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fied from the patient’s plasma by Protein A-Sepharose chroma-
tography as previously described (11). Synthetic “acquired” hae-
mophilic blood were prepared by incubating control whole blood
with varying concentrations of purified inhibitor IgG, at final in-
hibitor IgG titres of 5 (#1), 10 (#2), and 20 (#3) Bethesda U/ml
(» Table 1). The remaining FVIII clotting activities and inhibitor
titres in corresponding plasma samples, measured by activated
partial thromboplastin time (aPTT)-based assay, are also included
in the B-Table 1.

Statistical analysis

Statistical differences between two groups of data were evaluated
by Student’s t-test. In case of multiple comparisons, two-way fac-
torial ANOVA was employed. P-values < 0.05 were considered to
denote statistical significance.

Results

Preparation of VWF-coated glass surfaces containing
varying concentrations of FVIII

Various concentrations of recombinant FVIII were incubated with
a glass plate which had been coated with FVIII-free VWE After
non-adherent proteins were extensively washed out, amounts of
FVIII immobilised onto VWF-coated glass surface (I-FVIII) were
determined by the ELISA-based assay. Thus, I-FVIII increased as a
function of recombinant FVIII added to a VWF-coated surface,
reaching plateau at the FVIII concentrations greater than 5 U/ml
(»Figure 1). As a result, various VWF-coated glass plates with
different I-FVIII density (del-FVIII as a control, #A, #B, #C and
#D as indicated in the P> Figure 1) were successfully prepared.

Figure 1: Preparation of VWF-coated glass
surfaces containing varying concentrations
of FVIIl. A glass plate was coated with FVIil-

Enzyme intensity (OD 492 nm)

free VWF and recombinant FVIli (0, 0.1, 0.5, 1,
2.5,5, or 10 U/ml). Each data point represents
mean =+ standard deviation (SD) of three inde-
pendent experiments. Note that I-FVIIl as deter-
mined by the enzyme activity at optical density
492 nm increased as a function of recombinant
FVIIl added to a VWF-coated surface, reaching
plateau at the FVIIl concentrations greater than
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. 5 U/ml. Thus, various VWF-coated glass plates
10 with different I-FVIIl density (del-FVIIl as a con-
trol, #A, #B, #C and #D as indicated in the fig-
ure) were prepared.

Figure 2: Time course of platelet adhesion
and aggregation on a VWF-coated surface
in the presence or absence of I-FVIIl under
high or low shear rate condition. Whole
blood from healthy volunteers containing DiOC6

(1 pM)-labelled platelets, mildly anticoagulated
with argatroban, was perfused over a VWF-
coated glass surface with (#D) or without (del-
FVII) I-FVIIL under high (1,500 s7) or low (250
s~') shear rate. The process of platelet adhesion
and aggregation was evaluated by the surface
coverage of thrombi generated at the time
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points indicated in the figure. Each data point
represents mean =+ SD of three independent per-
fusions using blood from three individual do-
nors.
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Effects of I-FVIIl on platelet adhesion and
aggregation on VWF-coated surface under high or
low shear rate condition

To evaluate the effects of I-FVIII on basic platelet functions under
flow conditions, whole blood was perfused over a VWE-coated glass
surface in the presence (#D-plate; B Figure 1) or absence (del-IFVIIT)
of I-FVIII under a high (1,500 s™') or low (250 s™!) shear rate condi-
tion. The process of platelet adhesion and aggregation was evaluated
by the time-course of surface coverage or volume of platelet thrombi
generated on a VWF-coated glass surface. No significant differences

in thrombus size were confirmed in those two groups (with or without
[-BVIIIL) under both high and low shear rate conditions (B>Figure 2).
Thus, I-EVIIL does not seem critically involved in the platelet adhesion
and aggregation under flow conditions.

Effects of I-FVIIl on fibrin generation within thrombi
generated on VWF-coated surface under high or low
shear rate condition

Intra-thrombus fibrin generation was evaluated under flow condi-
tions. [n contrast to the basic platelet functions, the fluorescent 3D
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Figure 3: Functional evaluation of FVIIl bound to VWF immobilised
on a glass surface (I-FVIIl). A) Visual evaluation of I-FVIIl on fibrin gener-
ation within thrombi generated on VWF-coated surface under high shear rate
condition. Citrated whole blood from healthy volunteers was perfused over a
VWF-coated glass surface with or without I-FVill under high (1,500 s™') shear
rate. Just prior to perfusion, CaCl, was added to the sample blood (8 mM) to
initiate blood coagulation responses. Thrombi generated on VWF-coated
glass surface at 7 min-perfusion in the presence (D) or absence (del-FVill) of
I-FVIli under 1,500 s~ shear were fixed, double-stained (FITC-fibrinogen:
green and Cy3-fibrin; red) and viewed by CLSM. The 3D images of thrombi
were representative of five independent flow experiments (original magnifi-
cations: X 600). Merged 3D images, obtained by superimposing two images
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of the identical portion, indicate that I-FVill enhances the intra-thrombus fi-
brin deposition under high shear rate condition. B) Effects of I-FVIil on fibrin
generation within thrombi generated on VWF-coated surface under high or
low shear rate condition. Experimental conditions were as described in the
legend to panel A. Thrombi generated on various VWF-coated glass surfaces
at 7 min after perfusion were fixed, double-stained and viewed by CLSM.
Bars represent mean (+ SD) fibrin/fibrinogen ratio in 25 defined areas (each
133 x 100 mm) examined (5 areas randomly selected in 5 independent perfu-
stons of blood from 5 individual donors). Note that the intra-thrombus fibrin
generation, as a function of I-FVIll, significantly (*p < 0.01) increased as
compared to those generated in the absence of [-FVIl (del-FVIII) under high
shear rate, while no effects of I-FVIil were observed under low shear rate.

Thrombaosis and Haemostasis 110.2/2013

—3b9—



320

Doi et al. Immobilised FVIII under whole blood flow

images indicate that I-FVIII enhances the intra-thrombus fibrin
deposition under high shear rate condition (& Figure 3A). Statisti-
cal analysis also confirmed that the intra-thrombus fibrin gener-
ation, as a function of I-FVIIL, significantly increased as compared
to those generated in the absence of I-FVIII (del-FVIII) under
high shear rate, while no effects of I-FVIII were observed under
low shear rate (B Figure 3B).

Effects of I-FVIII or S-FVIII on intra-thrombus fibrin
generation in perfusion of synthetic “acquired”
haemophilic blood under high shear rate condition

Synthetic “acquired” haemophilic blood (see B Table 1) was per-
fused over a VWF-surface in the presence or absence of I-FVIII
under high shear rate condition (1,500 s™). In some experiments
to evaluate S-FVIII, recombinant FVIII was added in sample syn-
thetic haemophilic blood 30 min prior to perfusion. As shown in
the B Figure 4, I-FVIII significantly increased fibrin generation
within synthetic haemophilic thrombi in the absence of S-FVIIL
The fibrin/fibrinogen ratios of haemophilic thrombi in the pres-
ence of I-FVIII are nearly equal to that of control thrombi in the

absence of I-FVIII (B Figure 4). Note also that these I-FVIII ef-
fects are unvarying regardless of anti-FVIII inhibitor levels in syn-
thetic haemophilic blood, while the effects of S-FVIII was totally
abolished at the higher inhibitor levels,

Discussion

The blood coagulation process, essential for thrombosis and
haemostasis, is a solid-phase event that occurs on cell surfaces of
activated platelets or endothelium (3, 17). Under rapid blood flow
in vivo, immobilisation of clotting factors on a thrombogenic sur-
face could be crucial for the proper coagulation responses in such
solid-phase blood coagulation. In this context, we here proposed a
novel concept of “I-FVIII” (FVIII-VWF complex immobilised to a
surface), and evaluated the functional relevance of I-FVIII, dis-
criminating from S-FVIII, under experimental whole blood flow
conditions.

To evaluate physiologic relevance of I-FVIII, we first compared
the overall process of mural thrombus formation on FVIII-free
VWE immobilised to a glass surface with that on native FVIII-
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Figure 4: Effects of I-FVUII or S-FVIIl on intra-thrombus fibrin gener-
ation in perfusion of synthetic “"acquired” haemophilic blood under
high shear rate condition. Experimental conditions are as described in the
legend to Figure 3. Citrated whole blood from healthy donors rendered hae-
mophilic by anti-FVIll human antibody was perfused over a VWF-surface in
the presence (#D; indicated as "+ (plus)” in the I-FVIIl column) or absence
(del-FVill; indicated as * - (minus) “) of I-FVIIl under high shear rate condi-
tion (1,500 s™'). Such synthetic “acquired” haemophilic blood was prepared
by incubating control whole blood with varying concentrations of purified in-
hibitor 1gG (see Table 1). In some experiments to evaluate S-FVIII, recombi-
nant FVill (3 U/ml) was added in sample synthetic haemophilic blood 30 min
prior to perfusion (indicated as “+"-in the S-FVIIl column; the “+" symbol in
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parenthesis represents inherent FVIIl present in normal blood). Bars repre-
sent mean (+ SD) fibrin/fibrinogen ratio of thrombi generated at 7-min perfu-
sion in 15 defined areas (each 133 x 100 pm) examined (5 areas randomly
selected in 3 independent sets of experiment using blood from 3 individual
donors). Note that I-FVIII significantly (*p < 0.01) increased fibrin generation
within synthetic haemophilic thrombi in the absence of S-FViil. The fibrin/fi-
brinogen ratios of haemophilic thrombi in the presence of I-FVIIl are nearly
equal (n.s., not significant) to that of control thrombi in the absence of I-FVIII
{see the right end and left end bars). Nate also that these I-FVIHI effects are
unvarying (n.s., not significant) regardless of anti-FVIll inhibitor levels in syn-
thetic haemophilic blood, while the effects of S-FVIIl was totally abolished at
the higher inhibitor levels.
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VWF complex under flow conditions. In terms of the size of pla-
telet thrombi as well as intra-thrombus fibrin generation, no sig-
nificant differences were confirmed among those two surfaces
under both high and low shear rate conditions (results not shown),
suggesting the limited contribution of native I-FVIII in this regard.
This consequence is not surprising because only one out of over 50
VWEF subunits is presumably occupied by FVIII molecule in native
FVIII-VWE complex (6, 18, 19). In order to further explore the
functional relevance of I-FVIII, we therefore exploited this FVIIIL-
binding capacity of native VWF immobilised to the surface. We
added an excess amount of exogenous FVIII to immobilised VWE
and successfully prepared several VWF-surfaces with different
I-FVIII density (» Figure 1).

Despite sufficient levels of S-FVIII inherently present in normal
control blood, I-FVIII significantly enhanced blood coagulation in
a concentration-dependent manner within platelet thrombi under
high shear rate conditions (M Figure 3), albeit with no appreciable
effects on basic platelet functions (™ Figure 2). In general, the in-
crease of fibrin generation is associated with the increase of final
thrombus volume under such high shear rate conditions (7). These
discrepant results may be due at least in part to the different anti-
coagulation of sample blood; i.e. a small amount of thrombin in-
hibitor argatroban was used for the evaluation of platelet adhesion
and aggregation, while the intra-thrombus fibrin generation was
evaluated with recalcified citrated blood.

Unlike classic coagulation assays such as aPTT that evaluate fi-
brin clot formation in soluble phase, the intra-thrombus fibrin
generation in our experimental approach reflects solid-phase
blood coagulation on platelet surfaces and may be more represen-
tative of in vivo haemostasis (3, 17). Thus, it is assumed that local
concentrations of several clotting factors must be sustained for the
proper protease-substrate reactions under blood rheological situ-
ations in vivo (20-22). In this regard, when clotting factors are
tightly immobilised on local thrombogenic sites, they may work
better under blood flow conditions than those flowing in the
bloodstream. Indeed, this scenario may be consistent with our ob-
servations that the effects of I-FVIII on solid-phase blood coagu-
lation are very profound under high shear rate conditions (» Fig-
ure 3B), where blood flow is so rapid that soluble blood clotting
proteins could be easily washed out from the local thrombogenic
sites. In contrast, S-FVIII may be able to contribute more effi-
ciently to flow-dependent fibrin generation in the absence of
I-FVIII under low shear rate conditions where blood flow is
relatively slow.

In light of recent modelling studies incorporating the coagu-
lation cascade and platelet deposition under flow, thrombus
growth is assumed to be limited by the transport of clotting factor
zymogens into the interior of thrombus (20, 22). I-FVIII fixed at
the central core of generating thrombi could be apparently advan-
tageous for such coagulation responses under flow, as compared to
S-FVIII which must bind first to platelet surfaces and penetrate
into thrombus against blood flow. Thus, an unusually high density
of I-FVIII bound to VWEF on the basal layer of a thrombogenic
surface can sufficiently compensate for the complete lack of
S-FVIII in the bloodstream, as seen in the synthetic “acquired”

© Schattauer 2013

What is known about this topic?

o Coagulation factor VIll (FVI1I) plays a pivotal role as a cofactor in
factor X activation by activated factor IX, thus drastically amplify-
ing thrombin generation in the coagulation process.

® Physiologic activity of FVIll is so far evaluated mostly by plasma
coagulation assays that determine the capability of fibrin clot
formation in closed stirring systems in vitro.

e However, experimental conditions of such soluble-phase assays
differ considerably from in vivo haemostatic canditions, in which

solid-phase blood coagulation accurs on platelet surfaces under
whole blood flow.

What does this paper add?

o We focused on FVIil-von Willebrand factor (VWF) complex im-
mobilised to thrombogenic surfaces as a solid-phase source of
FVIII (immobilised FVIII; I-FVII), and were able to discriminate be-
tween I-FVIIl and those circulating in the bloodstream (soluble
FVIIL; S-FVil). '

e Using a perfusion chamber system, we show that I-FVIII, indepen-
dent of S-FVIII, plays a role in the intra-thrombus fibrin-network
formation in mural thrombus generation under high shear rate
conditions. In the absence of S-FVIII, I-FVIIl normalised in a dose-
dependent manner the reduced fibrin deposition in synthetic hae-
mophilic blood regardless of the circulating anti-FVIIl inhibitor
titre,

® Qur results may imply the alternative therapeutic potentials of
targeting I-FVIII for patients with haemophilia and high titre anti-
FVIIl inhibitors.

haemophilic blood (»Table 1, P Figure 4). Interestingly, the ef-
fects of I-FVIII on synthetic haemophilic blood, unlike S-FVIII,
were unvarying regardless of the anti-FVIII inhibitor titre in the
blood under high shear flow conditions (» Figure 4). Presumably,
anti-FVIII IgGs in the bloodstream cannot easily interact with and
neutralise I-FVIII when blood flow is quite fast as is the case under
high shear rate conditions.

Taken together, these findings may give a clue for a novel thera-
peutic approach against patients with haemophilia and high titer
of anti-FVIII inhibitors. Since I-FVIII bound to VWF at sites of
vessel injury is more resistant to inhibitor attack compared to
S-FVIII, I-FVIII could effectively enhance the coagulation poten-
tials of blood from such haemophilic patients.
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B3 s, BEENDSEWETEHBY, Fischer HITE
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MWFEZEMEL TOABEMNRAMCEL = & &, B
DIRBA BLFTiE & o EHIA S 5N TWR WS T
SESLESHRERDEETHIET S5 &b U EDO
RThDIEE2EHHTNDO, L, EREERR
HENC LD HEEN OETRNEBHWEEDH Y,
EHHEFT ORI TR T 2 BENSHINT 2 2 Ev+40r5
A5NB,

oI 1> eEs—BiEflogR

1 e EY —OFREZTMARFEDILMHEFICHBIT B HEK
BEETHY, BETHDD, 1 EEF—DOFRERIT
EREMAR A B3E T 20~30%, HEIEMER B T3~5%
EMRBEADFTMNEN, 1 ey —BHEFoBIRE
B, 1oy —0FRERESIE 1 EEY—D
WEEIEIND &, 1o EY—BERAIICbH Rk
BREEMITAIETH S,

1. A Ey—REEREF

1 EY—OREZEE DL, 1EEY—D
BREBREZHSMILTAS Y EEY—DR4EY X0 &7
ETBENETHNETHD, 1 oEEY—DFEY X
ZIIRKE BEMETFEIFEGEMRTICMTONS, #
GRETELUTI, % VIDETH %W X BT o
EFRENEECDH S, BHIC, R%E (> bO 22
e, ) bR PABAERRBREDONDY S null BETF
BEWRITISA Y —FERIIEINTUR VR
TFREEEZONTVWS, LMALARNS, IEKFEDORS
ERSKELEFEMEICLSE, BT UBEETREE
12 EEY—REN—FLREWRENSHD, ZOMD
BRI X7 OFEEDRBEIND, Astermark 513,
IL-10, TNFa, CTLA4 /2 & DBREFNA P EEY—D
FAECEET S ERRELTNBY,

BEHOESMAEABIC LD L EY —OFRETFHD
BIzDOWTI, ROOHEEOVEDTHD, ORI
FEHHHRBENA T FBEEID I B EY —OFESE
MEN> I EN Canal IER I VFEEREINEZZ &
L2 MHBGEEPCBRREEOREDOLDIEVDWY S dan-
ger signal ZEM & LA U e By —REMF ORI
TEIDVTNG, £ HIWERSHERETZ 10,02
A5 25 B /kg W1 B THRHHBELTA > EEY—DOFR
EY R OEW 505 HEE T FVII Hl# <> danger
signal Z2F5%, LIS EEZEP L THGHMZR <
7O b3V TA e EY —DFRERNRERD 1 RIH
FEERIVDET LA ESREINED, LaLay
5ZAUNIE—EROMET, BHERICLDIERNSBET
H5.

BETFHAHAE FVIL&EA FVID &ifniEdask
FVII 8% (pdFVIID) & OETA b EY—DFRERIZ

B R i Wb54:2

DNTENHBONT OV TR ITERITH TV
WH?  Mancuso 5 i BIAIG], WMHOHMER O > &
Ey—RAERICHET S aR— MAEREBLEZY,
BHEEI 721 TH D, BERLBES > EY —F4E
ERIRITERE M AW A 565 §lH 27% T, pdFVIII,
fFVIL Tl e Fh 22%, 9% TH-o /=, T BT,
high responding il 22% T, BF(FITIL 18%, 44% &
&A1 >k ¥ —PB LU high responding inhibitor & %12
FVIN > pdFVIL Tdh o fe, Eie, HHIOHER T
rh TRl AR, RS pd VI 8434, «FVIIH 8FITo -
CEEY-FAERITETNFN 18%, 34%, 43% &l
EDA b EY—RERNEEINTND Z EXRE
AN, BORFER S 7z 2000~2010 I E FN - BEE
AT A B3 574 4% %4 & Lz RODIN study @%ﬁ]ﬁ
HEICEDE, 1y —OFRAERT MY BRI S
BETHARA A OB TRERREN TN &,
von Willebrand RTFDOEEFOREEHBEELEWVWI &,
EoE, H2HAD FVIIMA DA > EY —FAER
NEIHROFVINI EIDERICENEVWSERTH
29, HWEE T EY—DORERIIDNWTIINEEZ
HERDZNWEZATHD, HmiZHTWEWn, KDL
MIETBDIIRMAERELRENLETH S, B
TE, SEHE pdFVII 845 & (FVIT HANC X B RTFAE A
Zr (SIPPET study; Survey of Inhibitors in Plasama
Product Exposed Toddlers) DZEEEZN T3, HHE
THEEFHE LA ANFHEBEEOZFOBREEZD
EOHEOTIRICEAT SWERICTBNWTA e ESY —F4E
BEOEEBRAENEMRS Nz, 41 GRS 116501
CEEF—EFINBEEINE, 1 EY —FAEREFE
HERTHEZOH H2ERRTFIZHFEEMT TR
DEEE (p0.0243), AR AT > EEY —OFIEKE (p
0.0001), FVII WAIMERERFOFHT, TP F1 v
JERBERTIEA > EEY—DOREBOHERETH o
72 pdFVIIL #HE OB ZEER L& (FVILEE 0 5%
FHRLEBREOBMTTI e EY—DORAERIZEZR SN
Bhoi®, ;
2. SETICREROHDIEE (PIPs) ITBI1TH1 >
EES -4
HEAEEFRDOA L EY—RERELT, IhETtH
HRIEFCARBEINTOARY, BHEFELRDA >
LESY—FREYRAT AT 5201I1E, SETITHE
D dH %HEE (PTPs: Previously Treated Patients) T®
A EY —RERITHTA T —INLETH 3,
Alfonso 5 DBV IC X B & PTPs CHIFT BT U E
& — F YT 1995 £ 0 Colvin & DIFE? T 1.5%,
Darby 5 (2004 4F) D 3RE® TIF 15 LI LT 2.0%,
5~14 £ T 2.9%, Kempton (2006 £F) 5 DI{/EY Tl
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21%, D Hay &5 D%E (2011 )P Tl 10~49 5%
T53%, 50~59 K TH2%Ths, LEMNDT, 2~5%
HER PTPs ITBIT R EY —FERENWE D, H
BRIENW T L IZIAEE L, PTPs D1 b EY —FERM L
BLTWBZETHB, ERE, 1995 4£E 2011 £TIL 3
BOEND D, PTPs BT D1 e EF—DF4EICH
FTHHEBNEFSTERZE, 12 EY—DHEIEMNL
DHEEICZ>TNBZ EN, 1 EY—REZDOEM
DREEELLGNDD, —HCEHBARBEEOERICEX
VEFIOBREENEINL TS Z EPRHEFOEEMNLD
IO TERIEDHFERTERN,

Aledort 5132 ER @ rFVII 8% (FL+FVID & B R
A 2B fFVID (BDDFVIID) 05 #2177 PTPs
KBYBA 2 EEY—REXDWTAIBERNZ{TO
720, BN R ETI S = AEPIZEIL 29 TEF 3,012 D
PIPs EENTNDB, TDIHE, 1 > EEY—DRE
Bl 35 B CHEAERIT 1.25% TH > /=, BDD-rFVIII IZE]
Bl b EY—RERIFLLFVII KO EETHD
J2o UL7dio T, EFH 51X BDDFVII O RE R A
FL4FVI KD BENWZ E2BXTNWS, LhLiads,
EHFEIZOWTIE BDDAFVIT 2 EE Lisho/=a 2
O—JEORMIZID2HEAHFRIIEH/FEL TN
627,28)0

WINIZLTDH, BRRFETIRERZEEELI EEY—
FELDOHEEMHICETAHSIRIETFT > XN,
PTPIcBIT B A L EY —RARICET ERNT—
Fet+apizar hn—)L2EEBLZRERENLETH
5, ME2ODO0REMFE S 2o b (EUHASS:
European Hemophilia Surveillance Scheme®), (The Na-
tional Institutes of Health inhibitor study®®) »SZEfEXh
N3,

3. REEREAFZOBRERE

A EEY—DOEEEEINDREEREE (TL In-
mmune tolerance induction) D& AMEIZERAIZRME
N, ITMREHBENETHS > EEY—BHENOEERBE
HEIZRE-o T3, LMLEMNS, BBoyrI Yy, &
g, BFOERBEZVEECEREIN TN,
M oEHELEFOREECEE L OBEEICDW
T, 2002 5 ERLRFESEBI N, KAEH
OHIFERAL N > fe & ERE TEPZEE Pk &z
=, BE, ZhETOMERBENERINALY,

1. REEAEABEERERREORKRE

AWFENT 17 N E, 570 ERMSSINL i S EES
FETCIEFALNINEEN, ZBEDBSML TY

. BEOHEEZ, BEORKFA 1T2EES—HHED
BEEEEN 5~200BU/ml, BERHO1 > EY—H
ffihs 10 BU/ml &3, 1 > EY—H{ 12 ALK
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IZ10BU/ml kicia b 2 &, BREEOEEDN 8 AR
Tha, ITIosoba—)liE, BHER (200 Bfi/kg
HEH&S), EAER G0 BA/kg3 B/ T, g 115
FEGIASEIE LN BERICRD 2T o NE, KTLE
FEFIE 78 B TEARINFIE 37 B, EBHELTHHI 3 41T
Hol.

1) ITI BRSET

BHEEMITIC X3 EEERITIRIETFL, 5%T
DAY —BEE (00020 &ITIHOESE (@
0.002) THo, LA Ladd, SLEEMITTCIIE
BHOA e EY—NERREOHNEETH o 2.
PER, ITIBMERD 1 > E By —NilintE BRI
FLEZSNTNSH TR International Immune
Tolerance Registry®?, NAITR: North American Immune
Tolerance Registry®™), AHIFETIZ 3 Tz ITI FRtARE
DA e E&Z—NlA<10 BU/ml DBEHFOELENH
729, RUETFELTOEERTHS M Thaho
oo LDNLIHRS, ZOKBEIE, ITIFBROT >k
E¥—I3 <10BU/ml THNIZDHEENTO A > &
ES — IR EICEGRLAENWI EEBRLTWS,

2) BHREERBICBIIRIETOME &1

1 EEY—HEBLUTS Y EY—HENSIER
ENREETOHBTIEIEAE (D) BLOHIENE
BICLEMAE (D) BTHELTERL TWE,
EEENEETOLITIHBICBNWTERZRA 5N
aholz,

3) ITI S oEmER (& 2)

ITI SR OHImELIE LD B> NEERS
Mol (p0.019). RIGEWERERICEEES 5 &, Hifn
F#OAEET L EY —HEE TOMETHS»
THolkh, HEE ENENERICERDETOHE
BWTHEERERASNRMho .

4) 3% & ITI BEThR

VWF S8 HFHDORINEN X THBHDITH LT,
EHIE FVII &R ORI 29% &, vWF &8 FVII
BEINELOEY THB I L2 BANMEAETTHRESN
TWB¥, LaLREA5, ITIRIER &K & oEE
HEIEDVWTRHWELECHEROZNWEZSZTH DY, &
B 0 EBRBFZE TiE, 90% 2% rFVII &F2:E2IR L TH
D, ZOBBIZELTHSARIEF A Z2HE5T
ZERTERM . B, ITIEEHEOARARBRY Y
B GEEOA>EES — IS E>200 BU/mI
ITI g O > e EY —Hfi>10BU/ml, 1 > EE
& —2Wh 5 >5EFR) E2RHRICVWEF SFEED
B rFVIIT 841 200 BAL/kg #2512 &k % ITI ORI
ZFPE (RESISTHIZD) MEMEI N TNBI,

—366—



B K M ¥&54:2

F 1 WHEFEEICBT D T S ERE = C oMM
F gL
P value
{5 BERE T AT
n=29 n=31
(ExXU o H =0 R
BU [&f4LETOMRE (n=60) 02 (L9170 46 G813 0.017
. . o n=27 n=23
EURSEEALECOMB (=500 o0 T 69 B5119) 0.001
N7 o : - n=25 n=22
FRER LT (=4D 156 (108~220) 106 (59~205 00
xR 2 FBIREETIEREICBY A HnR (&HmE/H)
ITI O % B i TR g g IQ Range P value
’ . R 063 056 0.09~0.89
BUBMHERT  wmmm o028 000  000~04a 000
[EAER 0157 000 0.00~0.07
ST A <
FUMCRERACET  ommm 0037 000 000~000 O
sy e GFREE 0150 000  0.00~0.15
FRMEREET  ommm 008 000 000~000 OO
} e PR 0175 0151  0.00~0.22
AT w0102 0000 o00~023 M2

2. MEHBA>EEY—DITI

MEFEB 1 > EEY—® ITL I DWW TIRER I
B, EohnER IO INEELR WV,
NAITR Tl mshE=iL 5/16 il (31%) Thol. Ei,
MABEBT > EEY—DITIEHBICIBWTIET LIV
F—fERP R 7 O—TERHOFREY R 7 & THITRHE
EBBENH BN, BT, PUIE-BEOHIEE
DNTIED SN UDRBIEEZRANTRETHDP,
3. 50 ITI OHE

EBRPIZE O RN 5 IR 5 RIT D W TR R ThZR
ICIREMNIRNWT ENBESNIRo =M, T EEY—iH
ETOHMA HD B TREEBREL, £k, HmE
BHORNWI EMHBALE, EB hs50EREHDN
EOITIBRBRICEDLDICRKMTEINMNIEDLO TEET
H5, Fh, BE5OEME EEEENAMEAREKL R
ERA2EBLTHRETILNENDD. HOHOEBREZETIZ
HEER5ERN PR HD O ITI HEEL THLWhd
Lk, =27, T ORMEERITORBETISI
FLEXEBITIIERND D, HREENT TO0—FO
BABRELEbNS,

IV Hiif e b A R H O AR

AR AR O I ERREERO&FEELLT, &
KRERdTB L, BENEETHBIE, 12E
F—EENCLEYTH B LR ENBET B NS, BIR
T, NS OEMERETEANRVA, & o
T < F S OILEBEMFNEFE IR TV S,

1. HTFPI &%

IHE O BEE SIS Monroe 5 D328 U 7= { iR E AR T
EEFITEHBINTNWS, KEFIIVICESE, HIAR
BIBE, HBHET (TF: Tissue factor) AEHEZIE VI
HF FVila) EHEELUTEXET FX SEEREX
HF (FXa) IKEHIND nitiation), FXa lZMED
rOSEDREEXELN, ZOBETIEI Ty %
BT 2 IEAR T4 TH 2000/ R, FVIIN, %5 VETF
FV) 2EMET A ZEICLVEERISITEEL
(Propagation), #HEHMIC PO E UBERMICEEX
N (Thrombin burst) RELZT 1+ 7Y BRI D,
Initiation 8@ FVIla/TF O#EEEIL, MK FRE > &
¥ & — (TFPI: Tissue factor pathway inhibitor) 1z 0 &
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HEnTWs, LER-ST, TFRI2 70y 73352 &
kD, IEZhRZ2EHEHETDHIENTES, Z0aE
7T, FLTFPIYE, 7 7¥~<—, bk, RTIF R
EMNRAREINTWSA, &, b MG TFPL IR OE
1 HEERRBEMSHB I N, IEABADERRETIVICE
HhZ28592 & APTTIZIEEMAL, HImER 24,
FRITE D Z EMREEINEY,

2. FVII (XENA ARL T 4 v OH&K

FVIII 13 FIXa io & 3 FX B EREOMEF & U TH
BELTWS EEMANTEREDN, FOMETHEORE
#REXbho Thizho -, FVILIL FXa £ EGICH
7% Km #{EF &4, Vmax 2492 F{EEMEE5, L
oMo T, FVILIERERGROEEERETH S FXa E
REIEDOTY 72V 0%E%EFT %, FVIL A FXa & FX
EOBIIAET S LICEL OO TIEA LT WIE
BRI BICHET B Z &N FVII ERTFERATH D LR
FHOHEIL, —HOFNRFKa, I3 —EFBFX &S
T3 2EBREDONA ART T 1 v I HEREE I
(X2 &HARe PMEETFEABRATAKE LT
FENMEBABBENRD APTTR O E k%
WETBHILE, HFVIIF&ERELTEZRINESL
BREMAR AETIVICEET 2 & HIERASHH

FVIID#EREE [ ?
FVilla

LzERFERINE (3P,
AEAIFRAHETHY, KTRSNTUETHS, =
512, ¥EHBEL, 1~2EE0%E5 THLTHL X
B TELWEEEND S, E5I1C, HTFPLHAE
I, FPFAROERBFICFVII EAIZEELTBS
T, A1 ey —0EFIIILLEBINRWL, T
51 Yy~ RERECBVTHIEEERELSL<A
EDEREHET B ENTEZAY Y MBS,

V mERERTFAERICEYT 28H

BEFHREINROOAREEL L TEDEFEINT
W5, HEEHTIEICE L TIE 20 £40H 5B E T 1,000
EHORMUMNEERINTNBZY, FIXBEETY T XA/
INTEMSMAR B OREFREICET 2PN
KR A X DEATWD, Adeno-associated Virus (AAV)
PREERREEEICINDATRARNZDIZbo &H
FRRBRIZ—ELTEAGNTE R, HANIHENE
FICLDBEENERTH o 20, FBRIZ—BHETH
D, Tk, RVI-IHTLERERLOEDITHRS 858
BIFXEEREFNPI X727 b MEILH
KTBZEMNHAL, BEKSHIZEEEEX 5Nz, St
Jude Children Hospital & University College London @

B2 NAARTT v ZHAED FVILEEREF
FEEAINAE VIDEF (FVh) BERRE X KT FXa) &EXRERT FX
O EL THRENVDLNEBERICRE LS ICTR— T3, Z0EDIT,
/a7 7 —FTH 3 FXaBEED FXIZHE - Eﬁ%éﬁ?ﬁﬁﬂ%){lﬂ?
(FXa) MERIND, NMART T4 v IHEE, —HFOFHNFKa, 5—F
FENFX 28HT 2 -DICAFIKIT FVIa &R FXa B FXICRELR2T W
MBREFRZDESTZEICKY PV SFAEOER2RIET 5,
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110
% g 80 -
—g) 95)_ - CQnt{ol
g‘g 70 T -3 hB523
= rpoFVIll |
50 | | :
0 1 : |
Time (d)
B3 NAZRRYT 4y I HEOHMLER AR A HILE
FNACBV B 1k fshiR

B FVIL Bk 2 4% U THESE L 7= BOVIADHE A £ 5FIVIC
Bl ZETS EANEFDE S LUK T3 578,
BENUHNAARY T 1 v ZHifk (hBS23) ##HkSE
THEANESOECOETIRMHE A, £ F0
FEIE T & FVII (rpoFVIID) RIS TH- .

B F — LV A B AY 7 SR E R T D BE A TRAL C b B PRI
BRYBETFRRENTE SRS AAVE XY & —&#i
BT LTz. BRI ¥ —d, REWENEL, YUY
IVTOEBTIRMEDNRY F—5 D 100 SR ENE
<, REFIRIZEMTIRETH 02, i, 6 AOMAR
B B#EEWERICKE ERETEARY ¥ —I L DIEERR R
WEEENED, 6 81INT Y —DFERIC, EFE
(ID: 2x 10" vg/kg), W&&E (ID: 6x10" vg/kg), &
B (HD: 2x10®) O 3BICHT 5N, H—6H (ILD)
IR & —HE51% 2 FRICHE D 2% D FIX iEM & #F
UEHfREEE T TH &N TERE, E26 (LD)
TE—p EFEE 2% O FIX 2 HEEFTERDLN, BED
BEVE D /- D I EHM AR OB S OMENBETH >
Joo E3HI (D) B 2% ZMFEL L, EHMHROFT
MARETH-o =, EF4 AD) X 4% %= 150 HichE
DHEEL, THHROLEREL B>k, EFS5 (HD)
WE5~T%ETLERLED, FBEATOLEREEDIZ
HELNE 3% ETET LA, BRLVEZTO0
FBETERTL, A7 RTEMEGZERL TWY
%, fEH 6 (HD) TiE FIX L X)L 8~10%ic#mL
A8, B35 8ABICAIT O LENAH SN FX OFHEL
ANE—BEICETLE. REFSZTOA REST
ALTIZET L, FIX B 5% THFL, HEHMB R T
B 5 b RERRETHEL TWS, ALT O EH®A
S5NZDEFWTND HD BT, NI & —IZXBFHE
BeERNRsy—0REBIHERTD ZENTEEINS,
SEONREF T HIVEYSE HCVRNAKE #
AAVS FiFEME &R DIBESINTWD, 514, JAHH
DOBEECHEETESD, KA OERTHEIIDN

BR PRk M ¥ 54:2

THBHNAETH AN ENRETH BN, MEHB
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The mild phenotype in severe hemophilia A with Arg1781His mutation
is associated with enhanced binding affinity of factor Vil for factor X

Kaji Yada'; Keiji Mogami’; Hironao Wakabayashi?; Philip J. Fay% Midori Shima!
'Department of Pediatrics, Nara Medical University, Kashihara, Nara, Japan; 2Department of Biochemistry and Biophysics, University of Rochester School, Rochester, New York, USA

Summary
The clinical severity.in some patients with’ ‘haemaphilia A.appears to

be-unrelated.to the levels of factor (F)VIll activity (FVIIEEC), but mech--
anisms are-poorly understood We:have: -investigated a-patient with-a.

FVIil gene mutation at Arg"*‘ to-His (R1781H) presenting with a mild
phenotype despite FVIII:C'0f 0:9 IU/dI. Rotational thromboelastometry

using’ ‘the patient’s-whole blood demonstrated that the:clot time and
clot fiminess were comparable to those usually observed at FVIIL:C:
5-10 1U/dL. Thrombin -and FXa-assays. tsing: plasma samplés: also’
' shuwed that. the peak Ievels of thrombin formation;and the initial rate:
of: FXa generation were: comparable o those observed at FVIIkC 5-10
1U/dL The results suggested:a: sugmﬁcantiy greater haemostatic poten--

tial it this-individual than-in-those with-severe. pheriotype. The addi-

tionvof incremental amunts of FX'to. control plasma with FVII:C'0.9.
1U/dlin clot waveform dnalyses suggested that:the enhanced func-.
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Introduction

Haemophilia A results from a deficiency or defect of the coagulant
protein, factor (F)VIII, and is the most common of the severe, in-
herited bleeding disorders. Clinical phenotype in haemophilia
generally correlates well with the level of FVIII activity (FVIIEC),
and on this basis, patients are classified into three categories: se-
vere (FVIILC <1 [U/dl), moderate (1-5 1U/dl), and mild type (>5
1U/dl). Patients with severe haemophilia A typically develop spon-
taneous haemorrhage into joints or muscles that require frequent
FVIII replacement (1, 2}. The severity and frequency of bleeding
may be different, however, in haemophiliacs with similar plasma
levels of FVIIL, and a mild bleeding phenotype has been reported
in 10-15% of individuals with severe plasma FVIII deficiency (1,
2). ‘The reasons for this heterogeneity of clinical expression in se-
vere haemophilia A remain to be fully clarified. A recent study by
Santagostino et al. (3) using multivariable logistic regression analy-
sis suggested that non-null mutations (for example missense mu-
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‘tional tenase assembly might have been related to changes:in associ-
‘ation between:FVill.and FX.To further: investigate this mechanism, we
prepared a stably expressed recombmant, B-domainless FVIil R1781H;
‘mutant. Thrombin generation-assays. using mixtures of control plasma:

and FVIIi:revealed. that the coagulation'function-observed with the

‘R1781H. mutant (09" 1U/dl) was comparable to that-séen with wild-.
‘type FVIl:C:at ~5 1U/dL In addition, the'R1781H mutant demonstrated

an-~1.9-fold decresse’in K;; for-FX:compated to’ ‘wild:type. These re-

'sults’ indicated. :that: relatlve!y enhanced “binding - afﬁmty ‘of .Fvlll

R1781H for.FX appeared.to moderate the severity.of the ‘haemophilia:
A phenotype,
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tations) of FVIII genes (F8) might represent the main determinant
for bleeding tendency. Other coagulation factors, including natural
anticoagulants, platelets, and fibrinolytic proteins appear to have
negligible roles as modulators of disease severity (4, 5).

Accurate measuremnents of blood coagulation in vitro are essen-
tial for complete clinical assessment of clotting function. Conven-
tional one-stage clotting assays (prothrombin time; PT and acti-
vated partial thromboplastin time; AP1'T) are useful for routine
Iaboratory examination, but they only partially reflect coagulation
in a non-physiological environment and are based on the classical
concepts of intrinsic and extrinsic cascade mechanisms. It might
be, therefore, that the use of this basic methodology might con-
tribute to the discrepancy between the coagulant activity and clini-
cal phenotype. More recently, interest has focused on global co-
agulation assays, developed from a better understanding of the co-
agulation reaction involving tissue factor (TF)-triggered, cell-
based mechanisms generating thrombin on activated platelets.
Tests of this nature such as thromboelastography, specific throm-
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bin generation tests, and clot waveform analysis have been estab-
lished (6-8). .

FVIII, which circulates in plasma in complex with von Wille-
brand factor, functions as a coefactor in the tenase complex, and is
responsible for phospholipid (PL)-dependent conversion of FX to
FXa by FIXa (9). FVII is synthesised as a single chain molecule
consisting of 2,332 amino acid residues with a molecular mass of
~300 kDa arranged into three domains, Al-A2-B-A3-C1-C2,
based on amino acid homology. FVIII is processed into a series of
metal ion-dependent heterodimers by cleavage at the B-A3 junc-
tion, generating a heavy chain consisting of the Al and A2 do-
mains together with heterogeneous fragments of proteolysed B do-
main linked to a light chain consisting of the A3, Cl, and C2 do-
mains (10). Assembly of the tenase complex is markedly enhanced
by conversion of FVIII to FVIlla following limited proteolysis by
thrombin (or FXa) (11). The coagulant activity of the tenase com-
plex is dependent on direct interaction of FVIlla with both FIXa
and FX on the PL vesicles (12).

We have identified a patient with severe haemophilia A
(FVIILC 0.9 1U/d]) with a mild bleeding tendency and with an F8
point mutation at Arg'™' to His (R1781H). The haemophilia A da-
tabase (HAMSTERs [13]) indicates that haemophiliacs with this
mutation are clinically heterogeneous and reflect phenotypes
ranging from severe to mild/moderate. We have investigated
mechanisms of FVIII deficiency in this individual using several
global coagulation assays and a recombinant FVIII mutant. The
assays demonstrated that coagulation function of the patient’s
native plasma (0.9 1U/dl) with the R1781H mutant was com-
parable to that usually obtained at levels of 5-10 1U/d] FVIILC.
This represented a 5-10-fold increased haemostatic potential, In
addition, the R1781H mutant showed an ~1.9-fold decrease in K,,,
for FX compared to wild type. The results suggested that the mild
bleeding tendency in this patient with the R1781H genetic defect
appeared to be related to the relatively enhanced binding affinity
of FVIII for FX.

Material and methods
Reagents

Recombinant FVIII was a generous gift from Bayer Corp. Japan
(Osaka, Japan). Recombinant lipidated TF (Innovin®; Dade Beh-
ring, Marburg, Germany), ellagic acid (Sysmex, Kobe, Japan),
thrombin-specific fluorogenic substrate (Bachem, Bubendorf,
Switzerland), and thrombin calibrator (Thrombinoscope, Maas-
tricht, Netherlands) were obtained from the indicated vendors.
Human thrombin, FIXa, FX, FXa (Hematologic Technologics Inc.
Essex, VT, USA), recombinant hirudin (Calbiochem, San Diego,
CA, USA), FXa substrate $-2222 (Chromogenix, Milano, ltaly)
and plasma-derived FVIII-deficient plasma (George King Bio-
medical, Overland Park, KS, USA) were commercially purchased.
PL vesicles containing 10% phosphatidylserine, 60% phosphatidyl-
choline, 30% phosphatidylethanolamine (Sigma-Aldrich, St Louis,
MO, USA) were prepared as previously described (14). The B-do-
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mainless FVIII expression construct RENeo FVIII and baby
hamster kidney cells were gifts kindly provided by Dr. Pete Lollar.

Patients’ plasma

Whole blood was obtained by venipuncture into tubes containing
1:9 volume of 3.8% (w/v) triscdium citrate. After centrifugation
for 15 minutes (min) at 1,500 x g, the plasma samples were stored
at -80°C, and thawed at 37°C immediately prior to the assays. The
levels of FVIIL:C and FVIIE:Ag were measured as reported pre-
viously (15). The blood samples were obtained from patients diag-
nosed by our research group and enrolled in the Nara Medical
University Haemophilia Program. All samples were obtained after
informed consent following local ethical guidelines.

DNA extraction and genotyping of F8

Genomic DNA was extracted from white blood cells with fully in-
formed patient’s consent. Intron 22 inversion and intron 1 inver-
sion analysis was performed by long distance PCR and by multi-
plex PCR, and 26 exons and their flanking regions of F8 were am-
plified by PCR using specific primers with a simple modification
as previously described (16). The PCR products were purified and
sequenced with a BigDye® terminator v1.1 cycle sequencing kit
(Applied Biosystems, Foster City, CA, USA) in an ABI PRISM™ 310
Genetic Analyzer (Applied Biosystems). ABI PRISM SeqScape*
(Applied Biosystems) software was used for mutation detection.
The nomenclature was based on the current recommendations
from HGVS (Human Genome Variation Society). The nucleotide
number was assigned according to the FVIII cDNA sequence from
A of the initiator ATG site as +1. The amino acid sequence num-
bering assigned the first residue of mature FVIII as +1, and thus
the initiator methionine was at the -19 position, as used in the F8
HAMSTeRS mutation database.

Mutagenesis, expression, and purification of wild-
type and variant FVIIl

Recombinant wild-type FVIII and FVIIl variant Argl781His
(R1781H) were constructed, expressed, and purified as described
previously (17). Resultant FVIII forms were typically >90% pure as
judged by SDS-PAGE with albumin representing the major con-
taminant. FVHI concentrations were measured using an enzyme-
linked immunosorbent assay, and FVIIL:C levels were determined
by one-stage clotting assay. FVIII samples were quick-frozen and
stored at -80°C

Rotational thromboelastometry (ROTEM)

ROTEM was performed using the Whole Blood Haemostasis Ana-
lyzer® (Pentapharm, Munich, Germany) (6). After drawing,
citrated whole blood was kept at rest for 30 min at room tempera-
ture and was used within 2 hours. At the start of measurement,
20 pl of CaCl, (final concentration, f.c., 12,5 mM) was added to the
whole blood (280 pl). Clot formation was assessed using clotting
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time (CT; the time from the start of measurement until detection
of clot firmness of 2 mm amplitude) and clot formation time
(CFT; the time from the initiation of clotting until detection of clot
firmness of 20 mm amplitude).

FXa generation assays
(i) plasma-based chromogenic assay

Coatest"SP FVIII kit (Chromogenix) was used according to the
manufacturer’s instructions. Plasma samples were mixed with ex-
cess amounts of FIXa/FX/PL in the supplied buffer, and the mix-
tures were incubated at 37°C as described previously (18). Hirudin
(2.5 1U/ml) was added to the mixtures to completely exclude feed-
back activation induced by the generated thrombin. FXa gener-
ation was initiated by the addition of CaCl, and $-2765. The initial
velocity rates were determined at 405 nm using Labsystems Multi-
skan Multisoft microplate reader (Labsystems, Helsinki, Finland).

(i) purified FXa generation assay

The rate of conversion of FX to FXa was monitored in a purified
system at 37°C (19). FVHI (5 nM) was activated by thrombin (10
nM) in the presence of PL vesicles (20 pM). Thrombin activity was
inhibited after 1 min by the addition of hirudin (2.5 1U/ml), and
FXa generation was initiated by the addition of FIXaand FX at the
indicated concentrations. Aliquots were removed at appropriate
times to assess the initial rates of product formation and were
mixed with EDTA (f.c. 50 mM) to quench the reactions. Rates of
FXa generation were measured by the addition of specific chromo-
genic substrate, $-2222 (f.c. 0.46 mM). Reactions were read at 405
nm using microplate reader.

Clot waveform analysis

APTT measurements were performed using the MDA-{I"Haemo-
stasis System (Trinity Biotech, Dublin, Ireland). The clot wave-
forms obtained were computer-processed using the commercial
kinetic algorithm (7). The minimum value of the first derivative
{minl) was calculated as an indicator of the maximum velocity of
coagulation achieved. The second derivative of the transmittance
data reflects the acceleration of the reaction at any given time
point. The minimum value of the second derivative (min2) was
calculated as an index of the maximum acceleration of the reaction
achieved. Since the minimum of minl and min2 are derived from
negative changes, the data were expressed as {min1| and |min2], re-
spectively. The clot time was defined as the time until the start of
coagulation,

Thrombin generation assay

The calibrated automated thrombin generation assay (Thrombi-
noscope) was performed as previously described (8). Although a
small amount of TF is generally used as a trigger reagent, the sensi-
tivity of this original assay was relatively low and differences in co-
agulation function at low levels of FVIILC (<2-3 IU/dl) were not

© Schattauer 2013

seen (8). The addition of a small amount of ellagic acid to the mix-
tures containing TF little affects the lag-time (representing FVIIa/
TF-induced activation of the extrinsic pathway), but mediates
higher levels of peak thrombin and ETP (representing the subse-
quent activation of intrinsic pathway). This modified thrombin
generation assay, therefore, sensitively reflects global coagulation
in intrinsic as well as extrinsic, cell-based pathways, and enables
the evaluation of coagulation function at very low levels of FVIIL:C
(lower limit <0.4 1U/dI [8]). Briefly, plasma samples (80 pl) were
preincubated for 10 min with 20 pl of trigger reagent containing
TE PL, and ellagic acid (final concentration (f.c.) 0.5 pM, 4 uM,
and 0.3 pM, respectively). Measurements were then recorded after
the addition of 20 pl reagent containing CaCl, and fluorogenic
substrate (f.c. 16.7 mM and 2.5 mM, respectively). The develop-
ment of fluorescent signals was monitored using a Fluoroskan As-
cent microplate reader (Thermo Fisher Scientific, Boston, MA,
USA). Data analyses were performed using the manufacture’s soft-
ware, and the standard parameters; peak thrombin, time to peak,
and endogenous thrombin potential, were derived.

Data analyses

All experiments were performed on at least four separate occa-
sions; the mean values and standard deviations are shown., Non-
linear least squares regression analysis was performed using Ka-
leidagraph (Synergy, Reading, PA, USA). The K, and V,, values
for FVIIla/FIXa-catalysed activation of FX were calculated from
the Michaclis-Menten equation,

Results
Patient’s profile

A 27-year-old male had been diagnosed at 2 years of age following
uncontrolled bleeding from a post-traumatic frontal cutaneous in-
cision, and was characterised as severe haemophilia A with
FVIII:C level <1.0 U/dl in a one-stage clotting assay. There was no
family history or past history of bleeding. The current levels of
FVIIEC and FVII:Ag were 0.9 1U/d] and 1.8 TU/d|, respectively,
showing negative cross-reactive material. The case showed
FVILC level 4-5 IU/dl in FXa generation chromogenic assay,
however. The levels of all other plasma procoagulant, anti-coagu-
lant, and fibrinolytic proteins were within normal range (data not
shown). To date, bleeding episodes have been rare, regular prophy-
laxis has not been necessary and consequently he has required ex-
tremely small total amounts of FVIII concentrate products as com-
pared to typical patients with severe haemophilia A. He has no
chronic complications (e.g. arthropathy) commonly associated
with the severe phenotype. ,

‘The 8 genotype of this patient demonstrated a missense mu-
tation comprising a single nucleotide conversion of G5399 to A in
exon 16, resulting in an amino acid substitution from arginine to
histidine at codon 1781. This mutation has been already enrolled
in the haemophilia A database (HAMSTERSs (13]), and some clini-
cal and laboratory profiles of these patients had been described,
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but there has been any little functional and expression studies on
FVHI with RI78TH mutation.

ROTEM analysis of whole blood from the patient with
the R1781H mutation

It was evident that the plasma FVIEC level (0.9 TU/d1} in this pa-
tient with the R1781H mutation did not correlate with his clinical
phenotype. To investigate this discrepancy, we first evaluated
whole blood coagulation function using ROTEM. A representative
thrombocelastogram and the derived parameters (C1and CEFF) ave
shown in B Figure 1A-c and B, respectively. The values obtained
were 1,493 + 106 seconds (sec) and 580 + 12 see, respectively. To
assess the level of FVHEC that could be expected to reflect these
parameters, various amouats of FVI were added to whole blood
obtained from a volunteer paticat with severe hacmophilia A (<0.2
TU/dD), and assayed using same method. Representative data in
these control plasmas with added FVIIE (100 TU/dl and 1.0 TU/D
are illustrated in B> Figure [A-ab, and the parameters obtained are
shown in B Figure 1B. The coagulation function abserved in pa-
tient’s sample with FVHEC (0.9 1U/d]) was significantly greater
than that of the control sampte at FVIILC 1.0 TU/dL, and both pa-
rameters obtained were comparable to those observed at FVIEC
3-10 TU/dL

Thrombin generation in the presence of FVIlI R1781H

Specific thrombin generation assays have been developed to exam-
ine global coagulation function based on the principles of cell-
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standard deviations were calculated.

based cloting, Representative thrombograms in the patient’s plas-
ma or control samples (prepared from FVII-deficient plasma
mixed with various amounts of FVII) are illustrated in B Figure
2A, and levels of peak thrombin derived from these curves are
shown in B Figure 2B. The levels of peak thrombin in patients
plasma and control plasma with FVIIEC LO 10U/l were 300 £ 15
nM and 169 + B4 nM, respectively, indicating that thrombin gen-
cration in the patient’s plasma (0.9 TU/D) was much greater than
that in control with similar FVIEC level. This result was com-
parable ta that obtained with plasma with a FVIILEC of ~10 TU/dL
The other parameters (time to peak and ETP) showed similar ten-
dencies (data not shown). The results suggested a significantly
greater coagulation potential in this case with RI781H mutation
than in the equivalent control.

‘o examine whether the properties of this patient’s sample were
unique, we utilized the same method o examine coagulation func-
tion in four cases of mild/moderate haemophilia A with similar
FVHEC levels. These patients had been diagnosed with point mu-
tations at R37211, 12951, G2325R, and R2307Q (FVIILC 1.0, 34,
4.9, and 5.8 1U/dL, vespectively). The levels of peak thrombin ob-
tained in all cases were comparable to these in the equivalent con-
trol samples with similar levels of FVIEC measured in a one-stage
clotting assay (B Figure 2B). The findings appeared to reflect the
clinical phenotypes in these patients (data not shown), and indi-
cated that the enhanced hacmostatic potential was unique to the
RIZS1HT mutation,

© Schattauer 2013
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Figure 2: Thrombin generation in the patient with R1781H. A) FVlil-
deficient plasma, mixed with various concentrations of FVII (0-100 (U/d})
was incubated with TF (0.5 pM), ellagic acid (0.3 M) and PL vesicles (4 M),
follovsed by the addition of fluorogenic substrate and CaCi2 at the start of
the assay as described in Methods. Representative selected curves are illus-
trated. The bold black line shows the thrombin generation curve obtained
from the patient’s sample. B} Peak thrombin parameter obtained from the
thrombin generation assays. The symbols used are samples with various

Enhancement of intrinsic FXa generation in the
presence of FVIil R1781H

Intrinsic FXa generation, corresponding to the upstream process
of thrombin generation, was measured using the chromogenic
assay to further investigate the mechanism(s) of enhanced throm-
bin generation associated with the FVII RI781H mutation. The
initial rate of FXa generation in the presence of RI781H was
~3-fold greater than with control plasma at FVHLC 1O U/
(0.240x10° and 0.082x107%, respectively), and was comparable 10
plasma at FVHLC ~5 [U/L (B Figure 3). The findings were simi-
lar to those obtained by ROTEM and thrombin generation assays.
The results suggested that the mutation RI781H, located in the
EVII A3 domain, governed the formation of the tenase complex
consisting of FVIlIa, FIXa, and FX on the PL surface, and acceler-
ated thrombin and FXa generation. Overall, therefore, the coagu-
lation potential estimated by global coagulation assays in this case
{corresponding to FVII:C ~10 [U/d], rather than 0.9 1U/dl) corre-
lated with the clinical phenotype.

Clot waveform analysis in patient’s plasma with
R1781H

In clot wavelorm analyses, the data obtained from the waveforms
using patient’s plasma and control plasmas prepared as described
above are illustrated in B~ Figure 4A. The clot time with the pa-
tient’s plasma was significantly shorter than that with the equival-
ent control plasma (55.2 = 0.4 sec and 78.8 £ 1.7 sec, respectively),
and was comparable to that of the control with FVHEC <15 TU/d
(estimated ~10 [U/dI). In contrast, jmin2| obtained with the pa-
tient's plasma was lower than that with the control at FVIEC 1.0

© Schattauer 2013

amounts (0-100 1U/dl} of FVill {open circles), R1781H (closed circle), R372H
{closed square), T2951 (closed triangle), G2325R {closed inverted-triangle),
and R2307Q {closed diamond). The solid line illustrates the linear regression
fitting the data. The dashed line shows the FVIIL:C level corresponding to the
peak thrombin parameter obtained with the patient's sample. All experi-
ments were performed at least four separate times, and the average values
and standard deviations were calculated.

0.6

0,54

1.4+

Initial velocity of FXa generation
(x10°3 dAvdy)

T T T
4 2 4 19 N 10

FVILEC (1U/Al)

Figure 3: Endogenous intrinsic FXa generation in the patient with
R1781H. Fviil-deficient plasma, mixed with small amaunts of Fvill (1-10 U/
dl, open circles} was incubated with a mixture of FIXa/FX/PL in the presence
of hirudin, followed by the addition of CaCl2 as described in Methods, The
rates of initial velacity of endogenous FXa generation were determined at
405 nim after the addition of 5-2765. All experiments were performed at least
four separate times, and the average values and standard deviations were
calculated. The solid line illusteates the linear regression fitting the data. The
dashed line shows the FVIII:C level corresponding to FXa generation using
the patient’s sample {closed circles).

TUAAE (.21 £ 0.01 and .26 £ 0.01, respectively). These results were
in keeping with the earlier characteristics of the RI7811 mutation.
As deseribed above in the FXa generation assays (see B Figure 3),
the moderated haemostatic potential appeared likely to be associ-
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Figure 4: Clot waveform analysis in the pa-
tient with R1781H, and in control plasma
(FVIII:C, 0.9 1U/dl) with added FVIll or in
the presence of exogenous FX or FiXa.
CaCl; was added to Fviil-deficient plasma mixed
with various amaunts of FViil {1, 15, and 100 1U/
dl} and to patient’s plasma (A). Alternatively,
various amounts of FX (0-200 nM) (B) or FIXa
{0-50 nM) (C) were mixed with FVIil-deficient
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plasma (FVIIi:C, 0.9 1U/d)), followed by the addi-
tion of CaCl,. Clot waveforms were visualised in
an APTT-based assay as described in Methods.

ated with the limited reactions of FVIII{a), FIXa, and FX. Fur-
thermore, the clot time was shortened and |min2| was modestly
reduced in a dose-dependent manner in the presence of incremen-
tal amounts of FX added to control plasma (with FVIIL:C 0.9 IU/
dl) (»Figure 4B), and were consistent with the waveform pattern
in the presence of the mutant R1781H sample. In contrast, no ef-
fects such as FX were evident in the presence of varying amounts
of FIXa (» Figure 4C). It may be speculated that these findings
represented an alteration in the association between R1781H
FVIIl(a) and FX in patient’s plasma.

Thrombin generation in the presence of FVIII R1781H
mutant

Differences between the coagulation potential of patient’s plasma
and that of control plasmas might have been related to the concen-
trations of procoagulant, anticoagulant and/or fibrinolytic compo-
nents other than FVIII in the test samples. Experiments were re-
peated, therefore, using a constructed FVIII mutant where Arg'™®'
was converted to His by site-directed mutagenesis, and stably ex-
pressed in BHK cells as a B-domainless FVIII form. This R1781H
mutant exhibited a modest reduction of specific activity (~60%
level of wild type) measured in a one-stage clotting assay.
Thrombin generation assays were repeated as described above
using FVIII-deficient plasma mixed with FVIII wild type or
R1781H mutant. The levels of peak thrombin in the presence of
wild type and R1781H mutant at the same level of FVI:C (1.0 1U/
dl) were 233 £ 2 nM and 338 + 5 nM, respectively, supporting that
thrombin generation in the presence of the R1781H mutant was
much greater than that in wild-type FVIII at equivalent levels of
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Representative data are fllustrated in A-C.

FVIILC, and that 1.0 [U/dl R1781H was comparable to 5-6 1U/d]
wild-type FVIIL In addition, the other parameters (time to peak
and ETP) also showed similar tendencies (data not shown). The
findings were consistent with the earlier data and were in keeping
with the suggestion that the mutation alone contributed to the sig-

nificantly greater coagulation potential in our case with FVIII
RI781H.

Effect of FVill R1781H mutant on the K, for FX
activation

The results illustrated above (see P Figure 4) indicated a possible
significant alteration in the association between FVIIi(a) and FX
in the R1781H patient. Purified FXa generation assays were per-
formed, therefore, using a tenase complex containing FV1ila wild
type or R1781H mutant. The results are shown in ® Figure 5. The
K., value obtained from the fitted curve for FX in the presence of
R1781H mutant was 32.5 £ 3.8 nM, and was ~1.9-fold lower than
to that obtained using wild-type FVII (58.5 £ 6.1 nM). In
contrast, the V., obtained for the two forms of FVIlla were simi-
lar (203 + 71 min* and 225 + 13 min’!, respectively). These results
suggested a significant increase (~1.6-fold) in catalytic efficiency
(Vou/Ky) for the tenase in the presence of R1781H relative to
native tenase. The K, and V,,,, values for FIXa or PL vesicles ob-
tained using the two FVIIIa forms were both similar {(data not
shown). These results supported the concept that the R1781H mu-
tant affinity for FX, was greater than that of the wild type, and
were in keeping with the conclusion that the increase in tenase ac-
tivity in the presence of FVIII R1781H resulted from a relative en-
hancement in the association between FVIllaand FX.
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