
REGULAR ARTICLE

Haplotype of thrombomodulin gene associated with
plasma thrombomodulin level and deep vein
thrombosis in the Japanese population

Shoko Sugiyama a,b, Hisao Hirota a,F, Rina Kimura b,
Yoshihiro Kokubo c, Tomio Kawasaki d,*, Etsuji Suehisa e,
Akira Okayama c, Hitonobu Tomoike c, Tokio Hayashi f,
Kazuhiro Nishigami f, Ichiro Kawase g, Toshiyuki Miyata b

a Department of Cardiovascular Medicine, Osaka University Graduate School of Medicine, 2-2, Yamadaoka,
Suita City, Osaka 565-0871, Japan
b Research Institute, National Cardiovascular Center, Japan
c Department of Preventive Cardiology, National Cardiovascular Center, Japan
d Cardiovascular Surgery, Osaka University Graduate School of Medicine, Japan
e Department of Laboratory Medicine, Osaka University Hospital, Japan
f Department of Cardiology, National Cardiovascular Center, Japan
g Respiratory Medicine and Rheumatic Diseases, Osaka University Graduate School of Medicine, Japan

Received 9 December 2005; received in revised form 19 December 2005; accepted 20 December 2005
Available online 28 February 2006

Abstract

Introduction: Thrombomodulin (TM) is an essential cofactor in protein C activation
by thrombin. Here, we evaluated the contribution of genetic variations in the TM
gene to soluble TM (sTM) level and deep vein thrombosis (DVT) in Japanese.
Patients and methods: We sequenced the TM putative promoter, exon, and 3V-
untranslated region in DVT patients (n =118). Among 17 genetic variations we
identified, two missense mutations (R385K, D468Y) and three common single
nucleotide polymorphisms (�202GNA, 2487ANT, 2729ANC) were genotyped in a
general population of 2247 subjects (1032 men and 1215 women) whose sTM levels
were measured. We then compared the frequency of these mutations in DVT patients
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with that in the age, body mass index-adjusted population-based controls.
Results: We identified one neutral mutation (H381) and three missense mutations
(R385K; n =2, A455V; n =53 heterozygous, n =14 homozygous, D468Y; n =2) of TM in the
DVT patients. Age-adjusted mean values of sTM were lower in C-allele carriers of
2729ANC than in noncarriers in the Japanese general population (women: 16.7F0.3
U/ml vs. 17.9F0.2 U/ml, p b0.01, men: 19.4F0.3 U/ml vs. 20.4F0.3 U/ml,
p =0.03). Additionally, the CC genotype of this mutation was more common in the
male DVT patients than in the male individuals of the general population (odds
ratio=2.76, 95% confidence interval=1.14—6.67; p =0.02). This mutation was in
linkage disequilibrium (r-squareN0.9) with A455V mutation.
Conclusions: TM mutations, especially those with a haplotype consisting of 2729ANC
and A455V missense mutation, affect sTM levels, and may be associated with DVT in
Japanese.
D 2006 Elsevier Ltd. All rights reserved.

Introduction

Family-based studies have established that venous
thromboembolism is, at least in part, an inherited
disease with estimated heritabilities of approxi-
mately 60% [1,2]. The mode of inheritance of
venous thromboembolism is probably complex [2].
Moreover, family-based and twin studies have
established that over 25 plasma hemostasis-relat-
ed analytes (traits) both correlate with thrombosis
and are heritable [3—5]. In Caucasians, the factor
V-Leiden mutation and prothrombin G20210A mu-
tation are widely recognized as genetic risk
factors for deep vein thrombosis (DVT) [6].
However these mutations are not present in the
Japanese [7,8]. Recently, we and others found
that the protein S (PS) K196E mutation, known as
the PS Tokushima mutation, is a genetic risk for
DVT in the Japanese population, indicating large
differences in the genetics of DVT among ethnic-
ities [9,10].

Thrombomodulin (TM) is a transmembrane pro-
tein that is constitutively expressed on the luminal
surface of vascular endothelial cells [11]. The
anticoagulant function of TM is mediated by
interaction with thrombin and protein C (PC).
Endothelial membrane-bound TM forms a high-
affinity complex with thrombin via thrombin exo-
site 1, and inhibits thrombin interaction with
fibrinogen and protease-activated receptor-1. In
contrast, the thrombin—TM complex is a potent
activator of PC, and TM enhances thrombin-depen-
dent PC activation by more than two orders of
magnitude. Due to the abundance of TM in the
microvasculature, the vast majority of thrombin
generated under ambient conditions is sequestered
by TM. Constitutive inhibition of the procoagulant
function of thrombin and tonic formation of
activated PC (APC) comprise an essential anticoag-
ulant mechanism that prevents the amplification of

thrombin generation, via proteolysis of activated
coagulation factors Va and VIIIa by APC.

TM encoded by an intron-less gene consists of a
large N-terminal extracellular region, a single
transmembrane segment, and a short cytoplasmic
tail [12]. The extracellular region is comprised of
an N-terminal lectin-like domain followed by six
tandem repeats of epidermal growth factor (EGF)-
like domains, and a glycosylated (chondroitin
sulfate) serine/threonine-rich domain. The throm-
bin-binding region has been localized to the fifth
and sixth EGF-like domains, while the fourth EGF-
like domain is required for PC binding to the
thrombin—TM complex. The serine/threonine-rich
spacer region is required for both thrombin binding
and TM cofactor activity for membrane-associated
TM. The chondroitin sulfate domain may stabilize
thrombin binding to TM, possibly by interacting
with the thrombin apolar region [13,14].

Animal model data suggest that TM dysfunction
or deficiency is associated with a prothrombotic
disorder. Knock-in mice with a TM mutant that has a
mutation corresponding to human E387P exhibit a
prothrombotic disorder [15]. This amino acid
change is located between the interdomain loop
of the fourth and fifth EGF-like domains and
abolishes the ability of soluble TM (sTM) to catalyze
in vitro thrombin activation of PC to APC. Mice with
TM deficiency limited to the vascular endothelium
die shortly after birth as a result of a consumptive
coagulopathy that can be prevented by warfarin
anticoagulation [16].

Based on the important antithrombotic role of
TM, we hypothesized that genetic variations within
the TM gene that alter TM expression and/or impair
anticoagulant function could predispose to venous
thromboembolism. To test this hypothesis, we
screened the promoter, exon, and 3V-untranslated
regions (3V-UTR) of the TM gene in unrelated
patients with idiopathic, objectively confirmed
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