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Abstract Deep vein thrombosis (DVT) is a serious
pregnancy-related complication. Recent studies indicate
that the genetic background for DVT differs with ethnicity.
In our study, we enrolled 18 consecutive Japanese patients
who had developed DVT during pregnancy and postpartum.
We performed a genetic analysis of three candidate genes
for DVT, protein S, protein C and antithrombin, in these
patients. We found that four patients had missense muta-
tions in the protein S gene, including the K196E mutation in
two patients, the 1L.446P mutation in one patient, and the
D79Y and T630I mutations in one patient, as well as one
patient with the C147Y mutation in the protein C gene. All
five patients with genetic mutations had DVT in their first
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two trimesters. Nine of the patients without genetic muta-
tions developed DVT in the first two trimesters, and four in
the postpartum period. Thus, genetic mutations in the pro-
tein S gene were predominant in pregnant Japanese DVT
women, and DVT in pregnant women with genetic muta-
tions occurred more frequently at the early stage of preg-
nancy than postpartum. Considering the rapid decrease in
protein S activity during pregnancy, we may need to assess
thrombophilia in women before pregnancy.

Keywords Deep vein thrombosis - Protein S -
Thrombophilia - Pregnancy

1 Introduction

Venous thromboembolism is the leading cause of maternal
deaths in Western countries [1]. The incidence of preg-
nancy-related venous thromboembolism was 13 per 10,000
deliveries [2]. A 30-year population-based study reported
that the unadjusted incidence of deep vein thrombosis
(DVT) was 151.8 per 100,000 woman-years [3]. Most
studies have found that the risk for thrombosis were 3-12
times higher in postpartum than during pregnancy [3, 4].
One study, however, reported twice as many events ante-
natally as postpartum [5]. Most of these studies involved
patients in Western countries. A study in Japan showed that
pulmonary thromboembolism occurred in 0.02% of total
births, and the mortality rate was 2.5 per 100,000 deliveries
[6]. Women with pregnancy-related thrombosis tend to
have inherited thrombophilia, thus the prevention of DVT
during pregnancy and postpartum is important for pregnant
women. Therefore, the identification of inherited or
acquired thrombophilia in pregnant women is urgently
needed for the prevention of pregnancy-related thrombosis.
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In Caucasian populations, two thrombotic mutations, the
factor V Leiden mutation and the prothrombin G20210A
mutation, for venous thromboembolism are widely dis-
tributed, with 30-60% of women with pregnancy-related
thrombosis having these mutations [7, 8]. Both mutations
are well-established risk factors for venous thromboem-
bolism during pregnancy and postpartum in Caucasian
populations. Several prophylactic therapies for pregnant
women, such as heparin administration in the perinatal
period, are recommended based on the type of thrombo-
philia and history of thrombosis [9]. However, these two
genetic mutations are not found in the Japanese population
{10, 11]. Thus, Caucasians and Japanese have clear genetic
differences for thrombosis [12].

Deficiencies in protein S, protein C, and antithrombin are
well-known risk factors for DVT [13]. The frequency of
protein C deficiency and antithrombin deficiency in the
general Japanese population was estimated to be 0.13 and
0.15%, respectively, and was comparable to the Caucasian
population [12, 14-16]. The frequency of protein S defi-
ciency in Japanese, however, seemed to be higher than that
in Caucasians [17, 18], although the assays for plasma
protein S levels differed among the studies. Actually, the
frequency of protein S deficiency in 2,690 individuals ran-
domly selected from the general Japanese population was
estimated to be 1.12%, higher than reported in Caucasian
populations (0.03-0.13%) [17, 18]. In a study of Japanese
patients with venous thromboembolism, the frequency of
inherited protein S deficiency was higher than that in Cau-
casian patients [19, 20]. It was recently reported that 17% of
Japanese patients with venous thromboembolism had
genetic mutations in the protein S gene [20]; this was much
higher than in selected Caucasian patients with thrombo-
embolism (1.4-8.6%) [13]. Furthermore, we and others
reported the significant association with a missense muta-
tion, K196E, in the protein S gene and venous thrombo-
embolism in Japanese populations [19, 21, 22]. The carriers
of this mutation showed low protein S activity [19, 23]. The
prevalence of this mutant allele in the general Japanese
population was about 0.009, suggesting that a substantial
proportion of the Japanese population carried the protein S
E-allele and was at risk of developing DVT [12, 19, 21, 22,
24]. This mutation seems to be ethnically specific, because it
has not so far been identified in Caucasians.

It is well recognized that plasma levels of protein S
activity and antigen are significantly reduced during preg-
nancy [25] and in oral contraceptive users [26]. The activities
of protein S, protein C, and antithrombin can be affected at
the acute stage of thrombotic events or after antithrombotic
therapies. Therefore, the plasma assay may have an intrinsic
limitation for the diagnosis of thrombophilia, and alternative
ways to diagnose thrombophilia are expected. Genetic
analysis might fulfill this requirement if it is applicable.

In this study, we performed DNA analysis for the genes
of protein S, protein C, and antithrombin in patients with
DVT during pregnancy and postpartum. We measured their
plasma activities of protein S, protein C, and antithrombin.
Based on these analyses, we described the clinical char-
acteristics of the DVT events in patients with genetic
mutation.

2 Materials and methods
2.1 Study patients

In this study, 18 consecutive patients with DVT during
pregnancy and postpartum were enrolled from two tertiary
perinatal centers: the National Cerebral and Cardiovascular
Center and the Osaka Medical Center and Research Insti-
tute for Maternal and Child Health. Both centers are
located in the Osaka Prefecture, which has the third-largest
population in Japan. Postpartum was defined as the first
3 months after delivery. DVT was diagnosed by ultraso-
nography, venography, or magnetic resonance imaging
angiography. We enrolled only patients with symptomatic
DVT. Each patient’s age, body mass index, gestational
weeks of DVT onset, complications of pregnancy, delivery
mode, and other information were reviewed.

The protocol of this study was approved by the Ethics
Review Committee of the National Cerebral and Cardio-
vascular Center and by that of the Osaka Medical Center
and Research Institute for Maternal and Child Health. Only
those who had given written informed consent for genetic
analyses were included.

2.2 Activity measurements of protein S, protein C,
antithrombin, and antiphospholipid syndrome
screening

The plasma samples were obtained after at least 3 months’
postpartum and at least 3 months without the use of war-
farin. Samples were subjected to a thrombophilia screen-
ing, including prothrombin time, activated partial
prothrombin time, and activities of protein S, protein C,
and antithrombin. Protein S activity was measured as
cofactor activity for activated protein C on the basis of the
activated partial thromboplastin time assay using Staclot
protein S (Diagnostica Stago, Asnieres, France) [18].
Protein C amidolytic activity was measured using S-2366
as a chromogenic substrate and Protac derived from
Agkistrodon contortrix venom as the activator [16]. Anti-
thrombin activity was measured as a heparin cofactor
activity using chromogenic substrate S-2238 (Chromoge-
nix AB, Stockholm, Sweden) [16, 27]. Samples were also
subjected to an antiphospholipid syndrome screening of
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lupus anticoagulant, anticardiolipin antibody, and anti-$2-
glycoprotein-I antibody [28].

2.3 DNA sequencing of protein S, protein C,
and antithrombin genes

We sequenced the entire coding region of protein S, protein
C, and antithrombin genes in 18 patients with DVT. The
method of direct sequencing using the 96-capillary 3730x1
DNA Analyzer (Applied Biosystems Japan, Tokyo, Japan)
has been described previously [20, 29]. We have adopted
the numbering standards of the Nomenclature Working
Group, wherein the A of the ATG of the initiator Met
codon is denoted as nucleotide +1, and the initial Met
residue is denoted as amino acid +1 [30].

3 Results
3.1 DVT history of enrolled patients

We enrolled 18 Japanese symptomatic DVT patients in this
study, and only one patient had previous DVT event. All
patients were negative for the antiphospholipid syndrome.
Thirteen patients were primiparous and five were multip-
arous. One patient without genetic mutation had a history
of miscarriage. One patient without genetic mutation had a
history of first trimester artificial abortion that was also
complicated with DVT at the time. As an additional risk
factor, two out of 13 DVT patients without genetic muta-
tion showed hyperemesis, but all five patients with genetic
mutation did not show hyperemesis. Other risk factors such
as bed rest, preeclampsia, multiple pregnancy, and preterm
labor were not observed in all 18 patients. One patient
without genetic mutation had the travelers’ thrombosis in
the first trimester. One patient without genetic mutation
showed paradoxical embolism after DVT postpartum.

3.2 Identification of genetic mutation in DVT patients

We sequenced the coding regions of the protein S, protein
C, and antithrombin genes in the 18 DVT patients and
identified missense mutations in the protein S gene in four
cases, and in the protein C gene in one case, but not in the
antithrombin gene (Table 1). Two patients, cases 1 and 2,
had the K196E mutation in the protein S gene; this is the
most popular thrombophilic mutation in the Japanese
population [19, 21, 24]. These two patients had protein S
anticoagulant activity above 50% (Table 1). Case 3 had a
missense mutation, L446P, in the protein S gene. Case 4
had two missense mutations, D79Y and T630I, in the
protein S gene with very low anticoagulant activity of 4%,
with family history of DVT in her father. The protein S
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anticoagulant activities during pregnancy in cases 2, 3, and
4 were decreased to 25, <20, and <1%, respectively. Case
5 had the C147Y mutation in the protein C gene with 45%
amidolytic activity. Her protein C activity did not change
during pregnancy (Table 1). None of the 18 patients with
DVT had nonsynonymous mutations in the antithrombin
gene. All patients were not obese with body mass index
between 18 and 24. Case 1, 2, and 3 had term vaginal
delivery; however, case 4 and 5 had cesarean section due to
other obstetric indication.

3.3 Onset of DVT in patients with genetic mutation

Table 2 shows the onset of the DVT events in patients with
or without genetic mutation. DVT was found in all five
patients with genetic mutations in their first and second
trimesters, but not in postpartum. In 13 patients without
genetic mutations, DVT events occurred in postpartum for
four patients and in the first and second trimesters for nine
patients. Two out of four patients without genetic mutation
underwent cesarean section. Thus, DVT in pregnant
patients with genetic mutation tended to occur in the first
and second trimesters and not postpartum.

4 Discussion

Although the relationship between DVT and genetic
mutations in protein S, protein C, and antithrombin genes is
well established, the clinical courses of DVT patients with
genetic mutation among Japanese women during preg-
nancy and postpartum have not been well characterized.
Recent genetic analysis of inherited thrombophilia revealed
ethnic differences in DVT between Caucasians and Asians
[19, 21], suggesting that the study of venous thromboem-
bolism within individual ethnic populations is highly
valuable [12]. It has been established that Caucasians have
factor V Leiden mutation and prothrombin G20210A
mutation as genetic risk factors for DVT, whereas Japanese
do not carry them [10, 11]. However, Japanese have the
K196E mutation in the protein S gene as a genetic risk for
DVT [19, 21, 22]. The study of DVT in a Japanese pop-
ulation without factor V Leiden mutation or prothrombin
G20210A mutation may reveal different clinical charac-
teristics and give rise to hitherto unrecognized issues. In
particular, sub-group analyses, such as DVT during preg-
nancy and postpartum, would be valuable. In the present
study, we enrolled 18 pregnant Japanese women with DVT
and found that five out of 18 patients (28% patients) had
genetic mutations in the protein S or protein C gene. None
carried mutations in the antithrombin gene.

The question of when DVT events occur in pregnant
women with genetic mutations has been debated. Studies of
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g pregnant Caucasian women have reported a 3- to 12-times
§ k] g higher risk of thrombosis postpartum than during preg-
E*E f‘; 5 8 2 g o nancy [3, 4]. On the other hand, a large retrospective study
3% & 5222 2 found that events were twice as likely during pregnancy as
3 postpartum [5]. In our new study, we found that Japanese
. patients with genetic mutations manifested DVT events in
% E “g’ % % § % their first two trimesters (Table 2). In particular, pregnant
~ B Z Z Z z Z Japanese patients with genetic mutation had no DVT
> events postpartum. Although this trend went against pre-
é _§ § g g - “ vious ﬁndings‘ [3, 4], it was consistent wit.h the results that
Qg EEEDO O there were twice as many DVT events during pregnancy as
o postpartum [5]. DVT onset at the early stage of pregnancy
g g [_‘% g in patients with genetic mutation might be reasonable,
& g Z 13), §0 N Sog v S since genetic mutation accelerates DVT onset, and patients
2 " with mutation might have DVT events in their early stage
B 5% of pregnancy.
§* 5 é, fn tie przsent study, we enrolled 18 pregnant Japanese
5 3 E“ g g “g’ ?é’ g E women with DVT and found that four out of 1§ patients
g 58% 4 ZZZ 2 (22% patients) had genetic mutations in the protein S gene.
éﬂ e o o s 5 . A previous §tudy on thrombophilia acuyxty screening in
3 § % § 5§ § 5 g Japanese patients with DVT reported a high prevalence of
; &= ZZZ 2 protein S deficiency [31], and this was later confirmed by
Alzgs © ¢ o n o genetic analysis [19]. Taken together with these previous
g R EE 2&=24Q S findings, our study reinforced the theory that protein S
|2 deficiency is an important risk factor for DVT in Japanese.
F E — o o o - This observation was in stark contrast to the case in Cau-
El 4 casians, in whom factor V Leiden and prothrombin
RS G20210A mutations are involved in almost 50% of all
':g" 8 - o o o DVT cases in pregnant women [8]. It is WCH' knowr} that
sloe g the level of protein S activity was decreased immediately
8 < EIRNIR S after pregnancy [25]. Therefore, predisposed thrombo- -
) g philia should be considered in the care of patients with
2 5 gg "é pregnancy-related complications, and antithrombotic pro-
g oty _g phylactic therapy might be applicable for those patients.
Il B E‘ § . B Also, it might be good for women of child-bearing years to
S|ges g G L & e | § know their own thrombophilic nature.
PELRER = vV Vv g .
& El g A previous study Teported on DNA sequgnce analyses of
*3 e E E the protein S, protein C, and antithrombin genes in 173
ol R § E o) & Japanese DVT patients [20]. In this study, 55 patients
'{é ;‘..2 g% ~ . . 2 . § § (accounting for 32% of total patients) had nonsynonymous
.‘“Cfé Ls50LE "8 2y <13 < “§ mutations in one of three genes. Among the tlhree genes,
Sle & By, e g :é 5 mutatx(?ns in the' protein S gene were predominant, b:cmg
g E = _§ a &‘ ‘Sf %\ a 218 e E found in 29 patients §17%3 of the toFal). Among various
g = = © E O & 3 nonsynonymous mutations in the protein S gene, the K196E
é - oo w2 olS > % *;’ g mutation was most prevalent. It was found in one out of
215 sssggg s|lpElgs 55-70 Japanese individuals, from analyses of general Jap-
i & Aomdddd i % E —§ 2 § anese populations [19, 21, 22, 24]. In our study, we
§ % - o '_:} ; %ﬂ E B sequenced three genes in 18 patients with pregnancy-related
z |5 b B R OH B 2 ?{ S g€ E S thrombosis and identified missense mutations in five
z|° g oo 9o golsE T2 patients (accounting for 28% of the patients). Among five
- . 2~ aos Yo g § £ 2 £ patients, four (22% of the total) had missense mutations in
213 B 28 43 9..2 2 Q 8 E I3 2 the protein S gene, which reconfirmed the predominance of
g1 & go0ec RS s inherited protein S deficiency in Japanese patients with
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Table 2 Onset of DVT according to trimester of pregnancy and postpartum, and according to delivery mode

Onset of DVT Delivery mode Complication
) : - ; of PTE
First Second Third Postpartum Artificial Term vaginal Term
trimester trimester trimester period abortion delivery cesarean
section

Patients with genetic mutation
Protein S (n = 4) 2 2 0 0 0 3 1
Protein C (n = 1) 0 1 0 0 0 0 0
Total (n = 5) 2 3 0 0 0 3 2 1?
Patients without genetic mutation
Total (n = 13) 4 5 0 4° 14 8 4 1°

PTE pulmonary thromboembolism

* PTE events with genetic mutation occurred during the second trimester

® PTE events in the patients without genetic mutation occurred postpartum after cesarean section

¢ Two out of 4 patients without genetic mutation underwent cesarean section

4 First trimester

DVT. Two of these patients had K196E mutation. Thus,
K196E mutation in the protein S gene would be a genetic risk
for not only DVT in general, but also for pregnancy-related
DVT.

There are limitations to the present study. This was a
small-scale retrospective study with 18 patients. We per-
formed genetic analysis in those patients and identified five
patients with genetic mutation. To understand the DVT risk
in pregnant Japanese patients with inherited or acquired
thrombophilia, we will have to recruit patients consecu-
tively and perform thrombophilic screening, including
genetic analysis, in the future evaluation.

In conclusion, we identified inherited thrombophilia in
pregnant Japanese women with DVT and found protein S
deficiency to be a predominant cause of thrombophilia. By
DNA sequence analysis, we found two patients with a
K196E mutation in the protein S gene that is prevalent in
the Japanese population. Since pregnant women showed
reduced protein S levels, a diagnosis of protein S deficiency
based on its activity has an intrinsic limitation. Since the
onset of DVT tends to occur at an early stage during
pregnancy, the genetic analysis might be an alternative
diagnostic tool.

Acknowledgments We thank Dr. Toshiyuki Sakata for the activity
assay, Ms. Junko Ishikawa, Ms. Kanako Sakashita, Ms. Yukiko Sato,
and Dr. Shigenori Honda for DNA sequencing, and Dr. Yoshihiro
J. Ono for critical reading of the manuscript. This study was sup-
ported by a Grant-in-Aid from the Ministry of Health, Labor, and
Welfare of Japan; by the Ministry of Education, Culture, Sports,
Science, and Technology of Japan and by the Program for the Pro-
motion of Fundamental Studies in Health Sciences of the National
Institute of Biomedical Innovation (NIBIO) of Japan.

@ Springer

10.

11.

References

. Marik PE, Plante LLA. Venous thromboembolic disease and

pregnancy. N Engl J Med. 2008;359:2025-33.

. Lindgvist P, Dahlback B, Marsal K. Thrombotic risk during

pregnancy: a population study. Obstet Gynecol. 1999;94:595-9.

. Heit JA, Kobbervig CE, James AH, Petterson TM, Bailey KR,

Melton LJ III. Trends in the incidence of venous thromboem-
bolism during pregnancy or postpartum: a 30-year population-
based study. Ann Intern Med. 2005;143:697-706.

. Pomp ER, Lenselink AM, Rosendaal FR, Doggen CJ. Pregnancy,

the postpartum period and prothrombotic defects: risk of venous
thrombosis in the MEGA study. J Thromb Haemost. 2008;6:632-7.

. McColl MD, Ramsay JE, Tait RC, Walker ID, McCall F, Conkie

JA, et al. Risk factors for pregnancy associated venous throm-
boembolism. Thromb Haemost. 1997;78:1183-8.

. Kobayashi T, Nakabayashi M, Ishikawa M, Adachi T, Kobashi G,

Maeda M, et al. Pulmonary thromboembolism in obstetrics and
gynecology increased by 6.5-fold over the past decade in Japan.
Circ J. 2008;72:753-6.

. Kupferminc MJ, Eldor A, Steinman N, Many A, Bar-Am A, Jaffa

A, et al. Increased frequency of genetic thrombophilia in women
with complications of pregnancy. N Engl J Med. 1999;340:9-13.

. Gerhardt A, Scharf RE, Beckmann MW, Struve S, Bender HG,

Pillny M, et al. Prothrombin and factor V mutations in women
with a history of thrombosis during pregnancy and the puerpe-
rium. N Engl J Med. 2000;342:374-80.

. Duhl AJ, Paidas MJ, Ural SH, Branch W, Casele H, Cox-Gill J

et al. Antithrombotic therapy and pregnancy: consensus report
and recommendations for prevention and treatment of venous
thromboembolism and adverse pregnancy outcomes. Am J Obstet
Gynecol. 2007;197:457 el-21.

Fujimura H, Kambayashi J, Monden M, Kato H, Miyata T.
Coagulation factor V Leiden mutation may have a racial back-
ground. Thromb Haemost. 1995;74:1381-2.

Miyata T, Kawasaki T, Fujimura H, Uchida K, Tsushima M, Kato
H. The prothrombin gene G20210A mutation is not found among
Japanese patients with deep vein thrombosis and healthy indi-
viduals. Blood Coagul Fibrinolysis. 1998;9:451-2.



Genetic mutations in pregnant DVT patients

155

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

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;83:217-23.

De Stefano V, Finazzi G, Mannucci PM. Inherited thrombophilia:
pathogenesis, clinical syndromes, and management. Blood. 1996;
87:3531-44.

Tait RC, Walker ID, Perry DJ, Islam SI, Daly ME, McCall F,
et al. Prevalence of antithrombin deficiency in the healthy pop-
ulation. Br J Haematol. 1994;87:106~12.

Tait RC, Walker ID, Reitsma PH, Islam SI, McCall F, Poort SR,
et al. Prevalence of protein C deficiency in the healthy popula-
tion. Thromb Haemost. 1995;73:87-93.

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. J] Thromb Haemost. 2004;2:528-30.
Dykes AC, Walker ID, McMahon AD, Islam SI, Tait RC. A study
of protein S antigen levels in 3788 healthy volunteers: influence
of age, sex and hormone use, and estimate for prevalence of
deficiency state. Br J Haematol. 2001;113:63641.

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:
1012-3.

Kinoshita S, Iida H, Inoue S, Watanabe K, Kurihara M, Wada Y,
et al. Protein S and protein C gene mutations in Japanese deep
vein thrombosis patients. Clin Biochem. 2005;38:908-15.
Miyata T, Sato Y, Ishikawa J, Okada H, Takeshita S, Sakata T,
et al. Prevalence of genetic mutations in protein S, protein C and
antithrombin genes in Japanese patients with deep vein throm-
bosis. Thromb Res. 2009;124:14-8.

Kimura R, Honda S, Kawasaki T, Tsuji H, Madoiwa S, Sakata Y,
et al. Protein S-K196E mutation as a genetic risk factor for deep
vein thrombosis in Japanese patients. Blood. 2006;107:1737-8.
Ikejiri M, Wada H, Sakamoto Y, Ito N, Nishioka J, Nakatani K,
et al. The association of protein S Tokushima-K196E with a risk
of deep vein thrombosis. Int J Hematol. 2010;92:302-5.

—100—

23.

24.

25.

26.

27.

28.

29.

30.

31

Kimura R, Sakata T, Kokubo Y, Okamoto A, Okayama A,
Tomoike H, et al. Plasma protein S activity correlates with pro-
tein S genotype but is not sensitive to identify K196E mutant
carriers. J Thromb Haemost. 2006;4:2010-3.

Yamazaki T, Sugiura I, Matsushita T, Kojima T, Kagami K,
Takamatsu J, 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.

Comp PC, Thurnau GR, Welsh J, Esmon CT. Functional and
immunologic protein S levels are decreased during pregnancy.
Blood. 1986;68:881-5.

Granata A, Sobbrio GA, D’Arrigo F, Barillari M, De Luca P,
Egitto M, et al. Changes in the plasma levels of proteins C and S
in young women on low-dose oestrogen oral contraceptives. Clin
Exp Obstet Gynecol. 1991;18:9-12.

Mitsuguro M, Sakata T, Okamoto A, Kameda S, Kokubo Y,
Tsutsumi Y, et al. Usefulness of antithrombin deficiency pheno-
types for risk assessment of venous thromboembolism: type I
deficiency as a strong risk factor for venous thromboembolism.
Int J Hematol. 2010;92:468-73.

Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL,
Cervera R, et al. International consensus statement on an update
of the classification criteria for definite antiphospholipid syn-
drome (APS). J Thromb Haemost. 2006;4:295-306.

Kimura R, Kokubo Y, Miyashita K, Otsubo R, Nagatsuka K,
Otsuki T, et al. Polymorphisms in vitamin K-dependent gamma-
carboxylation-related genes influence interindividual variability
in plasma protein C and protein S activities in the general pop-
ulation. Int J Hematol. 2006;84:387-97.

Antonarakis SE. Recommendations for a nomenclature system
for human gene mutations. Nomenclature Working Group. Hum
Mutat. 1998;11:1-3.

Tsuda H, Hattori S, Tanabe S, Iida H, Nakahara M, Nishioka S,
et al. Screening for aetiology of thrombophilia: a high prevalence
of protein S abnormality. Ann Clin Biochem. 1999;36:423-32.

@ Springer



patients with von Willebrand disease type 2B: a cohort study of 67
patients. Blood 2009; 113: 526-34.
7 Montgomery RR. At least type VWD2B is a discrete variant of VWD,
isn’t it? Blood 2009; 3: 501.
Facey DA, Favaloro EJ, Maxwell E, Baker R, Hertzberg MS. Type 2B
von Willebrand’s disease in thirteen individuals from five unrelated
Australian Families: phenotype and genotype correlations. Am J
Hematol 2000; 63: 197-9.
Favaloro EJ. Phenotypic identification of Platelet Type-von
Willebrand disease and its discrimination from Type 2B von
Willebrand disease: a question of 2B or not 2B? A story of non-
identical twins? Or two-sides of a multi-denominational or multi-
faceted primary haemostasis coin? Semin Thromb Hemost 2008; 34:
113-27.
10 Favaloro EJ, Lippi G, Franchini M. Contemporary platelet function
testing. Clin Chem Lab Med 2010; 48: 579-98.
11 Favaloro EJ. Clinical utility of the PFA-100. Semin Thromb Hemost
2008; 34: 709-33.

oo

o

Letters to the Editor 319

12 Hayward CP, Moffat KA, Pai M, Liu Y, Seecharan J, McKay H,
Webert KE, Cook RJ, Heddle NM. An evaluation of methods for
determining reference intervals for light transmission platelet aggre-
gation tests on samples with normal or reduced platelet counts.
Thromb Haemost 2008; 100: 134-45.

13 Sadler JE. Low von Willebrand factor: sometimes a risk factor and
sometimes a disease. Hematology Am Soc Hematol Educ Program
2009: 106-12.

14 Hamilton A, Ozelo M, Leggo J, Notley C, Brown H, Frontroth JP,
Angelillo-Scherrer A, Baghaei F, Enayat SM, Favaloro EJ, Lillicrap
D, Othman M. Frequency of Platelet type versus Type 2B von
Willebrand Disease: an International study. Thromb Haemost 2011;
105: 501-8.

15 Frontroth JP, Hepner M, Sciuccati G, Felit Torres A, Pieroni G,
Bonduel M. Prospective study of low-dose ristocetin-induced platelet
aggregation to identify type 2B von Willebrand disease (VWD) and
platelet-type VWD in children. Thromb Haemost 2010; 104: 1158-65.

More on: racial differences in venous thromboembolism

T. MIYATA,* N. HAMASAKI, 1 H. WADAt and T. KOJIMAS

*Department of Molecular Pathogenesis, National Cerebral and Cardiovascular Center, Suita, Osaka; tFaculty of Pharmaceutical Sciences,
Nagasaki International University, Sasebo, Nagasaki; 1Department of Molecular and Laboratory Medicine, Mie University Graduate School of
Medicine, Tsu, Mie; and §Department of Pathophysiological Laboratory Sciences, Nagoya University Graduate School of Medicine, Nagoya, Japan

To cite this article: Miyata T, Hamasaki N, Wada H, Kojima T. More on: racial differences in venous thromboembolism. J Thromb Haemost 2012;

10: 319-20.

See also Zakai NA, McClure LA. Racial differences in venous thromboembolism. J Thromb Haemost 2011; 9: 1877-82.

We read with great interest the review article by Zakai and
McClure [1] regarding racial differences in venous thrombo-
embolism (VTE). While racial differences in the incidence of
VTE have been reported, the race-specific genetic risk factors
for VTE have remained obscure until recently. Factor V Leiden
mutation and prothrombin G20210A mutation are commonly
found in populations of European origin as modest genetic risk
factors for VIE [l1], and Asxans have neither mutation.
Although the incidence of VTE in African-Americans is more
than 5-fold greater than that in Asian-ancestry populations,
and European and Hispanic populations are at intermediate
risk of VTE, Asian populations may have race-specific
mutations for VTE. Recently, we identified a protein S
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K 196E mutation as a genetic risk factor for VTE in a Japanese
population [2-4]. As Zakai and McClure have described a high
prevalence of protein C and protein S deficiency in Japanese,
Taiwanese and Thai populations with VTE, the protein S
K196E mutation can account for the high prevalence of protein
S deficiency in Japanese subjects. An in vitro study showed that
the recombinant protein S with the K196E mutation lost
activated protein C-dependent anticoagulant activity [5].

So far, three independent case—control studies, all performed
in Japan, have reached the same conclusion — that the protein S
KI196E mutation is a risk factor for VTE, with odds ratios
between 3.74 and 8.56 [2-4]. The prevalence of this mutation
has been examined in four cohorts, and 77 heterozygous
carriers have been identified in 4319 Japanese subjects [2-4,6],
indicating a mutant allele frequency of 0.0089. None were
homozygotes. The total population of Japan is now 127 mil-
lion. Therefore, approximately 10 000 Japanese may be
homozygotes. Three VIE patients homozygous for protein S
K196E mutation have been identified with a prevalence of one
homozygote out of approximately 85 VTE patients [2,3]. One
homozygote showed 78% total protein S antigen, 94% free
protein S antigen, and 35% protein S anticoagulant activity [2].
Another homozygote showed 39% protein S anticoagulant
activity but no data on antigen levels. The third homozygote
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did not have any antigen or activity data [3]. The protein S
K 196E mutation can be found in VTE patients with congenital
protein C deficiency, facilitating the development of VTE [4,7],
and is frequently present in VTE patients with pregnancy [8].
The genotype-phenotype study of the Japanese general pop-
ulation showed that the individuals heterozygous for the
mutant E-allele had 16% lower protein S anticoagulant activity
than wild-type subjects [9].

The protein S K196E mutation seems to be race specific,
because so far this mutation has not been identified in a
Caucasian population. We believe that the protein S K196E
mutation should be present in other east Asian populations,
including the Chinese and Koreans; however, so far there are
no reports on those populations. Some genetic mutations
specific to eastern Asian populations, in particular the
plasminogen A610 T mutation with an allele frequency of
0.020 in Japanese subjects and the ADAMTSI3 P475S
mutation with an allele frequency of 0.050 in Japanese subjects,
have been reported in other east Asian populations [10]. These
mutations are low-frequency variations, with allele frequencies
between 0.05% and 0.5% [11]. Factor V Leiden mutation and
prothrombin G20210A mutation in Caucasian populations are
also regarded as low-frequency variations. Thus, as previously
described [11], the low-frequency genetic variations would be
important for specific phenotypes such as VTE, and the protein
S K196E mutation is a race-specific genetic risk factor for VTE.
Recent genomewide genetic analysis in Asian populations
revealed the southern migration route to eastern Asia [12]. The
low-frequency genetic variation should have occurred recently
and should be fixed within a specific population. This
accumulating body of evidence strongly suggests that genetic
studies should be carried out in each ethnic population and that
studies of common variations as well as low-frequency
variations would be valuable.
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This proof-of-principle study illustrates that NGS enables
rapid genetic diagnosis of a PFD in a single test. In this
example, we were able to restrict SNV mapping to a subgroup
of 57 genes implicated in secretion, so that it was feasible to use
Sanger sequencing to determine whether each potential SNV
was a true-positive or a false-positive call. Although successful
in HPS, restricting analysis to a subgroup of genes is likely to
reduce the diagnostic yield of NGS for other PFDs where it is
less easy to select a candidate gene list. Strategies such as whole-
exome sequencing may circumvent this difficulty by increasing
the overall sensitivity of NGS for pathogenic SNVs. However,
increasing the number of mapped genes is also expected to yield
significantly larger numbers of irrelevant SNVs and false-
positive calls. Alternative NGS strategies require further
evaluation in other PFDs to determine the optimum diagnostic
and cost-effective approach.
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RGS2 is a member of the regulator of G-protein signaling
(RGS) protein family that plays a key role in the regulation of
G-protein-coupled receptors. RGS2 inhibits Gq-mediated and
Gi-mediated signaling by activating the intrinsic GTPase of the
Go subunit {1,2]. RGS2 also interacts with Gs and adenylyl
cyclase, and suppresses Gs signaling independently of GTPase-
activating protein activity [2,3]. In platelets, the activation of
the Gg-coupled or Gi-coupled receptors by thrombin, throm-
boxane A, and ADP stimulates platelet aggregation, whereas
the activation of the Gs-coupled prostacyclin receptor inhibits
aggregation [4,5]. Recently, active roles of RGS proteins in
regulating platelet G-protein-coupled receptors have been
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reported [6,7]. Mice carrying a G186S mutation in the
o subunit of Gi2 that impairs RGS-Gi2 interactions showed
increased platelet aggregation in vitro and enhanced platelet
thrombus formation after vascular injury in vivo [6]. These
results indicate that platelet RGS proteins are essential for
regulating thrombogenesis at the sites of vascular injury. A
G23D mutation in the human RGS2 gene was reported to
increase the proportion of RGS2 isoforms that strongly
interact with adenylyl cyclase. Platelets from carriers of this
mutation showed decreased Gs activity after stimulation of the
prostacyclin receptor, suggesting that RGS2 is a negative
regulator of platelet Gs signaling [7]. In this study, we analyzed
platelet thrombus formation in RGS2-deficient mice to fully
characterize the physiologic importance of RGS2 in platelets.

RGS2-deficient (Rgs2™/") mice on the C57BL/6] genetic
background [8,9] were provided by M. E. Medelsohn (Tufts
University School of Medicine). Blood samples were collected
from male mice aged 8-12 weeks. All animal procedures were
approved by the Animal Care and Use Committees of the
National Cerebral and Cardiovascular Center. We confirmed
the presence of RGS2 transcripts in platelets of wild-type
CSTBL/6J (Rgs2*/*) mice by RT-PCR (data not shown), as
previously reported in rat platelets [10]. No RGS2 transcripts
were detected in platelets of Rgs2™/~ mice. Platelet counts were
(810 + 77) x 10° L™ (mean + standard deviation [SD}, n =
20) for Rgs2*/™ mice and (781 + 84) x 10° L™ (n = 20) for
Rgs2™~ mice, with no significant difference (P > 0.05 by
Student’s ¢-test) between the genotypes.

We studied platelet Gs activity by using whole-blood
aggregation-inhibition analysis. Platelet aggregation in whole
blood was measured by a screen filtration pressure method with
a WBA-Neo aggregometer (ISK, Tokyo, Japan) [11,12]. Four
different concentrations (100, 200, 400 and 800 pg L™") of the
Gs agonist prostaglandin E; (PGE,) were added to whole
blood 1 min before aggregation was initiated with 4 mg L™
collagen. The 50% inhibitory concentrations (ICsg) of PGE;
calculated from the dose-response curve were 308 %
34 ug L™! (mean = SD, n = 8) for Rgs2*/™ mice and 330
+ 75ug L™ (n = 8) for Rgs2™™ mice, with no significant
difference between the genotypes. We also examined the
inhibitory responses to PGE; on collagen-induced platelet
aggregation in platelet-rich plasma, as previously reported in
humans [7]. Aggregation was monitored by light transmission
with an MCM Hema Tracer 704 aggregometer (Tokyo Koden,
Tokyo, Japan), as described previously [13]. Again, the
responses were comparable in Rgs2*/* mice (ICsy =
6.46 + 2.77 ug L™, mean + SD, n = 4) and Rgs2”/~ mice
(ICso = 8.72 £ 269 yg L™, n = 4), suggesting normal
platelet Gs activity in Rgs2™/~ mice.

To clarify the consequences of RGS2 deficiency in platelet
thrombus formation under physiologic blood flow, we per-
formed a whole-blood perfusion assay on a collagen-coated
surface, as described previously [13,14]. Under both low
(200 s™) and high (1500 s™") shear rate conditions, we did
not detect any difference in either rate or extent of thrombus
accumulation between Rgs2™/* and Rgs2”~ mice (Fig. 1A).
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Fig. 1. Platelet thrombogenesis in RGS2-deficient mice. (A) In vitro
thrombogenesis on a collagen surface under flow. Whole blood from
Rgs2*'* or Rgs2™~ mice containing mepacrine-labeled platelets was
perfused at a wall shear rate of 1500 s™*. The cumulative thrombus vol-
ume, analyzed with a multidimensional imaging system, was measured
every 0.5 min up to 3 min. Data are the mean + standard error of the
mean of 12 mice for each genotype. No significant differences were
observed between Rgs2t/"and Rgs2™/~ mice by two-way repeated mea-
sures analysis of variance. The typical images of thrombi at 3 min after
perfusion are shown in the upper panels. The cumulative thrombus
volume at a shear rate of 200 s™* was also similar between the genotypes
(n = 11). (B) In vivo thrombogenesis in ferric chloride-injured mesenteric
arterioles. Endogenous platelets of live mice were fluorescently labeled
with a DyLight488-conjugated rat IgG against mouse glycoprotein Ibf,
and observed in mesenteric arterioles after injury with 10% ferric chloride.
The vessel occlusion time is shown. Student’s t-test showed no significant
differences between the genotypes. Time to first thrombus formation also
did not differ between genotypes. The symbols represent data from a single
mouse. The bars represent the mean values of groups.

These results suggest that RGS2 does not substantially
contribute to the regulation of platelet thrombogenesis under
flow. Similar results were obtained in vivo in thrombosis
experiments using intravital microscopy. We applied 10%
ferric chloride topically to the mesenteric arterioles of mice
aged 3-5 weeks. Platelet thrombus formation in the arterioles
was monitored with a fluorescence microscope and a CCD
camera system, as described previously [14]. The diameters and
shear rates of the studied arterioles were 123.2 £ 17.7 um
and 1291 =+ 163 s (mean + SD, n = 8) for Rgs2™/* mice,
and 1183 + 13.0 pmand 1299 + 222 s™' (n = 9)for Rgs2™/~

© 2011 International Society on Thrombosis and Haemostasis
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mice, with no significant difference between genotypes. Both
the time to first thrombus formation (> 30 pm) and the vessel
occlusion time following injury were comparable between
Rgs2™/* and Rgs2™~ mice, indicating that RGS2 does not
play a significant role in the regulation of thrombogenesis at the
site of arteriolar injury (Fig. 1B).

These results suggest that RGS2 deficiency has no impact on
hemostasis in vivo. Platelets are thought to express at least 10
different RGS proteins; therefore, other RGS proteins are
potentially important.
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