active, whereas the noncatalytic domains display surface features
that are optimized for recognizing an unfolded VWF A2 domain.
Therefore, cleavage by ADAMTS13 is primarily dependent on
shear-force-induced unfolding of the VWF molecule. The force-
induced proteolysis observed for ADAMTS13-VWF represents
a model for probing the molecular mechanisms underlying the
translation of a mechanical stimulus into a chemical response in
a biological system.

Materials and Methods

Preparation, Crystallization and Structural Analysis of ADAMTS13-DTCS. Pro-
duction and crystallization of ADAMTS-DTCS has been described previously
(44). Briefly, ADAMTS13-DTCS (residues 287-685), with a C-terminal tobacco
etch virus proteinase cleavage site followed by tandem His-tag sequences, was
expressed in CHO Lec 3.2.8.1 cells. After purification on a Ni-NTA column, AD-
AMTS13-DTCS was subjected to proteolysis with the tobacco etch virus proteinase
and was further purified using HiTrap SP (GE Healthcare). ADAMTS13-DTCS
crystals were obtained by the sitting drop vapor diffusion method, with drops
containing 0.5 ulL protein solution and 0.5 pL reservoir solution (26% (wt/vol)
PEG1500, 100 mM Mes, pH 6.0) supplemented with 0.2 uL of 40% (wt/wt)
pentaerythritol ethoxylate (3/4 EO/OH) (Hampton Research) equilibrated for
several days at 293 K. Os-derivative crystals were obtained by soaking native
crystals in reservoir solution supplemented with 1 mM OsClz and 20% glycerol
for several hours. Crystals were cryoprotected in reservoir solution supple-

1. Porter S, Clark IM, Kevorkian L, Edwards DR (2005) The ADAMTS metalloproteinases.
Biochem J 386:15-27.

2. Edwards DR, Handsley MM, Pennington CJ (2009) The ADAM metalloproteinases. Mo/
Aspects Med 29:258-289.

3. Sadler JE (1998) Biochemistry and genetics of von Willebrand factor. Annu Rev Bio-
chem 67:395-424.

4. Ruggeri ZM (2003) Von Willebrand factor, platelets and endothelial cell interactions.
J Thromb Haemost 1:1335-1342.

. Sadler JE, Moake JL, Miyata T, George JN (2004) Recent advances in thrombotic
thrombocytopenic purpura. Hematology Am Soc Hematol Educ Program, 407-423.
6. Dent JA, Berkowitz SD, Ware J, Kasper CK, Ruggeri ZM (1990) Identification of a
cleavage site directing the immunochemical detection of molecular abnormalities in

type IIA von Willebrand factor. Proc Natl Acad Sci USA 87:6306-6310.

7. Tsai HM, Sussman I, Nagel RL (1994) Shear stress enhances the proteolysis of von
Willebrand factor in normal plasma. Blood 83:2171-2179.

. Moake JL, et al. (1982) Unusually large plasma factor Vill:von Wiliebrand factor
multimers in chronic relapsing thrombotic thrombocytopenic purpura. N Engl J Med
307:1432-1435.

. Furlan M, et al. (1998) von Willebrand factor-cleaving protease in thrombotic thrombo-
cytopenic purpura and the hemolytic-uremic syndrome. N Engl J Med 339:1578-1584.
10. Tsai HM, Lian EC(1998) Antibodies to von Willebrand factor-cleaving protease in acute

thrombotic thrombocytopenic purpura. N Engl J Med 339:1585-1594.

11. Levy GG, et al. (2001) Mutations in a member of the ADAMTS gene family cause
thrombotic thrombocytopenic purpura. Nature 413:488-494.

12. Soejima K, et al. (2001) A novel human metalloprotease synthesized in the liver and
secreted into the blood: Possibly, the von Willebrand factor-cleaving protease? J Bio-
chem 130:475-480.

13. Zheng X, et al. (2001) Structure of von Willebrand factor-cleaving protease (AD-
AMTS13), a metalloprotease involved in thrombotic thrombocytopenic purpura. J Biol
Chem 276:41059-41063.

14. Soejima K, et al. (2003) ADAMTS-13 cysteine-rich/spacer domains are functionally
essential for von Willebrand factor cleavage. Blood 102:3232-3237.

15. Zheng X, Nishio K, Majerus EM, Sadler JE (2003) Cleavage of von Willebrand factor
requires the spacer domain of the metalloprotease ADAMTS13. J Biol Chem
278:30136-30141.

16. Ai J, Smith P, Wang S, Zhang P, Zheng XL (2005) The proximal carboxyl-terminal
domains of ADAMTS13 determine substrate specificity and are all required for cleav-
age of von Willebrand factor. J Bio/ Chem 280:29428-29434,

17. Gao W, Anderson PJ, Sadler JE (2008) Extensive contacts between ADAMTS13 exosites
and von Willebrand factor domain A2 contribute to substrate specificity. Blood
112:1713-1719.

18. Klaus C, et al. (2004) Epitope mapping of ADAMTS13 autoantibodies in acquired
thrombotic thrombocytopenic purpura. Blood 103:4514-4519.

19. Luken BM, et al. (2005) The spacer domain of ADAMTS13 contains a major binding site
for antibodies in patients with thrombotic thrombocytopenic purpura. Thromb Hae-
most 93:267-274.

20. Gerhardt S, et al. (2007) Crystal structures of human ADAMTS-1 reveal a conserved
catalyticdomain and a disintegrin-like domain with a fold homologous to cysteine-rich
domains. J Mol Biol 373:891-902.

21. Mosyak L, et al. (2008) Crystal structures of the two major aggrecan degrading
enzymes, ADAMTS4 and ADAMTSS. Protein Sci 17:16-21.

22. Takeda S (2009) Three-dimensional domain architecture of the ADAM family protein-
ases. Semin Cell Dev Biol 20:146-152.

[

=

o

Akiyama et al.

mented with 20% glycerol and flash cooled under a stream of nitrogen gas at
100 K. All diffraction data were collected at the SPring-8 beamline BL41XU
(Table S1). Details of structural analysis are described in S/ Text.

Functional Analysis. Recombinant wild-type and 25 mutants of ADAMTS13-
MDTCS (residues 75-685) with a C-terminal His-tag were prepared by transient
expression using a cytomegalovirus promoter-driven expression vector and HelLa
cells. The culture medium and cell lysates were collected 72 h posttransfection,
and the expression levels were quantified by Western blotting using anti-His-tag
(Fig. S6). For enzyme assays, culture medium (5 ul) containing equivalent
amounts of ADAMTS13-MDTCSs was mixed with reaction mixture (95 ul) con-
taining 2 uM fluorogenic substrate (FRETS-VWF73) (25), 10 mM Hepes (pH 7.4),
150 mM NaCl, 5 mM CaCly, and 0.005% Tween-20. Initial velocities of the increase
in fluorescence were determined for the enzymatic activity, and the relative
activities of the mutants were calculated from a calibration curve for serially
diluted wild-type ADAMTS13-MDTCS. The activity for each mutant was deter-
mined in duplicate or triplicate experiments.
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Background There are few data on the differences between deep vein thrombosis (DVT) with pulmonary em-
bolism (PE) (Group A) and without PE (Group B), and no recent data on the incidence of PE and DVT in Japan.
Methods and Results The symptoms and findings of the lower extremities and risks for venous thromboembo-
lism were compared between Groups A and B, and the numbers of new patients with PE and those with DVT in
2006 were calculated. DVT was found equally in left and right legs in Group A, but more frequently in left legs
than in right legs in Group B. Proximal thrombus was more frequent in Group A than in Group B, and the number
of cases of symptoms resulting from DVT was less in Group A than in Group B. Proximal DVT, DVT in the right
leg, no symptoms, and younger age were related to the presence of PE. The calculated number of new patients
with PE per year was 7,864 (3,492 cases in 1996), and that with DVT per year was 14,674.

Conclusion DVT in patients with PE and those without PE differed in the site and symptoms. The calculated
number of new patients with PE per year doubled in 1 decade in Japan. (Circ J 2009; 73: 305-309)

Key Words: Deep vein thrombosis; Incidence; Pulmonary embolism; Symptoms; Venous thromboembolism

(DVT) are thought to be the same disease with dif-

ferent presentation, and both have been handled as
venous thromboembolism (VTE). Most cases of PE origi-
nate from DVT, so VTE is an important concept. However,
there are no data on whether DVT with PE and DVT without
PE have the same characteristics.

We reported the incidence of PE in 1996, 2000, and
2004!1-3 In 2004, 2 guidelines for VTE were published in
Japan#3 generating increased interest in VTE.

The main purpose of this study was to clarify the different
characteristics of DVT in cases with and without PE. The
second purpose was to assess the recent incidence of PE and
DVT in Japan.

Pulmonary embolism (PE) and deep vein thrombosis

Methods

The present study was approved by the Ethics Committee
of Mie University. In July 2006, we sent questionnaires to
the clinical departments (all departments of internal medi-
cine, all departments of surgery, pediatrics, obstetrics and
gynecology, orthopedics, otorhinolaryngology, ophthalmolo-
gy, dermatology, and urology) of university schools of medi-
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cine or medical colleges and to hospitals with more than 100
beds in Japan. Based on the responses to the questionnaires,
we assessed prospectively the number of new patients with
PE from August 1, 2006 to September 30, 2006. The num-
ber of patients with PE (or DVT) per year was calculated
as: the number of patients with PE (or DVT) per year=the
number of patients with PE (or DVT) per 2 months X 6/the
response ratel-3

PE was definitely diagnosed by (1) enhanced computed
tomography, (2) pulmonary angiography, (3) pulmonary per-
fusion scintigraphy and/or pulmonary ventilation scintigra-
phy, (4) magnetic resonance imaging, or (5) autopsy. DVT
was definitely diagnosed by (1) enhanced computed tomog-
raphy, (2) venous ultrasonography, (3) contrast venography,
(4) magnetic resonance venography, or (5) radioisotope
venography. Major surgery was defined as abdominal sur-
gery and/or surgery of more than 45 min duration within the
previous 3 months®-® Immobilization was defined as strict
bed rest for more than 3 continuous days within the previous
3 months?

We divided cases of VTE into 3 groups: DVT with PE,
DVT alone, and PE alone.

Statistical Analysis

Analyses were performed using SPSS 15.0 (SPSS Inc,
Chicago, IL, USA). All continuous variables were analyzed
by Mann-Whitney test, and expressed as mean +standard
deviation. Non-ordinal categorical data were analyzed using
the chi-square test. Multiple comparisons were performed
using Bonferroni’s modification. Potential risk factors for
VTE were assessed using multiple logistic regression and
the results were presented as estimated odds ratio (OR) with
the corresponding 95% confidence intervals (CI). All signifi-
cant tests were 2-tailed.
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Table 1 Patients’ Backgrounds

DVT with PE DVT alone PE alone
With patient profile (n) 210 420 140
Gender (M/F) 87/123 140/280 44/96
Age (years) 63.9£15.5 66.3+15.9 67.6%£15.0
BMI (kg/m?) 23.7+3.84 23.344.26 23.243.8

an=199, bn=392, cn=129.
DVT, deep vein thrombosis; PE, pulmonary embolism; BMI, body mass index.

I DVT with PE (n=209) Results
(%) DVT alone (n=409)

Incidence of VTE

A total of 6,122 questionnaires were sent; 17 institutes
were excluded from our analysis because they had closed or
merged. We received 1,635 valid replies, giving a response
rate of 26.8% (1,635/6,105). The number of patients newly
diagnosed with PE was 351 during the 2 months of the pres-
ent period, and that with DVT was 655. The estimated num-
ber of new patients with PE per year was 7,864 (95% CI:
6,572-9,155) and the incidence of PE was 61.9 (95%CI:
51.7-72.1) patients per 1,000,000 people per year in Japan.
The estimated number of new patients with DVT per year
was 14,674 (95%CI: 12,466-16,883) and the incidence of
DVT was 115.5 (95% CI: 98.2-132.9) patients per 1,000,000
people per year in Japan.

Characteristics of DVT in Patients With and Without PE
Available cases with a detailed profile were 210 with
both DVT and PE, 420 with DVT alone, and 140 with PE

Pain Swelling Redness Al symptoms alone (Table1). Symptoms resulting from DVT were more
: ; . frequent in patients without PE, compared with those with
Figl. Symptoms of deep vein thrombosis (DVT). The number of : P :
cases is shown on each bar. PE, pulmonary embolism. PE (Fig1). DVT was equally found in the left and right legs
M Left Side

Right Side

(%)| lliac veins (%)| Thigh veins

w0 P=0.10

P=0.0003 P=0.07
20

15

10

5

o Z4
DVT with PE  DVT alone  All DVT DVT with PE  DVT alone  All DVT
(n=210) (n=412 )  (n=622 %)

(%)| calf veins (%) Anywhere
% P=0.003 %

P=0.53  F=0.003 ;

40 7 163
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Fig2. Location of deep vein thrombosis (DVT).
The number of cases is shown on each bar. *Seven
cases with DVT only in the upper extremities and
one without data on DVT site were excluded. PE,

0 3 .
DVT with PE  DVT alone  All DVT pulmonary embolism.
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Table 2 Diagnostic Techniques for DVT

DVT with PE

DVT alone

(n=210) (n=413%) Pvalue
Venous ultrasonography 132 (63%) 303 (73%) 0.008
CcT 143 (68%) 180 (44%) <0.0001
Contrast venography 18 (9%) 50 (12%) 0.22
MR venography 7(3%) 22 (5%) 0.32
RI venography 3(1%) 5(1%) 1.00
CT, computed tomography; MR, magnetic resonance; RI, radioisotope. Other abbreviations see in Table 1.
*Seven cases with DVT only in the upper extremities were excluded.
Table 3 Risk Factors for Venous Thromboembolism
DVT with PE DVT alone PE alone P value
(n=210) (n=420) (n=140)
Prolonged immobilization 57(27%) 101 (24%) 30 (21%) 0.46
Recent major surgery 54 (26%) 121 (29%) 40 (29%) 0.70
Cancer 48 (23%) 81 (19%) 23 (16%) 0.32
Recent major trauma and/or fracture 22 (11%) 47 (11%) 15(11%) 0.96
Central venous catheter 7(3%) 34 (8%) 9(6%) 0.06
Pregnancy or postpartum 4(2%) 14 (3%) 2(1%) 0.34
Heart failure* 5(2%) 22 (5%) 14 (10%) 0.009
Respiratory failure 5(2%) 14 (3%) 8(6%) 0.37
Cerebrovascular disease 10 (5%) 28 (7%) 8(6%) 0.62
Connective tissue disease and/or steroid use 5(2%) 11 (3%) 5(4%) 0.79
Benign, large abdominal tumor 2(1%) 9(2%) 1(1%) 0.33
No potential risk factors 42 (20%) 66 (16%) 28 (20%) 0.30

*P=(),10 between DVT with PE and DVT alone, P=0.003 between DVT with PE and PE alone. P=0.07 between DVT alone and PE alone.

Abbreviations see in Table 1.

Table 4 Multivariate Logistic Analysis of Relation to Presence of PE in Patients with DVT

OR (95% CI) P value
Age (10-year increments) 0.87 (0.77-0.99) 0.03
Male 1.12 (0.76-1.66) 0.57
No symptoms of DVT 2.05(1.39-3.02) 0.0003
Right DVT 1.98(1.22-3.19) 0.005
Left DVT 0.99 (0.61-1.60) 0.97
Proximal DVT2 1.79(1.18-2.71) 0.006
BMI 1.03 (0.99-1.08) 0.16
Prolonged immobilization 1.2 (0.78-1.86) 041
Recent major surgery 0.83 (0.54-1.28) 0.40
Cancer 1.08 (0.68-1.70) 0.75
Recent major trauma and/or fracture 0.85 (0.46-1.54) 0.58
Central venous catheter 0.44 (0.19-1.00) 0.05
Pregnancy or postpartum 0.37 (0.10-1.32) 0.12
Heart failure 0.59 (0.20-1.68) 0.32
Respiratory failure 0.58(0.18-1.92) 0.37
Cerebrovascular disease 0.66 (0.28-1.55) 0.34
Connective tissue disease and/or steroid use 1.48 (0.54-4.02) 045
Benign, large abdominal tumor - 1.00

alncluding IVC, iliac vein, and thigh veins.
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OR, odds ratio; CI, confidence interval; IVC, inferior vena cava. Other abbreviations see in Table 1.

of patients with PE, but more frequently in the left than in
the right leg of patients without PE (Fig2). Proximal throm-
bus from the inferior vena cava to the popliteal vein was
more frequent in patients with PE than in patients without
PE (68% [142/210] vs 58% [240/412]; P=0.02).

Relationship Between Symptoms of DVT and Age

Leg swelling (presence, 64.7+16.0 years; absence, 66.5+
15.7; P=0.10) and redness (presence, 63.0+15.7 years; ab-
sence, 65.9+15.9; P=0.09) were found regardless of age in
patients with DVT. Younger patients complained more about
leg pain (complaint, 61.2+15.7 years; no complaint, 67.4x

Circulation Journal Vol.73, February 2009

15.6; P<0.0001). All findings for DVT (objective or subjec-
tive) were greater in younger patients (presence, 64.4+15.8
years; absence, 67.4+15.9; P=0.007).

Diagnostic Techniques for DVT (Table2)

Venous ultrasonography was used more frequently and
CT less frequently in patients without PE than in patients
with PE. Contrast venography was used in only approxi-
mately 10% of patients.

Risk Factors for VTE and Relationship to Presence of PE
There were no differences in the risk factors, except heart
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Table 5 Management of Venous Thromboembolism

SAKUMA M et al.

IDVT with PE  2DVT alone  3PE alone P value*
(n=210) (n=420) (n=140) Tys? 1ys3 2ys3

Heparin 175 (83%) 243 (58%) 106 (76%) <0.0001 0.30 0.0005
Warfarin 162 (77%) 282 (67%) 86 (61%) 0.03 0.006 0.66
Anticoagulation

Heparin— warfarin 136 (65%) 173 (41%) 69 (49%) <0.0001 0.02 0.30

Heparin alone 39 (19%) 70 (17%) 37 (26%) 1.00 0.26 0.04

Warfarin alone 26 (12%) 109 (26%) 17 (12%) <0.0001 1.00 0.003
Thrombolysis 58 (28%) 55(13%) 38(27%) <0.0001 1.00 0.006
IVC filter 110 (52%) 93 (22%) 22 (16%) <0.0001 <0.0001 0.35

*All P-values by chi-square analysis among 3 groups (!, 2 and 3) were less than 0.05. Multiple comparisons were performed using

Bonferroni’s modification.
Abbreviations see in Tables 1,4.

failure, among the 3 groups (patients with DVT and PE,
those with DVT alone, and those with PE alone) (Table 3).
Patients with DVT and PE were younger than those with
DVT alone (63.9+15.5 years vs 66.3+15.9; P=0.04). PE was
found in 30.5% of females with DVT and in 38.3% of males
with DVT (P=0.053). Proximal DVT, DVT in the right leg,
no symptoms, and younger age were independently related
to the presence of PE in patients with DVT (Table4).

Management of VTE (Table5)

Heparin and thrombolysis were used less frequently in
patients with DVT alone. Implantation of an inferior vena
cava filter and chronic use of warfarin were more frequent in
patients with DVT and PE. When limited to cases of DVT,
inferior vena cava filters were used more often in cases of
proximal DVT (OR, 3.51; 95%CI, 2.33-5.27; P<0.0001)
and PE (OR, 3.71; 95%ClI, 2.56-5.37; P<0.0001). Antiplate-
let agents were administered in 8 patients (4%) with DVT
and PE (aspirin in 8, ticlopidine in 2; 2 cases used both
antiplatelet agents), 44 with DVT alone (aspirin in 36,
ticlopidine in 6, cilostazol in 1, sarpogrelate in 1), and 9
(6%) with PE alone (aspirin in 8, ticlopidine in 1, beraprost
in 2; 2 cases used 2 antiplatelet agents).

For DVT, catheter therapy was performed in 9 patients
with DVT and PE, and in 8 patients with DVT alone. Sur-
gery was performed in 3 patients with DVT and PE, and in
1 patient with DVT alone. On the other hand, for PE, cathe-
ter therapy was performed in 13 patients with DVT and PE,
and in 7 patients with PE alone. Surgery was performed in 4
patients with DVT and PE, and in 4 patients with PE alone.

Discussion

Characteristics of DVT With and Without PE

DVT in patients with PE and those without PE differed in
the site and symptoms. In particular, DVT was equally found
in the left and right legs of patients with PE, but more fre-
quently in the left than in the right leg in those without PE.
Moreover, cases of symptoms resulting from DVT were less
frequent in the presence of PE than in the absence of PE.

Tleofemoral DVT tends to occur in the left legd-!12 where-
as femoropopliteal DVT occurs equally in the right and left
legs, and most are contiguous to calf thrombosis?-12 Those
previous reports and the present results suggest that DVT
without PE is related to ileofemoral DVT, and that DVT
with PE is related to femoropopliteal DVT.

DVT is more common on the left sidel?® as observed in
all of the present cases of DVT. In the present study, DVT
with PE had no statistical difference in the rate of potential

risk factors compared with DVT without PE.

Free-floating venous thrombi have a close relationship
with PE compared with occlusive (no free-floating) thrombi!4
and the previous reports suggest that free-floating venous
thrombi cause less symptoms from DVT than occlusive
DVTs!415 On the other hand, most cases of symptomatic
DVT have extensive occlusive proximal thrombi%!6 The
development of symptoms of DVT is thought to depend on
the extent of thrombosis, the adequacy of collateral vessels,
and the severity of associated vascular occlusion and in-
flammation!? Leg edema is much more likely in contiguous
thrombosis rather than with an isolated thrombus!8 DVT
with PE has fewer symptoms, as shown in the present study,
and resembles free-floating DVT.

Relationship to Presence of PE in Patients With DVT

Proximal DVT, DVT in the right leg and no symptoms of
DVT were identified as independent of the presence of PE.
Proximal DVT is often associated with acute PE!%-23 Embol-
ic risk is low in calf-only DVT, but elevated in calf DVT
with proximal (thigh) involvement!® DVT in the right iliac
vein is easily torn off and PE easily occurs because the right
iliac vein is not compressed, unlike the left iliac vein. Most
cases of DVT with no symptoms do not receive treatment
and in such cases the DVT is found after PE occurs, which
suggests that DVT showing few symptoms is a potential risk
for PE. One of the candidate DVT is free-floating thrombi,
but further study is needed to clarify this. Older patients with
DVT have fewer symptoms and less incidence of PE; they
may have fewer symptoms of PE and not be diagnosed as
such, even if they have PE, but the real reason is unknown.

In the present study, the incidence of DVT was the same
for the right and left legs in patients with PE, but multivari-
ate logistic analysis revealed that DVT in the right leg was a
risk for PE, because the left leg was prominent in all patients
with DVT.

Diagnostic Techniques for DVT

Venous ultrasonography was used more frequently and
CT less frequently in patients without PE than in patients
with PE. Venous ultrasonography is noninvasive and con-
venient, and many diagnostic strategies for DVT use this
method?2* CT has been used more recently for the diagno-
sis of PE in recent years?’ as its sensitivity for PE is not
inferior to ventilation-perfusion lung scanning?é CT has
the merit that DVT is diagnosed at the same time, so many
doctors in Japan may choose venous ultrasonography as the
initial diagnostic method in patients suspected of having
DVT, and CT in patients suspected of having PE.

Circulation Journal Vol.73, February 2009
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Management of VTE

Heparin and thrombolysis were used less frequently in
patients with DVT alone. Chronic use of warfarin was more
frequent in patients with DVT and PE. Moreover, warfarin
was used first more frequently without heparin in cases of
DVT alone.

Implantation of an inferior vena cava filter was more
frequently performed in patients with DVT and PE. When
limited to cases of DVT, inferior vena cava filters were
more frequently used in proximal DVT with PE. Recurrence
of PE in a patient with PE would increase mortality, so
inferior vena cava filters are used to prevent recurrent PE in
patients with both DVT and PE.

Incidence of VTE

The calculated number of new patients with PE per year
was 3,492 cases in 1996! and 7,864 in 2006 in the present
study. The calculated number of new patients with PE per
year increased 2.25-fold in 1 decade in Japan. These results
are similar to the prevalence of PE estimated by the Ministry
of Health, Labour and Welfare in Japan (3,000 patients in
1996 and 7,000 in 2005)27-28 The vital statistics were 1,410
deaths from PE in 1996, and 1,900 deaths in 200629-30 Annual
deaths from PE increased 1.35-fold in 1 decade, which was
lower than the increment of diagnostic patients during the
same period.

The calculated number of new patients with DVT per
year was 14,674 in 2006, which is similar to the prevalence
reported in 2005 (16,000 cases28).

Study Limitations

One limitation of the present study is the low response
rate. Response rates for questionnaires regarding less com-
mon diseases are low in general. The response rate in
studies on the incidence of PE performed by us was 40.7%
in 1996, 30.6% in 2000, 29.8% in 2004, and 26.8% in the
present study.

Our results may be affected by the timing of the diagnosis
and examination of VTE. Moreover, symptoms of PE may
mask symptoms of DVT, despite this being a prospective
study. Therefore, additional examinations are necessary to
confirm the present results.

Conclusion

DVT in patients with and without PE differs in its site
and symptoms. The calculated number of new patients with
PE per year doubled over 1 decade in Japan.
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Medical Standards Seen from the Perspective of Changes in
Academic Society Themes: Investigation of a Lawsuit
Concerning the Prevention of Venous Thromboembolism

Tomio Kawasaki, MD, Ph.D

Objective: To determine whether a violation of the standard of care for prevention of pulmonary embolism
by preventing deep vein thrombosis occurred in 1999.

Materials and methods: Themes from past general meetings of the three societies that comprise the Japa-
nese Board of Cardiovascular Surgery that pertained to venous thromboembolism from 1999 to 2006 were
examined and analyzed for an appeal hearing to determine whether a violation had occurred.

Results: The first pertinent session on a method for the prevention of pulmonary embolism was presented
in 2006 by the Japanese Society for Vascular Surgery. Thus, the medical treatment performed in this case
did not violate the standard of care in 1999.

Conclusion: The “standard of medical treatment at the time”, can be discerned by tracing consensus agree-
ment at session meetings. If the consensus from each session is recorded, a more detailed analysis can be
made of the agreement reached by board members.

INTRODUCTION

he judicial system must make many decisions on

whether or not a medical procedure performed at a
defending institution strayed from the expected “standard
of medical care of the time”. Since legal judges are not
medical experts, serious consideration is given to the
written opinions of the plaintiff, the defendant’s doctors,
or the official judgment of an impartial third party.
These written opinions and judgments must give a true
and unbiased evaluation based on the medical standards
of the time. However, medicine continues to develop dai-
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ly; it is a process of reflection and renewal, and thus
treatments themselves are fluctuating entities. For this
reason, each medical judgment is different. As medical
standards shift, an ambiguity in judgment arises, and this
leads to a distrust of medical care.

The establishment of medical standards should be
based on the consensus of the medical community.
Themes (session theme) that are recurrently adopted at
medical conventions provide suitable material for the
consideration of medical standards. Repetition of a theme
is a good indicator of the value of a theme’s investigation.
Consensus opinions reached on debated themes reflect
the standard of medical care of the time (of course, dis-
senting opinions often exist).

In order to analyze the standard of medical care, it is
imperative to understand this progression of themes.
How they originate, how they are selected, how problems
are presented, and how themes are accepted by the soci-
eties’ members.
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MATERIALS AND METHODS

Selection of Session Theme

Sessions pertaining to the direct connection between
deep vein thrombosis and pulmonary embolism were in-
vestigated. Further, sessions reviewed were those in
which a medical society consensus could be formulated.
These were: symposiums, workshops, consensus meet-
ings, plenary sessions, president demanded sessions, de-
bate sessions and panel discussions, all given at general
assemblies. All other sessions were omitted.

The Societies Focused Upon

The majority of Japanese venous disease patients are
cared for by vascular surgeons, with most practitioners
belonging to the Japanese Sociefy for Vascular Surgery.
Licensing in this specialty is handled solely by the Japa-
nese Board of Cardiovascular Surgery. The three bodies
that compose this board—namely, the Japanese Society
for Vascular Surgery, the Japanese Society for Cardiovas-
cular Surgery and the Japanese Association for Thoracic
Surgery—were the objects of this study. The time span of
this investigation was from 1999 to 2006.

Outline of the Case Judged and Judgment Method

The central point of the case being appealed was
whether or not the measures employed for prevention of
pulmonary embolism at the time were appropriate. In
1999, the patient was admitted to a local general hospital
for surgery. The patient’s obesity and a long surgical pro-
cedure posed a risk for deep vein thrombosis, however,
no swelling of the lower extremities existed and the pa-
tient displayed no deep vein thrombosis. Post-surgery, the
patient suddenly developed a pulmonary embolism. The
expert opinion written for the plaintiff stated that this
was caused by the hospital’s negligence in not following
preventative measures as per the guidelines of 1999. The
courts then compared the open prevention measures poli-
cy of the defendant hospital and the actual level of prac-
tice provided, with those of other local hospitals of com-
parable status.

There was little objective data reflecting the “standard
of medical care of the time” for the defendant hospital
and those of comparable scale. Therefore, “pulmonary
embolism prevention concepts” that would create the
“standard of medical care” of the time were examined.
The preventative strategies for pulmonary embolism in-
cluded the “early diagnosis and treatment of deep vein
thrombosis” and “the prevention of deep vein thrombosis

18

itself”. The former had been hastily established by Japa-
nese pulmonary specialists of the time. The latter was a
method practiced in the western world, however the des-
ignated appropriate dosage amounts for heparin differed
for Japan and the west. Analysis of the results of session
themes as objective data was used to determine which
method was the “standard of medical care” in 1999. This
result was given to the court.

RESULTS

Session Themes

Themes from the General Assembly’s collections with
the phrases “deep vein thrombosis” or “pulmonary em-
bolism” in the title were examined. The Japanese Associ-
ation for Thoracic Surgery had no relevant topics, and the
Japanese Society for Cardiovascular Surgery had one ses-
sion from 2005 entitled “Guidelines for Treatment of Ve-
nous Thromboembolism”. The Japanese Society for Vas-
cular Surgery had five sessions in which the prevention,
diagnosis and treatment of pulmonary embolisms were
dealt with (Table 1).

Also, of these three societies, the first and only to have
a session theme on “deep vein thrombosis prevention” as
a means of pulmonary embolism prevention was the Jap-
anese Society for Vascular Surgery (“Inspection and
Problems of the Guidelines for Venous Thromboembo-
lism”). It became clear that prior to this, the Japanese So-
ciety for Vascular Surgery was vigorously centered on
the established method of “early diagnosis and treatment
of deep vein thrombosis” and that this was the standard
method for prevention of pulmonary embolism (Table 1).

Conclusion of Suit

It was clear that the 1999 “standard of medical care”
for prevention of pulmonary embolism was, the “early
diagnosis and treatment of deep vein thrombosis”. The
investigation into “prevention of pulmonary embolism
through the prevention of deep vein thrombosis” was not
undertaken by the medical community until 2006. Fur-
ther, the first guideline relating to the prevention of ve-
nous thrombosis, created by the Japanese Circulation So-
ciety in 2004, did not exceed a translation of western
guidelines and was not born of the structure of Japanese
illness.” This did not gain consensus from the medical
community, and could only be regarded as falling within
the confines of an informational reference. It follows that
prior to 2004, even though the writing referred to as a
guideline in 1999 touched on the “prevention of pulmo-

Annals of Vascular Diseases Vol. 2, No. 1 (2009)
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Problems of the Guidelines for Venous Thromboembolism” in 2006. The Japanese Association for Thoracic Surgery had no relevant topics and the Japanese Society for Cardio-

vascular Surgery had one session on 2005 entitled “Guidelines for Treatment of Venous Thromboembolism”.

Medical Standards Consented in Academic Society

nary embolism through the prevention of deep vein
thrombosis”, this did not reflect the “standard of medical
care” of the country at the time.

Summarily, preventative measures for pulmonary em-
bolism in 1999 were the “early diagnosis and treatment
of deep vein thrombosis”, and not the “prevention of pul-
monary embolism through the prevention of deep vein
thrombosis”. The suit concluded that it could not be said
that the “defendant hospital was liable for the develop-
ment of the pulmonary embolism” through not taking
measures to prevent deep vein thrombosis at the time.

DiscussioN

Features of a Society’s Specialty

Of the three associations that focus on the specialty of
venous diseases and compose the Japanese Board for
Cardiovascular Surgery, much activity is centered on the
Japanese Society for Vascular Surgery. However, there
are many specialists who, due to many restrictions, are
unable to obtain a position on the Japanese Board for
Cardiovascular Surgery. This is a reflection of the
thought that society expects someone other than cardio-
vascular surgeons to be specialists in vascular disease.

Standard of Medical Care

From a medical viewpoint, the “Standard of medical
care”, is not the average level of care, nor is it a minimal
level that hospitals must maintain. Rather, it is a provi-
sional goal used by the judicial system designed to raise
the level of care provision of all members of the medical
society to the highest level’

Incidentally, the judicial system defines “standard of
medical care” as “the standard of medical treatment
claimed by the medical institution (at the time) based on
contractual medical care (at the time)”. Medicine must
continually improve, and “the expectation held by pa-
tients that the medical institution through its nature seeks
to improve binds (patients and hospitals to) a medical
contract”. Through this premise, the “standard of medi-
cal care” is fixed until such time as there is a medical as-
sociation presentation or addendum report. The famous
Supreme Court decision of Heisei 7 (1995) (a case con-
cerning the photocoagulation procedures on infants with
retinopathy) used this type of basic understanding in its
ruling.” In that instance, the conscientious “cooperative
aim” towards the improvement of medicine legally be-
came a “cooperative duty”. However, through legal find-
ings, the judicial system continues to demand a clarifica-
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tion of the “standard of medical care” from the medical
world and the judicial system further demands “the con-
scious use of legal findings in medical reports”? Further-
more, the only reason that messages from the medical
profession do not reach judicial ears is that there are doc-
tors that continue to deliver erroneous messages.* *
Therefore medical experts (not board certified medical
experts), must return to the judicial system the most com-
mon medical understanding of the field based on current
objective data. Session theme analysis is useful for this
process.

The Significance of Session Themes

Session theme analysis holds more utility than just the
clarification of guideline problems. From the results of
session theme analysis it could be seen that neither the
Japanese Association for Thoracic Surgery nor the Japa-
nese Society for Cardiovascular Surgery held themes on
venous disease, and that such knowledge was not jointly
accumulated by the members of these associations. Con-
versely, with respect to the Japanese Circulation Society’s
2004 “Guideline Pertaining to Pulmonary Embolism and
Deep Vein Thrombosis Diagnosis, Treatment and Pre-
vention”, the Japanese Association for Thoracic Surgery
and the Japanese Society for Cardiovascular Surgery are
both listed as joint research associations. The Japanese
Society for Vascular Surgery, however, is not. Associa-
tions operate by obtaining member consensus. The public
must see that an association is part of a joint research ef-
fort, and that an association bears responsibility to the
guidelines decided, and that the members of the associa-
tion abide by these same guidelines. The only guideline
definition supported by the Japanese Society for Vascular
Surgery clarified here, received consensus from members
of the society.

CONCLUSION

From investigation of the progression of session
themes, the society’s members’ understanding of the

20

standard of medical care of the time and the society’s
transformation over time became clear. It is believed that
the recording of each future session’s progressive condi-
tions, problem points, resources, and reasons for discon-
tinuation, would assist better understanding of societies’
opinions based on their member consensus.
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A potential role for a-actinin in inside-out alIb@3 signaling
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Many different biochemical signaling
pathways regulate integrin activation
through the integrin cytoplasmic tail. Here,
we describe a new role for a-actinin in
inside-out integrin activation. In resting
human platelets, a-actinin was associ-
ated with allbB3, whereas inside-out sig-
naling (allbp3 activation signals) from
protease-activated receptors (PARs)
dephosphorylated and dissociated «-
actinin from «llbg3. We evaluated the
time-dependent changes of the allbf3
activation state by measuring PAC-1 bind-

clearly showed that PAR1-activating
peptide stimulation induced only tran-
sient allbp3 activation, whereas PAR4-
activating peptide induced long-lasting
allb@3 activation. When «llbp3 activation
signaling dwindled, a-actinin became re-
phosphorylated and reassociated with
allbp3. Compared with control platelets,
the dissociation of «a-actinin from allb3
was only transient in PAR4-stimulated
P2Y,-deficient platelets in which the
sustained allbp3 activation was markedly
impaired. Overexpression of wild-type
a-actinin, but not the mutant Y12F «-

actinin, increased its binding to «llbg3
and inhibited PAR1-induced initial «llbg3
activation in the human megakaryoblas-
tic cell line, CMK. In contrast, knockdown
of a-actinin augmented PAR-induced
allbB3 activation in CMK. These observa-
tions suggest that a-actinin might play a
potential role in setting integrins to a
default low-affinity ligand-binding state in
resting platelets and regulating «llbg3
activation by inside-out signaling. (Blood.
2011;117(1):250-258)

ing velocity. The initial velocity analysis

Introduction

Integrins and their ligands play key roles in development, immune
responses, leukocyte traffic, hemostasis, and cancer and are at the
core of numerous human diseases.! Many integrins are expressed
with their extracellular domains in a default low-affinity ligand-
binding state. The main platelet integrin, aIIbB3, also known as
GPIIb/I1Ia, is present at a high density on circulating platelets. It is
inactive on circulating platelets; if it were not, platelets would bind
their main ligand, fibrinogen, from the plasma and aggregate,
leading to thrombosis. This inactivation is important for the
biologic function of integrins, as is most evident from assessments
of their status on circulating blood cells. However, the molecular
mechanisms of their being set to an inactive, low-affinity state
remain unknown.

High-affinity ligand binding requires activation of integrins
through conformational changes regulated by inside-out signaling.?
Integrin cytoplasmic domains play a pivotal role in integrin
signaling because the cytoplasmic tails of the integrin o and
subunits are directly accessible to the intracellular signaling
apparatus, namely the integrin activation complex (IAC).> More-
over, ligand binding to the integrin induces outside-in signaling that
leads to integrin clustering and subsequent recruitment of actin
filaments to the integrin cytoplasmic domain. From the perspective
that this recruitment occurs by a complex of interacting cytoskel-
etal proteins, many studies have focused on the components of the
TAC, including talin, kindlin, filamin, and a-actinin. The binding of
talin to the integrin B subunit cytoplasmic tail is a common final
step in the activation process.*® Kindlins bind to the more

C-terminal of the NPxY motifs in B-integrin tails and modulate
integrin activation.®!! Filamin binding to ( integrin cytoplasmic
tails is competitive with that of talin.'> Although these studies
suggest a model in which multiple proteins jockey for position on
the B integrin tail, how cells orchestrate the process remains less
well understood.

a-Actinin plays multiple important roles in the cell.!>-4 It links
the cytoskeleton to different transmembrane proteins in a variety of
junctions, regulates activity of several receptors, and serves as a
scaffold connecting the cytoskeleton to diverse signaling pathways.
a-Actinin binds to the § integrin cytoplasmic tail,'>-'® and recent
studies have shown that the interaction between a-actinin and the
integrin B2 tail modulates integrin affinity.'™'® For regulating
a-actinin function, 4 main mechanisms have been identified to
date: processing by proteases, binding to phosphatidylinositol
intermediaries, phosphorylation by tyrosine kinases, and binding to
calcium. For tyrosine phosphorylation regulation, a second wave of
protein tyrosine phosphorylation that is strictly dependent on both
ligand binding to olIbf3 and cytoskeleton organization was
observed in platelets stimulated by thrombin, phorbol myristate
acetate, or immobilized fibrinogen.!® Platelet adhesion and spread-
ing on fibrinogen, mediated by the integrin alIbB3, trigger a robust
and sustained phosphorylation of focal adhesion kinase and
a-actinin by outside-in signaling.2! Focal adhesion kinase phos-
phorylates a-actinin, which lowers its affinity for actin.?? Dephos-
phorylation of w-actinin is regulated by the protein tyrosine
phosphatase (PTP) SHP-1 (also named PTP1C, SHPTP-1, SHP,
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HCP, and PTPN6),2* a main PTP expressed in platelets. Although
the regulation of a-actinin by outside-in signaling has been well
characterized, its role in inside-out signaling remains to be
determined.

Here, we show that a-actinin is associated with resting aIIbB3
in platelets. Inside-out signaling from thrombin receptors, protease-
activated receptor 1 (PARI) and PAR4, dephosphorylated and
dissociated a-actinin from olIb@3. Protease-activated receptor
l-activating peptide (PAR1-AP) and PAR4-AP induce transient
and sustained alIbB3 activation, respectively. When the oIIbB3
activation signaling dwindled, a-actinin reassociated with «ITbg3
on rephosphorylation. Our observations suggest an emergent
picture of a-actinin as having a role in keeping integrins in a default
low-affinity ligand-binding state and regulating integrin activation.

Methods

Preparation of human platelets

Platelets were taken from healthy donors as approved by the institutional
review board of Osaka University and were prepared as described
previously?* with some modifications. In brief, venous blood was obtained
from volunteers with acid citrate dextrose solution (National Institute of
Health formula A) as an anticoagulant, used at a 1:6 vol/vol ratio.
Platelet-rich plasma was obtained by centrifugation at 250g for 10 minutes.
After incubation with 0.5uM prostaglandin E; for 15 minutes, platelets
were isolated by centrifugation of the platelet-rich plasma at 750g for
10 minutes. The pellet was washed twice with PIPES (Piperazine-1,4-bis(2-
ethanesulfonic acid)) saline buffer (0.15M NaCl, 20mM PIPES, pH 6.5).
The washed platelets were resuspended in Walsh buffer (137mM NaCl,
2.7mM KCl, ImM MgCl,, 3.3mM NaH,PO4, 3.8mM HEPES [N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid], 0.1% glucose, 0.1% bovine
serum albumin [BSA], pH 7.4) to a density of 4 X 108 platelets/mL and allowed
to sit for 30 minutes before use.

Antibodies

The monoclonal anti-a-actinin antibody (BM-75.2) and anti-talin antibody
(8d4) were purchased from Sigma-Aldrich. The monoclonal anti—a-actinin
antibody (H-2) and horseradish peroxidase (HRP)—conjugated anti-mouse
immunoglobulin M (IgM) were purchased from Santa Cruz Biotechnology.
Anti—vasodilator-stimulated phosphoprotein (VASP) monoclonal antibody
(IE273) was purchased from ImmunoGlobe. The antiphosphotyrosine
(4G10) antibody and anti-phospho-VASP-Ser239 (16C2) were purchased
from Upstate Cell Signaling Solutions. PAC-1, the monoclonal, ligand-
mimetic, allbB3-specific antibody that binds specifically to activated
olIbB3, the allophycocyanin-conjugated monoclonal anti-CD25 antibody,
allophycocyanin-conjugated anti-CD42b antibody, and phycoerythrin-
conjugated anti-CD42b antibody were purchased from BD Biosciences.
peridinin chlorophyll protein complex—cyanine 5.5 (PerCP-Cy5.5)—
conjugated anti-CD25 antibody was purchased from eBioscience. The
polyclonal anti-alIbB3 antibody was a gift from Dr Thomas J. Kunicki (The
Scripps Research Institute), and the monoclonal anti-alIbB3 antibody that
activates alIbB3, PT25-2,25 was a gift from Drs. Makoto Handa and Yasuo
Ikeda (Keio University). HRP-conjugated secondary antibodies, anti—
mouse IgG (H+L), and anti—rabbit IgG (H+L) were purchased from Cell
Signaling Technology. Fluorescein isothiocyanate (FITC)— or phycoerythrin-
conjugated anti-mouse IgM (1) was purchased from Caltag Laboratories.

Chemicals

PARI1-AP (SFLLRN), thrombin, and prostaglandin E; were purchased from
Sigma-Aldrich. PAR4-AP (AYPGKF) was purchased from GenixTalk.
AR-C69931MX, a P2Y |o-specific antagonist, was a gift from Astra-Zeneca.
FK633, an allbB3-specific antagonist,?® was a gift from Astellas Pharma
Inc. Protein phosphatase inhibitor-1 (PTPI-1) was purchased from
Calbiochem.
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Immunoprecipitation

Aliquots of washed platelets (4 X 10%/mL) were incubated with PAR1-AP
(251M), PAR4-AP (150uM), or thrombin (0.2 U/mL) at room temperature.
Reactions were stopped by lysis of platelets with an equal volume
of 2 X neutral detergent lysis buffer (15SmM HEPES, 150mM NaCl,
2% [vol/vol] Triton X-100, 10mM EGTA [ethylene glycol tetraacetic acid],
and 1mM Na;VOy, pH 7.4, plus complete protease inhibitors purchased
from Roche Applied Science). Insoluble debris was cleared from the lysate
by centrifugation at 13 000g for 4 minutes at 4°C. Supernatants were
precleared with protein G-sepharose (GE Healthcare) for 1 hour. Precleared
lysates were added to the newly prepared protein G with 1 pg of antibody
and incubated at 4°C with constant rotation. Immunoprecipitates were
washed 3 times, and proteins were eluted from the beads by incubation of
the immunoprecipitates with 20 pL of 3 X sodium dodecylsulfate (SDS)
sample buffer (62.5mM Tris [tris(hydroxymethyl)aminomethane], pH 6.8,
25% [vol/vol] glycerol, 2% [vol/vol] SDS, 5SmM 2-mercaptoethanol, and
0.01% bromophenol blue) at 96°C for 5 minutes.

Electrophoresis of proteins and immunoblotting

Proteins were separated by continuous SDS—polyacrylamide gel electro-
phoresis on 4%-20% gels and electrophoretically transferred to Immo-
bilon-P phenylmethlsulfonyl fluoride membranes (Millipore). Membranes
were blocked by incubation with 2% (wt/vol) BSA in TBST (150mM NaCl,
50mM Tris, and 0.1% [vol/vol] Tween 20, pH 7.4). Primary antibodies were
diluted in 2% (wt/vol) BSA in TBST. After incubation with primary
antibodies, membranes were washed with TBST and incubated with
HRP-conjugated secondary antibodies for | hour at room temperature.
After further washing of the membrane, signals were detected by enhanced
chemiluminescence. When necessary, membranes were immersed in Re-
store Western blot stripping buffer (Pierce Chemical) and incubated at room
temperature for 30 minutes before extensive washing and reprobing with
the appropriate antibody.

Cell culture, plasmids, and transfections

Mammalian expression plasmids, including pcDNA/o-actinin, were a gift
from Dr Beatrice Haimovich (University of Medicine and Dentistry of New
Jersey). The mutant o-actinin carrying a phenylalanine at position
12 (Y12F) was generated as described.?2 CMK cells were maintained in
culture as described previously.?” Ribavirin was not used in this study.
The plasmid encoding the extracellular and transmembrane domains of
the Tac subunit of the human interleukin-2 receptor was generated as
described.?® Nucleofection was performed with Nucleofector I1 (Amaxa
Biosystems) according to the manufacturer’s instructions. CMK cells
were nucleofected with 10 pwg/cuvette Tac subunit of the human
interleukin-2 receptor-encoding plasmid and 20 pg/cuvette a-actinin—
encoding plasmid. Cells were analyzed 20 hours after nucleofection.
The short hairpin RNAs (shRNAs) lentiviral particules were generated
as described.* 5'-GGAAGCCAGGCATGTGGTTCTGATCATTGG
AAGCTTGCGATGATTAGGACTACATGCCTGTCTTCCTTTTTT-3’
and 5'-GGCCAGCTTCTCGTAGTCTTCCATAAGCTGAAGCTT
GAGCTTATGGAGGATTATGAGAAGCTGGCTTTTTTT-3" oligonu-
cleotide sequences were used to construct control and a-actinin shRNA,
respectively. The a-actinin shRNA sequence chosen is specific for
human a-actinin-1 and is 82% conserved in the human «-actinin-4
nucleotide sequence. shRNA viral vectors were produced by cloning the
siRNA cassette into the FGI2 lentiviral transgene vector in which
DsRed2 was substituted for enhanced green fluorescent protein. In
plasmids encoding wild-type or mutant «-actinin, 3 silence mutations
were generated to prevent annealing with the a-actinin shRNA.

Flow cytometry and platelet aggregometry

Aliquots of washed platelets and FITC-PAC-1 were incubated with
PARI-AP (25uM), PAR4-AP (150n.M), or thrombin (0.2 U/mL) at room
temperature for various times. Binding of PAC-1 to platelets or CMK cells
was assessed by flow cytometry with the use of FACSCalibur (Becton
Dickinson).?” The initial velocity of bound PAC-1 was analyzed as
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described.?® In brief, washed platelets were mixed with PAR-AP at time
“zero.” At different time points from 2 minutes to 20 minutes, 20 pL of
FITC-PAC-1 was added, and 30 seconds after the addition of PAC-1,
50 pL of platelet suspension was diluted into Walsh buffer, and bound
PAC-1 was measured by flow cytometry. PARI-AP-induced PAC-1
binding to CMK cells was analyzed on a gated subset of live (propidium
iodide negative) differentiated (strongly CD42b*) transfected (strongly
CD25% or DsRed2) cells. Specitic binding was assessed as total binding
minus binding in the presence of 10puM FK633. Intracellular o-actinin
expression was assessed by flow cytometry as previously described. In
brief, CMK cells were fixed with 0.5% paraformaldehyde, permeabilized
with 0.05% saponin, and incubated for 30 minutes at room temperature
with anti—a-actinin monoclonal antibody. After washing, the cells were
incubated another 30 minutes with FITC-conjugated goat anti-mouse IgM.
Cells were washed and resuspended in 500 L of phosphate-buffered saline
then analyzed by flow cytometry.

Presentation of data

Data are presented as mean * SEM of = 3 individual experiments from
different blood donors. Analysis of statistical significance was performed

20 (min)

with Student paired ¢ tests, and differences were considered significant
when P < .05. Immunoblots shown are representatives of 3 different
experiments and were analyzed by scanning densitometry and quantified
with ImageJ Version 1.40g (National Institutes of Health).

Results

Dynamic changes in the interaction between «llbg3 and
a-actinin in platelets

Human washed platelets were stimulated with 25uM PAR1-AP
under nonstirring conditions for < 20 minutes to explore the role
of a-actinin in inside-out signaling. Immunoprecipitation with
polyclonal anti-oIIbB3 followed by immunoblotting with anti—
a-actinin showed that, in resting platelets, a-actinin was already
associated with resting oIIbB3 (Figure 1A). When platelets were
stimulated with PAR1-AP, a-actinin was dissociated from oIIbg3.
Some actin-binding proteins moved to the Triton X-100—insoluble



From www.bloodjoumal.org at Keio University Shinanomachi Media Center on March 1, 2011. For personal use

only.

BLOOD, 6 JANUARY 2011 « VOLUME 117, NUMBER 1 «-ACTININ IN INSIDE-OUT «llb3 SIGNALING 253
Figure 2. Kinetics of tyrosine phosphorylation of
a-actinin during platelet activation and inhibition of A —~ 150 —— PAR1
SHP-1 by PTPI-1. Washed human platelets were stimu- IP Phosphotyrosine £ -AP
lated with PAR1-AP (25,:M) or PAR4-AP (150yM) for the Biot ceachinin Py --8-- PAR4-AP
time indicated. (A) Tyrosine-phosphorylated proteins were g’ 100
immunoprecipitated then immunoblotted with anti— : g
a-actinin antibody. Immunoblots were analyzed by scan-  PART-AP | SN v smm g [3]
ning densitometry and were quantified with ImageJ. ; . é*
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fraction from the Triton X-100-soluble fraction in response to
platelet activation; however, the amounts of «-actinin, talin, and
allbB3 in the Triton X-100-soluble fraction of PARI-AP-
activated platelets were similar to those of resting platelets under
our experimental conditions. This finding suggests that the dissocia-
tion was not the result of the translocation of a-actinin into the
Triton X-100-insoluble fraction. This dissociation remained unaf-
fected even in the presence of 10uM of the ollbB3-specific
peptidomimetic antagonist FK633, suggesting that the dissociation
is independent of allbB3-mediated outside-in signaling (data not
shown). Interestingly, a-actinin rebound to olIbB3 at 20 minutes
after PAR1-AP stimulation.

To clarify the physiologic relevance of the a-actinin dissocia-
tion to ollbB3 activation, we measured the amounts of PAC-1
binding after PAR1-AP or PAR4-AP stimulation. FITC-PAC-1 was
incubated with activated platelets for 2 minutes, 5 minutes, and
20 minutes. Under PAR4-AP stimulation, the levels of PAC-1
binding increased as the incubation time extended. However, with
PAR1-AP stimulation, the level of PAC-1 binding for a 20-minute
incubation was similar to (or even lower than) that for a 5-minute
incubation, suggesting that the number of activated oIIbB3 mol-
ecules decreased at 20 minutes after PAR1-AP stimulation (supple-
mental Figure 1A, available on the Blood Web site; see the
Supplemental Materials link at the top of the online article).

To evaluate more precisely the dynamic changes in the allbB3
activation state, we performed initial velocity analysis for PAC-1
binding that has recently been developed.*” In brief, FITC-PAC-1
was added to the activated platelets at the indicated time points
after stimulation and incubated for only 30 seconds to obtain the
PAC-1 binding velocity at the time points in question. The velocity
of PAC-1 binding reflects the relative numbers of activated aIIbg3
at those time points. PAC-1 binding was normalized for integrin
expression levels. This initial velocity analysis clearly showed that
PARI1 stimulation induced only transient aIIbf3 activation, whereas
PAR4 induced long-lasting oalIbB3 activation (Figure 1B). More-
over, we assessed granule secretion and calcium mobilization
under these conditions. These agonists induced different kinetics in

CD62P expression and intracellular calcium mobilization, as
detected by Fluo3-AM fluorescence (Figure 1C-D). These charac-
teristics are consistent with the observed transient and sustained
allbB3 activation induced by PARI-AP and PAR4-AP, respec-
tively (Figure 1E). These data suggest that the dissociation of
a-actinin may be related to adlbB3 activation.

Tyrosine phosphorylation of a-actinin regulates the interaction
between a-actinin and allbB3 in platelets

Because the a-actinin function appears to be regulated, in part, by
tyrosine phosphorylation, we then examined the tyrosine phosphor-
ylation state of a-actinin. The tyrosine-phosphorylated a-actinin
was detectable as a faint band by immunoprecipitation with
a-actinin antibody (BM-75.2 or H-2) followed by immunoblotting
with 4G10 (supplemental Figure 1B). Accordingly, we modified
our methods, and the platelet lysate was first subjected to immuno-
precipitation with monoclonal antibody 4G 10, followed by immu-
noblotting with anti-x-actinin antibody. In resting platelets, the
anti-o-actinin antibody recognized the single 105-kDa protein
(Figure 2A; supplemental Figure 1C). When stimulated with
PARI1-AP, a-actinin was rapidly dephosphorylated. Although we
have not excluded that this band was coprecipitated «-actinin with
phosphoproteins, the phosphorylation profiles of immunoprecipi-
tated o-actinin were almost the same as the faint band at 105 kDa in
supplemental Figure 1B, suggesting that o-actinin itself was
phosphorylated. «-Actinin was rephosphorylated at 20 minutes
after PAR1-AP stimulation, whereas PAR4-AP induced sustained
dephosphorylation of a-actinin. In addition to these agonists, we
also examined adenosine diphosphate (ADP) and U46619-induced
olIbB3 activation (supplemental Figure 2). ADP and U46619
induced transient and sustained «IIbB3 activation, respectively.
Again, o-actinin dissociation and de-phosphorylation induced by
ADP and U46619 were transient and sustained, respectively. Thus,
the kinetics of a-actinin phosphorylation seemed to synchronize
with its interaction with aIIbB3 (Figures 1E,2A).
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Figure 3. Changes in a-actinin phosphorylation and
A B IP Phosphotyrosine its interaction with allb3 in platelets from patients
¥ s with Glanzmann thrombasthenia or P2Y,, deficiency.
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It has been shown that the PTP SHP-1 regulates the dephosphor-
ylation of a-actinin.?® To examine whether dephosphorylation of
a-actinin regulates the dissociation of a-actinin from alIb@3 and
integrin activation, we examined the effects of PTPI-1, a specific
inhibitor of SHP-13! and PTP1B. Figure 2B shows that PTPI-1
inhibited the dephosphorylation of a-actinin. In addition, PTPI-1
markedly inhibited the activation of «llbB3 as well as the
dissociation of a-actinin (Figure 2C). These results suggest that
tyrosine phosphorylation of a-actinin regulates the interaction
between a-actinin and aIIbB3.

Interaction between ea-actinin and integrin in platelets from a
patient with Glanzmann thrombasthenia or P2Y, deficiency

To examine further the role of a-actinin in inside-out signaling, we
analyzed platelets from a patient with Glanzmann thrombasthenia
or P2Y ,-ADP receptor deficiency.?* Figure 3A shows the expres-
sion profiles of alIbB3 and a-actinin in both patients. In Glanz-
mann thrombasthenia platelets, the phosphotyrosine profile of
o-actinin was almost the same as that of control platelets under
both PAR1-AP and PAR4-AP stimulation, confirming that aIIbg3
outside-in signaling does not mediate these changes. In sharp
contrast, PAR4-AP stimulation failed to induce the sustained
dephosphorylation of a-actinin in P2Y ,-deficient platelets. Simi-
larly, compared with control platelets, dephosphorylation of «-
actinin induced by PAR1-AP was also disrupted at earlier time
points in P2Y |,-deficient platelets (Figure 3B). This early disruption of
the dephosphorylation of a-actinin is consistent with our previous
finding that P2Y,-mediated signaling is essential for sustained oIlbB3
activation.? Indeed, the blockade of P2Y); with AR-C69931MX
impaired the PAR4-AP—induced sustained oIIb@33 activation, leading to
the reassociation of a-actinin with allbg3 (Figure 3C-D).

We have previously reported that the sustained oIIbB3 activa-
tion induced by thrombin could be disrupted by inhibiting
P2Y -mediated signaling even after thrombin stimulation.?’ Washed
platelets were stimulated with thrombin at 0.2 U/mL. Two minutes
later, we added AR-C69931MX (1uM) to the thrombin-stimulated
platelets. We confirmed that AR-C69931MX still disrupted the
sustained oIIbB3 activation even under these conditions (Figure
4A). Interestingly, the sustained dephosphorylation and the disso-
ciation of a-actinin from «lIIbB3 were disrupted by adding
AR-C69931MX (Figure 4B-C). The blockade of P2Y,, was
confirmed by the VASP phosphorylation state.’?> These results
suggest that the interaction between a-actinin and alIbg3 is, at
least in part, regulated by P2Y,-mediated signaling but not by
olIbB3 outside-in signaling.

a-Actinin modulates agonist-induced allbB3 activation
in CMK cells

Finally, we used direct genetic manipulation to examine the effect
of a-actinin on oIIbB3 activation in human megakaryoblastic cell
line CMK cells. Because the tyrosine residue at position 12 was
reported as the main site of tyrosine phosphorylation in a-actinin,?
we overexpressed wild-type a-actinin and Y 12F a-actinin in CMK
cells. As shown in Figure 5A, the expression of a-actinin was
increased to 130%-170% of endogenous levels without affecting
ollbB3 expression. Next, we examined the interaction between
a-actinin and oIIbB3 in CMK cells. Like platelets and primary
megakaryocytes,* CMK cells can activate odIb3 by the stimula-
tion of physiologic agonists such as PAR1-AP.2730 Similar to
platelets, a-actinin was associated with ollbB3 in unstimulated
CMK cells. When stimulated with PAR1-AP, a-actinin dissociated
from allbB3. Overexpression of wild-type a-actinin, but not the
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Figure 4. Effects of the blockade of P2Yy; on a-actinin and «llbp3.
Washed human platelets were incubated with thrombin (0.2 U/mL). The
P2Y;, antagonist, AR-C69931MX (1.M), was added after 2 minutes of
thrombin stimulation. (A) FITC-PAC-1 was added to the activated platelets
after stimulation and incubated for 30 seconds to obtain the PAC-1 binding
velocity at the time indicated. (B) allbp3 was immunoprecipitated then
immunoblotted with anti-a-actinin antibody. (C) Tyrosine-phosphorylated
proteins were immunoprecipitated then immunoblotted with anti-a-actinin
antibody. Preimmunoprecipitated lysates were also subjected to SDS—
polyacrylamide gel electrophoresis and immunoblotted with anti-phospho-
VASP (Ser239) antibody or anti-VASP antibody. Error bars represent
SEMs of 3 experiments.
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Figure 5. Effects of a-actinin on «allbp3 Inside-out
signaling in CMK cells. Human megakaryoblastic CMK
cells were transiently transfected with plasmids encod-
ing for a-actinin and Tac subunit of the human interleu-
kin-2 receptor. Protein expression and integrin activation
were assessed 20 hours after transfection. (A) Intracellu-
lar a-actinin and surface allbB3 were determined by flow
cytometry. Bar charts represent specific antibody bind-
ing to highly transfected cells (CD25-allophycocyanin
fluorescence > 50) normalized to mock plasmid
(pcDNA3.1)-transfected cells. Transfected CMK cells
were incubated with PAR1-AP (50uM) for the time
indicated. allbp3 was immunoprecipitated then immuno-
blotted with anti—a-actinin antibody(B). Bar charts repre-
sent PAC-1 binding to wild-type a-actinin (C) or mutant
a-actinin (D) transfected cells. Error bars represent
SEMSs of 3 experiments. *P < .05.
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A Figure 6. Knockdown of a-actinin augmented PAR1-
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mutant Y12F a-actinin, increased the basal association between
a-actinin and aIIbB3 (Figure 5B). |

We then performed PAC-1 binding velocity analysis on the
gated subset of live, transfected, and CD42b* CMK cells stimu-
lated with PAR1-AP, as described in the experimental procedures.
CMK cells bound little PAC-1 in the absence of agonists. When
stimulated with PAR1-AP, most mock-transfected cells bound
PAC-1 (supplemental Figure 3A). Overexpression of wild-type
a-actinin decreased PAC-1 binding velocity (Figure SC) as well as
the amounts of PAC-1 binding in the conventional PAC-1 binding
assay (supplemental Figure 3C). The a-actinin expression has a
concentration-dependent effect. High expression of a-actinin sup-
pressed PAC-1 binding induced by PAR1-AP, but low expression
of a-actinin did not (supplemental Figure 3B). In contrast, overex-
pression of the mutant Y12F a-actinin did not decrease PAC-1
binding velocity (Figure 5D). To examine further the effects of
o-actinin, a-actinin expression was knocked down by shRNA in
CMK cells. Knockdown was maximal at 10 days after infection,
and shRNA induced 40%-60% reduction in the a-actinin expres-
sion (Figure 6A). Although adequate o-actinin reduction may not
be obtained in CMK cells, decreased level of a-actinin augmented
oIIbB3 activation induced by PAR1-AP. Again, transduction levels

PAR1-AP

(DsRed2 expression) have a concentration-dependent effect. High
expression of DsRed2 augmented PAC-1 binding induced by
PAR1-AP, but low expression of DsRed2 did not (Figure 6B-C). In
contrast to PARI-AP, PAR4-AP induced little PAC-1 binding
velocity in CMK cells when stimulated with such high concentra-
tion as ImM (supplemental Figure 4A). We assessed whether
knockdown of a-actinin affects this PAR4-AP condition in CMK.
PAC-1 binding induced by PAR4-AP was significantly augmented
in the knockdown cells as well as PAR1-AP (supplemental Figure
4B). Finally wild-type a-actinin and Y12F a-actinin were overex-
pressed in a-actinin shRNA-transduced CMK cells. Wild-type
o-actinin, but not the mutant Y12F o-actinin, normalized the
augmented alIbB3 activation induced by PARI-AP in CMK cells
(Figure 6D). These results suggest that the binding of a-actinin
might be involved in aIIbB3 activation.

Discussion

Here, we focused on a-actinin as a member of the IAC and
assessed its potential role in integrin-reversible activation. Resting
ollbB3 was already associated with a-actinin, and inside-out
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signaling by PARs induced a dissociation of a-actinin from alIb@3.
This dissociation was regulated by dephosphorylation of a-actinin
and associated with reversible aIIbB3 activation, as evidenced by
the stimulation of PARI-AP and PAR4-AP. Overexpression of
wild-type a-actinin, but not a mutant with a tyrosine-phosphoryla-
tion defect (Y12F), inhibited aIIbB3 activation in a megakaryo-
cytic cell line, CMK, in which oIIb@3 is activated by PARI-AP.
Knockdown of a-actinin augmented PAR-AP-induced PAC-1
binding in CMK. Thus, our observations suggest that a-actinin may
play a role in keeping IIbB3 in a low-affinity state.

Thrombin activates human platelets through proteolytic activa-
tion of 2 protease-activated receptors, PAR1 and PAR4.33 PAR1 is a
high-affinity receptor for platelet activation at low concentrations
of thrombin, whereas PAR4 is a low-affinity receptor that mediates
thrombin signaling at high concentrations. Consistent with previ-
ous reports,>#35 we showed distinct kinetics of signaling from these
PARs by evaluation of intracellular calcium mobilization and
P-selectin translocation. PAR1 triggered a rapid and transient increase in
intracellular calcium, whereas PAR4 triggered a slower but more
prolonged response. Accordingly, we used PAR1-AP and PAR4-AP to
examine the role of a-actinin in integrin activation. To assess the
activation state of alIbB3 more precisely, we performed initial velocity
analysis at a specific time point. The kinetic approach with the use of
flow cytometry has been proposed for assessing the dynamics of alIbB3
activation,® and we have modified it as the initial velocity analysis for
assessing reversible odIbB3 activation. On-rate of PAC-1 binding
reflects the number of activated receptors, and the initial velocity
analysis showed that PAR1 stimulation induced only transient activa-
tion. In addition, only 25% of odIb@3 was kept activated at 20 minutes
after stimulation compared with the amount of activated odIb3 at
2 minutes after stimulation.

In contrast, PAR4 induced long-lasting aIIbB3 activation, and
the amount of activated allbB3 was almost the same at 2 minutes
and 20 minutes after stimulation. The association/dissociation
behavior of a-actinin with oIIbB3 is apparently related to the
distinct alIbB3 activation kinetics induced by PAR1-AP, PAR4-AP,
ADP, and U46619.

We have shown that continuous interaction between released
endogenous ADP and P2Y; is critical for sustained olIbf3
activation induced by thrombin.?® In this context, the sustained
allbB3 activation induced by PAR4-AP was markedly impaired in
P2Y |,-deficient platelets. In addition, the dissociation and dephos-
phorylation of a-actinin induced by PAR4-AP as well as by
PAR1-AP was markedly impaired. Moreover, after allb@3 activa-
tion was completed by thrombin stimulation, the addition of
AR-C69931MX disrupted the dissociation and dephosphorylation
of a-actinin as well as the sustained oIIbB3 activation. PTPI-1, an
inhibitor of SHP-1, inhibited the dissociation as well as the
dephosphorylation of a-actinin induced by PARI-AP. These data
suggest a close association between the dissociation and dephosphor-
ylation of a-actinin and regulation of these changes, at least in part,
by P2Y |,-mediated signaling.

Cellular control of integrin activation requires transmission of a
signal from the cytoplasmic tails to the extracellular domains. One
may argue that the activation state of aIIbf3 is an intrinsic state of
the integrin itself and not a property of platelets per se.*” However,
this concept is based on the property of exogenous olIbB3
expressed on Chinese hamster ovary cells which is not activated by
several platelet agonists. In this study, we have demonstrated that
endogenous aIIbB3 expressed on CMK cells can be activated by
PAR-APs. Recent studies have identified some intracellular adapt-
ers, enzymes, and substrates necessary for aIIbB3 activation and
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the tails function as regulatory scaffolds.*® Among cytoplasmic
proteins associated with 33 tail, talin*$ and kindlins® are now well
established as being essential for integrin activation. Recently, it
has been shown that talin binding is sufficient to activate integrin
odIbB3% and that a talin membrane contact would be required for
integrin activation.3*4? In this context, a-actinin may modulate the
accessibility of talin to the 33 tail or to plasma membrane because
putative o-actinin binding sites have been reported within the
membrane proximal region of the B3 cytoplasmic tail.'>*' In
platelets o-actinin was no longer associated with allbf3 after
PAR-AP stimulation. This may imply that a-actinin knockdown
would not further enhance the extent of integrin activation.
However, o-actinin knockdown significantly augmented PAC-1
binding induced by 1mM PAR4-AP as well as 50uM PAR1-AP in
CMK. Unlike platelets, CMK needed a higher concentration of
agonists to get enough levels of activated alIbB3. Even under those
conditions, the levels of activated oIIbB3 were less, and the
sustained time of activation was shorter than platelets. From these
observations, we assume that oIIbB3 in CMK cells under our
experimental conditions may not be fully activated. It is possible
that this is the reason why a-actinin knockdown further enhances
integrin activation in CMK cells. Thus, the a-actinin binding to the
(3 tail may keep oIIbB3 in a low-affinity state, and it is possible
that the dissociation of a-actinin from the B3 tail may lead to the
easy accessibility of talin to the 33 tail by inside-out signaling. Like
{33 integrin, B2 integrins can change affinity on a subsecond time
scale.! Recent studies have shown that intermediate-affinity lympho-
cyte function-associated antigen-1 bound to a-actinin, whereas
high-affinity lymphocyte function antigen-1 bound to talin.!”-'8
These data show that a-actinin and talin regulate integrin activation
differently.

a-Actinin colocalizes with actin and stabilizes the actin filament
web in nonmuscle cells.' It has been suggested that most a-actinin
forms a bridge between the actin filaments and that there is some
o-actinin associated with integrin at the end of actin filaments.'#
Indeed, we have confirmed that most a-actinin was not associated
with oIIbB3, as evidenced by the presence of large amounts of
o-actinin in the supernatant even in immunoprecipitates of alIbp3
from resting platelets (data not shown). In the fibroblast, the phosphory-
lation of «-actinin reduces its affinity for actin and prevents its
localization to focal adhesion plaques.#2 Another report showed that the
phosphorylation of a-actinin might serve to modulate the coupling/
uncoupling of integrins to the cytoskeleton in platelets.? OQutside-in
signaling involving interaction of oIIbB3 with its immobilized ligand
fibrinogen triggers tyrosine phosphorylation and cytoskeletal reorganiza-
tion in platelets. 2 Pathologic shear forces, such as those encountered in
stenotic midsized coronary and cerebral arteries, directly affect ligand-
dependent odIbB3 outside-in signaling, and a recent study showed that
pathologic shear stress induced dissociation of a-actinin from the
B3 tail, which is aIIbB3 dependent.** Qur observations described here
are clearly different phenomena from those induced by outside-in
signaling; an allbB3-specific antagonist, FK633, did not inhibit the
dissociation, and dephosphorylation was induced even in thrombas-
thenic platelets. Thus, both inside-out signaling and outside-in signaling
regulate the dissociation of a-actinin from oIIbg3.

Integrin function is a complex process regulated by the balance
of positive and negative regulatory proteins. Several factors have
been identified as positive and negative regulators of alIbB3.4445
Platelet agonists, such as thrombin and ADP, induce allbg3
activation, whereas various vasodilators released from the endothe-
lial cells keep aIIbB3 inactive in circulating blood. In addition to
platelet agonists and vasodilators, the balance of positive and negative
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regulatory proteins in IAC may regulate oIlb@3 activation. Our
observations described here suggest that c-actinin may act as a negative
regulator in resting platelets. Although further work is needed to
determine each specific role of c-actinin in platelets, the o-actinin—
integrin interaction might be added to the discussion of new potential
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targets for atherothrombotic disease therapies.
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Abstract The occurrence of transfusion-related alloim-
munization against «IIbf3 is a major concern in patients
with Glanzmann thrombasthenia (GT). However, few data
are available about molecular defects of GT patients with
anti-«IIbB3 alloantibodies as well as clinical impact of
these antibodies on platelet transfusion. Here, we report a
case of type I GT with anti-HLA and anti-aIIbf3 allo-
antibodies, who underwent laparoscopic total gastrectomy
due to gastric cancer. We found a novel f3 nonsense
mutation, 892C > T (Arg272X), and the patient was
homozygous for the mutation. Laparoscopic gastrectomy
was successfully performed with continuous infusion of
HLA-matched platelet concentrates and bolus injection of
recombinant factor VIIa at 2 h intervals. Total bleeding
was 370 mL and no red-cell transfusion was necessary.
Flow cytometric analysis employing anti-¢IIbf3 mono-
clonal antibody revealed that the transfused platelet count
was maintained around 20-30 x 10°/L during the opera-
tion and 10 x 10°/L on the following day. Flow cytometric
analysis also showed that transfused platelets retained
normal reactivity to ADP stimulation. These results
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indicate that flow cytometry is useful to assess survival and
function of transfused platelets in GT patients with anti-
ollbf3 antibodies.
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alloantibody - Mutation - Platelet transfusion -
Recombinant factor VIIa

1 Introduction

Glanzmann thrombasthenia (GT) is a rare hereditary
bleeding disorder that is due to a quantitative and/or
qualitative defect in integrin oIIbf3 [glycoprotein (GP)
IIb/Illa, CD41/CD61]. GT is classified by the content of
oallbf3: type I with <5% of normal controls, type II with
5-20%, and variant type with qualitative defect [1]. Clin-
ical presentation includes mild to severe mucosal bleeds,
traumatic or surgical hemorrhage, and occasional life-
threatening bleeding episodes. Although treatment such as
local measures and/or antifibrinolytics agents may be
beneficial for mild bleeding, platelet transfusion is often
necessary for severe bleeding, delivery and surgery.
However, repeated transfusions may induce alloantibodies
against HLA and/or «lIlbf3, leading to refractoriness to
platelet transfusion. Moreover, it may be possible that anti-
olIbf3 antibodies functionally block the binding of phys-
iological ligands to «IIbf3 on transfused platelets [2].
Treatment of GT patients with alloantibodies against
olIbB3 are challenging. Removal of antibodies by plasma
pheresis or immunoadsorption may be effective, although
the procedure may present difficulties [3, 4]. In such cases,
recombinant factor VIIa (tFVIIa) could represent an
alternative. Tengborn and Petruson [5] reported the first
successful case of rFVIIa treatment for epistaxes of a GT



