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a major cause of VTE in pregnant patients as well as in 
young or middle-aged patients without any underlying 
diseases.
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Introduction

Venous thromboembolism (VTE) such as deep vein throm-
bosis (DVT) and pulmonary embolism (PE) is associated 
with a high mortality and morbidity and increased hospital-
ization duration and costs [1, 2]. Therefore, the early diag-
nosis or prophylaxis of VTE is important. The mechanism 
of VTE onset differs based on the underlying disease or 
condition. VTE is commonly caused by any of a number of 
pathological conditions, such as pregnancy [3, 4], surgery 
(e.g., orthopedic surgery) [5, 6], trauma [7], malignancy 
[8], bed rest [7], long travel [9], autoimmune diseases [10], 
drugs (e.g., contraceptives) [11], dehydration, and throm-
bophilia [12].

Although factor V Leiden and prothrombin G20210A 
mutations [13] are common risk factors for VTE in Europe 
and North America, few reports have examined these risk 
factors in a Japanese population. Congenital deficiencies 
in natural anticoagulants such as antithrombin (AT), pro-
tein C (PC), or protein S (PS), have often been reported 
in Japan [14, 15]. AT mainly inhibits activated factor X 
and thrombin, activated PC (APC) mainly inhibits acti-
vated factor VIII and V, and PS works as a cofactor for 
APC. The K196E mutation is the PS mutation most fre-
quently reported as the cause of VTE in Japanese people 
[16]. AT and PS levels are frequently decreased in preg-
nant women and patients with multiple organ failure or 
liver dysfunction, while PC and PS levels are decreased in 
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patients treated with warfarin. Therefore, a DNA analysis 
to determine the AT, PC, or PS mutation status is required 
to determine the cause or mechanism of the onset of VTE. 
In acquired thrombophilia, antiphospholipid antibody syn-
drome (APS) [17] is major risk factor for VTE, and sev-
eral assays for detecting anti-phospholipid antibody are 
required to diagnose this syndrome.

In the present study, the levels of natural anticoagulants 
and APS were examined in 130 patients with DVT or PE 
to determine the relationship between thrombophilia and 
VTE.

Materials and methods

A total of 130 patients with DVT or PE (median age, 
45.5  years; 25th–75th percentile, 31.0–66.0  years; 76 
females and 54 males) were examined to determine the 
causes of DVT or PE between January 1, 1985, and 
December 31, 2014, at Mie University Hospital. Most of 
the patients were residents of Mie prefecture. The causes 
of DVT or PE were pregnancy in 17 patients, surgery in 14, 
bed rest in 11, malignant diseases in 10, autoimmune dis-
eases in 7, drugs in 4, infection in 3, long travel in 3, others 
in 7 and idiopathic onset in 54. DVT was diagnosed using 
echography or venography. PE or cerebral vascular disease 
was diagnosed using computed tomography (CT) or mag-
netic resonance imaging (MRI), and cerebral venous sinus 
thrombosis (CVST) was diagnosed based on MRI, mag-
netic resonance venography (MRV), or cerebral angiogra-
phy (CAG). The diagnosis of APS was made based on the 
established criteria and depending on the thrombotic symp-
toms or pregnancy complications and presence of antiphos-
pholipid antibodies [18].

The study protocol was approved by the Human Ethics 
Review Committee of the Mie University School of Medi-
cine and a signed consent form was obtained from each 
subject. This study was faithfully carried out in compliance 
with the Declaration of Helsinki.

Measurement of the AT, PC, PS and antiphospholipid 
antibody concentrations

Plasma was prepared from citrate-stabilized blood (9 vol-
umes of blood and 1 volume of 3.2 % sodium citrate). The 
blood was centrifuged at 2000g for 15 min, and the super-
natant was stored at −80 °C before use. The free PS anti-
gen (reference value; 60–150  %)concentration was meas-
ured using a monoclonal antibody-based enzyme-linked 
immunosorbent assay (ELISA) with the Asserachrom free 
PS kit (Diagnostica Stago, Asnières, France). The plasma 
PS (reference value; 60–150  %) and PC (reference value; 
70–140  %) activity levels were measured via the clotting 

time method using a STA®-Staclot® Protein S and STA®-
Staclot® Protein C kit (Diagnostica Stago). The plasma PC 
(reference value; 69–144  %) antigen concentration was 
measured via a latex agglutination test using a LPIA-ACE 
PC kit (Mitsubishi Chemical Medience Corporation, Tokyo, 
Japan). The plasma AT activity (reference value; 83–118 %) 
was measured via a synthetic substrate assay using a Chro-
morate ATIII (C) kit (Mitsubishi Chemical Medience Cor-
poration). Lupus anticoagulant (LA), dilute Russell’s viper 
venom time (DRVVT) was measured via the clotting time 
method using a Gradipore LA test (Gradipore, Sydney, Aus-
tralia). Activated partial thromboplastin time (APTT)-LA 
was measured using PTT-LA (Roche Diagnostica, Basel, 
Schweiz). The titers of anti-cardiolipin-β2 glycoprotein 
I (ACL-β2GPI) and anti-cardiolipin IgG antibodies were 
measured with an ELISA kit (Yamasa Co, Tokyo, Japan) 
and MESACUP caldiolin test (MBL, Nagoya, Japan), 
respectively. The PC, PS, and AT activities were evaluated 
at the onset of VTE and during stable phase.

DNA analysis of AT, PC, and PS

Genomic DNA was prepared from peripheral blood leuko-
cytes using a QIAamp DNA Blood Mini Kit (QIAGEN) in 
accordance with the manufacturer’s instructions. Each exon 
and exon/intron boundary of the gene was amplified from 
genomic DNA using a polymerase chain reaction (PCR), 
as previously described. The PCR products were directly 
sequenced using a Big-Dye Terminator Cycle Sequenc-
ing Kit and Applied Biosystems 3130 Genetic Analyzer 
(Applied Biosystems, Foster City, CA, USA) [19].

Multiplex ligation‑dependent probe amplification 
(MLPA) analysis of AT

An MLPA analysis was performed in accordance with the 
manufacturer’s instructions using the SALSA MLPA P227 
Serpin C1 kit (MRC-Holland, Amsterdam, Netherlands). 
The MLPA analysis detects deletions/duplications of all 7 
exons of the SERPINC1 gene using specifically designed 
probes. Briefly, the sample DNA (50–250 ng) is denatured 
for 5 min at 98 °C, and then cooled to 25 °C. The sample is 
then incubated at 95 °C for 1 min and hybridized at 60 °C 
for 16–20 h. The ligation mix is successively added, and the 
sample is incubated at 54 °C for 15 min (for ligation) and at 
98 °C for 5 min to inactivate the ligation enzyme. The liga-
tion products are subjected to PCR amplification using the 
common primer set. The amplification products were run 
on the 3130 Genetic Analyzer using the GeneScan 500 LIZ 
size standard. The data were analyzed using the GeneMa-
pper 4.0 software program. Dosage quotient analyses were 
performed based on comparisons between the patient and 
reference control DNA samples using the Microsoft Excel 
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software program. A 30–60 % decrease in the relative peak 
area of the amplification product indicated the presence of 
a heterozygous deletion of the corresponding exon. The 
MLPA analysis was repeated three times for all samples.

The DNA analyses were performed in subjects with AT 
<70 % and PC <60 %, or PS activity <60 % or low of activ-
ity/antigen ratio (<0.6).

Statistical analysis

The data are expressed as the median (25th–75th percen-
tile). The differences between the groups were examined 
for statistical significance using the Mann–Whitney U test. 
A p value <0.05 denoted the presence of a statistically sig-
nificant difference.

Results

The DNA analyses were performed in patients with an AT 
activity <70 % (n = 20) or PC activity <60 % (n = 22), or 
PS activity <60 % or low of activity/antigen ratio (n = 15) 
at stable state. Fifteen (11.5 %) subjects were found to have 
congenital AT deficiency, 16 (12.3 %) congenital PC defi-
ciency, 8 (6.2 %) congenital PS deficiency, and 1 (#15 in 
Table 2 and #8 in Table 3) was found to be combined hete-
rozygous for PC and PS (Tables 1, 2, 3). Among the 15 sub-
jects with congenital AT deficiency including eight muta-
tions, the median age (25th–75th percentile) was 26.0 years 
(23.0–30.0  years), and there were 13 families and 7 
patients with pregnancy-related VTE (Table 1). Subject #8 

demonstrated a deletion of exon 1, and this abnormality 
was detected using the multiplex ligation-dependent probe 
amplification (MLPA) assay (Fig. 1).

Among the 16 subjects with congenital PC deficiency 
including 9 mutations, the median age (25th–75th percen-
tile) was 40.0 years (32.5–60.0 years). Three patients had 
pregnancy-related VTE (Table 2).

Among the 8 subjects with congenital PS deficiency 
including 7 mutations, the median age (25th–75th percen-
tile) was 39.0  years (30.5–50.0  years). One patient had 
pregnancy-related VTE (Table 3).

Among the 7 subjects with APS, the median age (25th–
75th percentile) was 54.0 years (33.5–72.8 years), and the 
underlying diseases were ovarian cancer in 1 and SLE in 
1, with 4 idiopathic (Table  4). The relationship between 
thrombophilia and several situations causing VTE is shown 
in Table 5. Among the examined groups, the plasma levels 
of AT were the lowest in subjects with pregnancy-related 
VTE [median (25th–75th percentile): 59.1  % (55.8–
76.4  %); Fig.  2]. The frequency of congenital thrombo-
philia was markedly high in those with pregnancy-related 
VTE (n  =  10, 58.8  %) and those with idiopathic VTE 
(n = 24, 44.4 %). There were no significant differences in 
the PC or PS activities among the situations causing VTE 
(Figs. 3, 4).

Discussion

In the present study, the frequencies of congenital AT, PC, 
and PS deficiency in patients with VTE were 11.5, 12.3 and 

Table 1   Congenital anithrombin deficiency

Genbank transcript ID: NM_000488.3

CT cerebral thrombosis, DVT deep vein thrombosis, PE pulmonary embolism, SMVT superior mesenteric venous thrombosis

No. Age Sex AT (%) Cause Thrombosis Mutation

1 27 F 55.5 Pregnancy CVST/DVT c.1382C >T p.Pro461Leu AT Budapest [19] Type II-PE

2 16 M 64.1 Idiopathic DVT c.1273C >T p.Arg425Cys AT Northwick park [20] Type II-RS

3 27 F 59.8 Pregnancy DVT c.235C >T p.Arg79Cys AT Toyama [21] Type II-HBS

4 19 M 56.0 Post-surgery DVT c.403-405delATG p.Met135del [22] Type I

5 25 F 37.9 Idiopathic DVT c.823delG p.Asp275Met fsX9 Type I

6 19 F 47.5 Pregnancy DVT c.1274G >A p.Arg425His AT Glasgow [23] Type II-RS

7 31 M 36.0 Idiopathic DVT c.768dupT p.Leu256LeufsX9 [24] Type I

8 34 F 48.6 Idiopathic SMVT, DVT/PE p.Arg425His MLPA Exon1 deletion Type I

9-1 30 F 55.9 Pregnancy DVT c.1274G >A p.Arg425His AT Glasgow [23] Type II-RS

9-2 30 F 59.1 Pregnancy DVT c.1274G >A p.Lys254Asn AT Glasgow [23] Type II-RS

10-1 25 F 44.9 Idiopathic DVT c.762G >C p.Lys254Asn [25] Suspected Type I

10-2 27 F 54.2 Pregnancy DVT c.762G >C p.Cys127Arg [25] Suspected Type I

11 42 M 33.5 Idiopathic DVT c.379T >C p.Arg425His AT Morioka [26] Type I

12 30 F 57 Pregnancy DVT c.1274G >A p.Arg425His AT Glasgow [23] Type II-RS

13 18 M 43.4 Idiopathic DVT/PE c.1274G >A AT Glasgow [23] Type II-RS
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6.2 %, respectively. However, as these patients were chosen 
to examine their thrombophilia, our results might have been 
influenced by bias. A previous Japanese study also reported 
a high frequency of congenital AT deficiency (8.1 %), con-
genital PC deficiency (9.8 %), and congenital PS deficiency 
(16.2  %) in a population of 173 DVT patients [25]. The 
frequency of congenital AT, PC, and PS deficiencies must 
be determined in order adequately describe the relation-
ship between thrombophilia and VTE. The age at the onset 
of VTE in the subjects with congenital AT deficiency was 

relatively young, and about half of the patients with con-
genital AT deficiency had pregnancy-related VTE, suggest-
ing that the thrombogenicity may be higher with congenital 
AT deficiency than with congenital PC or PS deficiency, 
and that thrombophilia is involved in the onset of throm-
bosis during pregnancy. In the subjects with congenital AT 
deficiency, eight mutations had been previously reported 
(Table  1) [19–26], and four families showed the same 
mutation (AT Glasgow) [23], suggesting that these fami-
lies shared a distant ancestor. Subject #8 demonstrated a 

Table 2   Congenital protein C deficiency

Genbank transcript ID: NM_000312.3

15# was associated with congenital protein S deficiency

CT cerebral thrombosis, DVT deep vein thrombosis, PE pulmonary embolism, MDS myelodysplastic syndrome

No. Age Sex PCAc (%) PCAg (%) Cause Thrombosis Mutation

1 53 M ND 40.4 Idiopathic PE/DVT c.935C >G p.SER312LEU [27]

2 30 F <5 <5 Idiopathic DVT, CT c.1000G >A p.Gly334Ser homozygous PC Nagoya-II [28]

3 62 F 59 34 MDS DVT c. 541T >G p.Phe181Val [29]

4 45 F 48 51 Idiopathic DVT c. 631C >T p.Arg211Trp PC Tochigi, PC Osaka-1 [30]

5 45 F 48 43 Autoimmune DVT, PVT c. 400 G >T p.Glu134X [29]

6 27 M 28 20 Idiopathic DVT/PE c.1268delG p.Gly423ValfsX82 PC Nagoya [31]

7 32 M 47 36 Idiopathic DVT/PE c.1000G >A p.Gly334Ser PC Nagoya-II [28]

8 74 M 43 32 Idiopathic DVT/PE c.1268delG p.Gly423ValfsX82 PC Nagoya [31]

9 36 F 61 56 Pregnancy DVT c. 631C >T p.Arg211Trp PC Tochigi PC Osaka-1 [30]

10 53 M 50 39 Idiopathic DVT c.1163C >T p.Ala388Val

11 30 F 33 33 Pregnancy DVT c.757A >C p.His253Asn

12 37 F 58 42 Idiopathic DVT/PE c.1268delG p.Gly423ValfsX82 PC Nagoya [31]

13 29 M 46 30 Idiopathic DVT, CT c.1000G >A p.Gly334Ser PC Nagoya-II [28]

14 73 M 31 23 Idiopathic DVT c.1218 G >A p.Met406Ile [32]

15# 28 F 55 39 Pregnancy DVT c.1268delG p.Gly423ValfsX82 PC Nagoya [31]

16 38 F 46 40 Idiopathic DVT c.1268delG p.Gly423ValfsX82 PC Nagoya [31]

Table 3   Congenital protein S deficiency

Genbank transcript ID: NM_000313.3

8# was associated with congenital protein C deficiency

CT cerebral thrombosis, DVT deep vein thrombosis, PE pulmonary embolism, CVST cerebral venous sinus thrombosis

No. Age Sex PSAc (%) Free-PSAg (%) Cause Thrombosis Mutation

1 35 F <10 38.7 Idiopathic PE/DVT c.566G >C p. Gly189Ala [33]

c.586A >G p.Lys196Glu PS Tokushima [34]

2 33 F <10 34.7 Idiopathic DVT c.235G >T p.Asp79Tyr [35]

c.1889C >T p.Thr630Ile [36]

c.2000C >T p. Pro667Leu [37]

3 68 F 55 87.6 Idiopathic PE c.1889C >T p.Thr 630 Ile [36]

4 47 M 85 134.8 Idiopathic DVT c.586A >G p.Lys196Glu PS Tokushima [34]

5 52 M 64 123.6 Idiopathic DVT c.586A >G p.Lys196Glu PS Tokushima [34]

6 21 M 23 28.0 Long travel DVT c.1472C >A p.Ala491Asp [38]

7 43 M 20 30.0 Idiopathic DVT/PE/CVST c.50T >C p.Leu17Pro

8# 28 F 43 62.8 Pregnancy DVT c.586A >G p.Lys196Glu PS Tokushima [34]
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deletion of exon 1 that could not be detected by the usual 
sequencing methods. An MLPA assay [39] was therefore 
conducted in this patient.

Among the subjects with congenital PC deficiency, 
six of the nine mutations had been previously reported 
(Table  2) [27–32]. The mutations p.Gly334Ser (PC 
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Fig. 1   MLPA electropherogram of subject #8 (top) and a control 
subject (bottom). The peaks of 7 exons are shown by open columns 
with the exon number. The non-highlighted peaks correspond to con-
trol genes (healthy volunteer). The X-axis represents the fragment 

size in base pairs. From the MLPA electropherogram, we can see that 
the peak height of Exon 1 in subject #8 was almost half that observed 
in the control subject

Table 4   Subjects with APS

No. Sex Age VTE Underlying diseases LA-DRVT LA-APTT β2GPI-aCL complex IgG aCL IgG

1 M 22 DVT/PE/CVST None 1.95 1.24 <1.3 8

2 F 44 DVT/PE Ovarian cancer 2.0 ND 1.9 9

3 F 66 DVT/CT None 2.38 ND 125 120

4 F 30 DVT/Budd-Chiari S None ND ND ND ND

5 M 75 DVT None 1.57 1.94 <1.3 8

6 F 76 DVT Post-operation 1.38 ND <1.3 1

7 F 54 DVT/CT SLE 1.40 3.5 ND ND

Table 5   Underlying diseases/states and thrombophilia

Age (years) Sex (F:M) PE AT deficiency PC deficiency PS deficiency APS

Post-operation/bed rest 69.0 (41.8–78.3) 15:0 10 1 0 0 1

Pregnancy 30.0 (26.5–33.3) 17:0 1 7 3 1 0

Malignant diseases 62.5 (54.0–72.0) 5:5 7 0 0 0 1

Autoimmune diseases 58.0 (47.3–64.8) 6:1 1 0 1 0 3

Others 39.0 (36.8–51.0) 7:10 12 0 1 1 0

Without underlying disease 45.5 (32.0–64.0) 26:28 23 7 11 6 2
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Nagoya-II) [28], p.Arg211Trp (PC-Tochigi, PC Osaka-1)  
[30], and p.Gly423valfsX82 (PC Nagoya) [31] were 
observed in three, two, and five families, respectively, sug-
gesting that these families also shared a distant ancestor. 
Given that subjects, homozygous for p.Gly334Ser [28] 
rarely experienced VTE which was rate onset, this mutation 
might correlate a low risk for VTE.

Among the subjects with congenital PS deficiency, six of 
seven PS mutations had been previously reported (Table 3) 
[33–38]. The mutation p.Lys196Glu [34] was observed 
in four families, and mildly decreased PS activity was 
observed in two patients with only this mutation, suggest-
ing that the p.Lys196Glu mutation might correlate with a 
relative low risk for VTE. However, markedly decreased PS 
activity was observed in two patients with a combined het-
erozygous status, indicating that multiple PS mutations or 
complications with AT or PC mutations may be associated 
with a high risk for VTE. In contrast, a mildly decreased 
PS activity was observed in two patients with only the 
p.Lys196Glu mutation [34].

Although the frequency of congenital PS deficiency in 
this VTE study was lower than in previous reports [25], the 
frequency of PS Tokushima was high in Mie Prefecture [40].

Regarding the relationship between congenital throm-
bophilia and several situations causing VTE, the frequency 
of congenital thrombophilia was markedly high in subjects 
with pregnancy-related and idiopathic VTE, suggesting that 
congenital thrombophilia is a major cause of VTE in these 
groups (Table  5). Especially, the frequency of congenital 
AT deficiency was significantly higher in the subjects with 
pregnancy-related and idiopathic VTE than in those with 
VTE due to other causes, and congenital PC and PS defi-
ciency were frequently associated with idiopathic VTE. 
In addition, the pregnancy-related VTE subjects and those 
without any underlying disease tended to be younger than 
those with VTE due to surgery, bed rest, malignant dis-
eases and autoimmune diseases. Therefore, the activity of 
AT, PC, and PS should be examined in young or middle-
aged patients with pregnancy-related or idiopathic VTE. 
Although APS was observed in three patients with autoim-
mune diseases, it was also observed in patients with other 
diseases, as well as in those without any underlying diseases 
at all (Table 4). Antiphospholipid antibody levels should be 
examined in VTE patients with autoimmune diseases and 
idiopathic VTE. Plasma AT levels were significantly lower 
in subjects with pregnant-related VTE than in those with 
VTE due to other causes, and acquired AT deficiency has 
been reported to be frequently associated with VTE in preg-
nant women [4], suggesting that decreased levels of AT are 
involved in the onset of VTE in this particular population 
(Fig. 2). There were no significant differences in the PC or 
PS activities among the situations causing VTE, although 
these activities tended to be low all-around (Figs. 3, 4).

Fig. 2   Plasma AT activities according to the underlying disease or 
state. AT antithrombin. **p < 0.01; *p < 0.05

Fig. 3   Plasma PC activities according to the underlying disease or 
state

Fig. 4   Plasma PS activities according to the underlying disease or 
state
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In conclusion, congenital thrombophilia is a major cause 
of VTE in pregnant patients and young or middle-aged 
patients without underlying diseases.
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