T, et al. A phenotypically
neutral dimorphism of protein S: the substitution of Lys155
by Glu in the second EGF domain predicted by an A to G
base exchange in the gene. Thromb Res. 1993; 70: 395-403.
Hayashi T, Nishioka J, Shigekiyo T, Saito S, Suzuki K. Protein
S Tokushima: abnormal molecule with a substitution of Glu
for Lys-155 in the second epidermal growth factor-like
domain of protein S. Blood. 1994; 83: 683-690.

Hayashi T, Nishioka J, Suzuki K. Molecular mechanism of
the dysfunction of protein S (Tokushima) (Lys155—Glu) for
the regulation of the blood coagulation system. Biochim
Biophys Acta. 1995; 1272: 159-167.

Miyata T, Sato Y, Ishikawa J, et al. Prevalence of genetic
mutations in protein S, protein C and antithrombin genes in
Japanese patients with deep vein thrombosis. Thromb Res.
2009; 124: 14-18.

Tang L, Jian XR, Hamasaki N, et al. Molecular basis of protein
S deficiency in China. Am J Hematol. 2013; 88: 899-905.
Kim HJ, Seo JY, Lee KO, et al. Distinct frequencies and
mutation spectrums of genetic thrombophilia in Korea in

‘comparison with other Asian countries both in patients with

thromboembolism and in the general population. Haemato-
logica. 2014; 99: 561-569.

22)

23)

24)

25)

26)

27)

28)

29)

30)

3D

32)

33

34)

35

36)

ffi R I ¥ 55:8

Miyata T, Hamasaki N, Wada H, Kojima T. More on: racial
differences in venous thromboembolism. ] Thromb Haemost.
2012; 10: 319-320.

Miyata T, Kimura R, Kokubo Y, Sakata T. Genetic risk factors
for deep vein thrombosis among Japanese: importance of
protein S K196E mutation. Int J Hematol. 2006; 83: 217-223.
Liu W, Yin T, Okuda H, et al. Protein S K196E mutation, a
genetic risk factor for venous thromboembolism, is limited to
Japanese. Thromb Res. 2013; 132: 314-315.

Kimura R, Sakata T, Kokubo Y, et al. Plasma protein S activity
correlates with protein S genotype but is not sensitive to
identify K196E mutant carriers. ] Thromb Haemost. 2006; 4:
2010-2013.

Neki R, Fujita T, Kokame K, et al. Genetic analysis of pa-
tients with deep vein thrombosis during pregnancy and
postpartum. Int J Hematol. 2011; 94: 150-155.

Neki R, Miyata T, Fujita T, et al. Nonsynonymous mutations
in three anticoagulant genes in Japanese patients with
adverse pregnancy outcomes. Thromb Res. 2014; 133: 914-
918.

Tsuda T, Jin X, Tsuda H, et al. New quantitative total protein
S-assay system for diagnosing protein S type II deficiency:
clinical application of the screening system for protein S type
1I deficiency. Blood Coagul Fibrinolysis. 2012; 23: 56-63.
Tsay W, Shen MC. R147 W mutation of PROC gene is
common in venous thrombotic patients in Taiwanese
Chinese. Am J Hematol. 2004; 76: 8-13.

Tang L, Guo T, Yang R, et al. Genetic background analysis of
protein C deficiency demonstrates a recurrent mutation
associated with venous thrombosis in Chinese population.
PLoS One. 2012; 7: e35773.

Ding Q, Shen W, Ye X, Wu Y, Wang X, Wang H. Clinical and
genetic features of protein C deficiency in 23 unrelated
Chinese patients. Blood Cells Mol Dis. 2013; 50: 53-58.
Ding Q, Yang L, Hassanian SM, Rezaie AR. Expression and
functional characterisation of natural R147 W and K150del
variants of protein C in the Chinese population. Thromb
Haemost. 2013; 109: 614-624.

Miyata T, Sakata T, Yasumuro Y, et al. Genetic analysis of
protein C deficiency in nineteen Japanese faniilies: five
recurrent defects can explain half of the deficiencies. Thromb
Res. 1998; 92: 181-187.

Tang L, Lu X, Yu JM, et al. PROC ¢.574_576del polymor-
phism: a common genetic risk factor for venous thrombosis
in the Chinese population. J Thromb Haemost. 2012; 10:
2019-2026.

Heit JA, Cunningham JM, Petterson TM, Armasu SM, Rider
DN, DE Andrade M. Genetic variation within the anticoagu-
lant, procoagulant, fibrinolytic and innate immunity pathways
as risk factors for venous thromboembolism. J Thromb
Haemost. 2011; 9: 1133-1142.

Germain M, Saut N, Greliche N, et al. Genetics of venous

—915—



- K o

37

38)

39

40)

41)

42)

43)

W —

thrombosis: insights from a new genome wide association
study. PLoS One. 2011; 6: e25581.

Morange PE, Trégouét DA. Current knowledge on the
genetics of incident venous thrombosis. ] Thromb Haemost.
2013; 11 Suppl 1: 111-121.

Wu O, Bayoumi N, Vickers MA, Clark P. ABO (1) blood
groups and vascular disease: a systematic review and meta-
analysis. J Thromb Haemost. 2008; 6: 62-69.

Uitte de Willige S, de Visser MC, Houwing-Duistermaat JJ,
Rosendaal FR, Vos HL, Bertina RM. Genetic variation in the
fibrinogen 7 gene increases the risk for deep venous
thrombosis by reducing plasma fibrinogen 7’ levels. Blood.
2005; 106: 4176-4183.

de Haan HG, Bezemer ID, Doggen CJ, et al. Multiple SNP
testing improves risk prediction of first venous thrombosis.
Blood. 2012; 120: 656-663.

Pintao MC, Ribeiro DD, Bezemer ID, et al. Protein S levels
and the risk of venous thrombosis: results from the MEGA
case-control study. Blood. 2013; 122: 3210-3219.

McClellan J, King MC. Genetic heterogeneity in human dis-
ease. Cell. 2010; 141: 210-217.

Suehisa E, Nomura T, Kawasaki T, Kanakura Y. Frequency of
natural coagulation inhibitor (antithrombin III, protein C and

—916—

44)

45)

46)

47

48)

49)

protein S) deficiencies in Japanese patients with spontaneous
deep vein thrombosis. Blood Coagul Fibrinolysis. 2001; 12:
95-99.

Liu HW, Kwong YL, Bourke C, et al. High incidence of
thrombophilia detected in Chinese patients with venous
thrombosis. Thromb Haemost. 1994; 71: 416-419.

Shen MC, Lin JS, Tsay W. High prevalence of antithrombin
II1, protein C and protein S deficiency, but no factor V Leiden
mutation in venous thrombophilic Chinese patients in
Taiwan. Thromb Res. 1997; 87: 377-385.

Shen MC, Lin JS, Tsay W. Protein C and protein S
deficiencies are the most important risk factors associated
with thrombosis in Chinese venous thrombophilic patients in
Taiwan. Thromb Res. 2000; 99: 447-452.

Ho CH, Chau WK, Hsu HC, Gau JP, Yu TJ. Causes of venous
thrombosis in fifty Chinese patients. Am J Hematol. 2000; 63:
74-78.

Chen TY, Su WC, Tsao CJ. Incidence of thrombophilia
detected in southern Taiwanese patients with venous
thrombosis. Ann Hematol. 2003; 82: 114-117.

Tang L, Wang HF, Lu X, et al. Common genetic risk factors
for venous thrombosis in the Chinese population. Am J Hum
Genet. 2013; 92: 177-187.



OINA P ©00000000000000000000000008000000600000600000000000000000000008009
OFMETOT A C (APC) BEHIHREBEREEEDINS VAN, EFERNTOIMRTE R CEERIRE
ZRELTWVS.
@O (OC) IRAPIEIA bOSVOEICKD APC BEHIEHROEIENME T T 5.
@FEXRMETOTA 8 (PS) RZhE, LLICRBEZREEIBXRANRFEOLEXRMEMEMRAT, APC EEHIHARD
Hrez K TEEs.
@OC BRFEES PS RZIEEBE(F APC IEFIEEED, M TD.

D Key Words 090000000000 0000006000RBOR0EEN0000E000000P0000000000RC0CNO960E

RO (0C), TR PO, EMETOTA 2 C (APC) BEMMER EMET707T > C (APC) K

LIS

WAL TR B IE 38 (OC ¢ oral contraceptives, 1K
HEY V) & LTHHASITY SRS NVE VHID,
2008 4F LA, b AYE Tk B R EEE O B IE (ow
dose estrogen progestin : LEP) & L CTIRBEE X 1,
T OIRFIL MO —E %Mo T BY, AR [tk
RIVEVHIEMRAE] U —XE1EE T, [T
WE VI MBEDREL ] Z8A-L2s, 42 B H T
OC/LEP D IMAEEFIERF 120V T d BHR1DH 5 &
ENDEMEIL T v T 4~ C (activated protein C :
APC) BEREHIFRIZOWTHHT 5.

FRA O RSB HI1H R

1) &6 G MAEEREHEHR
i NOAAEN T ORERERE, E& LTIHER
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W B, Fid, O TFPI (tissue factor pathway inhib-
itor : MLFREE FREEEPIRIIRF) BEREHIER, @ AT (anth-
thrombin : 7 9 b Y ¥ ) BEEHER, @ APC &
EH#HATH 2 (H@)”. TFPLEEHMFAL AT B
%S, T ZNIT Ry % B R EE RS Y,
TFPI Bt #IR & R FOME" <, AT BEEH
WMRIZ P rB IO FXa (a (150 i s RE K
FEEWT A, UTHEK 2303 50EMELERE
FFOHE" %@L CEEZHMET L. & ICATIX
FEYEVIZHTSb o & BMVEBRERERTHE. —
7 APC BEREGIHR I, BERSEELEh bz EY
PEEEN TR LOTHE LD LE8EHERT, 20
EME LB EROFEEICHSI L CREI S WS, T4bb,
PO VIEREROIEENTELTES LA THL A
AT 4T T4 —FNy 72t CRERZHIEL, BE
EE L BERIANEEONS Y ADORBEBI o TWA
EEZLND, Lo T, BERE APC HEH#%
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PIEIMERER

Xl Xila SRt
®@7O7+C (PC)/ VRS
JO54>'S (PS) IX Xa Viia Vil
(APC) BEHIEF - Villal cat 1 AEEF ()
................ UBE | e, | ORSETRENHET
JoF4vs X N D (TEPD A
S " G INECEEEE
X > VaJv ....................
Ca™ UVIRE a @PUF ROVEY (AT)
V" e REHI
JorOvEY <
JoF4>C ~OvEY
ROVREY 20> T4TUSTY 747{(
e
H® BHFMRREHEIERS

TFPI : tissue factor pathway inhibitor GHLfkHEFREBRIEIKET), AT : antithrombin (7 > bu ¥
V'), APC : activated protein C (if¥:{b7 @5 1 > C), PC :protein C (7051 >~ C), PS:

LDOBHNIITHEY NG Y ADFEND & BE L R
DHEZ LI EBHR NS,

2) APC BREIHIHROEFE ¥

7, BEAOHE DO APC BEEHIEZOBFIZOW
T#HBET 5. 7us 4 » C (protein C: PC) ikt ~
TuF 7 —EORBETH Y, BERORKRENTH S
fmrEr-brrYAREY L) VEAKRTPCHFO—
BB E N, TO#EETEL APCO Y v Fusr
T—EiEEERETEA LIRS (H@A). LirL,
APCHFIRENLZT TR+ 7T e T 7 —EEEER
T2 EIITET, FuFA4 S (protein S PS) LA
L7 APC/PSEEHKREELTELDTHa% L) ¥
Fus 7 —EiEE (=APC SEGIHR) 2 %KET 5.
APC/PS &M, FVa® 506 HFHO T VX =V 27
Wiy, o XIZ06FHEDOTNMFVEYML, FVa®
NEEAL CREEEZIH T 2. §4bDb, PSiE
APC BEMIEEEEZAELG T AERREFTH 5.

—%, BRB A ERETH B Factor V Leiden
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(BIEEZ, 20112 X DBIH L THER

(FVL) Z&7TiE, EVEFO06FHOTLF= U
FNVEIVIZERLTWARDIZ, APCERERIMART
B E N2y, FVaOREERILIEEAOES
FDIBNAHZLICRD. APC BEHIMARIEE, FVLE
BECHEVEHTD 306 FEOTNF = »Ho T IR d
THAHNDT, FValdZ 0 ) BB - NEEL SN 528
BE N L CRERNMEISENLS. ZoME, FVL
EEAERE T, BEGEED APC BEHMEEL h #
SHIGIZEE % o CRE R MRTEEASEZ 0, MARED T
ELRThbLEILONS (HBB).
ZLTPSHEBET PSER) IRESNETIT
A, EXICHARADMEERETIE, B@CIIRT &
3T PSIEMEAME T LT WA 72012 APC S EHIH RIS
HEEMET L, BEFIHIP2IIL RS, 208
A HEEEMED APC BEEHEME X D M <
%o CIRBREMISEC Y, MBELZFEELLT %
HEEZLNSD.

Doz &y, BCREAD FVLEERERETH -
Tbd, HRAD PSERRHEZTH-Td, “BENEMES
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A REBADES
Factor Va
Arg 306

Arg 506

NHz

>
- POV EERICIEH U CEER PC B0NEAS.
- BENEECIEH LT, APC/PS SIS S <188,

B FVL ZRFERE
(B P A DM MHEFRE)
Factor Va Leiden (R506Q)

NH,

APC FERE D
o<

C PSZERERRE
(BA A DM sRE)
Factor Va

Arg 306

Arg 506
NH:

PO/PS HFRAE
BB D DIC €
<L\ BRI

TEIRIVE VB S IMAREE

Factor Va  JEHEINERHES V BT
Arg : P)LbFZ

™ bOVIREY2UY

PSS JOF1S

APC I JEMETOT (> C

PC: 705742 C

Gin: JILF=Y

FVL : Factor V Leiden

H@ APC REHEROERF

APC BB FANEE & D bR ICH < 2o Z2IREE” 12
o T0h I ENFMBERERTFLE WAL, 20X %
Rz APCHBUEL V9. F2bb, APC BEREHIHE%
EBERIEME L D8 A, AR T O MARTE B i
WEELRBEHERLZLTWAILERLTNS

3) 7OFA 2 SREE

BREPSKRZE R, LOUETOREHEEIL AT R
PCLIEERZYERRALVBEVAD, 7TITA, &<
HANEROEREIRERER & WA 5. FBREPS K
ZREE, UEE-EEELEDCED T4 7], HUEE
PIEE TEREOARBLT L5 A4 7 I OIIHNIT, HEHER
PSOMMETTHYA TUIIZHT NS, BEITERE
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(3CHk 2 ~ 4 X Y51 LCIERRD)

HEEEETH LY. 0B, FERAETIE, HiERE
LB A LN, FHRARTH L (PC b FEK).
PSiI¥ ¥ 3 v K IEFEEAT, FTakaEns (PC
D EER). M 00 1 42 BER <, B HERI AT 40 %,
C4bBp (complement 4b-binding protein) & ®&EH &
EED60% TR L TWBY, BHEE PS DAY APC I
X35 co-factor & L COEYER 25T 5720, ik
\2 C4bBp 2N X85 L 9 2 RHTH 5 IR, HKIE,
FMOA ML AL EEPSERLZRIEES. &I
IREEE & & I PSIHHEIZREA L, EHEIRTS 30%HT
BIETT22E05 5. ZOHEIE OC/LEP RH
SRFET, PSIEHEIMAT 5. Suzuki 513 Z DR
LT, ZAMF Y20 OHPS O mRNA FIL 4 i
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HlTAZEZMELLY. 2 busr vilEud, X
FYOBT EF AL D PSEETFOC A P VEEN
OMEEREICL, ZOBEEZIHILTWEZ L, T4
hh, PSHEETF D down-regulation SR ENT=D T
HhH FTOBSIFIIAMF VOFBHEICI->TREBE
EzHbNBED, ZOBHICL o T C4bBp DB ER
<, BEIRWED L {1d OC/LEP R E #2° 5 PS &
HWAMETTHIEAHPTE B,

RIR L7=& SIS PSIHMER L LTAPC Y VIRE
LIEETHORMY, APC ® FVa, FVIIa 243 %5
EREEMEH Z T 5. $72, PSIE TFPIIC & 5 FXa
FREENEE DIEET 2. PSEETICIEZL EADER
FERRPLEPHR LN, IhbD PSEREOE L mL
T2, MEEEZ E-THEEEZBOBOThE )R
5.

WA, HARAO PSFERER (KI96E) EIFFHIZE <,
?ﬂ”ﬁ%ﬁ%’%ﬁlﬂl’l‘%ﬁ (deep vein thrombosis : DVT) 81z
B BRIEHENBRKA DK 5~10 5T, HARADVT
BEOINBVINERY o TWAILE?, BLUHAK
ANZBT 5 PSHEEERIFRKRAOH 0T, BEA
DVT & OF v AMIE558 TH Y, HARACEBIT A1
BEERE LTHRERAD FVL ZRICE#HTLHDTH
BT EDEENITR oY, PSIEBZERIZ, 1993 4F1C
EERE L L EBAF TIEIZABICIEESRE TRH X
N7 PSHFRETHAY Y, MAPCHWENT PSHF
DIBEHOY IV (K) 7NV y 3 VB (BE) WERL
THY, PSEMIET LTS, FERLEHIE KISE &
FE T2, KI9E ERLS DT, 73V BESTD
I HCRERFIESTVWAEZETTH L. BEHAA
D5 LIl BOEHETATUEAKRE LTREER
Twh. PSHEEERSTERETHEAKRE LTRELT
W5 DVT BEVRDDP o TWELY, FOBREOMF PS
WML 35% (BEEE9%) THH, PSEEERST
OHFIENE (= HiEE) 38 40%FIET LTw5.

SHBER LRV LETIEH 575, PSHEEER
& IR IMARZERIE (venous thromboembolism : VTE) @
HEBRICEALTIE, OHAATIE, PSEBEESTF%
AT UBEETRETLIEEADP 2 HOHEECHEET
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<SFEXRM> <‘BXRME>

Factor V Leiden iR
JOROVEY G20210A OC/LERP/HRT
(BAIZZLY) U VBT ERRE
PS £ERE EithEs
(=F: YN =20 FD1h

H® FEHib7OF > C (APC) Y (activated
protein C resistance)
PS : protein S (@54 > S), OC : oral contracep-
tives, LEP : low dose estrogen progestin, HRT :

hormone replacement therapy
(Sclik 11 ~ 13 X Y 51/ L THER)

52k, @ZOHENDVT BETERAL, + v XH
59-9312% 5T LR EhD, PSEALEREARNCS
FAENBMEEERO—DThH A LELTIW 70,

4) APC iEHil$ & APC B3 4LE

FVLERTREVETFIZEREE NS H7:9 APC
12X 5 FVa DGR ENSED, — FOBERANTH PSD
ERIZI DRI NEVET (FVa) O3E;ENDLDT,
ELLDOMEICH APCHEREIS B A2 L2k A, APC
I N0 S EREMARER K DA OC/LEP iRH
RIR, UV VIREPVRERER, EMREL Lo T
BRI ZZEFRES LTS (FO) 7.

APCHEHIMEE, PHEME Y2 v ¥ U ELEE (endoge-
nous thrombin potential : ETP) 2% &< APC &%
T (APC sensitivity ratio : APC-sr) =T 5Z &
ko THHETE 5. OC/LEP fRFIH % #EIRH & APC-
st 2SI L APC HEPutdE & 2 B8R, Smaiici s
DEEZLNE. bbAHA, APCERENATIITC
MARTER FIET 5 L EMNE L LWV, WL OhORIME
URAZHEFPMET ST &I L o THRFEIRE LT
{5,

bbhbUlIC

OC/LEP R v e fE iR 1x PS #{E=F @ down-regu-
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& APC-sr OEBZOWTHA L, 7asr AF L)
T VTE SIE SR B IS DO WTHELET 5,

1

Do
~=

3

=

4)

5)

6)

e v ke
ANBRBE S AR EOVIC X B IARIE ) A 2. AR
i 4690 : 60-61, 2014
WIS © HARB X O7 V7B 5 IRIEHREO A 27
Y=Y YAy 2 ASERN, A, pp.-31, 2011
WS © HANS A oM #K-7a 74 > S, T
F A ¥ C TR - H AR AR i 2 4558 17 © 136-143,
2006
WG 0 7 97 NG 20 ARk 3 B O RS, SR It
JEEwE 8 1 275-281, 2008
Dahlbick B et al * High molecular weight complex in
human plasma between vitamin K-dependent protein S
and complement component C4b-binding protein. Proc
Natl Acad Sci USA 78 © 2512-2516, 1981
Suzuki A et al : Down-regulation of PROSI gene
expression by 17 ff —estradiol via estrogen receptor a
(ER a )-Spl interaction recruiting receptor-interacting
protein 140 and the corepressor-HDAC3 complex. J
Biol Chem 285 : 13444-13453, 2010

Thrombosis Medicine vol.5 no.l 2015

7)

8)

9)

10)

11)

12)

13)

LRIV E VE S IARAE

Kinoshita S et @/ : Protein S and protein C gene muta-
tions in Japanese deep vein thrombosis patients. Clin
Biochem 38 1 908-915, 2005

Kimura R et al * Protein S-K196E mutation as a genetic
risk factor for deep vein thrombosis in Japanese
patients. Blood 107 : 1737-1738, 2006

Shigekiyo T et @/ : Protein S Tokushima : An abnormal
protein S found in a Japanese family with thrombosis.
Thromb Haemost 70 © 244-246, 1993

Yamazaki T ef al © A phenotypically neutral dimorphism
of protein S : the substitution of Lysl55 by Glu in the
second EGF domain predicted by an A to G base
exchange in the gene. Thromb Res 70 : 395-403, 1993
ANFRBE TS ¢ IR IR R AR S 00 T 1 & FUYIRE I AL
45 1 924-927, 2013

Sugimura M et al : Detection of marked reduction of
sensitivity to activated protein C prior to the onset of
thrombosis during puerperium as detected by endoge-
nous thrombin potential-based assay. Thromb Haemost
82 1 1364-1365, 1999

Rosing J et al * Oral contraceptives and venous throm-
bosis : different sensitivities to activated protein C in
women using second- and third-generation oral con-
traceptives. Br J Haematol 97 © 233-238, 1997

77 (77)



< ~
@/I\/r/"\@8ﬂB9§6‘0900000006GeGQQﬂ0GGGQQGQQ3006630QOOQQOGGGCQG‘GQQEQQGGGQQQQ

OROEHEERE (0C: TRX MOT Y ETOFAFYOER) SMSEOFRELD, DAETHEFEIMERICHS
@0C HNRA &L TN S EFRVIOMEREN 1961 FICEHEIN, LRI SO VOEASIENFUE o
@IX OV VOERELICENMDDLEST, JOFRATFVOEAHI TERMEERE (VIE) OUXTICENRD
BDEFESN, HRNEERFICEREU.
@RETE, TJOTAFVOERKRIT VIE URIISEGEHHDDDOTHNTHD, URATENRT 4 v be+5
[CEHBAL TR ITRETHDESNTND.

@ Key Words @cceocccccccaccossnncccsesc0600606000000009000000000000006600000060

BOEERE (0C), TR MOV, TJOVAFTY, ERE

XU I

AL TR T3 (oral contraceptives : OC, &
Har¥n) L LTHEASRTY S ZMEFVE VHIP,
2008 £E LLBE, D ASE Tk A REHERE O BEE (ow
dose estrogen progestin : LEP) & L CHRBEE & 1,
ZORAFIIEMO—&EEZM-> TS, IhbHik0C &
EHIELMFERN, BITEOAL ST AKERE, HER
2 BRERL OWE, AREEROERKEZER EOHY
T, ZEOTHITHEREINTwA, 9 Lizkh, At
ETiEd T D HMSNTWRA - 2MIRIER X BETHIH
EENI=Z e, EEFEEIERBERE R LICE
EMET 5 & ) BWIEAHICHER L, BIfEIX OC/LEP &
bICBEEE D — FPEBHIONL ETICho .

ABEHTE, [KERVEVHEMBRE] ICESR
WoT, YU—ATHHTS. 3, H1EEI [k
FVE VHE MBRFEDREE | TH 5.
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1. OCICEENBAHKRILTEY

BAEOCIIZ2HEEDS. T4abb, BABOCLWL
bNEZERTA NI F Y EERTUr AT 0 VWY
(Far2FY) PEINTVBELD, H—2iFI=
EVEWwbNs 7 AF Y ZIFEIhTws50T
H5. OCEENBERTA ML LTS =
WIA bS5 T F—) (ethinylestradiol : EE) »& b —
BITHS. HLPODOHEADLENPUIAAMT I — )V
LVWIHIERIA N V2 ELb 0L H A, KNT
EE CEBMENTHr LR FET 50T, FEWIIX
FLbDTHS. EELRARBIA I TVA V178
(E2) IZBALTiE, FERKECHTH/EME LTIXE2
DT ) AR, PRI BU 2 BEARFEICEL i
EE DIF) 5. 7u sy A5 2B LT, KRR
BrurasFay, ARESN7er 250 YRR
TUrAF v, RIRBE L AR % Hbe-HEcid 7
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