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using peptides with scrambled sequences showed little inhibi-
tion of binding (data not shown). The results confirm that
residues 484-509 in A2 contribute to thrombin interaction,

EDC cross-linking of the 484-509 peptide and thrombin

Nogami et al (2004) reported that the 337-372 peptide in the
C-terminus of Al formed a covalent, cross-linked product with
FXa (Nogami et al, 2004). To investigate the direct interaction
between the 484-509 peptide and thrombin, therefore, similar
experiments using the zero-length cross-linking reagent EDC
were performed in the present study. The 484-509 peptide
formed a cross-linked product of approximately 35 kDa that
increased in intensity with increasing amounts of the peptide
(Fig 5A, upper and lower panels). The mass of the adduct
(approximately 35 kDa) was consistent with a 1:1 stoichiom-
etry of 484-509 peptide (approximately 4 kDa) and thrombin
(approximately 31 kDa). Control experiments indicated that
the 484-509 peptide and FXa did not form a cross-linked
product under the same conditions (data not shown). These
data suggest that the interaction between 484-509 and
thrombin involves salt linkage(s) formed between A2 and the
enzyme.

The specificity of the 484-509 peptide-thrombin interac-
tion, as monitored by cross-linking, was examined using
unlabeled peptide to block formation of the biotinylated
peptide-thrombin adduct. Variable concentrations of unla-
beled peptides were combined with fixed concentrations of
thrombin (200 nmol/l) and biotinylated 484-509 peptide

(A)

1 2 3 4 5 6

35 kDa - ~ Cross-linking
31 kDa
1 2 3 4 5 6
(B)
35kDa - — Cross-linking

Fig 5. EDC cross-linking of the 484-509 peptide and thrombin — (A)
Thrombin (200 nmol/l) was reacted with various concentrations of
biotinylated 484-509 peptide (lanes 1-6; 0, 12-5, 25, 50, 100, and
200 pmol/} respectively) in the presence of EDC (300 pmol/l) for
45 min, followed by immunoblotting using streptavidin (upper panel)
and antithrombin mAb (lower panel). (B} Thrombin (200 nmol/l) and
biotinylated 484-509 peptide (100 pmol/l) were incubated with EDC
(300 pmol/l) in the presence of unlabeled 484-509 peptide (lanes 1-6;
0, 25, 50, 100, 200, and 400 umol/l respectively) and immunoblotted.

(100 pmol/1), and the mixtures were reacted with 300 pmol/l
EDC. Figure 5B illustrates loss of biotinylated product follow-
ing titration with the unlabelled 484-509 peptide. Unlabeled
484-509 peptide (100 pmol/l) completely inhibited the for-
mation of EDC cross-linking product between the biotinylated
484-509 peptide and thrombin. This observation indicated
that the unlabelled peptide possessed a somewhat greater
affinity for thrombin than that observed for the biotinylated
reagent, suggesting that the biotin label partially inhibited the
inter-molecular interaction. A control scrambled peptide
showed little inhibitory effect (<10%) on formation of the
product (data not shown). These data confirm the specificity
of the interaction between the 484-509 region and thrombin.

Binding of recombinant A2 mutants to Ah-thrombin

The above experiments indicated that A2 residues 484-509
contain a thrombin-interactive site that contributes to enzyme
docking and facilitates catalysis of cleavage at Arg’’> in the
heavy chain. A hallmark of this region of the A2 subunit is the
high content of basic residues (7/26 residues, either Arg, Lys, or
His). Thus, the basic residues in the A2 domain may be critical
for interaction with thrombin. To identify the A2 residues that
are responsible for interacting with thrombin, a series of
recombinant A2 molecules in which alanine was substituted for
selected residues was prepared. We focused on the exposed
basic residues within or around the 484-509 region, based on
the FVIII A domain model (Pemberton et al, 1997). The
selected residues were converted into alanine, generating
a panel of 11 single-point A2 mutants. The secretion levels
and conformational stabilities of all A2 mutants and specific
activities of FVIIIa reconstituted with the mutated A2 and Al/
A3C1C2 dimer were described in a recent report (Sarafanov
et al, 2006), The interaction between A2 mutants and Ah-
thrombin was evaluated using an SPR-based assay. Results are
shown in Fig 6 and summarized in Table I. The data could be
comparatively well fitted by non-linear regression using a 1:1
Langmuir binding model. The binding affinity of the wt-A2 for
Ah-thrombin was 559 nmol/l, and the binding energy calcu-
lated as AG = —RTInK; was 10-3 kcal/mol. Of note, binding of
five A2 mutants (R484A, R489A, R490A, H497A, K499A) to
Ah-thrombin showed a two to fivefold lower affinity compared
with that of wt-A2. This decreased affinity indicated that the A2
residues, Arg*™, Arg*®, Arg"”’, His*", and Lys*"’, contributed
relatively moderately to the thrombin binding, as determined
by their contribution to the binding energy (5-10% contribu-
tion of wt-A2). Nevertheless, the remaining A2 mutants bound
to thrombin with affinities similar to that of the wt-A2, and
collectively, these results indicate that the A2 residues Arg*",
Arg“‘), Arg“o, His®? 499

subunit interaction with thrombin, an interaction that is
responsible for thrombin cleavage at Arg’’*
prepared the synthetic peptide 484-509 substituted with Ala for
residues Arg“m, Arg“g, Arg”o, His*’, and Lys*99 (484/489/490/
497/499Ala**""), and examined the inhibitory effect on the

, and Lys™” play a part of role in the A2

. Furthermore, we
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Fig 6. Binding of recombinant A2 mutants to Ah-thrombin in an
SPR-based assay — Recombinant wt-A2 or its mutants (100 nmol/l)
were incubated with Ah-thrombin immobilized on a sensor chip (6 ng/
mm?) for 5 min, followed by a change of running buffer for 4 min,
Curves 1-5 show the association/dissociation curves of wt-A2, and its
mutants, R484A, R489A, R490A, and K499A respectively.

Table 1. Kinetic parameters of the interaction between recombinant
A2 mutants and Ah-thrombin in an SPR-based assay.

A2 mutant Ky (X10%/mol/l/s) kiss (x10_3/s) K4 (nmol/l)
WT 20 £ 003 1-1 + 001 559
R484A 1-0 £ 003 20 + 0-02 212
Y487A 34 + 0-06 097 £ 0-03 290
S488A 28 £ 0:04 15 £ 002 526
R489A 133+ 004 24 % 0-02 183
R490A 14 + 003 22+ 12 163
L491A 21 003 16 + 0-01 779
K493A 19 + 005 1-8 + 002 94-9
K496A 22 £ 004 16 £ 002 713
H497A 14 = 003 1-8 £ 0-02 123
K499A 1-3 £ 006 321003 255
K510A 1-8 £ 003 17 £ 001 885

Reactions were performed as described under “Materials and meth-
ods*. Parameter values were calculated by nonlinear regression analysis
using the evaluation software provided by Biacore AB. Ky values were
calculated as ky;.o/kags. A2 mutants, which had the greatest decrease in
affinity for Ah-thrombin, and their Ky values are shown in bold.

A2-thrombin binding in an ELISA. This peptide little affected
this binding, supporting the role of these residues for the A2
484-509 region-thrombin interaction (Fig 4B).

Discussion

Our earlier study demonstrated that the A2 as well as C2
domains of FVIII contain thrombin-interactive sites (Nogami
et al, 2000). The present study showed that one thrombin-
interactive site, which is responsible, at least in part, for

© 2007 The Authors
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Thrombin-Interactive Site in the FVIIi A2 Domain
proteolytic cleavage at Arg’”’, is localized within the residues
484-509 of the A2 domain in the heavy chain. This conclusion
is based on several original findings. First, a clotting-based
assay showed that anti-FVIII alloAbs with A2 epitopes, an anti-
A2 mAb413 (recognizing the residues 484-509), and the 484—
509 synthetic peptide, inhibited thrombin-catalyzed FVIII
activation because of specific inhibition of cleavage at Arg®”
(A1-A2 junction), not at Arg740 (A2-B junction). Second,
competitive inhibition binding assays using ELISA revealed
that the mAb413 and the 484-509 synthetic peptide blocked
the A2-thrombin interaction. Third, covalent cross-linking was
observed between the 484-509 peptide and thrombin following
reaction with EDC. Furthermore, a series of single-point A2
mutants used in an SPR-based assay identified the clustered
basic residues (Arg'm, Arg‘m, Arg‘m, His*®7, Lys“”) forming
one thrombin-interactive site in A2, responsible for thrombin
docking and cleavage at Arg®’%.

We previously demonstrated that an anti-FVIII inhibitor
alloAb with a C2 epitope inhibited cleavage at Arg'®®” in the
light chain by blocking the C2-thrombin interaction (Nogami
et al, 2000). In the present study, we could describe for the first
time an anti-A2 mAb as well as anti-A2 inhibitor alloAbs that
*7 in the heavy chain by blocking the
A2-thrombin interaction. These latest findings support the
view that the A2 domain also plays a key role in thrombin-
FVIII activation mechanisms. In addition, the A2 domain is
known to facilitate cleavage at Arg’*" (Nogami ef al, 2005a).
Taken together, therefore, thrombin cleavage sites at Arg’’”
and Arg’*” in the heavy chain and at Arg'®® in the light chain
contribute to pivotal proteolytic events and are probably
governed by independent molecular interactions.

The present blotting data showed that the cleavage at Arg’*
by thrombin was slightly inhibited in the presence of anti-A2
antibodies and A2 peptide. We cannot exclude completely the
possibility that the 484-509 region may contain a part of

a thrombin-interactive site responsible for cleavage at Arg’*°.

372

inhibited cleavage at Arg

However, these competitors inhibited the cleavage at Arg
more predominantly compared to that at Arg’*’, These
inhibitory patterns were different from that of the 373-395
peptide, which strongly inhibited the cleavage at Arg’*
(Nogami et al, 2005a). Furthermore, since the 484-509 region
is positioned conformationally closely to the 389-394 region
(Fig 7), the possibility of steric hindrance can be considered.
Therefore, we suggest that one thrombin-interactive site that is
responsible for cleavage at Arg’’* contains the residues 484—
509 of the A2 domain.

More recently, low-density lipoprotein receptor-related
protein (LRP)-interactive sites and plasmin-interactive sites
in the A2 domain have been localized using recombinant A2
mutants (Nogami et al, 2005¢; Sarafanov et al, 2006). Using
the same approach, by assessing the affinity of thrombin
binding to the A2 domain, the relative contribution of each
residue can be graded in the following order; Lys*’ > Ar-
g% > Arg*®, Arg'® > His*”. In particular, the K499A
mutant showed a marked reduction (approximately fivefold

H
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Fig 7. Thrombin-interactive sites within the FVII A2 domain ~ FVIII
A2 domain is shown in ribbon format with alpha-helix in red and beta-
sheets in yellow. The residues Arg*™®, Arg"®®, Arg™®®, His*”’, and Lys*”*
(light blue), responsible for interaction with thrombin and required for
FVIH cleavage at Arg®”?, together with residues Glu®®’, Glu**°, Glv**",
Asp®, and Asp™* (magenta), responsible for interaction with
thrombin and required for FVIII cleavage at Arg’*°, are shown in space
filling format.

of wt-A2) in binding affinity compared with the other A2
mutants. The lack of significant conformational disturbance
produced by these five A2 mutations has been confirmed
(Sarafanov et al, 2006). The role of these residues in thrombin
interactions was also supported by the results obtained in
a competitive inhibition assay using a 484-509 synthetic
peptide, a substituted peptide with Ala, and an anti-A2 mAb
recognizing this sequence. The inhibitory effects were incom-
plete in these experiments; however, (approximately 40%),
possibly due to the presence of a previously identified,
alternative domain (residues 389-394; Nogami et al, 2005a).
On the basis of the known FVIII homology with cerulo-
plasmin (Pemberton et al, 1997), the currently identified five
basic residues (Arg*™, Arg'®, Arg®, His*’ and Lys**?)
appear to be arranged in a spatially adjacent fashion and
exposed on the A2 surface (Fig 7). This provides an extended
surface for thrombin binding, juxtaposed to the N-terminus of
the A2 domain. Nogami et al (2005a) demonstrated that the
acidic region, comprising residues 389-394 in A2, interacts
with thrombin via ABE-II and facilitates cleavage at Arg’*
during pro-co-factor activation. It is evident, therefore, that
the A2 domain appears to contain the two independent
thrombin-interactive sites responsible for cleavage at Arg’”
and Arg’*’. The domain model shows that the acidic region
(residues 389-394) associated with ABE-II is also exposed on
the A2 surface, and may be in close proximity to the basic
region (residues 484-509). Arg’’* (C-terminal end in A1) and
Ser’”® (N-terminal end in A2) are not accounted for in this
model, however. Comparisons of amino acid sequences among

human, porcine, murine, and canine FVIII molecules (http://
europium.csc.mrcacuk) indicates that the Lys*”
contributor for thrombin binding, and the other basic
residues, except for Arg***, are well-conserved, suggesting that
these basic regions may be fundamental for interaction with
thrombin.

Direct binding between the basic region 484-509 and
thrombin in the fluid phase was confirmed by visualization of
a peptide-thrombin adduct following zero-length cross-link-
ing with EDC. EDC initially reacts with an acidic residue to
form an unstable O-acylisourea compound and subsequently
reacts with a closely associated nucleophilic side chain,
thereby covalently preserving the original salt bridge (Carr-
away & Triplett, 1970). This approach had been already
utilized to identify the FX(a)-interactive site in the Al
domain (Fay & Lapan, 1997; Nogami et al, 2004). The
present data suggest, therefore, that salt bridges link residues
in the A2 subunit and acidic residues in thrombin. Further-
more, the results obtained with the A2 mutations indicate
that residues Arg'®, Arg*®, Arg*, His*’, and Lys*” may
help to stabilize these bridges.

Several mechanisms by which anti-FVIII inhibitor alloAbs
inactivate FVIII activity have been described (Shima, 2006). In
particular, Fay & Scandella (1999) reported that A2 inhibitors
of this nature blocked the interaction between the FVIII A2
domain and FIXa on the tenase complex. The present study
has demonstrated a new inhibitory mechanism where the anti-
A2 alloAbs inhibited thrombin-catalyzed FVIII activation by
blocking cleavage at Arg’’”. Anti-A2 mAb413, which recog-
nizes the same epitope as the anti-A2 inhibitors, similarly
blocked Arg’” cleavage and FVIII activation by thrombin, but
not completely. This inhibitory mechanism reflects the modest
contribution of residues 484-509 in heavy chain cleavage at
Arg’” by thrombin. Cleavage at Arg®”” is governed through
thrombin docking to interactive sites within the Al and/or A2
domain, however, and alternative thrombin-interactive sites
’72 remain to be fully investi-

, a major

responsible for cleavage at Arg
gated.

The A2 484509 region is also involved in interactions with
FIXa, plasmin, and LRP. The heavy chain cleavage by
thrombin is essential to expose the FIXa-interactive sites that
are required to modulate protease activity (Fay et al, 2001).
Binding of plasmin to A2, in which Arg**
rapidly induces FVIII inactivation by cleavage at Arg
(Nogami et al, 2005a,b). Furthermore, FVIII binding to LRP,
which shares an A2 site with thrombin, leads to FVIII clearance
from the circulation (Sarafanov et al, 2006). These diverse
studies show that residues 484-509 in A2 play a vital role in
FVIII metabolism in vivo.

plays a key role,
336
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=7, bSETIE 1889 4, ILEAHD TIMAKOE D H 2 BRAME L, 1902 411314
THObREROMARERERE L,

3 EEE t‘:E D“//\EE (Bg1)
BEsh E, Hi%ﬁfg MR EFIIKE Victoria LE (1819-1901) ORFZTH 5 9, HLHRE
WELwD, z0FHicbE2BLTC YoMy EEP0 Y TOr< /) 7EH, 221 L FHG

EICHMERESED - oo T D7, MKEHEIZ Royal disease & HIEEN B L H it - 722,

Victoria LEDIYE A — )L/ = /% Leopold (1853-1884) Z &t tH & HMfER v B L
Z DHEF 1% 1868 £ D British Medical Journal #EiC#iE S iz, BEEELEOH v 3 DI v k
757 TEAL, ZORH, 31 ROEITRIEL, HoHMHEERIZIR Alice i2iE2b b, %
DFER, Alice DEH Rupert (1907-1928) (24 & HIEM A F Uz, %13 21 EBO Iz 7
5 U ATABEERICE Y, HEAHBMTIT LS ¥,

—7, Victoria LEDKL Alice I3\ v ¥ » KAED Ludwig Vi EEI5L, 2585 %44
21 72hs, Alice 218 U TIRS Friedrich (1870-1873) i HIIERRAMED - 120 i 3OS
W, BBROBEOEN SEE L, HENHBMTIT Ui, Alice =% Irene B E 2 H 7 5
7oAt EE®D Heinrich EFEEBEL, 382653700, 2055, BB LB B
REH Ui, BB D Waldemar(1889-1945) 13 F N A 7 THIMIEHEA T & $H25T L, =5 Hein-
rich (1900-1904) 3¥EEI L, FEATH L T4 TR Lz, Alice D4 Alix (Alexandra)
o7 27 Nicholas TH E#IEL, 1B 4&E b D ks, BB Alexei (1904-1918) ik
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I, %5

FEETH -7z, Alexel DHIMICXT A EMS S, EFLEROBEEEG/ LS00
Rasputin T® 5, 1918 4, Alexel i3 0 Y TEMGTRK L L bIHEBRIhicLhbhTna ey,

Victoria KED A Beatrice bREEFTH 0, 2DRF L=ZFBNBMARKRTH - 72, kRSB Leo-
pold (1889-1922) W EBIKI O F M IS T Lic & &h, =5 Maurice (1891-1914) 38—kt
FREAICHIE U /2, Beatrice ® &7 Eugenie (3 21 »® Alfonso Xl & #58 LT 5 5 2
ELIGIN, 035, EBEHENMNARCTH -7z, £F Alfonso (1907-1938) i< 1
T I TCHEEEA v 7 RICHRE, FECL, A% Gonzalo (1914-1934) BA—X MY TTRS 47
FICHEEZ# I &5 & UTBICHEL, BIOHMTRT L, b4, UH Juan OE
% Juan Carlos I #Hi3BEDO AL VEETHEE Y,

3£, Victoria LEDES Edward M HMEREEZ I #AT, EEERICBERLE
W feds, Victoria LEDBF, $h, OHRORETHEDOET L0 BOMARBENHLE Ul
Lirl, €hPBEOHRD 3 —o v REZICRNAOFEFIRN T,

4 “hemophilia” DFRIDER

“hemophilia” &9 BRETO BHFEIZ DT, Brinkhous DEZTH L ELA TS, &
EHEEFY ¥ +FED “haima” (blood) & “philein” (to love) ILHET A EET, LODOEN L
PRI ON TN XS TH B, ZORBERESHTE L, V4= e T—bIa—VUT L4

2% % Paolo Veronese (1670) fEOHIfl LT B IFABED 7 1 bV “La Guérison de I'hémo-
philique” &MEEh, 9 CIC 1800 FLIHET AT s hicb Dl Enbh T3y, U LES
¥k, %&#IC “hemophilia” EWAHEBEEEAHWIDIX, FAYAEMTT 2—Y v EREOH
& TH - 72 Johann Lukas Schonlein (1793-1864) &ivbh T3 Y, fiid 1823 4248, Hic
b 63, HMMmFEEKICH LT, “hemophilia” AT LD THBH, 1828 4ELHIT
T TREICHIMERR DS 2 BHICH U THED Lo icii - & d,

E¥X#EE, #1% T “hemophilia” &I BEMFEH SN/ DIE, Schonlein DHEFTH 3
Friedrich Hopff @ 1828 4E D& X Ueber die Haemophilie oder die erbliche Anlage zu todtli-
chen Blutungen] D7 »nTH 5", OB LIES < O, “hemorrhaphilia” EHH L TEDLA
SR &, 1854 D Virchow OEZETHRIFEFE & L THRbOO T A, REIX “hemor-
rhaphilia” &0 SERMDNL T fe &5,

*%@Iﬁﬂ?fikéﬁﬁﬁfﬁmipé EV D RYIOE 54T - 72 Did Ward (1819) TH B> P, 20
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1. MAEROES

% 1839 4, Liston BMEED I NMSHIM UKW - DEIFE A EE2EE: D L, 1803
£ Wright i, BHENTEBZNELEEZ 20080 E2BE LY, LhL, IRFED
ARG BBEIEMI7E T 7 0 — 5 1% 20 HHE & TR MIE T 5180 - 72,

1905 4F Sahli (&, BEOMBMEBMERL Fo VKT 5 2F ik - CEFBCEESMES S
EERBELLY, 1911 I Addis i, BEO 7o bo Vv EVRIEETHAEM, by
NOEMPBEND Z LR U, 361, BEOMMBICEEMIED S OB AL 5 &
BREEENSHIEINS Z E2BE UK, 1937 4E, Patek & Taylor i3 & O [Mu4FEe 1 b B4
% “globulin substance” &FECF, Berkefeld 7 4 V¥ —TRES QB MK 4K )
EERUI, 2L, Z0OBEICLY, MAREEOBREMESEHT S E5R LY,
B, ZOWEBMIHMLAR 7 v 7Y (AHG : anti-hemophilic globulin) &MEiEH 2 X 512
13 5 720 1939 4F Brinkhous &, MARBETH IO/ o7 ) VHBRELTOAE I E5RL,
®icPiliRHEEF (AHF © anti-hemophilic factor) &FFA 24,

2 MAFA & MmAR B DER
1924 4F, Feissly (ZIfiAREE O MK %50 BF T T 2 L BEERBOEEN L Shi
FETDEEBELTNY, 19444, 71 ) X7 4 L A0 Pavlovsky 13 BEB O M7k % RE
U, HHEMESRD 5N 5 EA2|E" Y, 19504, Koller 5 & Tenna £% & Moena XHR D
BEMBPBEAELICHESNE L2 RE LAY, Chitd» T, ThETRREEL SN T
ARG E— TR EMBH LM ETL 5 T,

1952 % 75 v 22D Aggeler 51, AHG &3 EU 2 MFERFORZITL 2 HiEE
(A% plasma thromboplastin component (PTC:fi#f o v K 75 X F V§5) RZEE & WX,
FLUWEBEELTHE LKLY, =2 —3—7® Schulman & Smith (¥ Aggeler 5 &REDOH
HOMER =8 H:BN TBlood FEICERE LIV R U< 1952 4, EEA v 7 X7 + — FD Biggs
SRRAKO HMERA 7T H =8 L, 8 1 6loE3EF Stephen Christmas iZ 7% A T Christmas
RFRZIE (Christmas %) & U, British Medical Journal 3D 7 ) A< X B ICHE Lzt ¥,

1953 4F Cramer 612k » T, HHMMMARIZMAR A, PTC KZHE (Christmas %) (21K
B EMEN S X DI -72,1962 4, MKEERFH40»0EBRERELNH N, AHF
REWEF, PTCIHERKREF LIRS Z &Rk Shic, —F, bHBEFO AR B3 1956
&, FHoILh@Eahk,

3 MERORIE - ElLEES
1968 4%, Roberts & (2 M4 B BED 10% 124 > b 5 —fIiEAE T 5 CRM (cross-ro-
acting material : RXIGCHE) BHEET S EHME LI, F4E, Hoyer S 3IMKKABED
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I. Z

BhT, 4 ety —ixtd 5PFEELEFT 5 b D% CRM-positive, HRIFED T E D%
CRM-negative EMFA TS, 1978 4, Peake 53 @A MRIEIE = AU 7o S st & BAIEE
(IRMA : immunoradiometric assay) Z & 5 FEWEFHE (FW:CAg (factor W coagulant
antigen)) MFEEEEE U7, 1982 4, Fulcher 53HL VWF (von Willebrand factor: 7 +
v A LTIy RRT) £/ 7 a—F VA S AT, BEMRFERECHT 2 ST
LY, COFERBETKRIN TS €/ 7 o—F VTR RAI ORI RE L7,

—%, ERRF b OBEEDLSBAF VRBTIVPARY 2T ya0—27ux b 75
T4 —TEREMMLYBEONRS XY, ThEBEICUEBRAOMFEMNTEEL D,
Laurell (o — V) k% ELISA (BEREE&RERENE) Bl L 2EXRFREORZEIITH
N3 EIRH -1, 6, 1980 FEISHEXKRTFE/ 7 0—F IR EHNT, DEOD
BEMEED O OMLIAIEEICE 0, BESE XRFEQOEENBITINTREIZE - 2%,

1982@ Kurach1 5, Choo b(D7 V—73zheh, FXRFEEZLFOI7o—= v 7Tk
U, 1984 4£1Ci3KE @ Genentech Inc & Genetics Institute D7 NV — T2k b, Th&
NENMRFEZTFO7 o—= v 7fTbhic?, Zhoicky, NIRRT, SXRTFEEFZ
NZhOARREEFINRESH, 731/ BEFNICL 2 BH—KRBEMRE SN, JOKE,
MA® ARSI BRERROERFENBNPIRB TN B L DI -1,

cDNA GBHE 7 A F 2 V) AR b 2 WIRERTAMA 2 7o —7& U, HIREEERE CHk L
72 DNA (FAF ) KB MARroEIA2 9 7oy METHET 2HIEBRNFES R
(RFLP : restriction fragment length polymorphism) iZ & » T, MAKBERKEORKERL
i AR BT B W S TTRRIC D - 72 & 542, B DNA OREDERFHMLE PCR(R Y X 7 —
VHEHRIG) THIESY, V-7 T VR ET - C, BRFORKPEER, #h, 71—
Ly MEEOBEBETFRENRLICHS ISR PV 2055, EMEFEERFOA b
| v 22 OFALIF, 1993 1 Lakich Stk » THESh, 0%k BREMARABRERETR
HOKA0% A DD T EMESMEL Y,

3. M&HAEBEDES

| EHEARE
B b UIEHIE & LTHIB® Albucasis (936-1013) OEBO 5 A, (L MEEEL HHOR

EOWBEE U TR (cautery) IKOWTORHMAS 5o BRMBIMIES LT, 1934 4,

MacFarlane (35 v 2)VIEENSMARBEEO MK EE +RET 2EANH 2 EE2BEL, %

i
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1. AR ORER

R E LTl hic®, & oEh, 1936 FI1Ci3I0E O AL O F 4t “The Lan-
cet” IKHH I NI D, E—F v VKO BFRES 1960 FHD “Nature” % “The Lancet” 128
HINHLEE, MAROEERTIGETH A HARIENEILY 2 £ TOMIIHE 4 LIEFENR
Ao T,

1832 #£® Schonlein DFFE/ — MR T TIREMOAREIZOWTORH MdH 50, Ik
W EBE T A BRI ORMAIIfIE 1840 4, EE O/ FHE TH % Samuel Armstrong Lane i
X OGN0 W, AR OFNEIC 6 BEEMmAE O 1L O DEIC 12 4 0 X0 HE
MmEgm L, (kI Uiz, UL, ZO4KOEIMIBHEMNE D o 52l ~ o B HR S b
WMETH - 722 &0, MERAEG S CHIENBRIERPRERICA oMol dil, —RICLE
BT &3 In 5 1o T DT 1900 4F, Landsteiner 12 & 2 i F 0 5 R C#ifl 0 L4306 E U,
& 51T 1915 4, Lewisohn 2 & » THEEA & LTy = /B F bY v AER S H, REFMII
L AMMMEEEIZIE 5 7ce TNODORRICL - TZOBROIMMBEBEI RS HIETEI &L
oty 0, 1923 Fiida—% > XD Feissly 1IC& - T, 7B+ b)) o Lo
BED M ARIERICEA I 7,

1944 %, Cohn BB T 7 / — VAEIZ X 2 MEF O S @Iz © L, Zd 5 % Cohn
-1 SR ER 2R T LR R Ui, UL, ZOSEOHMARIEESALEN
O, BEANOHRIIW SN Tz, 1955 Fi2id, KEOD Langdell S EMARIEERE L THH
TENRFE2ELMESEEFEHE LY, 1958 X7 = —F »® Blombick &3, Cohn 4H
D5 BB RERL -0/ EAR Y 9 2 ECpT) U, Nilsson (3 & /N4 > TEE SR
FHOVEILMD TTFHREGEIT -1V £/E, MRFBEFICHT2HAE LT, EXE
FE&L 7o bo v U EEEREF (PCC : prothrombin complex concentrates) A3%]% TH#f
RefEL s -7,

—7, JOEIZEEMMEOHREBOMES ZFRT 52 HKE LTBHMLoRKm bS5 h
720 1952 4£1Z 13 Brinkhous 28 7 # i %, 1953 412 (3 Spaet & Kinsell 237 ¥ M#E 4, 1955
AT Bidwell 3w v 7 4 A2 2 h ZhiiE Licts Lal, ZhoBimiEi—athic
HENTH -7, TUVF—PIvMURD 2 CEERRIEHNS 5720, TOMMAICIERR
MH -1z,

1964 4, 25 v 7 4 — FRH¥O Judith Pool {Z M4 L, KR TW 2 00 IZER L 72
KAELBWEY (AT ET— D) KBENMRFNZEEhs L2 RIBL, 20,
7 AEHE LTHbahit t T ThETOMMAEEERT, 0 OHEMRFE
EH, MBS ICHET 2 2 EMNAEETH - oy, MATRERCERGSESEE 67260
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Fro X 547, 1960 FEACEENIT I3 ER U RS TR 7B b X O X BRI -8R A A T gk
i b, AR BRFEOEEHMCFMICHT 2 FCHRERNICAIEL S - 7, DMETSH 1967
4, Cohn-1AHEHEFIA, 1970 FICE 7 VAT LY EF— MAIBERTREELY, 1972 Fi
g X R RAA, 1978 FIIHIBRE MR FRHIMNHR s h i,

XS IHRIAENES L, T VIR ER & Lo RERAIBER S hs X 5101 5
L, MEwEEN LU TERT 2 BRGREN K E BB LS - 7o, 1982 41213 KE CDCURR TR E
Xy =) itk o TIMARBE KT 28O AIDS (acquired immunodeficiency syndrome
BREREALIEGER (T4 X)) BESHES N, ThEZT TMBLECHRALE / FEiE
A (S/D) MM, F/ 74 b= a v iZk BT AN ZRNEL - RERBISAFEIN S X
A 512 510, FIOBIGFHANZRBF & UT, 1992 F 0B MR FRAH, 1997 Fii
HXAEFEASTR S NI,

3 FRAES LY OBHEORE

1974, Cash HIZENY TV Yy v THLEBET R €7 V¥ (DDAVP | dosmopressin
acetate hydrate) MWEMKFH LU VWF 2 NI A/EANS 5 2 BELLD, 1977
4 % 1 7 ® Mannucci {3, FERE~BEM AR A B £ U von Willebrand 5 B DIEERIZEH T
HBHIEERL, HAETOINSDOBEFDEHIC L » TERDERPO—2 L > TS,

4 A EES—REBEICHI ik

1941 ¢, Lawrence (Il A58 S 1T 4 U o TEBRPUB LR O FIE A H1 9 T U, 1947 4 Crad-
dock & Lawrence {3, Z OHigtMEIHEED AHF o7 2 REHRE TS 5 LML,
4 vy —REBRZFICHT B340 2k MEEL, 1969 4 Breen & Tullis IZ & 0 #]& THRE
Eht, BoOBEhE TIARBBRECFEAIN TV PCCH, MARAC LS —BH
WERTH B AR UK,

1972 4E Fekete %, 1974 412 % Kurczynski & 28 ARIEHAL PCC i< & AR =& L, 1976
4% Elsinger 13, ERENCFEMAL U &R PCC (aPCC ! activated PCC) ZBFEL, 1t
Y —HRERFICHNT B, L ORI ILMIERE AT LY, £ 0%, 1996 FiTid/ N 1/32
8K & LA O EIE TR 2 BRI T H B E M E TR - RHAMEAREL T -7 L L,
{4y s —BBFREETOMARZEL BShcBEHO—OTHD, SROBGHOERN
M\rEsh s,
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1. MARORES

BbUIC

AR D2 M &GS 20 HEADIC A - THLEBERIC SR L7z hs, ZofE LTEAL DS
NERATHROWAERDSH - L EABEN TR LML, £ DME ERBAR 2 Higob
b e bBESHLbDTHS, LL, TOBRBORMT, BRATEBLELTORD S
5 ER4r 1233 © 72 <, HIV (human immunodeficiency virus : b M@ R4 ™ 1 L R) Bifurs &
HOBDPBEE LI ESBEETH 5, 4%, MATRERIEETIEECMBREL S Hi s
EROBRIZAAI ELTOEN, BEOEILSZORELMS L& biz, HILd 2o &
bENTRAESHNTHS S,

(H® —B8 - &HE &)
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MAR I X Qe SRz E2rmTHMEREE LTHI A SR SN TH 5, AR
AL AHMEROREE, MEEBRRKIGOREICLET7 47 ) VORBKEEICL > TED
3, 2DOFRE LTI, IARARMKEESTRES, LAFBMKERSKXRAFORZY
BECIORETAZIENMONT NS, Lh-T, MARI22OL{ ELEIEHEOR
BILDFET S 2OOREMNEENTLED, BEERCEKRERSEULTCHEIEMS
MRREHBLEARMBEDN TS, ChoDBEEARTE & bICXFEELICERTFED
b, XfkEEsHERE R, £, FEMEBIcE~Z s, MEGEERFOLMTEbIC
MNEEEERF & LT, MREERGOBATHAL TH EELREEZHE-> T35,

BHaic i, (EEIERNTRERECKE, SEEMINTE LN, [HEROEEKSF
DEZHTHE, EBOEKNTOHKREL K LBEOWLOrORMBESEBHTHILNTE
Bhoto, FE, MEBOBEMASHAENRFICLVERS L, MR VIEEROERE TR
R EBR IR 2 MREBRSOERBP LN EBL D >OH B, ZITH, RAER
B ABRERIS ETED LB OE 2 AR LSS, iR EMERF D0 TR
T 5,

1. kMDA

M FMERZBEO AOENEMZIMEBERLT, ERQYELIET S LICL DLk
OEHEWHOMBICERELRALHELU W2, MKESRE, BECRECIMEATERET S
ERHBITERT 5, UL, F—0MEOBREICK L TREIER/NMRICHA TERE A
RES LT ATHERBE bR ILOBMER LT 5,
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3. MAMOWKE 1) (il

kB IR - M PIRMIRE, /MR, BERT, BERFsESEDS - THERSH
TW5, AR TREBRRTFLUIMTTREEN LD, BEBEIC X 288 Lz 3 mEes
PH/MROB & &, FHORASFEET 2 BEBIEIC L 0 EliAER I THE, L, &%
MRS » &, BRI L CREBRTFO+54 58 & 378 0 & kil i3 E R
T&EHLANE, ThRBEBRRFOE®RILLDIENEDICBFRIZBTE o v Eroflnft+
e, EEIhKET 4 7)) VHOBENT A LOIE SR nItRBI 5, £k, A
DHEEBLZIPTOLETFEIN, LoltAlMULEUTOBEHRMOBHRAENEEZ SO
%o

COEIBWRFIC LD MAFREEE, BEEBEOUMTRREE LRAFOEENTRETH D
B, MorOEECHONEEILRE S EESONTIRIEIAEREE 20, HMFERAER S,
INLEZ B B (LB OTBERERT L1 DL I 5,

2. MBRBERED S B ARG

MR ERAE I, 3k, BEROBERRETH 2EMAES bo v K75 2F VER(APTT)
7o bo v EVEBCPT) 254 AE0E, BBMOBEMFELRE UAERLEOHALE
HbEEFR» SBAShTE o, NRRERER, HRREBEEZ U CLBREEBEOHM
A, COLIBHARENOERDL SHBPEINTELLDTH S, BT dL517, Zhok
TREFNTOEROHRELARMTE THRNI &8, 4F, BHohsE-THBEH, &
NoDERWBEZFIBEBRBORBRE UTHETLEETHS (B2),

MIEAE E 5720 @ < MR EEER T3 EAE T, BRIKPCEENTRTE B0 CBERR
BRIKE 7 SRR E LTHEEL, 5< hponm—<HFE (I, I, I, V, V, V, W, W,
K, oo ) OFBTHREIN TV (R1), bHAETIOARAOERRF2EWRF, MARK
BORERRAFE2EKEFLELH L TE, ChoDBERTIE, ThZhEMLEREZTT
EURAEHRENG, ERRERR Ao —<8HF Ma) 2250 T, MAEERRSTRT
BIEMa BF] LT 5 LIZE - T D,

M%7 5 2BOFHBE CHBET 2 EONTHEBET 545, ¥V 3 V0L HBRE TR
TEETICEVWERAET S ERMOoN T, COHEELOHEMRFE LT, EXIRTF&
WO MK EBEERF Mg Ic RSN, APTT &0 HRER, ZoOENET4ERLT 2k
DIV YH, HAYUHENRISY VL EOFRRMMELZEUHAELANT, EMERF%
EHAALL CMRBERIGERE LT B, HS5 XD LD BERWEREOBEMIIGIC L 0IE
WAL hsE & 5 MK BB UG, MEEPOBRER O & CIRABE S5 &0 ) Bk » S AE
HEEBE ST h T b, BXMRFE, MERECHARMROEEIC L VBB LmENE
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DMENLBE @ FRIMR o MR @B MENRIBE @ FRIIR o M/)\F
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3. MAROKRE 1) (s

EXNEF

EXIBHS

S CES

HBRAE

_ (EHE

K2 MmARERENSRCRERE
APTT : SEMLERD SO YRS 2F VR, PT: OO VE VS
APTT & PT 2L WRXBERRZE 21TV, (DRRERED DH =G ROVBEIED R
B, ARRAEME NERASHE LARBEMBCIVEBRENTVD, &
HERFIIIEEHI OB TREL 2.

TS oML D EEEEh, BRROLMICEELE#RE T2 EFX onlcds, BREE
XMEFRZEOBEFEIHMAEREZ RSB NI EMS, EERNTIHIEMICE U TEELSRENTHE
BLTOWHRNWEEZONDIRKE T, TENRFE, EXRFOERMLENLT, LAY
TV UREHFFI) A EEBITERLORBEREEBR L TN, JoFEEERED
HF & HMmiER EGBERLEVEIN TS, k2L, BXNHEFRZECIIHIMER %R H
ERSBOFINHEINTE Y, SHROMPEPBERFEIREN > T3, FEUREXNEFEM
KEBOFKE 5 2 KAFAERT 5, £ LTERBEXRFR, OARAOERERE K2
BMEF2HBEE LTHRAULEXRFOERLERBI L, XBERREBRICESL, Z0LD
O BRKRAFEENRFEIBE MRS LTEE—ROBE 2T 20 ICMAR A & ILRRK
BOIERMEEL L T B EEZ SR T3,

NIRREE SR & GBI, AP S OMBRFOBA X VFEELEN, 20 EERIG
TR UE X KT E2ERAT 2 S5 SHRRERBEEFATHN S, ORIGRIEPTICLD
mitahz boc, ENRFSHBRTIC L VBRIN 2, NRREEBES 5 34 KR
BRI TE XETERISh, 7oborErmd bov BV EERL, 747V )
COPYET AT VA S REAR LTI BE T B BT b DY E I kD IS R
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VIEFHT 4 7Y VA FRICEEERK L, REMLT 7Y VAEBRL CRBELRRS ¥ 50
RS BRI SR T B, APTT & PT @ 2 DOREN S B 240 5154,
RFHO MNREREEE | D OBERTORETHE I EMIEALTSHY, APTT & PT
DB A bEN SR ICRTRENSEONEEI I, R2OLIKBHSNB Y,

1 IERERET

- 3B OBE MEEMS BES 0 TJVY mRVA
B8 (d)  pgmb B k) @ &)
EXIHF 8,000 40 2~3 5q33-gter 12 14 2.4
TLhUILAY 85/88,000 42 - 4q34-35 30 15 2.4
BnFFZ )T 120,000 80 - 3q26-gter 27 1" - 3.5
FXRF 160,000 30 25~33 4g35 23 15 2.1
HERs (0P 44,000 = - 1p21-22 12.4 6 23
FENRF 50,000 0.5 0.25 13g34-qter  12.8 9 25
FEXREF 59,000 10 1.5 13q34-qter 27 8 1.5
EXRESF 55,000 5 1 Xg26.3-q27.1 33 8 2.8
EVRF 330,000 6.6 0.5 1921-925 80 25 6.8
EWNHs 280,000 0.2 03~05 Xq28 186 26 9
VWFE./ ¥ — 255,000 10 - 12p-12pter 178 52 8.8
JONOVEY 72,000 100 2.5 p11-q12 21 14 2
24705 340,000 2,500 3~56 4g23-g32 50 24 57
I e @ vo 0 W w0

MRNA : Xy p—YREs VWF: Jx> O« LT DYVRRAF

(Wintrobe's Clinical Hematology, 2003 & *) S|FMZ)
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