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Abstract Thrombophilia is frequently associated with

venous thromboembolism (VTE) including cerebral venous

sinus thrombosis (CVST). The possibility of thrombophilia

was examined in 12 patients with CSVT diagnosed in the

past 9 years. Thrombophilia due to abnormalities in anti-

thrombin (AT), protein C (PC), or protein S (PS) or anti-

phospholipid syndrome (APS) was evaluated. Nine patients

with abnormally decreased AT, PC or PS and one patient

with APS were examined. Of the nine patients examined by

a gene analysis of AT, PC, or PS, one had a congenital AT

deficiency, one had a congenital PC deficiency, and two

had congenital PS deficiencies including a novel mutant

(Gly189Ala). AT, PC and PS levels were all decreased in

one patient, PS level was decreased in three patients, and

AT level was decreased in one patient at the onset of

CVST, but these concentrations improved after treatment.

CVST is frequently associated with thrombophilia and a

transient decrease in AT, PC or PS may be a causal factor.

Keywords Cerebral venous sinus thrombosis (CVST) �
Thrombophilia � Antithrombin � Protein C � Protein S

Introduction

There are approximately 170,000 new cases of clinically

recognized venous thromboembolism (VTE) in patients

treated in short-stay hospitals in the United States each year

[1]. While cerebral venous sinus thrombosis (CVST) is a

rare disease with an estimated annual incidence of 3–4

cases per 2 million adults, and 7 cases per 1 million neo-

nates, its precise incidence is not known because there have

been only a few epidemiological studies [2–4]. The risk

factors for CVST are tumors [5], cerebral infections or

trauma [5, 6], oral contraceptive use [7], pregnancy and the

peripartum period [8] and thrombophilia [4, 7, 9].

Thrombophilia is defined as patients having a high risk for

thrombosis, which can be either inherited or acquired. The

main acquired thrombophilia is due to the presence of

antiphospholipid antibodies [10, 11], and congenital

thrombophilia includes antithrombin (AT), protein C (PC)

or protein S (PS) abnormalities [12–14] and Factor V

{G1691A} and Factor II (G20210A) abnormalities

[15, 16]. However, Factor V {G1691A} and Factor II

(G20210A) abnormalities have never been reported in

Japan [17, 18].

The overall annual incidence of VTE was 1.53% in

patients with deficiencies of AT, PC and PS [19] and

thrombophilia has also been reported to be a risk factor for

CVST [20].
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In this study, we examined in 12 patients with CVST for

thrombophilia due to AT, PC, and PS abnormalities and

anti-phospholipid antibodies, and the expression of novel

PS mutant was determined.

Materials and methods

Twelve patients with CVST were diagnosed at Mie Uni-

versity Hospital from 1 January 2003 to 28 February 2011

(Table 1). The CVST was diagnosed by magnetic reso-

nance imaging (MRI), magnetic resonance venography

(MRV) or cerebral angiography (CAG). The study protocol

was approved by the Human Ethics Review Committee of

the Mie University School of Medicine and a signed con-

sent form was obtained from each subject. This study has

been faithfully carried out in accordance with the Decla-

ration of Helsinki. Case 1 was pregnant, case 3 had severe

inflammation, case 5 had iron deficient anemia, and case 6

had been taking a contraceptive drug. Case 1 was com-

plicated with deep vein thrombosis (DVT) and case 11 was

associated with mesenteric venous thrombosis (MVT). No

patients suffered from recurrent either CVTS or any other

types of VTE after the 1st episode of CSVT.

Measurement of AT, PC, PS and antiphospholipid

antibody concentrations

Peripheral blood samples were collected in a 1/10 volume

of 3.13% sodium citrate. The plasma free PS antigen

concentration was measured by a monoclonal antibody-

based enzyme-linked immunosorbent assay (ELISA) using

an Asserachrom free PS kit (Diagnostica Stago, Asnières,

France). The plasma PS and PC activity levels were mea-

sured by a clotting time method using a STA�-Staclot�

Protein S and a STA�-Staclot� Protein C kit (Diagnostica

Stago, respectively). The plasma PC antigen concentration

was measured by a latex agglutination test using a LPIA-

ACE PC (Mitsubishi Chemical Medience Corporation,

Tokyo, Japan). The plasma AT activity was measured by a

synthetic substrate assay using a Chromorate ATIII (C) kit

(Mitsubishi Chemical Medience Corporation). An activity

or antigen level of less than 70% in AT, PC and PS of the

patients who did not receive warfarin treatment, was con-

sidered to be an abnormal decrease in AT, PC or PS. An

abnormal decrease in PC or PS was defined as a [2-fold

ratio of PS/PC or PC/PS activity in the patients who

received warfarin treatment.

The dilute Russell’s viper venom time (DRVVT) was

measured by a clotting time method using a Gradipore LA

test (Gradipore, Sydney, Australia). Anti-caldiolipin-b2

glycoprotein I (ACL-b2GPI) antibodies were measured

with an ELISA kit (Yamasa Co, Tokyo, Japan).

Gene analysis of AT, PC and PS

Genomic DNA was prepared from peripheral blood leu-

kocytes using a QIAamp DNA Blood Mini Kit (QIAGEN)

according to the manufacturer’s instructions. Each exon

and exon/intron boundary of the gene was amplified from

genomic DNA using the polymerase chain reaction (PCR)

as described previously. The PCR products were directly

sequenced using a Big-Dye Terminator Cycle Sequencing

Kit and a 310 Genetic Analyzer (Applied Biosystems,

Foster City, CA, USA).

The transient and stable expression levels of recombi-

nant Protein S and quantification of the expression level

of PS were carried out as in a previous report [21]. The

initiating Methionine was set to ?1 and the amino acid

residue of PS was numbered.

Statistical analysis

The differences in PS expression between mutant and wild

type patients were determined using the unpaired t test.

A value of p \ 0.05 was considered to be significant.

Results

Decreased activity of AT was observed in 3 of the 12

patients (cases 1, 3, and 12) with CVST, decreased activity

or antigen of PC was observed in 5 of the 12 patients (cases

3, 6, 7, 9, and 11), and decreased activity or antigen of PS

was observed in 7 of the 12 patients (cases 2, 3, 4, 5, 6, 7,

and 11), but 2 patients (cases 7 and 11) were already being

treated with warfarin (Table 1). Case 8 was positive for

both DRVVT and the ACL-b2GPI antibody, and was

diagnosed as having antiphospholipid syndrome (APS).

A gene analysis for AT, PC and PS was carried out, and

4 patients were diagnosed as having congenital thrombo-

philia: two with PS genetic abnormalities (cases 2 and 11),

one with a PC genetic abnormality (case 9) and one with a

AT genetic abnormality (case 1) (Table 2). Case 1 had a

heterozygous Pro429Leu (AT Budapest) mutation of the

AT gene. The pedigree of the family under investigation is

shown in Fig. 1a. The proband developed CVST and DVT

when she was pregnant. Her mother had the same mutation

of AT and also had CVST. Her brother had no mutation,

but the proband’s child had same mutation. Case 2 had two

heterozygous PS mutations (Asp79Tyr and Thr630Ile).

Case 9 had a heterozygous Glu153 (458-460delAGG)

mutation of PC. The pedigree of the family under inves-

tigation is shown Fig. 1b. The proband developed CVST at

the age of 47 years, and her daughter was detected to have

the same PC mutation. Therefore, prophylaxis for VTE

could be performed for the daughter during her pregnancy.
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Case 11 was a compound heterozygous mutation of the PS

gene, including a novel mutation (Gly189Ala) and the PS

Tokushima mutation (Lys196Glu). A PCR cloning strategy

revealed that the Gly189Ala and the Lys196Glu mutations

were in different alleles. This novel mutation was not

detected in 100 healthy volunteers. Figure 2a shows the

transient expression of wild type and mutant recombinant

PS (Gly189Ala) in COS7 cells. The concentration of PS

in the conditioned media from the different mutations

was measured. No significant differences were observed

between the mutant and wild type levels of antigen.

Figure 2b shows the stable expression of wild type and

mutant recombinant PS in baby hamster kidney (BHK)

cells. The APC cofactor activity was significantly lower for

the mutant PS (33.9 ± 5.8%) than for the wild type (100%,

p \ 0.001).

Table 2 Possible hemostatic abnormalities due to CSVT

Case Natural protease inhibitor

deficiency or APS

Gene analysis

1 Congenital AT deficiency Pro429Leu

2 Congenital PS deficiency Asp79Tyr ? Thr630Ile

8 APS

9 Congenital PC deficiency Deletion of 458-460 (AGG)

11 Congenital PS deficiency Lys196Glu ? Gly189Ala

Fig. 1 The pedigree of the family under investigation. a Case 1,

b case 9

Fig. 2 The transient and stable expression of wild type and mutant

recombinant PS in COS7 or BHK cells. a Transient expression in

COS7 cells The determination of the concentration of PS in the

conditioned media from genes containing different expressions using

the ELISA method. The mean value of the wild type PS was defined

as 100%. The bars represent the mean ± SD of six transfection

experiments per each gene. The mutant and wild type expression

levels were compared using unpaired t test. There was no significant

difference. Wild type: 100.00 ± 24.26%, Gly189Ala: 113.70 ±

20.25%. b Stable expression in BHK cells. The APC cofactor activity

was calculated using the clotting time and comparing it to the same

concentration (100 ng/ml) of the different expressions levels. The

mean value of wild type PS was defined to be 100%. The bars
represent the mean ± SD of four experiments per gene. The mutant

and wild type APC cofactor activity (100 ng/ml) was compared

using unpaired t test. Wild: type; 100.00 ± 7.20%, Gly189Ala:

33.92 ± 5.81%
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With regard to the onset of CVST, AT, PC and PS were

all decreased in case 3, who had multiple organ failure, PS

was decreased in cases 4, 5 and 6 and AT was decreased in

case 12. After treatment for the CVST, these concentra-

tions were improved, suggesting a transient AT, PC or PS

deficiency. In addition, Case 7 had an abnormality in both

PS and PC, but this patient was treated with warfarin. The

ratio of PC/PS antigen was less than 2.0 and neither PC nor

PS activity was measured. Therefore, case 7 was excluded

from the gene analysis.

Discussion

CSVT is an uncommon condition with many clinical

manifestations, so many cases remain clinically unde-

tected. The incidence of severe thrombophilia due to AT,

PC or PS deficiency and APS in CVST was reported to be

9% [4]. The odds ratio of the risk for CVST was reported to

be 7.06 in patients with AT deficiency, 8.76 for PC defi-

ciency, 3.20 for PS deficiency and 6.95 in patients with

APS [20]. Although this study was of a small number of

patients, the incidence of congenital thrombophilia was

present in about 33.3% (4/12) of cases, thus suggesting that

thrombophilia might be associated with CVST more fre-

quently than was suggested in a previous report [4].

Because, a genetic analysis was not done in all cases with

CVST of large-scale study [14].

In case 1, a patient with congenital AT deficiency had a

heterozygous AT Pro429Leu (AT Budapest) mutation.

This mutation is reported to lead to a decrease of heparin

binding capability and protease inhibitor capability of the

protein [22]. Case 2 had both PS Asp79Tyr and PS

Thr630Ile mutations [21]. Asp79Tyr was previously

reported as Asp38Tyr according to the previously estab-

lished nomenclature system [21]. Asp79Tyr is a Type I PS

deficiency (quantitative deficiency) that is characterized by

a decrease in both the PS antigen levels and the PS activity

[21]. We thought that the PS Asp79Tyr mutation was likely

the cause of the decrease in PS, because it was previously

reported that the PS Thr630Ile mutation does not influence

the expression of PS [21]. Case 9 had a heterozygous PC

Glu153del (458-460delAGG) mutation [23]. She experi-

enced no complication during her two deliveries, but her

daughter developed a hypercoagulable state during her

pregnancy and was treated with low-dose heparin. In case

11, the patient had a PS Tokushima type II mutation

characterized by a normal total and free PS antigen level,

but a decrease in APC cofactor activity. This mutation is

present in about 2% of the Japanese population [24–28].

The PS Gly189Ala is a novel mutation that we identified

which was not a polymorphism in an analysis of 100

healthy volunteers [29]. The expression of the protein from

this mutant is similar to the wild type protein, but the

activity level is lower in comparison to wild type, thus

suggesting this mutant to be a type II PS abnormality.

No mutations in AT, PC or PS were observed in the

other 5 patients who did not receive warfarin treatment

(Cases 3–6 and 12), although they had low AT, PC or PS at

the onset of CVST. A decreased AT level was reported in

patients with disseminated intravascular coagulation (DIC)

[30] and liver diseases [31], decreased PC and PS levels

were reported in patients treated with warfarin [32], and

decreased PS was reported in pregnant females [33]. In

case 3 who was in MOF status, the decreases in AT, PC

and PS might have been caused by liver failure. The down

regulation of the PS gene expression by 17b-estradiol,

which increases in concentration in the late stages of

pregnancy, has also been reported [34]. However, the

decreased AT, PC or PS might be an outcome from

thrombosis, rather than the cause of thrombosis in these

patients. The mechanism(s) responsible for a decreased

AT, PC or PS activity should be examined in future studies

of various types of thrombosis, including CVST.

‘‘APS is one of the important causes of thrombosis

[35], and APS is often observed in cases of cerebral

infarction [36]. Most cerebral infarctions are consid-

ered to be due to arterial thrombosis, and these

patients are usually treated with antiplatelet drugs,

such as aspirin. CVST is usually recommended to be

treated with warfarin. The differential diagnosis of

CVST in patients with APS from other types of

thrombosis due to arterial thrombosis is therefore

important.’’

The frequency of thrombophilia is higher in CVST than

in DVT, because CVST does not occur as frequently after

surgery as DVT.
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