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MAFBEORLNLHER HRAEEA LB+ ENE LTRZT 2 8ERF
& VI RFH 2038 IX AP 2—gllfArds2HkThb, +v7< v FifHE (on de-
mand therapy) & % Wid = B/ — FRAE (episodic therapy) EMEIEN B, HFEILKTII, FE
HimF i I PR E L OEEQ 2N MM OEE UTHE U S kIR B EE O S AE 6 R
2 EME L CEBRET2RIABICO 0 BINICH AT 2R E, M FHEE (regular
replacement therapy, BKRKTId prophylaxis &S HfThbh, ZORAFRERIEMIEZE,
BELHEOOTPHIRL EcOFRAENHEIN T, Uh L, EHWHF EECET 2 &
RECEAHNTBEENTR TSI L LD, T0EMERSLUREHICETAIIEF v 2T
RiF 5 EEHENT O, RERES LUAF 7 TITbR T BRI RS D M g
ABROPHEREICL VEMHAREOFDHEICHENCEOLZET yABMMmEh, ik
MRS 2 MFeitkid B o M EERIZEA LT,

TE| A
TEHRE S (regular replacement therapy; prophylaxis), —RE LI FeftiE (primary regular _
replacement therapy; primary prophylaxis), # 7 <  Fi&# (on demand therapy)

) BlcREZ B ICE IO MR RREE

MAROILMEREOFANE, HiftASSEEL L
AT H kM AEEM & UHFERE(LAR A TR
g VI KF, A% B TIRE IX KHF)&—imic
EZohTEi, ThERKTEA VFv v Nig#
(on demand therapy) & 3 W\ g = & — NG
(episodic therapy) &8s, § 4 b, Hif AEALE
LU BRICHIET 2IRBEETH 5, L Lahs,
Z D IkIEETITERE (BREE VI &b 5038 IX A
FIEEN I%RBBREOS I, MEhE &b,
R84 5 BN H oo fSH & U T D il A% P B8 S

B2 U7 v FRBRERRTI AR AR

DOREERNT, BEMLREEZD, FLLAHER
PEOMREEL &/ T0E QOL K FTHadbicddh
7o (Fig. 1), £/, ALPAEIBERMALE LT HH
ELH N,

MAFEOEMERICHT 2 BEZLHICEE T
FoERk, b bEERF G LM, il
PN I % PR 9~ < R IC R Z 3 5 B E R
ZEBBICO I 0 ERICHTE T 5 RS AL
BRI EAEIMARAR ORENEEE L LTRA SN T
Xfo, Z DOIBHEH:EFCK TIE prophylaxis &3,
MAROHPERE - BAEIXERE & B3 %ER O BERE
FrEtEofHE Uni g, HISE, MAiEERAe
A & T isn, 22 CHfIEE LA H
FNICEEM 2R LT 2 Kk & UTRA S hic ik



320 i

1 % 975 14 R T i
(Ha#E - 3R1E)

SRUEOEEY

BB FrAEIE T

\ 4
AT B R \

EATHYE €723, EE

EiE. TR

B HET "/////
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Table 1.

TFHREEOREIE S £ D F % (modified from Berntorp E, et al, 2003%)

TE#

— R EHIHIRE

ABAERICLAES 2B RERBLUEECLZ S hORIER
IZBREAL , BRACRDETELIM., BRI RIERITROIREE.
b)WIE OIS H MIC LA E S  Eflo by e BFHR ERE LT
IZBAtAL LR EFSEE BRI ik, BEMIZIE, BEICIBILLT
OBAEH i (05 18] O L CEREAT D,

TREHHIRE

—REHHFRRIEO B EL TSR0 D, AR DETRYIMN, E
B FIRIERATROTRIRIE

FED—K, TIRELTRET T AR EL RS2 DI HAGELL BT
FE2) R IR O FE IR FERE E R FE AR ORI AN,

TH 3, bETIEERHFARE L (regular replace-
ment therapy) & &% Xhi?,

2) EHEREEDERLZOESR

EIF AR & g R AR IR IR T B fc b FE
MR Z $ % BER T A2 EHEIIC b b ZHIRIC
WF T S IbMEBETH 505, BIEEERERICH
B4 5 —REMFoEE (primary regular replace-
ment therapy) & PBIEBERELMEICHLAT 5 K
ERIH A (secondary regular replacement ther-
apy) IR & B (Table 1), —kE M FRRE LI
RS S FEBIE MO BLE A S & 512 2 DI
NTn3Y% FHRICXZERTHE, 2BRRFBBLT
BAFEAL U 7o B A H I o> FEARERT I BAke LERAIC IS 5 &
TEHBITE SO ERETH 3, FEHIMIC X 3 ER
T, FEEChhb bz < BTG O BEERTIC LG
U, b8 & RIS EIMICRAIICE 5 £ TRIAMTT
HHYHFETH D, 12120, BIHEEDRERHOR

SEMEEES 723, HEEAIC a8 3 o0 BE i i E 0
0H 203 L EOREETHIET 2 HELRDONT
Wb, ZIREIH F£EE (secondary regular re-
placement therapy) i, PIEHREFRIER I UK
A8 5 £ TRIABTE S B ARE L ER S
7Y, Th S SMC FIERI R #E: (short-term re-
placement therapy) 2% 0, ZhITEBIRPIRITN
EDA Ny MEIZEE S 5 0T BB o ES T
#EAMTHHETHD, MABREOSEOT L%
Table 2 iZF & ¥/,

3) EYRMAREDERN LT E

2 x—FHFRYNE, bS5 7EE 1%L RicR
S EABHEICMAR AIICIREE lkg %70
25-40 BAfr/l A1 3 EH 5 0IXEA, mMAR B
1 0d 25-40 Bipz/EABIC 2 @ H 303 3 HEo R
By hETH b, A7 v FARE, b5
fExZEEd, AREHM/ Sy - icE TS
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Table 2. #HF#EEoBEE

1) HHfFFEFFEIE (on demand therapy, episodic therapy)
2) TIROUHEFHYE (short-term replacement therapy)
3) TEHHHFHRIE (regular replacement therapy, prophylaxis)
(a) —IREHIHFHRIE (primary regular replacement therapy, primary prophylaxis)
(b) ZIREHREF L (secondary regular replacement therapy, secondary prophylaxis)

Table 3. FIRMFEHFEDOZIE (modified from Lofgvist T, et al, 2003%)

BER Group I Group 11 Group 111
BEDER 16-22 11-15 7-10
BEH (A/B) 19 (16/3) 9 (8/1) 6 (5/1)
SEHIE AR R 2.6(1.5-4.5) 13(1-2) 1.2 (1-1.5)
FHIORBBETH MO Bk 22(0-19.8) 0.1 (0-0.4) 0.4 (0-0.8)
BB R a7 -1990 1.2 (0-7) 0 0
-1995 2.4 (0-18) 0 0
BEEiD LR a7 -1990 4.8 (0-22) 0 0
-1995 6.5 (0-31) 0 0
FRRE - REAHK 0.9 (0.6-7) 0 0

N5, —MBEITIMAR AICIRERE lkg 4770
15-25 Bifr/|l %81 2 503 38, AR B i
1 30-50 BAL/EAEIC 1 H 502 BlokE s
e AFTHRNL, B 1 EoFEGH»SEHIEL,
FRIRTRIZME 2 o B3 o R % B B E0E 8 &
FTOWLKARTH B, RORT v TicELEEER,
3mABICHE—BEIC 3EL Lo, 3 »HBI
4 [mPl EORE LD 2 SN, 50 IEE
—BEiic SEU Lot Ttd B, step | TRAL,
MR A B OTHEE Lkg %/ b 50 Hif/[E %A
1 EIOEMMARE T D, Ml LinEEs
M7 RICARE Lkg %/ b 30 b/ EA A 2 [
Dstep2~, TLTEISRBERIAT v I THAEKE
Lkg X720 25 Bifr/[m %2 B2 3B O step 3 ~ &
o DOEDOILRIZ T 2 B A B LRI R
O7a ba—=NNE, RV —FLrOHEAEALE
U, =87 v 77 v 7THRERD TS, §1b
b, FIHEOEAMIBE BN E UcESHEE%ED
ERE»ALIA OB 1 ELUT O e 2 280
THY, FLMEHRROMBEL EHS IEERBIMA
WA LBAZ 2MO SV ba— Wb RIRTE 3
LIRITRLTWLA,

4) TR EORAROARRE

EMRARBEO R TR RREIHELCH S
D, REROEEHBLEDELTAY 2 —F oD

Nilsson 5O 7N —FIZ X B 09 E g ohT
Wb, 1973-T8 T hD VNV — 7 T EHAEE
BRIAEEMN (LOF 1 2.6 3%), 1979-84 FEEF ho 7 )L —
711 GEIARRFEFRIAAER 13 1.3 58%), 1985-88 4F
HENO V-7 I (EPHFPIRER I3 1.2
%) O3 EBOHKKETH 5, K42 OB
FAHMEY, BEARGOBEESHZ a7, Efcy
ABEEZ a7 B ICEMRE | REBESKESH
2o WTND TN —TITEBNTHREED E MEHF
BEEICHER U CHESiRHmEHEE L RY LS
EMHOMMER T, ZNV—7TT & Uz i3 2813
B ot teds, Fh—F1E7N—F 11, 1T
CRFTORENRSL SN, Zv—F 1 OEREEE
P EEGTEE 22 [ TH - 728, BESAE
fixay, BMEizy 7 ABEEEXITE LI 199
HEREE LD 1995 FEE S TREOTENR S i,
—%, Zv—7 11, 111 4R R & i [ 4k 0 3 4
AR T, BEARNES a7, My
ZAMEBEZ 3T EHIC0 Al s hic, EBX
&I REBEEIZ, S —71TIRFEH09 H (0.6-7
H), Z2W—=71IL Il TEEHBICOHTH 1, T
Whb, LWTFhO/IL—7FIoB 0T bMfERED
BEPHIE B ENBE SN/, & 51T, IGEEMEIE
BRI B o 7 v — 7 (7 v—7 11, HDic BTt
I E B I P AI BRI A LT 2B Th - -
(Table 3),
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A S ¥ ® Fischer & D #i4513, BHEIED & E
DA S TERBREWRED SHRDO XY 2 —F
HREMBREE R Y 2 —F V8, 5 5 AR
FEM RS 5 v 78 & Bk e (7 5
VAR THERLEbDTH D, BTy 7 ARE
Bt B CHEHREED T Pettersson 2 21770 &
DEEGIE, AT 2—F U B46%, AT FE 14%,
TS5 VAR 2%DIATH » 12, 4F [ B K555
H&x, #h£h 4,301 Bfi/kg/4E, 1, 550 Bifi/kg/
1, 1,260 Bifi/kg/E LA S VI BET S L ABT
HERIINL, AV —FUrHImBoN3IELE
ULtz JANS—T 32 Vv ADRAETHELF T VY
BET75 v ABORETE, A5 UvFBEBENCD
DEZBEINTIS,

1990 AR I BCKEE "0 o E I ARREOH
itk &R TRE MR O, Th o DOREIBIEN
WETHHIEF VAUVRNIIBENC DS
¢, 1994 LRl AR M, —REBRHIERE
FEFEMARO/NRICHT 2R GE8 LB EETH
B EHESE L2, HERREERE S X O R i
GLRIBBELRB UL, EEHEOE, 199 Eh o
AR M AR 8 U TR I — R E A fe i s %38
ALTW3E, 2005 £k TORMBBELRTH, B
BRI BT AR BEO MM FHRIE, BB
WO PRAFIERS, BE - KikD QOL OHER
EOEHAMARERLU (Fig. 2), L2L, THhoo

20

15 T

10 ¢

R EE

—HOMEILE OFHMUL L OLeICEL T
T Y RELUTRER G LB SRR,

5) —REHGREEOENEICET S
Wk EFVR

B, TEF VR LARULOEN—REN R
ZBE9 B Hi A SRR B D AT IR o Hh R
B OMBRINI, BRMICBIhETORAH
MAREEREFFTIHETHD, TN T—REM
MARFEOFME, BREMSEHIWCEZEZ 6N
5o

K E Ttz Joint Outcome Study (JOS) O F
RRREYOMELHNT 5, T, EEAE D
A -7 URBRTITbh, B, B FHBEfizchT
nic o2& 2R EHMECL N6 A AN S 30 41 A
MoOBEEMMAR A BEEHREL, —KREMH
e R (Prophylaxis #f; P RF) &b ahiciim
el #e i :3F (Enhanced episodic therapy 8 E #%)
O 2EICEFEAST, (1) BEBBRTED 65
B ToOREMEE, B Mo MRI &0y
7 AT & A BRI & O B A o 4 B RE A,
(2) BB X Mo AL Hif o B, RIS
% VI Br®FofEFHE Q) BIfEM, 23735
AT v ARE, ZFHMEEAE U7z, PREHAE Lke
Wiz b 25 B/ oI FHE%RAE VIT K8
ARA%S L, EFEMERICEKE lkg K72

kK

*%:p<0.01

eV ) if

REER LASA O HiffL

Fig. 2. BRI 2 —REMMHTCRE & H IR FE Rt O 40 H i [ 30 0 Mg (4
fBx s 27 3—REMBIEHE, KB 7 17 MR FEREE) (modified

from Taki M, et al 2005'¥)
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(%)
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93%

—WIEHH TR

Fig. 3. {§EMEH A THIEE TH - - BHFOHE (6 &, MRI W)
(modified from Manco-Johnson MJ, et al, 2007'")

40 Bfr %1 56k, 24, 2 BRI e EhikE kg
Wi 20 LA HRE T 5, ERMBHEELEWES
i3, A 4BBE THE Lkg %720 20 BEORRHA
EBMEkESNFaN S, BEHRKR TR 6 OKR R
TOEERME O MRI Bt AT X TIEE TH - 72 #
A, PBE, EBZzhEh 93%, S5%Th -7 (p=
0.002) (Fig. 3), —REMHWAFEEITH T &iT &
DBMBEEIIED Y X7 2 83%IKKT 5 2 & %2R
W BRERTH -7, Tz, FERHOMENHIME
LUz ofho Ko ki T, PETIBEY
i o EDFEBICE T HMENHMAIZEA LR
WoMEM-T, —F, EBRBOLTHE, 1EET
EBEI A MIZ D 0, 2RI & & b
MEN MO EEAEML, PHEFELERNE
ot BAHENNMPHEE LM SORERESH
M E#BTIIIBHHIFICAHShID, PETHE
Lflb AN T, BEHEBDVBOI EPHE
HABSE O DICHEZN L EEEZERS ol h -
fehs, CORRELERBRKETIEOTH S,

LI —D2EFAF I TIHTONIEHEREYTH 5,
1A vbe by —oing VIID JHFiEE 2% T ol
B AESREL, Bl 3) DI TRUILELD
ICHIEEIC X O HE - HikE ATy 77 v 7L,
BIETREZ B CHBRTH 5, §9 40% D HBFE I |
BB 2EOTFMHATI Y bu—v&hi &8
HaInl, TORRER, 2 —FrhRLb b
IS OERTERECTHG U & @ WA e itk o F 8k hs
BHONDIEETRT S L0 EELZ SN, ST
ROWMS AL NI IR TH B, 2L, HRE
FRIIEIT TR VI R FimEN 1~2%0

PSS —HEE N TNAI EEELETET
Z)L[Z‘gfﬁ%éo

6) HHEDIRIK

HBENC BT 5 E AL OEMEIL, 2006
FLTRAKIT - FAETRMOKKBE A, B £h£h 23%,
1T%TdHh -7y BREEH T, FERE P%E &
ExhEh, MEK A TREREN 27T%, 17%,
1%Thb, MAHKBTIEI8%, 19%, 3%Th -
7o M RITR, AR A, B 2heh, 28K
Wiid 17%, 25%, 2mLLE SHLITFIR 41%, 43%,
6 Ll b 14 5RLUFid 44%, 42%, 15 8Ll Lk 19 8
PITFiE 31%, 4%, 205%LL ki 12%, 9% TdH -7
(Table 4), 2 ks £ U 20 8L O EHR LK
WS, 280 20 E COERBICE LTI 30-
WREEICEBINTHEIENPHSMHEN -7,
TiRbb, NMNAOMARICT 5 EWHAELEOE
MBEEHERTH 505, 2RUBICHAT 2 ZkEW
WRBESETH Y, ~REMHABEOHE IR
VTHAER TREIMEM &3 0 A F 7200 2 & AsH[g
Ulco ZIREMRIFRBE S —R e W et & g
U, BSIEETFHIRLE EOFMEICBRAENS B
CEMNREINTE D, 5% S —IRENMiFiEiEk
DEEEMPT LB T ALEND 5,

7) HHOEICE T 5 ERBREEOHFEORE

HNRENC B 2 @ RE ORI, TR
FAE B AT Vet 3 % g A - S o0 s S TR

W BHTABUIE S & UTHAN NGRS
KB TRmE N, F¥ELT 2004 48 11 KR
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Table 4. HMEOFEMHFTHF IO H 4 (modified from Taki M, et al, 2009'")
45 A [:3h3 £

BEH Syt % BER KHEH % BEYN REH % BEE RHER %

MAERA ()
<2 18 4 22 5 0 0 1 0 0 24 4 17
25 106 47 44 16 6 38 8 0 0 130 53 41
614 160 82 51 23 1 48 28 0 0 211 93 44
1519 91 38 42 32 7 22 21 0 0 144 45 31
z20 561 85 15 99 5 5 98 1 1 758 g1 12
&t 936 256 27 175 29 17 156 1 1 1267 286 23

mARB (Fi)
<2 7 2 29 0 0 0 1 0 0 8 2 25
25 14 6 43 4 2 50 1 0 0 19 8 43
614 32 14 44 8 4 50 5 1 20 45 19 42
1519 18 | 6 3 0 0 6 0 0 27 1 4
Z20 124 12 10 33 3 9 17 0 0 174 15 9
t 195 35 18 48 9 19 30 1 3 273 45 17

sh, BHEETPTH B, HHROEER M AR R
FIOG U T AREE T, BEIE o &R TR
MR, HIMFHRE, BEAEREBEORESRE
Mt L, X oiEEEBLIUORERICET 2%
MA B FEHARHFEREE D B3 FGEER % U S i
TAHLEMRELTF—< &L >T5E, NEDEM
&, BARNRMEFESO Y =741 b (http://www,
med.hokudai.ac.jp/~ped-w/JSPH-hemo.htm) iZ{§
WL, B A7 0RBBRELTEMPTHBY,

8) EHIRIEREDRE

N IR E (IR EMRB T EE) I LTS
BRTREZNL 2hOBEIETF N TS, &
DFERZ DL, BBE, ki, oREE, H
A% FlAE HBEAME BRKELEETH
5, 72, BEOLHDORENOFELHFEBEA
DHEERESABOBEELMERETH 5,

—REMWHFFREOEIEIZH I > TORKDEER
MEWRTH 5, RERBE(EZSEACES) L) —
REMFHAREPBETN AT DN S LBEEB LUK
BD QOL i3BHTEE 205, HED SHEWREEA
I 2~3 [mh@EkE LU TT 9 HAid i QOL @
BRI 2HMNE I LT b, RigEEEY A L—XI
BAT BT, MEERO RS RIOKRTICE,
FETERERBMULBAEOKRETONy I Ty

7, EFRENHE, SEOVESICRBEEEL OE
bo7s & OEFBKEE & o, FEEEONE, =5
WCHUDERR S 7 — T VBB R AT Y R E BE T
EWXREBUHLLEND B,

9 HHUIC

BIEFIEE, B PS B &0 LmE
BICK A MAROIERA Hig LR Ic it i
SNTVAN, FLEBRICHTE TREBRRTEE
COBENEINTOWEONEIRTH B, Fiizii®
AFCEDEBEETH 5 —IREMHFHFER, 1A
WIZVLE e 2 QOL % &7 o §H[REMMNLIE X h,
WY EmMNEE NS, L, ZOEMITEMGET
55D bREL T ENBHDOT, MAIKRIGHEDRE
BEUEMORBHEE LU CET 5 2 &R
WTKRYITH %,

10) # &

B~ )7 yrERRERENGRNE, EEECE
SRR E D —IRE MR 2 ERICIT - T
Wh, RKIGEHEOEA - A EE LTS OD
i3, B2 0Tl B, MHBRRARML
ELDOF -~ LEFEORRETHZZ L AHEL, BF
BRI OHEE D TRBOBELEETLIRETH
%
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Abstract

Methodological characteristics of Factor VIII: C inhibitor assays, and an evaluation
by the application of correction factor

Satoshi Yamazaki”, Noriko Yamazaki”, Noriko Suzuki®, Hiromi Goto”,
Shigenobu Takayama?, Masashi Taki®
"Department of Clinical Laboratory, St. Marianna University School of Medicine Hospital,
2-16-1, Sugao, Miyamae-ku, Kawasaki, Kanagawa, 216-8511 Japan
“Faculty of Health Science, Daito Bunka University
9Department of Pediatrics, St. Marianna University Yokohama City Seibu Hospital

In recent years, for the FVIII inhibitor assay, the Nijmegen method has been recommended by
the ISTH. However, it has not yet become common in Japan, and the Bethesda method is still widely
used, and modified Bethesda methods also exist.

To clarify the differences between these methods, we compared four FVIII inhibitor assays: the
Nijmegen (N), Bethesda (B), and two (S and M) modified Bethesda methods. The two modified meth-
ods use pre-treated plasma with an inactivation treatment of coagulation factors at 56°C, method S
uses FVIII deficient plasma, and method M uses normal plasma as a control.

In a comparison of sample dilution procedures using FVIII deficient plasma, the N and S meth-
ods, with nearly the same pH values in all of the tested samples, showed a constant FVIIL: C. How-
ever, methods B and M, with a decrease in pH due to sample dilution, showed an elevated FVIII: C of
12% ~16%, according to their pH changes.

The results for 10 samples with FVIIL: C inhibitor varied remarkably (CV: 22% ~55%: mean,
34.6%) among the four methods. The inhibitor values from B, S, and M were significantly higher than
the values from method N (p <0.001). Especially, the six cases of <5BU/ml validated by method N
were indicated as >5BU/ml in five cases by method S, and in three cases by methods B and M.

By application of the correction factors obtained based on method N, the CV variations were im-
proved markedly to 57%~300% (mean, 145%). Furthermore, the discrepant six cases were cor-
rected, decreasing to two cases in S and B, and to one case in method M.

These results have clearly shown that the inhibitor values obtained via the four methods differ,
which may be due to differences in the dilution procedures. An application of the correction factor
based on method N may be useful for comparing the inhibitor values.
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Von Willebrand factor protects the Ca**-dependent structure of
the factor VIl light chain

Masahiro Takeyama,' Keiji Nogami,'
Masahiro Okuda® and Midori Shima'
! Department of Paediatrics, Nara Medical
University, Shijo-cho, Kashihara, Nara, and
2Department of Reagent, Sysmex Corporation,
Nishi-ku, Kobe, Hyogo

Received 3 March 2009; accepted for publication
2 June 2009

Correspondence: Keiji Nogami, Department of
Paediatrics, Nara Medical University, 840
Shijo-cho, Kashihara, Nara 634-8522, Japan.

Summary

We have recently reported that cation-exchange iminodiacetate resin
completely inactivated factor VIII (FVIII) by direct deprivation of metal
ions, predominantly Ca®*, from its molecules, and that von Willebrand factor
(VWF) protected FVIII antigen from resin-induced degradation. The present
study was further developed to investigate this mechanism. Western blotting
analysis and enzyme-linked immunosorbent assay showed that the antigenic
structure of the FVIII light chain, especially the C2 domain, was completely
impaired by the resin, whilst that of the heavy chain was little affected.
However, the complex formation with VWF protected the C2 domain from
the resin-induced degradation. The resin-treated C2 domain failed to interact
with VWF and phospholipid. Furthermore, the addition of Ca®"
competitively blocked the resin-induced impairment of the C2 domain
structure. These results demonstrate that VWF protects the Ca®"-dependent
conformational structure of the FVIII light chain, especially the C2 domain,
and may indicate that the C2 domain contains the Ca®*-binding site(s).

Keywords: factor VIII, C2 domain, von Willebrand factor, Ca®*, imino-
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Factor VII (VIII), a plasma protein that is either deficient or
defective in individuals with the severe congenital coagulo-
pathy, haemophilia A, functions as a cofactor in the tenase
complex responsible for anionic phospholipids surface-depen-
dent conversion of factor X (FX) to activated FX (FXa) by
activated factor IX (FIXa) (Mann et al, 1990). FVIII is
synthesized as a multi-domain, single chain molecule (Al-
A2-B-A3-C1-C2) consisting of 2,332 amino acid residues with
a molecular mass of ¢. 300 kDa. It is processed into a series of
divalent metal ion-dependent heterodimers by cleavage at the
B-A3 junction, generating a heavy chain (HCh; 90~210 kDa)
consisting of the Al, A2, plus heterogeneous fragments of
partially proteolyzed B domains, together with a light chain
(LCh; 80 kDa) consisting of the A3, Cl, and C2 domains
(Vehar et al, 1984; Wood er al, 1984). The procofactor is
activated by cleavage at Arg’”’, Arg™, and Arg"®® by
thrombin and FXa, converting into the activated FVII
(FVIlia) trimer composed of the Al, A2, and A3-C1-C2
subunits (Eaton et al, 1986).

FVII circulates as a non-covalent complex with von
Willebrand factor (VWF), which regulates the synthesis and
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stabilizes the cofactor activity of FVIII (Kaufman et al, 1989).
Quantitative or qualitative defects in VWF result in a decrease
of the circulating FVIII level. Critical sites for VWF interaction
in FVIII have been localized to the amino-terminal acidic
region of the A3 domain (Lollar et al, 1988) and the carboxy-
terminal region of the C2 domain (Saenko et al, 1994). The
association of FVIII with VWF results in an increased
circulatory half-life (Saenko et al, 1999) and enhanced stability
of HCh-LCh interactions (Fay, 1988). Activation by thrombin
dissociates FVIlla from VWF and markedly enhances the
activity of tenase complexes on the phospholipid surfaces (van
Dieijen et al, 1981). VWF protects FVIlla from proteolysis by
several serine proteases, including activated protein C (Fay
et al, 1991; Nogami et al, 2002) and FXa (Koedam et al, 1990;
Nogami et al, 1999a).

FVIII possesses a similar metal-binding motif to factor V
(FV). Binding reactions of the HCh and LCh require a metal
ion-dependent linkage with the Al and A3 domains (Fay,
1988). Cuz"-binding sites have been identified in the Al and/
or A3 domains of FVIII (Tagliavacca et al, 1997). Ca*t also
binds to both chains, and recently, Ca**-binding site(s) in the
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HCh have been identified using site-directed mutagenesis
within residues 110126 in the Al domain (Wakabayashi et al,
2004). The binding site(s) in the LCh, however, remains to be
identified. FVIII activity can be reconstituted from isolated
HCh and LCh in the presence of metal ions, Cu®* and Ca**
(Fay, 1988). Cu’* enhances the inter-chain affinity by ¢.100-
fold rather than contributing to the specific activity of FVIII
(Wakabayashi et al, 2001), whilst Ca** promotes cofactor
activity by modulating the conformation of heterodimers on
membrane surfaces (Wakabayashi er al, 2005), indicating that
both metal ions, Ca®* and Cu’*, are essential for conserving
the functional structure of FVIIL

More recently, we have demonstrated that the cation-
exchange iminodiacetate resin resulted in the complete loss of
FVIIL activity by direct deprivation of metal ions, predomi-
nantly Ca**, from the molecules, but complex formation with
VWEF protected FVIII from the resin-induced degradation
(Takeyama et al, 2008). In the present study, we further
demonstrate that VWF protects the Ca’*-dependent confor-
mational structure of the FVIII LCh, especially the C2 domain,
indicating that the C2 domain may contain the Ca’*-binding
site(s).

Materials and methods

Reagents

Recombinant FVII (Kogenate FS®) was generous gifts from
Bayer Corp. Japan (Osaka, Japan). A ¢cDNA coding the C2
domain sequence of human FVIII was constructed, trans-
formed into Pichia pastoris cells and expressed in a yeast
secretion system (Takeshima et al, 2003). The recombinant C2
protein was purified by ammonium sulphate fractionation and
CM Sepharose (Amersham Bio-Science, Uppsala, Sweden).
Recombinant VWF was purchased from Hematologic Tech-
nologies, Inc. (Essex Junction, VT). Monoclonal antibodies
(mAb), C5 recognizing the Al domain and R8B12 recognizing
the A2 domain, were kind gifts from Dr. Fulcher (Scripps
Clinic Research Institute, La Jolla, CA, USA) and Dr Saenko
(University of Maryland, Baltimore, MD, USA), respectively.
Another anti-A2 mAb JR8 was obtained from JR Scientific Inc.
(Woodland, CA, USA). The mAbs NMC-VIII/10 and NMC-
VIII/5 recognizing the N-terminus of the A3 domain and the
C2 domain, respectively, were purified as previously described
(Shima et al, 1992, 1993). Inhibitor alloantibodies (alloAbs)
with C2 epitopes were obtained from multi-transfused patients
with severe haemophilia A. 1gG preparations were fractionated
by affinity chromatography using protein A Sepharose (Amer-
sham Bio-Sciences). Biotinylated IgG was prepared using
N-hydroxysuccinimido-biotin (Pierce, Rockford, 1L, USA).
Cation-exchange iminodiacetate resin was obtained from
Muromachi Chemicals (Fukuoka, Japan) and was stored
according to the manufacturer’s instruction. Phospholipid
vesicles containing 10% phosphatidylserine, 60% phosphati-
dyicholine, and 30% phosphatidylethanolamine (Avanti Polar

Lipid Inc., Alabaster, AL, USA) were prepared as previously
described (Mimms et al, 1981).

Preparation of resin-treated FVIII and C2

The iminodiacetate resin was dialyzed in 09% NaCl buffer
with 0:1% EDTA for 4 h at 4°C to remove free metal ions in
the resins, followed by further dialysis in 0-9% NaCl buffer
overnight prior to use (Takeyama et al, 2008). Proteins were
mixed with 10% (w/v) resin in polystyrene tubes for 4 h at 22
°C with stirring. After centrifuging at 3000 g, the supernatants
were adjusted to a standard volume with 10 mmol/l HEPES
buffer, pH 7-0, prior to analysis.

Measurement of Ca’* concentrations in C2

Samples were heated at 95 °C for 2 min and centrifuged at
5000 g for 30 min (Takeyama et al, 2008), The Ca>* concen-
trations in the supernatant were measured in the modification
by the o-cresolphthalein complexone method (Connerty &
Briggs, 1966, Sysmex Corporation, Kobe, Japan). The lowest
limited value for detection in this assays using the spectro-
photometer was 0-0125 mmol/i.

Surface plasmon resonance (SPR)-based assay

The kinetics of FVII (or C2) interaction with VWF or
phospholipid vesicles was determined using a BlAcore X
instrument (BlAcore AB, Uppsala, Sweden). VWF or phos-
pholipid vesicles was covalently coupled to the surfaces of CM5
and HPA sensor chips at density of 10 or 5ng/mm?
respectively. Binding (association) of the ligand was monitored
in filtered, degassed buffer (10 mmol/l HEPES pH 74,
150 mmol/l NaCl, 0-005% polysorbate 20) at a flow rate of
10 pl/min. Dissociation was monitored for 2 min. After each
analysis, chip surfaces were regenerated by treatment with
20 mmol/l NaOH for 1 min. The rate constants of association
(kon) and dissociation (ko) were determined by nonlinear
regression analysis using the evaluation software provided by
BlAcore AB. Equilibrium dissociation constants (K,) were
calculated as kyge/k,n.

Enzyme-linked immunosorbent assay (ELISA) for the
detection of HCh and LCh of FVIII

Both chains of FVIH were detected by ELISA that was
modified according to previous reports (Shima et al, 1993).
Two anti-A2 mAbs with different epitopes, JR8 (for capture)
and biotinylated R8B12 (for detection), were used for analysis
of the HCh. For detection of the LCh, an alloAb with C2
epitope (for capture) and a biotinylated C2 antibody (for
detection) were used. The amounts of bound HCh and LCh
were determined using a streptavidin-linked horseradish
peroxidase with o-phenylenenediamine dihydrochloride as
substrate.
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