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An In Vitro Analysis of the Combination of Hemophilia A and Factor V"-&'P&N

By Cornelis van ‘t Veer, Neal J. Golden, Michael Kalafatis, Paolo Simioni, Rogier M. Bertina, and Kenneth G. Mann

The classification of factor VIII deficiency, generally used
based on plasma levels of factor VIII, consists of severe (<1%
normal factor VI activity), moderate (1% to 4% factor VIII
activity), or mild (5% to 25% factor VIl activity). A recent
communication described four individuals bearing identical
factor VIIl mutations. This resulted in a severe bleeding dis-
order in two patients who carried a normal factor V gene,
whereas the two patients who did not display severe hemo-
philia were heterozygous for the factor V'¥PEN mutation,
which leads to the substitution of Arg506 — GIn mutation
in the factor V molecule. Based on the factor Vlil level mea-
sured using factor VllI-deficient plasma, these two patients
were classified as mild/moderate hemophiliacs. We studied
the condition of moderate to severe hemophilia A combined
with the factor V'F'°®N mutation in vitro in a reconstituted
model of the tissue factor pathway to thrombin. In the
model, thrombin generation was initiated by relipidated tis-
sue factor and factor Vlla in the presence of the coagulation
factors X, IX, II, V, and VIl and the inhibitors tissue factor
pathway inhibitor, antithrombin-lll, and protein C. At 5
pmol/L initiating factor Vlla- tissue factor, a 10-fold higher
peak level of thrombin formation (350 nmol/L), was ob-

N NORMAL HOMEOSTASIS, the procoagulant system
is in balance with the anticoagulant and fibrinolytic sys-
tems. The procoagulant reaction starts with the binding of
plasma factor Vlla to tissue factor (TF). The membrane-
bound factor Vlla- TF enzyme complex activates the zymo-
gens factor X and factor 1X by limited proteolysis.* Factor
IXa combines with factor Vllla on a phospholipid surface,
forming the intrinsic tenase that generates additional factor
Xa. Factor Xa associates with factor Va on a phospholipid
membrane surface to form prothrombinase, which activates
prothrombin to thrombin. (For reviews on blood coagulation
and membrane-dependent reactionsin blood coagul ation see,
respectively, Davie et al? and Mann et al.) The anticoagul ant
system consists of several stoichiometric protease inhibitors
including the tissue factor pathway inhibitor (TFPI),* anti-
thrombin-111 (AT-111),® heparin cofactor-11,° and the dynamic
protein C pathway, which involves thrombin, protein C, pro-
tein S, and thrombomodulin. The negative feedback mecha-
nism provided by the protein C pathway is initiated by the
binding of thrombin to thrombomodulin and the activation
of protein C by the thrombin/thrombomodulin complex. (For
a review on thrombomodulin and protein C see Esmon.”)
Activated protein C (APC) is thought to exert its inhibitory
effect on coagulation by proteolytically inactivating the co-
factors of prothrombinase and intrinsic tenase, factor V(a)
and factor VII1(a), respectively &
Defects in the procoagulant or anticoagulant systems by
a single point mutation may result in a bleeding disorder or
thrombosis, respectively. In these cases variability in the
phenotypic expression (ie, the presence or the degree of
the disease) among individuals carrying identical genetic
mutations is frequently observed. In some cases such vari-
ability may be ascribed to the coinheritance of another muta-
tion in the same or another gene. For example, coinheritance
of both factor X| and factor VIII deficiencies results in a
more severe bleeding tendency than that associated with
either deficiency alone.*® Examples of increased thrombotic

Blood, Vol 90, No 8 (October 15), 1997: pp 3067-3072

served in the system in the presence of plasma levels of
factor VIl compared with reactions without factor VIIl. Sig-
nificant increase in thrombin formation was observed at fac-
tor VIl concentrations less than 42 pmol/L (~6% of the nor-
mal factor VIII plasma concentration). In reactions without
factor VIII, in which thrombin generation was downregu-
lated by the addition of protein C and thrombomodulin, an
increase of thrombin formation was observed with the factor
VLEIPEN mutation. The level of increase in thrombin genera-
tion in the hemophilia A situation was found to be depen-
dent on the factor V"N concentration. When the factor
VLEIPEN concentration was varied from 50% to 150% of the
normal plasma concentration, the increase in thrombin gen-
eration ranged from threefold to sevenfold. The data sug-
gested that the analysis of the factor V genotype should be
accompanied by a quantitative analysis of the plasma factor
V'EPEN Jeyel to understand the effect of factor V'E°EN in he-
mophilia A patients. The presented data support the hypoth-
esis that the factor V'¥'°®N mutation can increase thrombin
formation in severe hemophilia A.

© 1997 by The American Society of Hematology.

risk by the combination of heterozygous inheritance are the
factor V-E'°EN mutation with either protein C*° or protein S
deficiency, which explains some of the variation observed
in thrombotic risk associated with the heterozygous defi-
ciencies. We have recently analyzed in an in vitro model the
consequences of the coexistence of factor V5PN with pro-
tein CVe™m™ 18 This resulted in a stable factor Va molecule,
which would predict excessive thrombin generation in indi-
viduals bearing those two mutations. Conversely we specu-
lated that factor V-EPEN might be beneficial in the case of
hemophilia A by prolonging thrombin formation.*® Subse-
quently, Nichols et al*® described hemophilic patients who
displayed the phenotype of moderate hemophilia A with a
factor VIII genotype, which is ordinarily associated with
severe hemophilia. Two individuals with less severe disease
carried the G to A mutation in the factor V gene,™ which is
responsible for the Arg506 — GlIn substitution, which results
in the APC-resistant factor V-F'PEN 2022 Hence, the factor
VEPEN mutation seems to have the potential to compensate
for a defect in the factor VIII molecule in vivo. In this study
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we recreate, in vitro, the condition of moderate to severe
hemophilia A combined with the factor V-5"°EN mutation in
a reconstituted model of the TF pathway to thrombin.=%
The data obtained with this model provided experimental
biochemical support for the hypothesis that the factor v -5'PEN
mutation can increase thrombin formation in hemophilia A.

MATERIALS AND METHODS

Reagents. Phosphatidylserine (PS) from bovine brain, phospha-
tidylcholine (PC) from egg yolk, and HEPES were purchased from
Sigma (St Louis, MO). D-phenylalanyl-L-arginine chloromethyl ke-
tone (FPR-ck) was a gift from Dr R. Jenny (Haematologic Technolo-
giesInc, Essex Jet, VT). Spectrozyme TH was purchased from Amer-
ican Diagnostica (Greenwich, CT).

Proteins. Human coagulation factors X and IX and prothrombin
were isolated from fresh frozen plasma using the general methods
of Bajg et a* and were depleted from contaminants and traces of
active enzymes as described elsewhere®* Human protein C was
purified and treated with FPR-ck as described.”® Human factor V
was isolated from freshly frozen human plasma by using the method
of Nesheim et al.?” Human factor V-5°™ was isolated as described®
from citrated plasma of patients, which were found to be homozy-
gous for the mutation by DNA analysis.®* Human AT-111 was purified
as described by Griffith et al.?® Recombinant factor V111 and recom-
binant TF (residues 1-242) were provided as gifts from Drs Shu Len
Liu and Roger Lundblad (Hyland division, Baxter Healthcare Corp,
Duarte, CA). Recombinant human coagulation factor Vlla was pur-
chased from NOVO Pharmaceuticals. Recombinant soluble throm-
bomodulin (Solulin) was provided as a gift from Dr J. Morser (Ber-
lex, Richmond, CA). Recombinant full-length TFPI produced in
Escherichia coli was provided as a gift from Dr K. Johnson (Chiron
Corp, Emeryville, CA).

Coagulation activation experiments. Thrombin generation initi-
ated by factor Vlla- TF in areconstituted procoagulant model using
mean plasma protein concentrations was studied as described pre-
viously.” TF was relipidated into 400 zmol/L phospholipid vesicles,
composed of 75% PC and 25% PS, for 30 minutes at 37°C in 20
mmol/L HEPES, 150 mmol/L NaCl, 2 mmol/L CaCl, pH 7.4
(HEPES/C&®"). The relipidated TF was incubated with factor Vila
for 20 minutes at 37°C to allow factor VlIla- TF complex formation.
Factor V and factor V111 were added in microliter amounts of con-
centrated stock solutions to the equilibrated factor Vlla- TF mixture
(total volume of addition not exceeding 0.25% of the final reaction
volume), and immediately thereafter the reaction was started by the
addition of a solution containing factor X, factor 1X, and prothrom-
bin, which was prepared in HEPES/Ca?*. The zymogen solution was
preheated at 37°C for 3 minutes before addition to the factor VII-
a-TF, factor V, and factor VIII mixture. When TFPI, AT-III, or
protein C were included, they were added to the factor X, factor 1X,
and prothrombin mixture. Thrombomodulin was added to the factor
Vlla- TF mixture.

The final concentrations of the proteins in the reaction chosen to
represent mean plasma values are 160 nmol/L factor X, 90 nmol/L
factor 1X, 0.7 nmol/L factor VIII, 20 nmol/L factor V, 1.4 ymol/L
prothrombin, 2.5 nmol/L TFPI, 3.4 umol/L AT-III, and 65 nmol/L
protein C. The TF concentration was varied to change the concentra-
tion of the initiator complex while factor Vlla was kept constant
and in substantial excess at 0.1 nmol/L. Final phospholipid concen-
tration was 200 umol/L. After initiation of the reaction, aliquots
were withdrawn from the reaction mixture and quenched in 20 mmol/
L EDTA, 20 mmol/L Tris, 150 mmol/L NaCl, pH 7.4, containing
0.4 mmol/L Spectrozyme TH and assayed immediately for thrombin
activity. The hydrolysis of the substrate was monitored by the change
in absorbance at 405 nm using a V . Spectrophotometer (Molecular
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Fig 1. Factor VIII titration at 5 pmol/L factor Vila- TF. Thrombin
formation was initiated by 5 pmol/L factor Vlla- TF in the presence
of 0% (solid stars), 3.125% (open squares), 6.25% (solid triangles),
12.5% (open diamonds), 25% (solid squares), 50% (open stars), and
100% (solid circles) of the normal plasma concentration of factor VIIl.
Thrombin generation is also shown for reactions initiated by 1 pmol/
L factor Vlla- TF in the absence (open triangles) or presence of factor
VIl (100%, open circles). Data points are the mean of two experi-
ments.

Devices Corp, Menlo Park, CA). Thrombin generation was calcu-
lated from a standard curve prepared by seria dilutions of a-throm-
bin.

RESULTS

Factor VIII titration at 5 pmol/L factor Vlla-TF. A fac-
tor V111 titration was performed in the reconstituted procoag-
ulant model with only the stoichiometric inhibitors TFPI
and AT-I1I present at their respective plasma concentration.
Previously we found that in the presence of this combination
of inhibitors the explosive propagation phase of thrombin
generation becomes a threshold-limited event with respect
to the initiating factor Vlla- TF concentration.® Figure 1
displays thrombin generation in mixtures containing varying
amounts of factor VIII initiated by the addition of 1 pmol/
L or 5 pmol/L factor Vlla- TF. At 1 pmol/L Vlla- TF in the
presence of 0.7 nmol/L factor VIII (100%; open circles),
significant thrombin generation was not observed for up to 8
minutesin the reaction. After 8 minutes, thrombin generation
occurred slowly and reached a level of 10 nmol/L at 14
minutes, a level that was observed to remain constant until
20 minutes into the reaction. At 1 pmol/L factor Vlla-TF
in the absence of factor VIII (open triangles), no significant
thrombin was generated in the 20-minute period evaluated.
In marked contrast, at 5 pmol/L factor Vlla-TF and 0.7
nmol/L factor VIII (solid circles), significant thrombin gen-
eration occurs. After the first 30 seconds, in which 12 nmol/
L enzyme is formed, thrombin generation proceeds with a
maximal rate of ~210 nmol/L/min. The maximum level (350
nmol/L) isreached at 3 minutesin the reaction. Subsequently
the thrombin level decreases with a ty, of ~1.5 minutes,
resulting in 18 nmol/L thrombin at 9 minutes. These low
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Fig 2. Effect of the factor V'¥"® mutation in the absence and
presence of the protein C pathway. Thrombin formation is shown
for reactions initiated by 5 pmol/L factor Vlla - TF at 6% of the normal
plasma concentration of factor VIl in the presence of normal factor
V (solid symbols) and factor V'E°EN (open symbols) in the absence
(circles) or presence of protein C and 1 nmol/L thrombomodulin
(squares).

levels of thrombin persist up to 20 minutes. The dramatic
change in the maximal rate of thrombin generation with only
a fivefold change in the initiator concentration from 1 to
5 pmol/L illustrates the threshold for explosive thrombin
generation under these experimental conditions.

In reactions initiated by 5 pmol/L factor Vlla- TF in the
absence of factor VIII (solid stars) ~12 nmol/L thrombin
was generated after 30 seconds; however the reaction did
not accelerate after 30 seconds as is the case for reactions
containing plasma concentrations of factor VIII. Instead, the
thrombin generation rate decreased after 1 minute resulting
in 32 nmol/L thrombin at 2 minutes, which persisted over
20 minutes. Reactions at factor VIII concentrations of 3.1%
(0.022 nmoal/L, open squares) and 6.3% (0.044 nmol/L, solid
triangles) displayed only marginal increases of =25% in
thrombin generation over that observed in the total absence
of factor VIII. In contrast, at 12.5% factor VI1I (0.088 nmol/
L, open diamonds) a substantial increase (threefold) is ob-
served in the maximum level of thrombin generated (~105
nmol/L). Reactions with factor VIII a 25% (0.175 nmol/L,
solid sguares) and 50% (0.35 nmol/L, open stars) displayed
further increased thrombin generation. However, in these
latter reactions the increases in thrombin generation are rela-
tively small compared with that observed at 12.5% factor
VIII. At 50% factor VI1II the peak thrombin value (180 nmol/
L) is 50% that observed in the reaction with anormal plasma
factor VIII concentration (0.7 nmol/L).

Effect of the factor V-¥'°EN mutation in the absence and
presence of the protein C pathway. Figure 2 displays ex-
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periments in which a moderate-severe hemophilia A is mim-
icked at a factor VIII level of 6% with normal factor V
and with factor V-¥P=N_ In the absence of protein C and
thrombomodulin, thrombin generation is equivalent in the
presence of normal factor V (closed circles) and factor
V-EIPEN (gpen circles), and the maximal level of thrombin
(~70 nmol/L) isgenerated at 7 to 10 minutesin the reaction,
subsequently the thrombin level declines to ~35 nmol/L at
20 minutes. The lack of an effect of the factor V-5'°= muta-
tion in the absence of the protein C pathway rules out a
direct positive effect of factor V-¥PEN on the reaction.

In the presence of protein C (65 nmol/L) and 1 nmol/L
soluble thrombomodulin, thrombin generation isinitially not
influenced with either normal factor V (solid squares) or
factor V-E'PEN (open squares). However, after 2 minutes with
normal factor V, thrombin generation is downregulated by
the protein C pathway with 17 nmol/L thrombin formed.
Subsequently, the thrombin level declines to ~6.5 nmol/L
at 10 minutes. In contrast, in the presence of factor V-F'PEN,
while 18 nmol/L thrombin is formed at 2 minutes, the reac-
tion persists such that amaximal level of 24 nmol/L thrombin
is observed at 5 minutes. This thrombin concentration is
~23% higher than for the reaction with normal factor V.
Subsequently, the level of thrombin declines in the reaction
with factor V-'PN to ~13 nmol/L at 10 minutes. The forma-
tion-inhibition steady state processes maintain thrombin at
this concentration up to 20 minutes. Hence, at 6% factor
VIII the thrombin levels generated in the presence of the
protein C pathway are twofold higher with factor V-F'°= in
the later phases of the reaction compared with the reaction
with normal factor V.

Homozygous and heterozygous factor V-5°EN with severe
hemophilia A.  The effect of the factor V-5'°=N on thrombin
generation in the complete absence of factor VIII is illus-
trated in Fig 3. Progress curves are shown of thrombin gener-
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Fig 3. Effect of factor V-¥°EN in the case of severe hemophilia A.
Thrombin formation in the absence of factor VIl in the presence of
protein C and 1 nmol/L thrombomodulin with either normal factor
V (triangles), a mixture composed of 50% normal factor V and 50%
factor V'E'°EN (squares), or 100% factor V'¥'°=N (circles). Thrombin gen-
eration was initiated by 5 pmol/L factor Vlla - TF. Error bars represent
the standard error of mean (n = 3).
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Fig 4. Effect of increases in normal factor V and factor V-EPEN
levels in severe hemophilia A. Thrombin formation was initiated un-
der the same conditions as described in Fig 3 in the absence of factor
VIl in the presence of either a normal plasma level (100%) of factor
V (triangles), 150% factor V (squares), or 150% factor V'EPEN circles).
Error bars represent the standard error of mean (n = 3).

ation for reactions containing protein C and 1 nmol/L throm-
bomodulin with either 100% normal factor V (solid
triangles), with 100% factor V-5'°EN (open circles), or amix-
ture of 50% normal factor V and 50% factor V-5'°EV (open
squares). Thrombin formation issimilar in all three reactions
for the first 3 minutes, at which time approximately 21 nmol/
L thrombin are formed. In the case of normal factor V (trian-
gles) the thrombin level subsequently declines to 6 nmol/L
at 12 minutes. In contrast, in the reaction with 100% factor
VEPEN (gpen circles), thrombin increases from 21 nmol/L
at 3 minutes to 29 nmol/L at 7 minutes. This level of ~29
nmol/L thrombin persistsfor up to 12 minutes. Subsequently,
the thrombin level declines to 13 nmol/L a 20 minutes.
Thus, the homozygous phenotype of factor V5PN has the
potential to increase thrombin formation in a severe hemo-
philia A situation amost fivefold. The area under the throm-
bin generation curve (up to 20 minutes) was 120% larger
(2.2-fold) with V-EPEN compared with normal factor V. In
the reaction with 50% normal factor V and 50% factor
VLEPEN (open squares), the thrombin level persists at a con-
centration of ~20 nmol/L for up to 12 minutes. The thrombin
level then declines to 8 nmol/L at 20 minutes. Hence, the
heterozygous phenotype of factor V-¥PEN increases thrombin
formation in the case of severe hemaophilia up to threefold.
The area under the thrombin generation curve was 1.9-fold
greater than that for the reaction with normal factor V.
Effect of a 50% increase in factor V or factor V-5'PEN
concentration with severe hemophilia A.  Figure 4 shows
the effect of factor V at 30 nmol/L (150% of the normal
plasma concentration) in a reaction without factor VIII in
the presence of protein C (65 nmol/L) and thrombomodulin
(1 nmol/L). This experiment was performed to evaluate
whether the beneficial effect of the factor V-5'PEN mutation
in hemophilia could be mimicked by increases in normal
factor V concentrations within the range observed in hormal
individuals. The set of experiments shownin Figs 3 and 4 can

VAN ‘T VEER ET AL

be compared quantitatively, because they were performed
contemporaneously. Thrombin generation in the presence of
30 nmol/L normal factor V resultsin a small (25% to 40%)
increase in thrombin levels formed when compared with the
reaction at the normal plasma concentration (20 nmol/L,
100%) of factor V (triangles). At 20 and 30 nmol/L of factor
V the thrombin concentration declines with a similar rate
after 3 minutes. The area under the thrombin generation
curve was 40% higher. Thus, an increase in normal factor
V does not result in a very significant enhancement or pro-
longation of thrombin formation. In contrast, an increase in
factor V-E'PEN to 150% of the plasma concentration (Fig 4,
open circles) resulted in athreefold increase in the maximum
level of formed thrombin compared with the reaction with
100% normal factor V. The area under the thrombin genera-
tion curve was 3.75-fold larger. Compared with the reaction
with 100% factor V-5'PEN (Fig 3, open circles) the reactions
with 150% factor V-5'P=N reached a twofold higher maxi-
mum thrombin level and led to a 1.7-fold greater area under
curve. The increase in thrombin generation by a 50% in-
crease in factor V-¥'P= is not only higher in an absolute
sense compared with the reaction with 100% normal factor
V. The relative increases of the reaction with 150% factor
VEPEN compared with 100% factor V-5'°EN (open circles,
Fig 3), which are a 100% increase in maximum thrombin
and a 70% increase in area under the curve, are also higher
compared with the 25% increase in maximum thrombin and
40% larger area under the curve with a 50% increase in
normal factor V. These data show that increases in the con-
centration of the APC-resistant factor V-5'°%N to the upper
range of the normal level will lead to significant amplifica-
tion and extension of thrombin formation.

DISCUSSION

We have speculated that the factor V5= phenotype
might be beneficial in hemophilia A by partially compensat-
ing for a defective factor VIlla molecule.*® This speculation
was apparently verified by the recent report of Nichols et
al,*® who reported a varying phenotype (<1% versus 2% to
7% factor V111 activity) for hemophilia A patients with iden-
tical genotype. Screening for the factor V-5°EN mutation
showed that two of the patients who had the less severe
phenotype also carried the G to A substitution in the factor
V gene responsible for the Arg506 — GIn mutation, which
renders the molecule partially resistant to inactivation by
APC. Nichols at al*® hypothesized that the beneficial effect of
the factor V-E'PEN mutation could be caused by the extended
amplification of the limited signal produced by the defective
factor VIII. In this study we recreate these combined hemo-
philic and thrombophilic phenotypes in a model that recon-
stitutes the TF pathway to thrombin,? including the stoichio-
metric inhibitors TFPI and AT-111?* and the dynamic protein
C pathway.”®

At an initiating factor Vlla- TF concentration sufficient
for explosive thrombin generation at hormal concentrations
of factor VIII, reduction of the factor VIII concentrations to
=6.25% the normal plasma level led to only marginal in-
creases in thrombin generation under these conditions. At
12.5% factor V111 thrombin generation is significantly upreg-
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ulated compared with the reaction without factor VIII, re-
sulting in athreefold increase in the maximal level of throm-
bin formed. The significant boundary in thrombin generation
between 6.25% and 12.5% factor VIII is analogous to the
borderline for the classification of hemophilia patients as
mildly (5% to 25% factor VIII activity) or moderately (1%
to 4% factor V111 activity) deficient.® Thus, the model shows
a similar factor VIII concentration dependence to that re-
quired for adequate hemostasis; the latter inferred from the
correlation of factor VIII level with the severity of the hem-
orrhagic symptoms. When normal factor V was replaced
with factor V-EPEN no differences were observed in the ab-
sence of the protein C pathway in thrombin generation in our
hemophilia model. This excludes the possibility that factor
V'EIPEN has higher intrinsic cofactor activity under hemo-
philiaconditions. Consistent with this, purified factor \V-5'PEN
possesses the same clotting activity when added to an acti-
vated partial thromboplastin time (APTT) assay in the pres-
ence of low levels of factor VII1.%°

In the presence of the protein C pathway constituents,
increased thrombin formation is observed with the factor
VEPEN mutation. The extent of increase in thrombin genera-
tion ranges from threefold to sevenfold in the artificial hemo-
philia A situation when the concentration of factor V-&'P=N
is varied from 50% to 150% of the mean normal plasma
factor V concentration. The potential beneficial effect in the
hemophilia A situation by factor V-5°EN when thrombin
generation is surpressed by the protein C pathway, is ~three-
fold with heterozygous factor V-¥PEN, Theincrease in throm-
bin level caused by the factor VPN mutation in the hemo-
philia A situation observed in this model provides
biochemical data that may explain the reports of beneficial
effect of the inheritance of the factor V-F'°EN mutation in
severe hemophilia A.

The effects we observed are consistent with the report by
Nicholset a.*® The hemophilia A patients studied by Nichols
et a in whom factor V-5'°EN appeared to partially compen-
sate for a factor VIII defect, were bearing a factor VIII
R1689C or a R2209Q mutation. Patients identified with the
same factor V111 mutations, which were homozygous for the
normal factor V alele, displayed severe hemorrhagic dis-
ease. The factor VIII R1689C mutation occurs at a thrombin
cleavage and prevents the formation of active cofactor. The
factor VIII R2209Q mutation is located in the C2 domain,
which isinvolved in the lipid binding of the molecule. How-
ever, Chan et al® describe a group of severe hemophiliacs
in whom the severity of hemorrhagic symptoms did not cor-
relate with the factor V-EPEN mutation. Also, Arbini et al®
have reported on the low prevalence of factor V-EPEN in a
cohort of severe hemophiliacs with a hemorrhagic disorder
of lesser severity. However, these two studies used arandom
testing of hemophiliacs for the factor V-¥P=N mutation with-
out correlating specific amino acid substitutions in the factor
VIl gene with the presence of factor VPV, as is the case
for the study of Nichols et al.® However, caution should be
employed when generalizing a beneficial effect of factor
VEPEN in hemophiliacs. Our data show that in an in vitro
system factor V-5'°=N will partially compensate for a defec-
tive factor VIII molecule. In this respect it should be men-
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tioned that the cases of factor V-¥P¥N in hemophilia have
been identified by the presence of the mutation at the DNA
level. However, this does not necessarily correlate with the
plasma levels of the mutant factor VV protein, as other factors
are involved in the synthesis of factor V. For instance, the
inherited combined deficiency of factor V and factor V111%
has been hypothesized to be the result of a defect in the
post-trandational process involved in the synthesis of these
cofactors. The dependence of the increase in thrombin levels
on the concentration of factor V-5'°=" observed in our hemo-
philia A model suggests that the levels of factor V-FPEN
dictate the degree of a beneficial effect in hemophilia A.
Quantitative analyses of factor V-F'PEN at the protein level
in the case of hemophilia A may, therefore, shed more light
on apparent discrepancies of a beneficial effect of factor
VEIPEN in hemophiliacs. Also, as mentioned by Nichols et
al,*® the effect of the factor V-5'PEN mutation may be most
pronounced in the context of specific factor VIII mutations.
Hemostatic plugs formed at the end of transected vessels
are reported to be more fragile in the case of hemophilia®3*
The central area of hemostatic plugs formed in hemophilia
patients become eroded, and channels are formed, filled with
red blood cells through the central area, which are consistent
with delayed bleeding.3* Only arim of fibrin deposition was
observed at the periphery of the eroded plugs in hemophili-
acs* in contrast to thick fibrin fibers throughout the stable
plugs formed in normal individuals. It should be mentioned
that most thrombin is generated in blood after clot forma-
tion,® which is the endpoint characterized in most plasma
coagulation tests. Our data suggest that factor V-°=N in-
creases and maintains thrombin generation in hemophilic
blood by reducing thrombin downregulation by APC. APC-
related factor Va fragments are formed during the clotting
of whole blood® without addition of exogenous thrombomo-
dulin, indicating the existence or formation of APC in native
blood. Also, hemostatic plugs extend into the lumen of the
transected vessels and are in close proximity of thrombomo-
dulin on the endothelium. Thus, APC formation may be
expected during the formation of a hemostatic plug, either
by endothelial-derived thrombomodulin or by the intrinsic
APC generating potential of blood. If APC downregulates
thrombin generation during the formation of a hemostatic
plug, our data show how the factor V-¥°EN mutation may
provide increased fibrin formation or increased stability
againgt fibrinolytic attack®*=" in hemophilia patients.
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