FTLIET—bN, BE71TV/ 5 BRSEBYICERATIIET, B
ICIEmZfTVY, FMEBRFE2HLENROELZRIIEDILN, SEOF
FEYEILOLHIBENDWESFEML T 5. Lo Ladssh, IhsofEizig
EAETRTHU D 5 DIELDOT, FWICHWOTEHFAMRBUCE D V=
SETFEYEZANE L/-AWUH0EE, thEROEHORENEZThS.

(BH XH)

W COWMLOBRD IR, TR 22 G EEIE A SR E DRI He A & TR SEG, - 12

PGS L X7 M) —HA T

1) British Committee for Standards in Haematology.
Blood Transfusion Task Force : Guidelines for the

YAREOIEFENCL B,

comparison with the matched general population.
Circulation 120 : 118-125, 2009

use of platelet transfusions. Br J Haematol 122 : 8) Habib RH, Zacharias A, Schwann TA., et al :

10-23, 2003

Ferraris VA, Ferraris SP, Saha SP, et al :
Perioperative blood transfusion and blood
conservation in cardiac surgery : the Society
of Thoracic Surgeons and The Society of

Do

Role of hemodilutional anemia and transfusion
during cardiopulmonary bypass in renal injury
after coronary revascularization : implications on
operative outcome. Crit Care Med 33 : 1749-1756,
2005

Cardiovascular Anesthesiologists clinical practice 9) Engoren MC, Habib RH, Zacharias A, Schwann

guideline. Ann Thorac Surg 83 : S27-86, 2007
3) Fang WC, Helm RE, Krieger KH, et al : Impact
of minimum hematocrit during cardiopulmonary
bypass on mortality in patients undergoing 10
coronary artery surgery. Circulation 96 : 01-194-
199, 1997
DeFoe GR, Ross CS, Olmstead EM, et al : Lowest

[~

TA., Riordan CJ, Durham SJ : Effect of blood
transfusion on long-term survival after cardiac
operation. Ann Thorac Surg 74 : 1180-1186, 2002

) Koch CG, Li L, Duncan AL et al : Transfusion in
coronary artery bypass grafting is associated with
reduced long-term survival. Ann Thorac Surg 81 :
1650-1657, 2006

hematocrit on bypass and adverse outcomes  11) Murphy GJ, Reeves BC, Rogers CA. Rizvi SI.

associated with coronary artery bypass grafting.
Northern New England Cardiovascular Disease
Study Group. Ann Thorac Surg 71 : 769-776, 2001

5) Habib RH, Zacharias A. Schwann TA, Riordan
CJ, Durham SJ, Shah A : Adverse effects of low
hematocrit during cardiopulmonary bypass in
the adult : should current practice be changed? J
Thorac Cardiovasc Surg 125 : 1438-1450, 2003

6) Karkouti K, Wijeysundera DN, Yau TM,

Culliford L, Angelini GD : Increased mortality,
postoperative morbidity, and cost after red blood
cell transfusion in patients having cardiac surgery.
Circulation 116 : 2544-2552, 2007

12) Surgenor SD, Kramer RS, Olmstead EM, et al :

The association of perioperative red blood cell
transfusions and decreased long-term survival
after cardiac surgery. Anesth Analg 108 : 1741-
1746, 2009

McCluskey SA. van Rensburg A. Beattie WS: The  13) Ho J, Sibbald W], Chin-Yee IH : Effects of storage

influence of baseline hemoglobin concentration on

tolerance of anemia in cardiac surgery. Transfusion

48 : 666-672, 2008 14
7) van Straten AH, Hamad MA, van Zundert A]J,

Martens EJ, Schonberger JP, de Wolf AM :

Preoperative hemoglobin level as a predictor of 15

survival after coronary artery bypass grafting : a

on efficacy of red cell transfusion : when is it not
safe? Crit Care Med 31 : S687-697, 2003

) Koch CG, Li L. Sessler DI, et al : Duration of
red-cell storage and complications after cardiac
surgery. N Engl ] Med 358 : 1229-1239, 2008

) Weightman WM, Gibbs NM, Sheminant MR,
Newman MA, Grey DE : Moderate exposure to

90 O I ZEH- -KRIDHMmMOKRS 54—



allogeneic blood products is not associated with
reduced long-term survival after surgery for
coronary artery disease. Anesthesiology 111 : 327-
333, 2009

16) Lelubre C, Piagnerelli M, Vincent JL : Association
between duration of storage of transfused red
blood cells and morbidity and mortality in adult
patients: myth or reality? Transfusion 49 : 1384-
1394. 2009

17) Bracey AW, Radovancevic R, Riggs SA, et al :
Lowering the hemoglobin threshold for transfusion
in coronary artery bypass procedures : effect on
patient outcome. Transfusion 39 : 1070-1077, 1999

18) Spiess BD, Ley C, Body SC, et al : Hematocrit
value on intensive care unit entry influences the
frequency of Q-wave myocardial infarction after
coronary arlery bypass grafting. The Institutions
of the Multicenter Study of Perioperative Ischemia
(McSPI) Research Group. J Thorac Cardiovasc
Surg 116 : 460-467, 1998

19) Hardy JF, Martineau R, Couturier A, Belisle S,
Cartier R, Carrier M : Influence of haemoglobin
concentration after extracorporeal circulation on
mortality and morbidity in patients undergoing
cardiac surgery. Br J Anaesth 81 Suppl 1 : 38-45,
1998

20) Despotis G, Eby C. Lublin DM : A review of
transfusion risks and optimal management of
perioperative bleeding with cardiac surgery.
Transfusion 48 : 25-30S, 2008

21) Segal JB. Dzik WH : Paucity of studies to support
that abnormal coagulation test results predict
bleeding in the setting of invasive procedures : an
evidence-based review. Transfusion 45 : 14131425,
2005

22) Stanworth SJ. Brunskill SJ, Hyde CJ, McClelland
DB, Murphy MF : Is fresh frozen plasma clinically
effective? A systematic review of randomized
controlled trials. Br J Haematol 126 : 139-152, 2004

23) Casbard AC, Williamson LM, Murphy MF, Rege K,
Johnson T : The role of prophylactic fresh frozen
plasma in decreasing blood loss and correcting
coagulopathy in cardiac surgery. A systematic
review. Anaesthesia 59 : 550-558, 2004

24) Solomon C, Pichlmaier U, Schoechl H, et al :
Recovery of fibrinogen after administration of
fibrinogep concentrate to patients with severe
bleeding after cardiopulmonary bypass surgery. Br
J Anaesth 104 : 555-562, 2010

25) Sihler KC. Napolitano LM : Massive transfusion:

new insights. Chest 136 : 1654-1667. 2009

26) Ho AM., Karmakar MK. Dion PW : Are we giving
enough coagulation factors during major trauma
resuscitation? Am J Surg 190 : 479-484, 2005

27) Ho AM. Dion PW, Cheng CA. et al : A mathe-
matical model for fresh frozen plasma transfusion
strategies during major trauma resuscitation with
ongoing hemorrhage. Can J Surg 48 : 470-478, 2005

28) Maegele M, Lefering R, Paffrath T, Tjardes T,
Simanski C, Bouillon B : Red-blood-cell to plasma
ratios transfused during massive transfusion
are associated with mortalily in severe multiple
injury : a retrospective analysis from the Trauma
Registry of the Deutsche Gesellschaft fir
Unfallchirurgie. Vox Sang 95 : 112-119, 2008

29) Sperry JL. Ochoa JB. Gunn SR, et al : An FFP :
PRBC transfusion ratio >/=1 : 1.5 is associated
with a lower risk of mortality after massive
transfusion. ] Trauma 65 : 986-993, 2008

30) Johansson Pl Hansen MB, Sorensen H : Transfusion
practice in massively bleeding patients : time for a
change? Vox Sang 89 : 92-96, 2005

31) Johansson PI, Stensballe ], Rosenberg I, Hilslov TL,
Jorgensen L, Secher NH : Proactive administration
of platelets and plasma for patients with a
ruptured abdominal aortic aneurysm : evaluating
a change in transfusion practice. Transfusion 47 :
593-598, 2007

32) Warren O, Mandal K, Hadjianastassiou V, et
al : Recombinant activated factor VII in cardiac
surgery : a systematic review. Ann Thorac Surg
83 : 707-714. 2007

33) Tritapepe L. De Santis V, Vitale D, et al :
Recombinant activated factor VII for refractory
bleeding after acute aortic dissection surgery : a
propensity score analysis. Crit Care Med 35 : 1685-
1690, 2007

34) Zangrillo A, Mizzi A, Biondi-Zoccai G, et al :
Recombinant activated factor VII in cardiac
surgery : a mela-analysis. J Cardiothorac Vasc
Anesth 23 : 34-40, 2009

35) Gill R, Herbertson M. Vuylsteke A, et al : Safety
and efficacy of recombinant activated factor VII : a
randomized placebo-controlled trial in the setting
of bleeding after cardiac surgery. Circulation 120 :
21-27, 2009

36) O'Connell KA, Wood JJ, Wise RP, Lozier JN, Braun
MM : Thromboembolic adverse events after use
of recombinant human coagulation factor VIla.
JAMA 295 : 293-298, 2006

DENEABFHICSI2ENEEZ @ 91



Int J Hematol (2010) 92:405-408
DOI 10.1007/s12185-010-0659-9

Severe hemophilia A in a Japanese female caused by an F8-intron
22 inversion associated with skewed X chromosome inactivation

Yuhri Miyawaki - Atsuo Suzuki « Yuhta Fujimori - Akira Takagi -
Takashi Murate - Nobuaki Suzuki - Akira Katsumi - Tomoki Naoe -
Koji Yamamoto - Tadashi Matsushita - Junki Takamatsu - Tetsuhito Kojima

Received: 19 May 2010/ Revised: 12 July 2010/ Accepted: 28 July 2010/Published online: 11 August 2010

© The Japanese Society of Hematology 2010

Hemophilia A is an X-linked recessive bleeding disorder
with a worldwide prevalence of approximately 1 in 5,000
males. Hemophilia A is caused by a deficiency or func-
tional defect in coagulation factor VII (FVII), and its
clinical severity is inversely related to residual FVIII
activity (FVIIL:C). Patients with less than 1, 1-5, and
5-30% FVIIL:C are classified as having severe, moderate,
and mild hemophilia A, respectively [1]. The gene
encoding FVIII (F8) is located in the most distal region of
the long arm of the X chromosome (Xq28) and spans
186 kb [2]. The molecular basis underlying hemophilia A
is well characterized, and various causative defects, such as
point mutations, insertions, deletions and other genetic
abnormalities, have been found in the F8 gene of hemo-
philia A patients. Among them, a large genomic inversion
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disrupting F8 at intron 22 (F8-int22 inversion) is found in
about half of severe hemophilia A cases including Japanese
[3-5], and an inversion at intron 1 (F8-intl inversion) is
found in 1-5% of cases [6, 7].

Hemophilia A affects males, and is transmitted by het-
erozygous females who are denoted as carriers. They are
usually asymptomatic, because their proportion of somatic
cells with an inactivated normal X chromosome is
approximately equal to the proportion with an inactivated
mutated X chromosome [8]. However, there are several
potential genetic mechanisms leading to the phenotypic
expression of very low FVII:C in female carriers as
hemophiliacs. Thus, in rare cases, severe hemophilia A can
occur in females homozygous (e.g., consanguinity) or
compound heterozygous for mutations in F8 [9, 10],
through X chromosome abnormalities such as monosomy
X (45 X, Turner syndrome), and due to skewed X inacti-
vation in a heterozygous female carrier [11, 12]. In this
study, we investigated the genetic mechanisms of F§8
defects to elucidate the molecular pathogenesis responsible
for severe hemophilia A in a Japanese female. The study
was approved by the Ethics Committee of the Nagoya
University School of Medicine, and genomic DNA samples
from all participants were isolated from peripheral leuko-
cytes by phenol extraction as described previously [13],
after informed consents were obtained.

The patient was a 21-year-old female and suffered from
bleeding symptoms, such as easy bruising and joint
swelling, since she was 2 years old. She was diagnosed as a
severe hemophilia A (FVIII:C < 1% and FVIILAg < 5%),
and received FVIII concentrates as replacement therapy.
However, she had developed hemophiliac arthropathy in
her left elbow joint. Her elder brother suffered from similar
bleeding symptoms and had also been diagnosed as a
severe hemophilia A (FVIIL:C < 1% and FVIIL:Ag < 5%).
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The mother was a hemophiliac carrier (FVIL:C = 48%
and FVIII:Ag = 61%). The levels of von Willebrand factor
antigen and ristocetin cofactor activity in all family
members tested including the patients were within the
normal range. A DNA sample from the father was not
available. Chromosomal analysis of the patient revealed a
normal female 46, XX karyotype with no structural
abnormalities (data not shown).

The pedigree of the patient’s family is shown in Fig. 1.
First, we analyzed inversions of F8-int22 and F8-intl by
the inverse shifting-polymerase chain reaction (IS-PCR)
approach [14], and found that the patient was heterozygous
for F8-int22 inversion type I mutation (data not shown).
We detected the same F8-int22 inversion in her brother
monozygously and in her mother heterozygously. These
results indicated the F8-int22 inversion found in the patient
to be inherited from her mother. We also tested for the
F8-int22 inversion in their DNA by Southern blotting [15]
as well as by single-tube long-distance PCR (LD-PCR)
[6, 16], and obtained consistent results with the IS-PCR
data (data not shown).

Female carriers with a heterozygous abnormal F8 gene
show generally about 50% of FVIII:C due to random inac-
tivation of the X chromosomes with a rate equivalence. The
patient was diagnosed as a hemophilia A carrier with the
F8-int22 inversion in terms of genotype, but with a severe
hemophilia A phenotype. Because the skewed X chromo-
some inactivation in a heterozygous carrier is known to be a
cause of X-linked recessive disorders in females [8], we

Father Mother
FVILLC=110% FVIIL:C=48%
43
19|16
AlA
27|22
- |+
I 1
.er.her OPaticnt
FVII:C<1.0% FVIIL:.C<1.0%
3 4 | 3 | MAOA-pVNTR (Xp11.23) *
16 18|16 | HUMARA CAG repeat (Xg11-12) * -
A G | A | PGKIBstXIRFLP (Xql13.3) *
22 22|22 | FMRI CCG repeat (Xq27.3)
+ — | + | E8-in22 inversion type I (Xq 28)

Fig. 1 Pedigree and X chromosome haplotypes of the family
members. FVIIL:C levels (%) were represented below the symbols.
Haplotypes of the X chromosomes were shown in boxes, and
represented the number of repeats, individual nucleotides, or
presence/absence (+/—) of the mutation at each locus. A predicted
haplotype of the father, for whom data were unavailable, was shown
in bright gray. *Informative markers for the assessment of the X
chromosome inactivation pattern of the patient
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tied to examine the DNA methylation pattern at the
heterozygous X-linked gene loci. First, we determined the
chromosome haplotype of the family members, and found
that three markers, the monoamine oxidase A gene (MAOA,
Xp11.23) promoter VNTR (MAOA-pVNTR) [17], the
human androgen receptor gene (HUMARA, Xq11-12) CAG
repeat [18] and the phosphoglycerate kinase 1 gene (PGKI,
Xq13.3) BstXI polymorphism [19], were informative, but
the fragile X mental retardation gene 1 (FMRI, Xq27.3)
CGG repeat [20] was not (Fig. 1).

Among them, we assessed the DNA methylation pattern
at MAOA-pVNTR as shown in Fig. 2. Since Hpall cleaves
non-methylated DNA in the active X chromosome, PCR
amplification of the gene in DNA treated with Hpall will
fail. In the sample of the patient’s brother having a single
active X chromosome, PCR-amplified fragments appeared
as a 210-bp band (3-repeats allele, lane 5), but disappeared
on digestion of the template DNA with Hpall (lane 6). The
analysis of PCR-amplified fragments from the mother’s
DNA samples with or without digestion by Hpall showed
two distinct bands, a 4-repeats allele (240-bp) and a
3-repeats allele (210-bp) (lanes 3 and 4), suggesting that
random X inactivation occurred in her somatic cells. In
contrast, the DNA of the patient not digested with Hpall
gave two distinct bands (lane 1), a 4-repeats allele from the
father (240-bp) and a 3-repeats allele from the mother
(210-bp), but only the 240-bp band was observed on PCR
amplification of the Hpall-digested DNA sample (lane 2).
Analysis of this pattern with NIH image version 1.62
revealed an extremely skewed inactivation of the paternally
derived X chromosome containing a normal F8 (ratio 99.5:
0.5), fully consistent with the patient’s severe hemophilia
A phenotype. We also analyzed X chromosome inactiva-
tion patterns at the other two gene markers, the HUMARA
CAG repeat and the PGKI BstXI polymorphism, and
obtained similar findings with skewed inactivation rates
(data not shown). Meanwhile, we analyzed the F8 genomic
sequence of the patient by PCR-mediated direct sequenc-
ing, and found no abnormality causing a FVIII deficiency
(data not shown). Taken together, it was suggested that an
extremely skewed inactivation toward the paternally
derived X chromosome carrying a normal F8 gene could
occur in this female hemophilia A patient.

X chromosome inactivation is a process in mammals by
which one of the two X chromosomes in female somatic
cells is inactivated to eliminate differences between males
and females in levels of expression of the genes on the X
chromosome [21]. The determination of whether the
maternally or paternally derived X chromosome is to be
inactivated is random, and the inactive X chromosome is
silenced by CpG hyper-methylation. X chromosome inac-
tivation is regulated by the expression of the X-inactive-
specific transcript gene (XIST) [22]. The XIST antisense
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Fig. 2 Assessment of X chromosome inactivation at MAOA-pVNTR.
a Scheme of methylation-sensitive Hpall-PCR amplification at
MAOA-pVNTR. The symbol (=) indicated a methylation site in the
Hpall cleavage site of the gene. Since Hpall cleaves non-methylated
DNA in the active X chromosome, PCR amplification of the Hpall-
treated gene on the active X chromosome will fail. b Scheme of the
MAOA gene and MAOA-pVNTR repeat sequence. Repeat structure,
sequence of the repeat region, allele (repeat) numbers, and PCR

RNA (TSIX), which is an RNA gene and a negative regu-
lator of XIST, is also related to this process [23]. A skewed
X chromosome can occur as a result of chance, abnor-
malities in these factors, or selection that eliminates the
normal X chromosome after X inactivation [8]. We did not
elucidate the precise mechanisms responsible for the
skewed X inactivation in this patient; however, it might be
possible due to an aberration of these factors. '

In conclusion, the maternally transmitted F8-int22
inversion and the extremely skewed inactivation of the
paternally derived X chromosome carrying a normal F8
would cause the severe hemophilia A phenotype in this
female patient, although the presence of other mutation
cannot be excluded completely.
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Protein S (PS) is a member of the vitamin K-dependent protein family containing similar y-carboxyglutamic
acid (Gla) domains, although only PS has a thrombin-sensitive region (TSR), which is located between the
Gla domain and the first epidermal growth factor-like domain. In this study, a novel PROS1 mutation was
identified at the last nucleotide in intron C (c.260-1G>A) in a patient suffering from recurrent deep vein
thrombosis associated with PS deficiency. To investigate the molecular mechanisms of PS deficiency caused
by the novel PROS1 mutation, we characterized the mutant mRNA, and the secretion and function of the

ff%"sv‘]"ds' mutant PS molecule associated with the mutation. RT-PCR was used to detect the aberrant mRNA in the
protein S patient's platelets, the amount of which was markedly reduced and lacked the region corresponding to exon
splice site mutation 4 coding the TSR of the PS molecule. The recombinant mutant PS lacking the TSR (TSR-lack PS) showed a
thrombosis markedly reduced transient expression/secretion level, 37.9% of that of wild-type (WT) PS. Activated protein
secretion C (APC) cofactor activity assay showed that TSR-lack PS had no cofactor activity. Moreover, binding assays of
APC cofactor activity monoclonal antibodies recognizing the PS Gla domain and the Gla residues indicated that the bindings of
TSR-lack PS to both of these antibodies were clearly weaker than those of WT PS. These findings suggest that
the novel mutation leading to the absence of the TSR not only affected the secretion of mutant PS, but was
also responsible for impairment of the Gla domain conformation required for the y-carboxylation to express

APC cofactor activity.
© 2009 Elsevier Ltd. All rights reserved.
Introduction an increased risk of venous thrombosis [1]. PS enhances the activated

Protein S (PS) is one of the most important natural anticoagulants,
as demonstrated by the fact that individuals with PS deficiency have

Abbreviations: PS, protein S; Gla, y-carboxyglutamic acid; TSR, thrombin-sensitive
region; WT, wild-type; APC, activated protein C; EGF, epidermal growth factor; DVT,
deep vein thrombosis; ELISA, enzyme-linked immunosorbent assay; moAb, monoclonal
antibody.
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protein C (APC)-dependent proteolytic inactivation of coagulation
factor Va and factor VIlla [2]. PS also exhibits APC-independent
anticoagulant functions, probably through direct inhibition of both
the prothrombinase and tenase complexes [3,4], and functions as a
nonenzymatic cofactor for tissue factor pathway inhibitor in the
inhibition of factor Xa [5-7]. Recently, model mice heterozygous for
PS deficiency were generated and showed reduced PS plasma levels
and APC cofactor activity in assays of plasma coagulation and
thrombin generation [8]. It has also been reported that mice
homozygous for PS deficiency were not obtained through mating
and that the homozygous-recessive embryos died in utero, indicating
the physiological importance of PS [8].

PS is a single-chain 635-amino-acid glycoprotein with a +-
carboxyglutamic acid (Gla) domain, a thrombin-sensitive region
(TSR), four consecutive epidermal growth factor (EGF)-like domains,
and a large domain homologous to the sex-hormone-binding
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globulins. The Gla domain of PS is highly homologous to the Gla
domains of other vitamin K-dependent coagulation factors and
required to bind to the surface of negatively charged phospholipid
membranes [9]. However, in contrast to other vitamin K-dependent
factors, only PS has a unique module consisting of 29 residues,
namely, the TSR, between the Gla domain and the EGF1 domain. The
TSR is cleaved by thrombin at two sites (Arg-49 and Arg-70) and by
factor Xa at Arg-60, resulting in functional inactivation of PS [10,11].
Although the physiological functions of the TSR are not yet fully
understood, some studies have shown that the TSR is required for the
PS Gla domain to bind to phospholipids [12]. These studies have also
indicated that the TSR is not involved in direct interactions with
phospholipids, but modulates phospholipid binding and the Gla
domain conformation in a non-specific manner [13,14].

The PS gene, PROST (GenelD: 5627), spans 101 kb of genomic DNA
containing 15 exons and is transcribed into about 3.3 kb of mRNA.
PROST is located near the centromere of chromosome 3q11.1-11.2. To
date, more than 200 mutations associated with PS deficiency in humans
have been reported; however, only a few studies have investigated the
molecular basis of the PROS1 mutations responsible for PS deficiency. In
the present study, we describe a novel splice site mutation in intron C of
PROS1 identified in a patient suffering from severe thrombotic
complications associated with PS deficiency, and characterize the
molecular effects of the mutation focusing on mutant mRNA levels,
secretion of the mutant PS molecule, and the functional role of the TSR.

Materials and methods
Patient and blood samples

Patient

The patient is a Japanese man who had experienced episodes of
recurrent deep vein thrombosis (DVT) in his legs since 45 years of age.
Following pain in his left leg due to DVT at the age of 69, he was
diagnosed with PS deficiency and has subsequently undergone
continuous warfarin treatment. The PS levels in the patient's plasma
showed total PS antigen, 30%; free PS antigen, 19%; and PS activity, <10%
under warfarin therapy.

Blood samples

This study was approved by the ethics committee of the Nagoya
University School of Medicine. Following the provision of informed
consent, venous blood samples from the patient with PS deficiency as
well as normal individuals were collected. No blood samples were
available from members of the patient's family. Genomic DNA and
total platelet RNA containing PS mRNA were isolated as previously
described [15].

Analysis of PS DNA and mRNA in platelets

PCR amplification and sequencing of PROS1 and PS mRNA was

done essentially as described previously elsewhere [15,16].
Mutagenesis and construction of expression vectors

The expression vector pcDNA3 (Invitrogen, San Diego, CA, USA)
carrying a full-length WT PS cDNA was generously provided by Dr B.
Dahlbick. Mutant PS cDNA lacking exon 4 was generated by
recombinant PCR [17]. The mutant PS molecule was designated as
TSR-lack PS in this study.

Quantification of PS expression/secretion by ELISA and pulse-chase
analysis

Transient expression of recombinant PS molecules in COS-1 cells
and measurement of PS antigen concentration in conditioned media

by an enzyme-linked immunosorbent assay (ELISA) were performed
essentially following a previously described method [18,19]. Pulse-
chase analysis of recombinant PS by radioactive labeling, immuno-
precipitation, and electrophoresis were carried out as previously
described [20].

Determination of APC cofactor activity of recombinant PS

In order to measure APC cofactor activity, we needed a large
amount of recombinant PS. Thus, instead of transient transformants,
we established stable transformants expressing recombinant PS
molecules in HEK 293 cells as described previously [20]. The APC
cofactor activity of recombinant PS was determined by a clotting-
based assay as previously described [21].

Binding of the recombinant PS to monoclonal antibodies (moAbs)

Briefly, a microtiter plate was coated with two moAbs: moAb
MK21 recognizing the PS Gla domain and moAb M3B recognizing the
Gla residues (kindly provided by Dr B. Dahlbédck and Dr J. Stenflo,
respectively) [22,23]. We also prepared a microtiter plate coated with
anti-PS polyclonal antibody (DAKO, Glostrup, Denmark). For the
binding assay, we prepared conditioned media containing recombi-
nant PS molecules transiently expressed in COS-1 cells. Various
concentrations of the recombinant PS were incubated in the coated
plates with various antibodies overnight at 4 °C and bound proteins
were detected by peroxidase-conjugated anti-PS polyclonal antibody
(DAKO).

Resuits
Gene abnormalities in the patient

The DNA-PCR products of all 15 exons, including exon-intron
boundaries, of PROS1 in the patient were directly sequenced. A G-to-A
substitution at the last nucleotide of intron C was identified in exon 4
of the DNA-PCR products. This novel mutation (c.260-1G>A) was
found to be heterozygous in the patient. The same mutation was not
found in the DNA samples of 114 healthy subjects (data not shown).

The total platelet RNA in the patient was tested for the presence of
mutant PS mRNA. Using the primers shown in the legend to Fig. 1, the
region including exon 4 was amplified by RT-PCR. An aberrant, small
RT-PCR product was detected in addition to a band associated with
the normal-sized product (404 bp) for the patient, but not for the
controls (Fig. 1). Furthermore, the abnormal band showed a
significantly lower intensity compared with the normal band. Each
product was purified by gel electrophoresis and directly sequenced.
The normal sized product showed only the WT sequence of PROST;
however, the sequence of the aberrant fragment completely lacked
exon 4 (¢.260_346del: p.Val87_Asn115del).

The expression/secretion of recombinant PS in COS-1 cells

The failure to transcribe exon 4 causes an in-frame deletion of 29
amino acids that constitute the TSR of the PS molecule. To address the
effect of the absence of TSR in the mutant PS on its expression/
secretion from cells, transient expression studies with CQOS-1 cells
were performed and the culture media were analyzed for recombi-
nant PS content. To accurately quantify these recombinant PS
expression/secretion levels, the concentrations of recombinant PS in
the culture media were measured by ELISA (Fig. 2A). The quantity of
TSR-lack PS in the culture media was markedly reduced to 37.9% of
that of WT PS.

Pulse-chase analysis was carried out to compare the secretion
profile of TSR-lack PS with that of WT PS (Fig. 2B). The level of
radiolabeled WT PS rapidly decreased in the cells with a half-life of 2
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Fig. 1. Analysis of the PS mRNA of the patient with PS deficiency. Left: RT-PCR products amplified with the primer set (5'-AGGCTTCACAAGTCCTGGTTAGGAAGCG-3" and 5'-
CTTTGATTTGAGATTATATCTGTAGCC-3") were subjected to electrophoresis on a 2% agarose gel and stained with ethidium bromide. Right: Schematic diagram indicates the
mechanism causing the absence of exon 4 in the aberrant RT-PCR product of the patient induced by the G-to-A transition (*) at the splice site at -1 of exon 4 (c.260-1G>A). Raw
sequencing data of the normal RT-PCR product and the aberrant RT-PCR product are not shown.

hours and immediately appeared in the culture media. In contrast,
radiolabeled TSR-lack PS slowly disappeared from the cells, with a
half-life of approximately 8 hours, and its rate of secretion into the
culture media was lower than that of WT PS. Furthermore, the
secretion efficiency, measured as the level of PS in the media at
8 hours, was significantly reduced for TSR-lack PS (40% of the initial
value) compared with WT PS (70%). Taken together, these findings
show not only that the secretion rate of TSR-lack PS is lower than that
of WT PS, but also that the secretion efficiency of TSR-lack PS is lower.

APC cofactor activity

The APC cofactor activities of WT PS and TSR-lack PS were
examined by a clotting-based assay using the serum-free culture
media of the stable transformants. WT PS dose-dependently pro-
longed the clotting time (10-100 ng/ml), while TSR-lack PS showed
no APC cofactor activity (Fig. 3).

WTPS
0o 100
100 - =2 80
bl 20
o0 4 0 2 4 8 (hrs)
(%)
TSRiack PS
40 - 100
> 80
[}
60
209 § 40
20
WT PS TSR-lack PS 0 2 a 8 (hrs)

Fig. 2. Transient expression/secretion of WT PS and TSR-lack PS in COS-1 cells. (A) ELISA
results of concentration of WT PS and TSR-lack PS. Mean value of WT PS is assigned as
100%. Values represent mean = SD of 6 transfection experiments for both WT PS and
TSR-lack PS. Comparison between TSR-lack PS and WT PS expression levels was
performed using unpaired t-test. (B) Pulse-chase analysis using transient expression in
COS-1 cells. Radiolabeled media and cell lysates were immunoprecipitated and
subjected to SDS-PAGE. The radioactivity of the PS bands on the dried gels was
measured using an image analyzer. The amount of radioactive PS in the cell lysates at
the beginning of the experiment is assigned a value of 100%. Graphs represent
radioactivity recovered from cell lysates (#), media (M), or the total (A) at each time
point. Total radioactivity was calculated as the sum of radioactivities recovered from
media and lysates. Values represent meanzSD of 3 (WT PS) or 4 (TSR-lack PS)
independent experiments.

Binding of recombinant PS to moAbs recognizing the PS Gla domain and
the Gla residues

Next, to identify the effect of the absence of the TSR in the PS
molecule on its Gla domain conformation and <y-carboxylation, we
performed moAbs binding assays using the serum-free culture media
of transient transformants (Fig. 4). WT PS and TSR-lack PS showed
similar binding to the anti-PS polyclonal antibody. In contrast, in the
Ca?*-dependent and conformation-dependent moAb MK21 (recog-
nizing the PS Gla domain) binding assay, the binding of TSR-lack PS
was weaker than that of WT PS, as described in previous reports [14].
In addition, the binding of TSR-lack PS to the moAb M3B (recognizing
the Gla residues) was also clearly weaker than that of WT PS,
suggesting that TSR-lack PS has impaired vy-carboxylation.

Discussion

In the present study, the DNA analysis of a patient with PS
deficiency revealed a G-to-A transition at the last nucleotide of intron
C of PROST (c.260-1G>A). This novel point mutation abolishes the
invariant AG dinucleotide in the acceptor splice site of intron C and
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Fig. 3. APC cofactor activity of WT PS and TSR-lack PS. WT PS and TSR-lack PS at a range
of concentrations (0-100 ng/mL) in serum-free media of stable transformants were
incubated with PS-depleted plasma, factor Va, and APC for 2 min. Clotting was initiated
by addition of CaCl,, and clotting time was measured using ST art4. Values represent
mean + SD of 6 independent experiments. (@) indicates WT PS; (B), TSR-lack PS.
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Fig. 4. Characterization of the Gla domain conformation and the -y-carboxylation of
recombinant PS. The binding of WT PS (@), and TSR-lack PS (M) to polyclonal anti-PS
antibody (A), moAb MK21 recognizing the PS Gla domain that is Ca?*- and
conformation-dependent (B), and the moAb M3B recognizing the Gla residues (C) in
the culture media were measured by microtiter plate assay. The bound recombinant PS
molecules were detected using peroxidase-conjugated anti-PS polyclonal antibody.

may subsequently induce cryptic splicing of the mutated mRNA [24].
Okamoto et al. reported that the region corresponding to exon 4 of
PROST containing a nonsense mutation (c.308C>G: p.Ser103X) was
absent in mutant mRNA, and that the amount of the abnormal PS
transcript was markedly reduced in a patient with a quantitative PS
deficiency [25]. In fact, our RT-PCR analysis also revealed the presence
of aberrant mRNA lacking a section corresponding to exon 4, the
amount of which was markedly reduced in our patient. It was
supposed that this splice site mutation affected the splicing of the
aberrant pre-mRNA and impaired the mRNA processing efficiency,
and possibly also the in vivo stability of the aberrant mRNA which
could be lower than that of WT mRNA, resulting in the low mutant
mRNA level [26]. It is apparent that the reduced mRNA level
associated with the failed transcription of an exon caused by the
splice site mutation is mainly responsible for the quantitative PS
deficiency in our patient.

The failed transcription of exon 4 causes an in-frame deletion of 29
amino acids that constitute the TSR of the PS molecule (c.260_346del:
p.Val87_Asn115del). The complete deletion of a domain as important
as the TSR is expected to affect protein structure and function. To
demonstrate the effect of the absence of the TSR in the PS molecule on
its expression/secretion from cells, we carried out transient expres-
sion analysis using COS-1 cells. Measurement of the amount of protein
secreted into the culture media by ELISA is useful for assessing the
overall efficiency of the protein expression/secretion pathway
because an ELISA result depends on the efficiency of every step of
the expression/secretion pathway, including transcription, mRNA
stability, translation, secretion, and protein stability in the culture
medium. In addition, we performed pulse-chase analysis to focus on
the steps from primary protein synthesis to secretion in the protein
expression/secretion pathway. Our ELISA result showed that the
amount of TSR-lack PS secreted into the culture medium was
markedly reduced to 37.9% of that of WT PS, indicating that some
steps in the protein expression/secretion pathway were impaired.
Moreover, the data from pulse-chase analysis also showed that the
secretion efficiency of TSR-lack PS was significantly lower than that of
WT PS. Thus, it is considered that the absence of the TSR in the PS
molecule leads to its impaired secretion, resulting in the quantitative
PS deficiency similar to the missense mutations associated with
quantitative PS deficiency reported previously [27]. The present study
indicates that not only the decrease in the level of mutant mRNA, but
also the impairment of mutant PS secretion, is responsible for the
quantitative PS deficiency in the patient.

In some reports, the TSR of PS is described as being essential for
APC cofactor activity, because the TSR is necessary to maintain the
correct conformation of the PS Gla domain for its binding to
membranes [12,13]. Our data clearly show that TSR-lack PS has no
APC cofactor activity, in contrast to WT PS, in the clotting-based assay
(Fig. 3). In addition, the binding assay of moAb MK21 recognizing the
PS Gla domain showed that TSR-lack PS bound to MK21 with
significantly lower affinity than WT PS, indicating that the Gla domain
might be incorrectly folded in TSR-lack PS (Fig. 4B). Furie et al
reported that the vitamin K-dependent proteins lack biological
activity if -y-carboxylation is impaired [28]. We also demonstrated
that the binding affinity of TSR-lack PS to the moAb M3B, which
recognizes the Gla residues, was much lower than that of WT PS
(Fig. 4C), indicating that the -y-carboxylation of TSR-lack PS was at
least partially impaired. Therefore, it was speculated that the absence
of the TSR affected the conformation of the y-carboxylase-recognizing
region near the Gla domain of the PS molecule, leading to partial
impairment of the y-carboxylation of TSR-lack PS. Our findings
suggest that the TSR of PS might have an important role in
maintaining the conformation of the Gla domain of PS required for
its proper <y-carboxylation, and that the absence of the TSR might
result in the loss of APC cofactor activity.

Unfortunately, we were unable to measure the levels of plasma PS
before the patient started warfarin therapy, which makes it difficult to
discuss the genotype-phenotype relationship in detail. However, our
observations suggest that in our patient, the plasma antigen
concentration of TSR-lack PS is very low because of the reduced
mutant mRNA level and the impaired secretion of TSR-lack PS.
Furthermore, even though a small amount of TSR-lack PS was
identified in the plasma, it is expected to be inactive as an APC
cofactor. Thus, we consider that the patient would have low plasma PS
antigen and activity levels even if he had not undergone the warfarin
treatment. In this study, we identified a novel splice site mutation in
PROST leading to a reduced mutant mRNA level and the absence of the
TSR in the mutant PS molecule. We also characterized the mutant TSR-
lack PS molecule to investigate the molecular effects of the mutation.
These molecular approaches could contribute to a greater under-
standing of the relationship between the genetic mutation and clinical
phenotypes.
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TN5%, 3B5%L, ELWETHASN S, FKil
KIRERICB O TRMERSOEEIZIZEA L
)

72RO HYERE T LVIZE VTS, Hill
BEZHEETH-TH, EMLTWE74 7Y
I VEERDRD BIEINEINE T4 Y )
TUYEREIIEITES, DvICIFE L wWHMmE
WIBER LR I EBHSMICINT VL BY,
5 203, MENEREE®REE (DIC)IC & % BEER
TOHBICL2RERE»EZ SN, [LHEikH
BEESR D, BRIKE DR P EREY
DSEYNHEIE I N USRI B S 2\ 1388
JEIRREL 72D, ZOMER, REDHEBETF OB

AEHMICH S ZEE(EVIVE
F 2 FEVIEF (rVla) DEE

ZRETDHIEETELL. THIC, BEATREED
FOFHMBECEDLSHLEBEEDL SR TR

CHDS, REEERFRIIBORETHD.

BERTFICNT 54 VL Cy—mE U MERSE |
23 5N BRMBAOHMICH T B AREE - L TR
SNSEMEU IV EF Y NEIRT (V) B, B
MHMEBEPERHENESOABLMICN T 2A8(CE
ATBBLVSHENDS. (a FLENBET, & |
LS NZMIMRICREE L, FOVE Y BRI
[CRBTTTELEDRE T« TUVERMTS. VT |
a BERICIEBTDRDICIE, T4 TU 2 UENT
<< EH 100 mg/dl BUE, /)R 50,000 LLEAS |
WETHD. EVRINIZE, VIa g hOYEVERE |
FHESERDTH>T, INTOEMELDDDIFT
$755<, T4 TU /By, MRS UTI2 20k

SIRENEVSHBRIENDDHTHEL, SHOEFE |
CTHD. ELICRBRSTRMBEOSEFNDHDE |

WL ) DICERINBZZEEL S, BEREED
BE L MEOETREDOMICIZZEELRBER?H 3

EVIREN»S b, Z DIFBHSKERINEDEE
BEHEOFERE L CEELEEH2EH->TWE 2 LIk
BHo»TH 3,

B3, RECEREINZRER &20IZE
BRI 2H/ROFED, KEKRIC X 2 M/ REE
BETH2VCIREARGOETOEZ NG, &
CIKBERIE 74 7V 750557 4 7Y v NG
$ 5BETH % fibrin monomer DEE K2 FHE
ICTER L, BRELT74 7Y 2 X ERET
BT Lichis?,

1. MRS

RERIMF GBF IZERMKEE %8 2 2 Hilg)
XL T2mBHOKE D AT MIMREIE 5
A~ AREIET I3 Z b N Tidswn, L
2L, Bl & & /MR DS—ETldZew 2 &I,
REBWIMEE I L T—FDEE TOIMIMEFFS
BERDPLZOTLOEHERBO LI 2R
5. Tbb, MV/MREA B ImAE % =
KT B2bIITIIEL, TABIBESEIOBRE
DI B EHRE V1L TH S,

2. REARFRZ

BB L 72 & 9 Ic &M< EW, £ VEFLY
I3 LB EMR 72 41T\ B 72 o 1 K BIIT I 1 134
MEMASEIS L %2 2 &b H 2D, RINFREER
DAHADHFRTIIEERFIILFETH S, Lol,
BEEICBE T 2 MEREE SR Z R Th i
& MMVRE E BILOBR L AkTcH 2. 7
ra Y rRE, 5 0IEE LSS rer RS
T AFVREDa Yy ba— It R T 15 20
R, 2012747 )5 AEH 5 mg/d LT
TIRHEMOFREESH 2, R TH 747V /2%
Y3, BATABRERF I TH b2 LB -
MURIUVITIZRS 2 EDPEXNT WS,

M1 ICKBHOROBEERED X H = XL %2R
T, bbb LHIMERDS 2BE&TH->TH HIM
HE DR WHETH > THHIMEH 2~31 I03ET
2L BETEOIPHRERESEZDIILD 3,
ZORER, M/MR - BERTFORENEL 3. 4
FTOIMME, BERT O - BOLE(Z DA
B E R D) Do THHEEEICEEESE IZH
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HRERREERE or ARFR
MERIC L 3 HMEB 0N
(2~30)

DAL HDEDEM
(S &b, /)il - R E
EFEEBT3 !

AL ERRLIC & V)
SRERL~FET

1 XEHOICL2RERE

b TR, MMRTIET— LI Tnisy
BEEIN Y, BERFCTIIHFTOEELTLE
THIEWCRSE, Lal, ZOk)REDTE
B3I nNsIEMEBL, —KRICKEHIME %2
3, IO BRERISICHMZHERIE, o
WIZIZZESAE, BCicilRBTERs, 77,
NEEDREBHRMIZH > Tiday 7, HiEHAR
26 DEBAFOFAI & 2 EEFEEL, 51
B PR RORARER O EE(L L EE AR
Moz L, RE-WEOHEB R ICXE 7Y
F—y R, E&ER, MKROFR, H5\Ii30H%6E
BTk 2HAHEE, BERFOMEELRL, FM
FRCIZA SN LWERGEZ 5N by,

WL &, KEBIMIC X ) 2 BRERE
ZELCBILIEZOEBEER - FRICLS W
EICHEL, E»r O oBRELRIENRDSNS,

- ABIHIICHT BRMAE

MLz X3 2 B0 RFER S FATIENTH 5 2
EIZEHOETH D, THmMOFBRELTEL
5 ay 7Y 51RE, HERICB 5 EMm K
BRI T 2R EBRDONG, Zh s i3
MRENEL L TIEETH A2, ZITIIFEL
LTz & 2EIc o TE#ELLRRE Z L L
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95,

REHIMFFICE T 2REREICEL U ETE
MBEEZT, URIEMSTT §2% % CHEETD
ZEDBRETHS, TubarEriBiEd s nii
INR, /EHIBT by 77 2AF -
(APTT), 7 4 7'V /7 V1, M/MREUILHEDR
EEHETHY, oTL 747075 EE IV
WMEDEENIZHLDTEETHSZ Z LICEETA
ETH5.

LaL, IEMMBEICEERSH L6 E0woTF
B 22 If0/NIR - I ARG DB 13 22\ & & D 5,
Bl % 9 % HWZ I3 EEO HIMRG, N4 Fu4
AV ERENIIE=S VY TR TEIEDNEE
Th3.

o BIEEORE
1. FRME

RIMBRZ N B3 1R EERICEES L Tidw
a3, M/INR DFEE 3T 2 Fidk S 2ERIsh R I
X D EE LI MROBEREZ TTEL, F/-borE
VEEIZHDFEL TS, BFIIAT 7Y v b
EVMET$ 2 L HRHEMIER T 2 Z LidAon
TW3%, ZHURMRRREICFET 227 R
y—EWEXERFEZEEMLL, EMZBAS L Tw
BZEEBERLTVEbDEHEEINTVRS, L
L, BRECTHOREHMEBZETID L) LHFE
2769 720i1Ci, EOBEOATY FI Yy
MESP~NEJ O VEREYTH 203 ->2 D
LT,

—7%, SHMBEE TOKREH MFl~ o R ek m
BHECERZ2EOH T3 D, iBEE2L-6F &
D, BYEICHRYRTVED, HE0LIEEERLE
BERELPTVELIEHED DD, & ICHFMmE 2
BRI B 7 - 7 BT SR L 0#EH 557,

2. 747V75>

747077 VIZRERIIFFIZBLW T2 LD
BHICIEML V2T Eb2AFTHD, KEH
MEFOHEE 22 IEMICBET2EREV->TENWT
ERT IR, T, ERHIEICBWT
X747V VERRHENE FHT 5 E—RTF
ThhH, BED7 4 7Y /7 ED 200 mg/dl LA
TTHNI(ERTH %2 54K % 51X 400~500



mg/dl BETHH, ZDEIZHSDITE)100%
DFHETH 3Y.

ZnkHic, REHMIZBLTZ74 7V /5
o 2 08 - BRI, RGO A%
53, 7¥EZRAVERFICL - THHERINTY
29 74 7 27V ERRES T, OF RS
(FFP), @7 VA 7L FEF—F(ZVF), ®7 4
7V K BEEE DS, BIREE L TH B,

@ FFP-~FFP 3 TR TOEERFE2EAT
B, bPBEICEWTREEREERFO/FE M
ZTC74 7Y /7y OFRICHE—REEG L -
TWw3, Lel, 747V /5 VEBE% FFP 12T
FMOREME»S L Vic FERE¥B I E
X, FFP i2&ENh 374 7Y ) 7 EIZIEHMEE
EAED % W IdFUEERIOFE CIEFMEELIT T
HBHZEDPS 10~20ml/kg ¢ KEBEGPHEL
%5, 6.2, EimBEEEE (TRALD, 77 7 4
¥ =G, BAICL o TIBMRIGHERIY
935,

@ JUF-e bIVEDDBERRELTDY
VAR, UToX)ic LTINS, Frifms
%% (FFP) % 4’CO®RERNICT 1~2 HE T
TWoK ) LBELTELMEETSZE, 7UXT
LY ET—bPERRINBMBYE T VA R—r—
F—F UV EHRINELEEBFONSE. ZDOR
wiciz, FMERTRENRTZ EDFEDOKE R
BEEA®L 747V /5y, 74vEV7TIUF
AT, 7470xrF v El0BEEREANE S
nTw3, LESEZERER WBRYTHZ7Y
A DB EBE TCIINRT % LEPLICERT
30T, INEHEELTEIE 1 EMEELT
H5. 5HD FFP 56 3FE L L TH 10 5L
LBfEE, 1gfigD 74 7V /75y BBon
3. POTRMARBEICAVL N TW23, B
ETIRO2ES 74 7)) 7 v OmFEERICT
AV AEZFRLICAVSONTWSD, I—uvT
BEELEHE7 4 7V 7 VERIBAFENS X
AT DFERIZEREL T3, ERUCIZEH >
20T, BRAKKIEHSH» LS ABO BHIH 3 \»
WBHARICABED 7 ) A 2ERL TE»RITR
Shnwll, FF—074 7V /5 VBEIKRE
T5DT, BEP—ELRVWIELETIANADR

14}  p<0.0001 [ R AW - 3=
[ — C: 74705 EIERE
12+

10 p<0.0001

Bfi
—
al

PRBC FFP Plts
X2 mARHOEREOZE(LY

HEEBIN TR BRI X TRELR
YA FTARTH 5.

® 74TV BRERA 7TV
VIBIERANZ O BE TIZAEREED B \VLIZET 4
7 2 v IR B O FEERE O A SR BE G
T, BREE7 1« 7V 4 v ME I I3RS &
o T, Bk, Eica—ay TlREXR
DRSS, BREE7 « 7V ¥ VIEICH
HRAINTED, £ OMEFH 20, 212,
RKEHMBDE7 4 7V /)50 $T374 7Y
27 VBRIOMABRBEO—HE T, BEEZ, &
mBmEs, ANER, MESAESRMERE, BEHK
BIiRiE, MBEELRE B HDE7 4 TV /I
WNUTEE7 4 7)) /A vBHI2H&EL, 20
goBKOBEIMEZ LB L 7. RATIZES
4,000 ml DEIMMAS 50 ml ~ & FW L 7223, DIEH
THEWMMERIZEA L7228, HENICIIEER
Eixhdor, Akkic, BADE74 7V /)7
MEICHT B8ME7 « 7V 7 v EEH OB
DT DHENRZIN T\ B
LZHBAREREEICB LT, KHEIM% X7 3&
BOFMBELTIZBE7 4 7V 27 vBAIEZE
AL TWw3, 22502 DRENEEDRRERZ
P E & FigigmnE 2 79 (2 3). 2005~2006
FERIFEAERBE 747V )Xy, 7V %2MHER
LTWRWEETH D, 2008 S EMBAICHHE L
TWAEHT, 2007 £i3Z720dich7-%. E3
THHS R X ), FEARIFEM (2 E A EH K
HBARBIRE), FREFMcE»CHnE, HimE
EHITHERML T3,

T, EED7 47D 5y DEEIZOWTIZ,
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(A) B EBSL T F 4

M : 2005~2006
0r (n=24)
M . 2007
60 (n=18)

[ : 2008
(n=12)

50}
40t
30
20

10+

| |

0
HMmE (d) RCC(U) FFP(U) PC(U)

(B) FFE #s 4 4is
W : 2005~2006
SOF " (h=13)

I : 2007
(n=8)

b[:l 12008
(n=7)

40
30|
20 -
wh
0

HIME () RCC (V)

FFP(U) PC(U)

B 3 XEHMM(74,000 mi) % /= (3 K BE#IM (RCC720U) EFICH (T 2 HMME - HmE

(2006~2008)

UTDT7F—49 %25 BREE B2 EET 3.
AE 50kg DEETIZ 3g DH{ETHEHR L 100~
120 mg/dl EFT 228, KHIMEFTIZLRD & i
SEINRIZETT2DT, MET 2 HENDH 3.
747977 EDH 50mg/dl BT Tk Ik A RE
ThHh, ILIMIREBEXY O THE2DOTELELICE
W74 707 v BHOREBLEL k3, 50~
100 mg/dl Tl HMERZEHATH H, RS, B
MORMIZ & 5205, BHOEHRNIE T NS, —7,
150 mg/d B TIXIEMARTH > T Bz K
HIlE 7% 2 L, B sEH:E L Cvuiid,
B2 100mg/dl, 50mg/dl &7 ) KHIMIZKE S
DT, 747V 7 VORBHEILEE L,

3. /iR

kI, KREHIMFICE T 34500 e
HIMAS&H Stz 613, MBREZITI & & bic
MAMREMZZEE T2 Z EBE—BRNEEZION
T&E7, L»L, §TidRTw3a ki, kB
HMROIM/ME, BERFOLETIZ7 4 7Y
TV ESREICIEIL RVTIET T 3
Zt, EENRMMRESRIC7 2 7Y 7 v ididh
HAThHZ L, IR TIYZAVEERTIIE
MORE R FA X7 ) EFPHOER I3, I
AIMEEERIE DD 7 4 7V 27 VBEIDIZ S BB
THBELIHRERY, 2 LT 904 Hl0 MR
DEEDOMBREREIINTE 74 TV X vDE
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30D 51, M/MRIZE—BIICER TR E Tk
W EBbns, b IC/MEEDS 10 A% TH
52 b 6 T HIMDSF L 728541, M/
WEAIC X 2HIMTIZRL, 747V 2 v vE
OEERFORA, IMAMREERERE $ % i3 DIC
D& LBEEREDEERT 3. —F, BHEHNME,
BRI, > a v 7R L R FRERTRE MR
BOFRHRE L G&kETid, I DICIck 31
MR - BEEIRF DOEEICE D7 BIASEEE 12 &
bNBTENG, EDLS LBIFIBHELT4IC
ERIRNETH 3.

4. FFP

FFP b b E D ERHE MK £ 72 13 KB H Ik o
BoOHA FI4, 3\ PT, APTT 232> b
O—ND 15 FUEICER L2 BEEE TRV S
N5, ZoO®R5EIZ 10~15mi/kg DEEH THFEH
THILBHERINTWS, Lo L, FFP IR
L&), BERFOBREIZERE ML R
CMEWDIZ, 2747V )X vk L
WHBETREBATICHENNETH S =
L, —RiCIEMBEECIc EiFaZ LascE W
Zt, ILITIFREFATIZE FICMBEDOTRE
BAOLENRD S L, BEEDGROBZNH
52k, T o0CiE A M BEE AT EE (TRALL @
EHBBRETERLWI LY, KEHDKD 7 4
7V URBRICED ST L OE E 1TV



Vo,

@ ABHMEOHIMBTEIC B> TD
ERIRER

1. 74TV 5 DER
AEHMFEZEMCET2HFDI S, 74
TV EDRS o &S REIICIEL RV EED
A, KBHIMOBEBBRICHS 2 &3 T TIob-,
747V VEOBERREETHE EBEbN
3, THHEBRZIZ, 747V /7 MEQHIEIZ
KHEIMIZE> TR 5T TTIDTII R, i
HRHNITEDEDIIITI) T EBFLTH 5.
BfE, 747V /5 VDERBRIZEAEDERE
BERE T I3 BREIRERS 2 A\ T PT, APTT & FIEFICHE
ELTWwWBLEbLNS, ZOFEEIX, —EDtu
VE VB (bR OEEE) & LM by
U7 4 7)) SV EOBTH B Z ki
HEIWTw3, bbb, 747V /5 VEBE
fEchniE, ruorErEiREL, BEMET
NRXERTEHEVIDBDTHS, LarL, KREH
Mz S5 TN 2 RAMmME(E < ICBER) 3 E
DHERICHEL, A2 LEHEE RS EHREX
NTEHBY Z 3NS5 12b b 5T,
BELE74 7V 72X VEREVWEBEONS L&
n, RAMBEIKEICHEHAIN S KEHIMKICIZ
EEITARERTH 3.

2. BERKRE
BIEICBVLTHRBRR & J i, REHmMEFIZIZ
BEROE=F—EETH S, REZNEHE
DEEIL VW TH+OERET 2 HENH 5. KE
MR I I ME DR T 72 12 & b KA & E#E
RT3 L3EETH-TD, hF—FLAdh5
DRMIFBEICEE TS L34, O3

RNETH 3,

oz, BBELZNEHBTEL LIk EE
WX, BEREICIZ—EDORM»»S I &k
o, /BoNERD 30~40 TRIDH D TH
5, LizhoT, BORDORERZTEIE, 74
79 77 yEF R S TEMOHE b RO RO I
6352 LEVBEETH S,

PT, APTT 1Z FFP O 5IZH 7z > THEIC -
TWw3Y, BEIOBREBIZHEMORFRIBTIZZ
NYDEBRZRET I LTE 22, KEHM
RO &) REHZEEREE T3> R 67 L bEY)
BEEL BRIV LI TOBETRETH
D, BEEEERNICHIMORE, ~4 &34
VERELTHERL THMTRETH 5,

B4 3
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5] ,
fEBIMIC N3 5
Wiy L3988 1 F¢ B

R Br:60& 15

\

HELEED

fE X—

Ry fasiil, At mAORES 1A F 54 Y, ERNERIOHRILNORIET 4 K54 Y, BREA M

FMOERIIHEBEOVIFRTH D, ZDlDiid
CHHMOFEFE M TH 5, FiTdHIDE D
WTHBEVSTH X, HIMIZXL, EFIFR
B R RERZ A L 2 O0BEsEme mENE, &
W7 FEwol-RERIBICED, MERATER
DRHEOHER, BEFEROHERENS, EFIC
BT, BRI X 2 MENESE DR,
DINEFEIZREIC X 2 MITEIEHER TN S, L
2L, KOBEIRPEIREOBES, FHROKE
B EEH»5OHM, FEPCMMEIMUREZED
JAEEIE D & DM, X 5 I X EEEEE R /MR
WAMEIC & 5 BilnfEr o BERIC & 2 2z HIIT
1%, BiIdRORERIGe, IEIMR(E, WK - @i
B RPMITEHEEZERTERI R LYDH
%, ROmEE, EDE, O AR B L
DEEBEROIRERIC X 2 EBEEREIC X 21K
DREEDEST, HIMfERIC X 2 HILE DM &
Vo - BERVBFEET S0, MELEIEID
1%, ZD&H %, HIIZEREL TIMELERIME
EZRET2 &) B rEENEMEEZ 52
L TE D,

L fERRY H I o SEEE>

RIS R -0k, HARERIES
BEREFIFAE 2002 EOHEVTH 3, BTN RIE
i3 3,855,384 FEGITH %, [IMEIE 2,443 FEF (F
AR 6.34%), FETC 2,638 FEF FET-% 6.85%) T
Holz, FLEICESTBRIE L LTiX, [MEIEDS
* ERERFELERERIE - 4 V7 )=y 7
FRE: 2011 ; 60 : 2—4.

48.9%, BERIMEDS 42.1%, &EKEREIMAEDS
39% % O Tz, IMFIE, FEEORERA L b Hiln
e ay 7BERNSEREZ SO Twi, Hintk
Yav ZIC kX 3BREERRCEHRFBENEL, E
1IETId 89.3%, IMEIELADEBHRIETD 52.6% I
EL7, 351, FidoRHIz&EHLES L

IMZIED 33.6%, FLED 499% % HH T\ 7z, Z
DREIITh N B EEFRESRAE BT %8
MEAZE 2003 2B \WTH, MiETH» & D H M
va v 7offito R k aMifERIzS
{, L2bMIBOFRIBAFARTHEILEBRIEN
7:9, fKEE 60 kg ICHAE L 72801, 121 ML EOK
BHIM & 2o 7 EFNE “RRTESHHE & L ToHIm
e a vy 77 12k 2 EBREERFT 305%, “Ffins
FEREROKHBIN” 12 & 2 BFKMEHFT 38.7%% 5D
7z, BEMHYL EOHMEF S, BOBD 9.1%,
139% % 7z, FE 60kg (CHE L 725B5E D1
FRAHMEEZ RS L, 240g - min LA EO#
Ecofimms “MeiafhELE L TolimEs a v
77 1 X BBREFT 42.6%, “FHRiBEEDK
HIm” 12 X 2EBREFIT 46.7% % D=, b
TRAELHEIM?S  DEFITRE TS Z Ly
5%, “FitBEEROKHBIL DEFEEHD 58.0%
KB W TREBRIEIIRERINZ FEL, FHLT
AIMERIRIEW 11.8 Bhr, FrEEmmEMmEE 14.4 BAL
DEFEIN T, —F, RMIRBERZ ST
P Mg O AR, “MRIEfHEE L T
oHMmE> a v 77 KX 2BREFATIZEOED



B OB::20114%F1A8

19.4 Bf7, 174 BfL, “FMBEROKHIM” i<
X 2 ERIEFTIZBDOE D 27.4 Bifr, 30.8 A7 T
Hot:, REBATEZ A L Tl fTHN
H&i1: “MAAHEE Lol a vy 2” i
X ABHRIEFT 16.4%, “FHiEERDAHIM”
12k ABREEMT 109% THHo7-, E7-, 0 EIDL
A DFEFI~ O FIFR MEREH 23585100 X 7= El &
“MRTEPHE L L COHIMMEY a2 v 77 X 2EH
FEGIT 2.1%, “FizREROKHIM” 1< X 2 EF
FEFIT 0.6% THo7e, TNHEDT—F0, f&
BRI IC B AR DAL, 0 BIRSH
M EHAEEHME Z L BRB I N,

BIE Tl bbb 23T o 7 BE S EHE T
b, 5,000 ml B _EDMFHIMEES TRIE~E S 1
EUEM5g - dTERBITET L 2GERM D 43%,
DRy =Y BBETH - IFEFID 76% TlX, FE
Th20IIBREENRET 2L EFEBARTH
BT EBRENT, TNSDEFICEVLTYH, &
RERBIMOMFEAEEIX 20% K TH H, BALE
ARIMERE M OSEE X 10% K TH - 7,

< “FENHII~NORIETA ¥4 27 & “E
REBHNHIIMANORIELA FI74 27 >

I D& e fEg I R, dUERICEET 3
721z, 2007 4 ic HARRERIES & H A - 41
faiE Y ‘AN ADONET A K54
V7 ERERETERL 2,

“EENEBLANDORIET A FI4 V" ORE LK
iz, WNEECEOWEELZTI dOD, &
BREIMcB LTI ERG2RELETLIILTH
%, REICYNE L REBAMDSHEICED RS
Aif, BEOMKE L IZEL 2 58EET 2 Mmiks
DEMAIME (BEREAM) OFFER2HELL &
TETH3, bIH)—o0RHE, HISEETW»
3 FMEPHAE L Vo 1-HE, MR EL,
MmEx v & —d3—fktlhot-F—2E L THERET
BZLTHD, TDF—LEHRT D a<y
F—Tdhbh, FMBEICEB VLTI, FERE <
VLBl B EEIGND, Lo
T, FRERHEIE “EEMIBIIM~OREL A K54
VI BEERL, F—L%RBoF-oTWL LS
KLz EE SRy, Z20k0Icdh, BEE5(E
B, EEIRAAL PS54 vicEo%, 2

__3_

DERDOERBICEGTBRATA F 74 v &2{EK
L, BAavery+A2BTEL I EREETH
2, “BFEABOANONESTA K74 27 1220w
1%, FCEFERRSCCEEMIC#ESIT B,

5lz, ERHMIcEWTIE, HMENEL L
2 HEE DS 250-300 HRIC 1RERI & E\v 2 &, i
Bl RERE, SRt CHMIEZS T5E
FVT»o>TWBEIE, ZOX) HERNNLL L
HiFEHIMO7-HIc L Zi2 101 23 &9 &K
M2 32 &, 21 BEOHMTH > THE
BDIC 2T EhEdrs, “GBEMNBII~D
MNIGHA K74 2" BTRABLENRVED
BEh, EREMLS ok, 22T, HAMIm -
fHiaaEEs, HAMREBRRES, HAERGAR
¥, HAERARES, HARER - FrER¥E
L9DEFT, 2010 Fic “ERMEEIH MM~
A F 547 ZER L 72, “ERMERERH I~
DXNIHEHA K547 T, KRBIMMzEZ g
HEDOBNIER O FE & BRI HRMER I BT 5 D
DOH#ELE, HOMEEmZ: ElconT bfifid, ok
DBMICN LTIk EEE R FMEE R85 5G T
B EREBEYATNRTVE, EREITIE,
TFERACEMIRE IR O/ HmNE & A
E { WIS WiGEDRH 5, ZD & ) ZiEH
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ABSTRACT

The Frontiers of Blood Transfusion for Critical

Bleeding : Preface and Comments
Eiichi INADA

Department of Anesthesiology and Pain Medicine,
Juntendo University School of Medicine, Tokyo 113-8421

The annual surveys of critical incidents in Japanese
Society of Anesthesiologists (JSA)-certified hospitals in
1999-2002 demonstrated that massive and critical
bleeding was the major cause of intraoperative cardiac
arrest leading to poor prognosis including death and
permanent brain damage. The surveys also suggested
that type-specific blood transfusion and emergent O-
type blood transfusions were underutilized. Therefore,
the JSA and the Japan Society of Transfusion Medicine
and Cell Therapy publicized the guidelines for treat-
ment of critical bleeding in 2007. Five academic socie-
ties publicized the guidelines for management of criti-
cal bleeding in obstetrics in 2010. Each hospital is
expected to make institutional emergency blood transfu-
sion guidelines on the basis of the above guidelines in
order to decrease the incidence of critical bleeding and
to improve the prognosis of the patients with critical
bleeding.

key words : critical bleeding, guidelines for treat-

ment of critical bleeding, type-specific blood transfusion




