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The combination therapy with ribavirin and interferon-ot (IFN-
o) has been reported to be more effective than IFN-o mono-
therapy for eradicating hepatitis C virus (HCV) {1,2], including
patients with concomitant hemophilia [3}. We observed signi-
ficant decreases in doses of clotting factors used for hemostatic
therapy in hemophiliacs during ribavirin administration (e.g.
3780 units per month before ribavirin treatment and 1600 units
per month during ribavirin on the average) [4]. In our hospital,
47 hemophilic patients who had been treated for chronic
hepatitis C with IFN-o alone demonstrated no significant
reduction in the use of clotting factor. This observation strongly
suggests that the addition of ribavirin leads to the reduction of
clotting factors used for bleeding in hemophiliacs. One sugges-
tion comes from a case report that described an increase in
warfarin dose requirement in a patient with heart valve
prosthesis after starting this anti-HCV combination therapy [5].

These observations led us to investigate the ribavirin-induced
change in vitamin K-dependent coagulation factors. To this
purpose, we have measured the clotting activity of factor
(FVIL, X, and prothrombin in hemophilic patients who were
receiving the anti-HCV combination therapy. The protocol of
therapy and analysis was approved by the Nagoya University
institutional review board and writter informed consent was
obtained from each patient before treatment. Nine hemophilic
patients, including seven hemophilia A and two hemophilia B
(mean age + SD: 42.5 £ 10.4 years old), whose characteris-
tics were previously described {4], were entered in this study.

Correspondence:  Koji Yamamoto, Department of Transfusion
Medicine, Nagoya University Hospital, 65 Tsurumai, Showa,
Nagoya 466-8550, Japan.

Tel.: +81 52 744 2576; fax:
med.nagoya-u.ac.jp

+81 52 744 2610; e-mail: koily@

Received 17 July 2005, accepted 18 October 2005

© 2006 International Society on Thrombosis and Haemostasis

-22 -

The liver biopsy performed before starting the combination
therapy did not show cirrhosis but chronic hepatitis in all
patients analyzed. During this study, all patients were treated
with the same 24-week regimen of IFN-a 2b (Intron A®,
Schering Plough, K. K., Osaka, Japan) and oral ribavirin (600—
800 mg day’1 of Rebetol; Schering-Plough, Kenilworth, NJ,
USA). All statistical analyses were performed with STATA
ver.7 software (STATA Corp., College Station, TX, USA) and
the P-value < 0.05 was considered statistically significant.

The procoagulant activity of FVII in plasma has been
elevated in all of nine ribavirin-treated hemophilic patients in
comparison with that before ribavirin administration
(Fig. 1A). The average and standard deviation for the elevation
of FVII activity was 15.7% =+ 8.8% (P < 0.04 in before vs.
during ribavirin treatment; max. 28%; min. 5%). This elevation
of FVII activity was independent of improvement of liver
function (i.e. albumin, total billirubin, cholinesterase) in the
patients (not shown). Only two patients, one has HIV infection
and the other has hepatitis B virus concomitant with HCV, did
not show a substantial elevation of FVII activity (i.c. 5% and
8%, respectively). We then measured activated FVII (FVila)
levels in patients’ plasma before and during ribavirin treatment
using STACLOT® VIla-rTF (Diagnostica Stago, Asnieres,
France) [6] and observed substantial increases in FViia (e.g.
25.3 + 14.8 mU mL™), which were almost compatible with
elevation of FVII clotting activity. The plasma levels of FX and
prothrombin were unchanged by ribavirin treatment in all of
nine hemophilic patients (not shown). The elevation of FVII]
clotting activity by ribavirin is consistent with the previous
observation of warfarin resistance in a ribavirin-treated patient
[5l.

To investigate the mechanism of ribavirin-induced elevation
of FVII activity, we analyzed the gene expression of FVII in
cultured normal human hepatocytes (Cambrex Bio Science
Walkersville, Inc., Walkersville, MD, USA) or human hepa-
toma cell line, HepG2 cells (ATCC, Manassas, VA, USA),
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Fig. 1. Clotting activity of FVI! in plasma of hemophilic patients and the
mRNA expression of FVII in cultured human hepatocytes with or without
ribavirin. (A) Each clotting activity of FVil in plasma of nine hemophilic
patients before and at 4 weeks after starting ribavirin therapy was shown
as open circle and dashed line, respectively. The average and SD of all
patients was expressed as closed circle and error bar (without ribavirin:
86.3% = 7.6%; with ribavirin: 102.0% = 10.3%; P < 0.04). (B) Nor-
ma! human hepatocytes or HepG2 cells had been cultured with (&) or
without {{J) ribavirin for 48 h. The mRNA expression of FVII was
guantitated by real-time RT-PCR assay. Each value is expressed as the
mean and SD from three sets of experiments. All of real-time RT-PCR
assays were performed in duplicate. P < 0.02; *P < 0.01.

0
Ribavirin () Ribavirin (+} Normal HC

which were cultured in medium with ribavirin at clinically
therapeutic concentration (150 ug mL™") in the presence of
IFN-0. 2b (0.75 pg mL™!; kindly provided by Schering Plough,
K.K.}). The expression level of mRNA for FVI, FX, and
prothrombin, was determined by real-time quantitative RT-
PCR with the ABI Prisms 7700 Sequence Detection (Perkin-
Elmer Biosystems, Foster City, CA, USA) and SYBR Green
PCR Kit (Perkin-Elmer Biosystems), according to the manu-
facturer’s recommendations. The sequences of primer pairs
used to quantify mRNA of the above genes were described in
the NCBI Sequence Viewer. Variations in sample loading were
assessed by measuring B-actin mRNA. Comparison of guan-
titative RT-PCR results between two groups was performed
with the two-sample r-test. Welch’s method was applied when
variance between two groups was unequal (statistical signifi-
cance: P < 0.05).

Significant induction of FVI mRNA was demonstrated in
cultured normal hepatocytes (fourfold; P < 0.01) or HepG2
cells {threefoid: P < 0.02) at 48 h after ribavirin treatment
(Fig. 1B). No significant induction of mRNAs for FX and
prothrombin was detected in ribavirin-treated cultured hepato-
cytes or HepG2 celis {not shown). In hepatocytes, ribavirin
may stimulate to synthesize FVI by binding specifically to the
promoter region of FVII gene (under current investigation).

It is possible that not only the induction of FVII but also
changes in other coagutation factors during ribavirin therapy
may be responsible for the decreased events of bleeding in
hemophiliacs. However, the elevation of FVII activity in plasma
could contribute most to the increased hemostatic potential in
hemophilic patients because the cell-based tissue factor-activa-
ted FVII would play a central role in initiating coagulation and
in activating platelets followed by large scale thrombin genera-
tion [7]. Clinically, recombinant activated FVII has been widely
used as an antidote to control and prevent excessive hemorrhage
in hemophilic patients with inhibitors {8]. Meanwhiie, it was

reported that even 10-20% of increase in plasma FVI/FVila
would be an independent risk factor for coronary heart disease
in healthy individuals {9,10], suggesting that a substantial
elevation of endogenous FVII levels could result in an increased
thrombotic potential. In general, the occurrence of spontaneous
bleeding events in hemophiliacs is dependent on the critical
hemostatic balance. In these conditions, 15-20% clevation of
intrinsic FVII activity in plasma (Fig. 1A), because of the
continuous induction of endogenous FVII by ribavirin
(Fig. 1B), would contribute to the prevention from spontaneous
bleeding in hemophiliacs. As a half-life of FVII in plasma is the
shortest in all of coagulation factors, the continuous induction
of FVII can maintain or increase the hemostatic value in vive. If
the prophylaxis to bleeding in hemophilic patients by ribavirin
treatment were executable, it would result in much improve-
ment of quality of their life and in large reduction of medical
expenses in the country.
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A case of coagulation factor V deficiency caused by
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Summary. We investigated the molecular basis of a
severe factor V (FV) deficiency in a Japanese female,
and identified two distinct mutations in the FV gene, a
novel cytosine insertion {1943insC) and a previously
reported point mutation {A5279G). We expected the
patient to be a compound heterozygote for those
mutations, as a 1943insC, but not an A5279G, was
found in the mother and a sibling. The 1943insC
will cause a frame-shift after **°Gln, resulting in
amino acid substitutions with two abnormal residues
followed by a stop codon in the FV A2 domain
(FS592X). The AS279G will cause an amino acid
alteration in the FV A3 domain (Y1702C), which
has been observed in several ethnic groups. We found
that both mutant mRNAs were detected by reverse
transcriptase polymerase chain reaction (RT-PCR) in
the patient’s platelets, whereas no FV antigen and
activity were detected in plasma. On the one hand, the
RT-PCR signal from the FS592X-FV mutant mRNA

was markedly reduced, suggesting that the RNA
surveillance system would eliminate most of the
abnormal FS592X-FV transcripts with a premature
termination. On the other hand, expression analyses
revealed that only small amounts of Y1702C-FV with
a low specific activity were secreted, and that the
FS592X-FV was not detected in cultured media.
These data indicated that both mutant FV molecules
would be impaired, at least in part, during the post-
transcriptional process of protein synthesis and/or in
secretion. Taken together, it seems to suggest that
each gene mutation could be separately responsible
for severe FV deficiency, while this phenotype is due
to the in-trans combination of the two defects.

Keywords: compound heterozygote, expression
study, factor V deficiency, gene mutation, parahae-
mophilia, reverse transcriptase polymerase chain
reaction

Introduction

Human coagulation factor V (FV) is a large (molecular
weight of 330 kDa) single-chain glycoprotein that
circulates in blood as an inactive procoagulant cofac-
tor and plays an important role in the blood coagu-
lation cascade [1,2]. The cDNA clones encoding
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human FV have been isolated [3], and the human FV
gene has been mapped to chromosome 1g23 and spans
approximately 80 kb of DNA [4]. The human FV gene
consists of 25 exons and 24 introns, and the mRNA
encodes 2224-amino acid protein containing a leader
peptide of 28 amino acids [5]. It is comprised of three
homologous A-type domains, two homologous C-type
domains, and a heavily glycosylated B domain and
shows a linear domain structure {A1-A2-B-A3-C1-C2)
homologous to factor VIII (FVI) with 35-40%
homology existing in both the A-type and C-type
domains {1,2]. Thrombin activates FV by the proteo-
lytic release of the B domain, resulting in the formation
of a non-covalently bound heterodimeric molecule of
the heavy chain (residues 1-709, A1-A2 domains) and

© 2006 Blackwell Publishing Ltd
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light chain (residues 1546-2196, A3-C1-C2 domains},
activated FV (FVa) [6].

Activated FV functions as an essential molecule of
the prothrombinase complex that catalyses the con-
version of prothrombin to thrombin by factor Xa in
the presence of calcium and a phospholipid mem-
brane. The procoagulant function of FVa is down-
regulated by the anticoagulant serine protease, an
activated protein C (APC) {7] that cleaves to FVa at
Arg306, Arg506 and Arg679, resulting in a loss of
FVa activity. On the other hand, FV cleaved by APC
before thrombin activation, FVac, shows an antico-
agulant function as a cofactor in the APC-mediated
inactivation of activated FVIiI (FVIIla). Thus, FV
plays an important role in the procoagulant pathway
as well as in the protein C anticoagulant pathway [8].

Around 75% of FV in blood is in the plasma, with
the residual FV in the a-granules of blood platelets.
In plasma, FV exists in two isoforms (FV1 and FV2)
that have different molecular weights because of
partial N-linked glycosylation in the C2 domain [9].
FV1 and FV2 have different characteristics in terms
of procoagulant activity, inactivation by APC, and
their anticoagulant function in the protein C path-
way [10]. Consequently, FV1 has the overall poten-
tial to generate more thrombin than FV2.

Factor V deficiency, also known as parahaemo-
philia, was first described in 1947 by Owren [11]. It
is a rare bleeding disorder inherited in an autosomal
recessive manner with an incidence of about one in
1 million [1]. Bleeding symptoms in FV-deficient
patients are varied; heterozygotes are usually asymp-
tomatic, whereas homozygotes may show a mild,
moderate or severe bieeding tendency.

To date, more than 40 identified cases of muta-
tions in the FV gene were described in FV-deficient
patients in the homozygous or compound heterozy-
gous state [12]. In this study, we investigated the
molecular basis of severe FV deficiency in a Japanese
patient, and demonstrated that she was another
compound heterozygote for FV gene mutations
resulting in the post-transcriptional impairment of
FV synthesis and/or secretion.

Materials and methods

Preparation of plasma, genomic DNA and total
RNA of platelets

Ethical approval for the study was obtained from the
Ethics Committee of the Nagoya University School of
Medicine. Following informed consent, blood samples
from the patient, family members and volunteers were
collected in a 1:10 volume of 3.13% sodium citrate.

© 2006 Blackwell Publishing Ltd

Plasma was separated by centrifugation at 2000 g for
20 min, and aliquots were stored at ~70°C until use.
The patient had not received substitution therapy for
3 months prior to blood sampling for FV antigen and
activity measurements. Genomic DNA was isolated
from peripheral blood leucocytes as described previ-
ously {13]. Citrated blood samples from the patient
and her sibling were centrifuged at 250 g for 5 min at
4°C to collect platelet-rich plasma. Subsequently, the
total RNA was extracted from platelets by RNA
STAT-60 (Tel-Test Inc., Friendswood, TX, USA}, and

subjected to a reverse transcription (RT) reaction as
described below.

FV antigen and activity assays

Factor V procoagulant activity and FV antigen in
plasma as well as in culture media containing recom-
binant FV proteins were measured as described below.
FV procoagulant activity was measured by one-stage
clotring assay, of which the sensitivity limit and the
normal range are 3% and 70-135%, respectively,
using human FV-deficient plasma (George King Bio-
Medical, Overland, KS, USA) and Simplastin (Bio-
merieux, Inc., Durham, NC, USA). FV antigen was
measured by enzyme-linked immunosorbent assay
(ELISA), of which the sensitivity limit and the normal
range are 1% and 70-135%, respectively, using an
affinity-purified sheep anti-human FV IgG as a coating
antibody with a peroxidase-conjugated sheep anti-FV
antibody as a second antibody, according to the
manufacturer’s protocol {Cedarlane Lab. Litd, Horn-
by, ON, Canada). In both assays, FV levels were
expressed as a percentage of control plasma pooled
from 23 healthy individuals.

PCR and DNA sequencing

The polymerase chain reaction (PCR) primers were
synthesized to amplify all exons and splicing junc-
tions of the FV gene, based on the reporied genomic
DNA sequence of human FV (GenBank Z99572).
Information of the primer sequences is available
from the authors. PCR amplification of the FV gene
was performed with rTag polymerase or exTag
polymerase (Takara Bio Inc., Kusatsu, japan) in
30-35 cycles under the following conditions: 30 s
denaturing at 94°C, 30 s annealing at 47-58°C and
30 s extension at 72°C.

Polymerase chain reaction products were separated
by agarose gel electrophoresis, and authentic frag-
ments were collected and purified with a QUAEX 1l
kit (Qiagen K.K., Tokyo, Japan). The samples were
then directly sequenced by a Big Dye Terminator
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Cycle Sequencing FS Ready Reaction kit (Applied
Biosystems, Foster City, CA, USA) using forward or
reverse PCR primers, according to the manufacturer’s
protocol. The sequencing products were then
precipitated with 0.15 M NaOAc (pH 8.0) and cold
ethanol, washed once with 70% ethanol, dried, resus-
pended in 25 ul of Template Suspension Reagent
(Applied Biosystems), and analysed by an ABI Prism
310 Genetic Analyzer (Applied Biosystems).

Analysis of FV mRNA

To investigate the presence of FV transcripts from
the mutant allele in platelets, we analysed platelet
RNAs from the proband by mRNA-based PCR-
restriction fragment length polymorphisms (RFLPs).
In brief, total RNA extracted from the platelets was
reverse-transcribed using the respective gene-specific
primers: 12GSP {(S-TCTGTTCTGGTAATCA
TAGT-3’) for 1943insC or 15GSP (5-GTGCTG
TTTATTGCCATTTT-3") for A5279G, and Super
Script II RT reverse transcriptase (Invitrogen Japan,
Tokyo, Japan). To detect the 1943insC mutation, a
nested PCR was performed using the following
primers: 12rPCR-UP (5-CCCTATAGCATTITAC
CCTCA-3) and 12GPS for the first PCR, and
12mut-UP (§-ACTTCTGTAGTGTGGGGggCC-3%
bold lower case characters are mismatched nucleo-
tides) and 12 M-LW (5-TTCATCATCATCTGGG-
ATAC-3') for the second PCR, introducing a new
Apal restriction site in the mutant PCR products, as a
single PCR using the first or second PCR primer set
failed to amplify authentic PCR products. The
1943insC mutant RT-PCR products would vyield
19- and 221-bp fragments, whereas the wild-type
products would not be digested (239 bp). To detect
the A5279G mutation, PCR was performed with the
following primers: 15 M-UP (5-AAAAATCATCA
GAGGGAAAG-3} and 15mut-LW (5-CTGGGT
TCACAGCTGACTAG-3"} introducing a Spel res-
triction site in the wild-type PCR products. Thus, the
wild-type RT-PCR products would yield 18- and
159-bp fragments, while the A5279G mutant prod-
ucts would not be digested {177 bp). These fragments
were run on a 4% agarose gel and stained with
ethidium bromide. We evaluated the allele-specific
mRNA levels by the guantitative densitometric ana-
lyses using the NIH image software {(version 1.62)
{National Institutes of Health, Bethesda, MD, USA).

Preparation of mutant FV expression vectors

We prepared individual FV expression vectors bear-
ing the identified mutations, 1943insC (FS592X; the
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initial Met residue is denoted amino acid +1) and
AS5279G (Y1702C), based on pMT2 containing a
full-length ¢cDNA of human FV (pMT2-FV). Both
mutations were introduced individually into the
pMT2-FV expression vector using the recombinant
PCR method described elsewhere [14]. After recom-
binant PCRs, each DNA fragment encoding the
1943insC or A5279G mutation was isolated as
Bsp361-BspEl or BspMI-SnaBl fragments, and sepa-
rately replaced into the appropriate position for the
pMT2/FV expression vector. DNA sequencing con-
firmed that no unexpected mutation was found in
any of the whole mutant inserts in either construct.

Transient expression of recombinant FVs in COS-1
cells

African green monkey kidney COS-1 cells were
cultured in a 5% CO; humidified atmosphere at
37°C in Dulbecco modified Eagle medium (DMEM;
Invitrogen) supplemented with fetal calf serum
(10%), glutamine (1%), and antibiotics (penicillin
and streptomycin, 100 TU mL™" and 100 pg mL™*
respectively). Cells in 30-mm dishes were transfected
with either wild type or individual mutant plasmids
using the Fu-GENE6™ transfection reagent (Roche
Diagnostics K.K., Tokyo, Japan) according to the
manufacturer’s instructions. After 48-h culture of the
transfected cells in serum-free DMEM, conditioned
media containing the secreted recombinant proteins
were collected, then concentrated using Centrisart 1
{cut off MW 20000; Sartorius, Goettingen, Ger-
many), and subjected to one-stage clotting assay as
well as ELISA (Cedarlane Lab. Ltd) for recombinant
FV antigen measurements as described above.

Results and discussion

Case report

The patient (individual II-1, Fig. 1) is a 39-year-old
Japanese woman who had recurrent episodes of
bleeding such as epistaxis, joint region haematoma
and hypermenorrhea, which were treated with FV
replacement therapy by transfusion of fresh frozen
plasma. When the patient was 4 years old, she had
been diagnosed as having coagulation FV deficiency,
since laboratory tests revealed that the prothrombin
time and the activated partial thromboplastin time
were prolonged, and FV activity was below the
measurable limit, There was no history of bleeding
tendencies in her other family members tested, since
FV activities in plasma of both her mother and a
sibling were 65%, suggesting that they might be

© 2006 Blackwell Publishing Ltd
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(n.d.)

(<3%)

(65 %)

Fig. 1. Pedigree of the factor V-deficient family. The propositus is
subject II-1 (arrow). Circle and square indicates male and female
respectively. Values in parentheses represent plasma factor V
activities {n.d., not done). Subjects with 1943insC and AS279G
mutations are demonstrated with solid and shaded areas respect-
ively.

heterozygous for FV-deficiency causing mutation.
Consanguinity in the family was excluded.

DNA sequencing

In order to identify causative FV gene mutation(s) in
such an FV-deficient patient, we analysed nucleotide
sequences of all 25 exons and exon—intron boundar-
ies of the FV gene. Results from direct sequencing of
the FV gene revealed that the patient had a C
insertion in three consecutive cytosine nucleotides
**Thr(ACC)-*?°GIn(CAG)! in exon 12 at nucleo-
tide positions 1940-1942 (1943insC), and an A-G
transition in exon 15 at nucleotide position 5279
(A5279G) (Fig. 2). DNA samples from her mother
and brother also showed heterozygosity for the
1943insC mutation, but no A5279G mutation (data
not shown), which are consistent with the data of
plasma FV activity, i.e. about half that of normal
subjects; 1943insC is a novel mutation, which can

@
; 1943£nsc
i

1 N\/W\f

%gg

i
Thr

ACC CAG AAT GAA ATTNomal GCC

ACC CCA GAA TGA AAT-vuam
The Glu Stop
286 592

cause a frame-shift resulting in a substitution of the
amino acids after **°Gln with two abnormal residues
**°Pro-"?'Glu) followed by a stop codon (FS592X).
The A5279G will cause the amino acid substitution
Y1702C, which was previously designated FV Seoul
2 [15]. The A5279G FV gene mutation has also been
found in Iralian and Slovenian subjects [16,17], and
is thought to be a very ancient and/or recurrent
mutation. In this study, we demonstrated that this
mutation also occurred in a Japanese subject, sug-
gesting that the AS5279G might be a hot-spot
mutation rather than a founder mutation.

mRNA analysis (RT-PCR RFLPs)

We analysed the expression of mutant FV gene
transcripts from the patient’s platelets by mRNA-
mediated PCR-RFLPs (RT-PCR RFLPs). For
1943insC (FS592X-FV mRNA), the nested RT-PCR
followed by Apal digestion yielded 239- and 221-bp
bands, representing transcripts from the normal and
mutant alleles, respectively, although the mutant
signal was markedly reduced (Fig. 3a). For A5279G
(Y1702C-FV mRNA), the RT-PCR products diges-
ted with Spel yielded 159- and 177-bp bands,
representing transcripts from the normal and mutant
alleles respectively (Fig. 3b). Thus, both mutant
transcripts were present in the patient’s platelets.
However, the FS592X-FV mRNA signal was mark-
edly reduced to 12% of the wild type in the
quantitative densitometric analysis, whereas the
Y1702C-FV mRNA signal was more intense (250%
of the wild type). These data suggest that the patient
could be compound heterozygous for these muta-
tions, and that her RNA surveillance system would
eliminate most of the FV mRNA derived from the
mutant allele encoding a premature termination by
the frame-shift mutation, F$592X {18]. On the other

3

Ala Tyr Tyr Ser
TAC TAC TCA -Nomal
GCC TGC TAC TCA -t

Als (w3 Tyr Ser
¥iir]

Fig. 2. Patient’s nucleotide and amino acid sequences surrounding the mutations. (2} Nucleotide and amino acid sequences surrounding
1943insC. Arrow indicates mutation point. The mutation predicts an zbnormal sequence of two amino acid residues and a stop codon.
(b} Nucleotide and amino acid sequences surrounding A5279G. Arrow denotes mutation point. Patient’s heterozygous sequencing pattern
is shown.
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(a) ()
P2mut-UP i5M -UP
. . —-GGg g CC T
<Normal cDNA> 5 =—=GGACCCAG ¥ <Normal ¢cDNA> & TACTACTCA mermn 37
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() i-1 )] j1581
e 239'bp (1.00) — 177bp (2.50)
- 221 bp (0.12) = 159bp (1.00)

Apal RFLP

Spel RFLP

Fig. 3. Detection of mutant factor V mRNAs in patient’s platelets. (a) Reverse transcriptase polymerase chain reactdon (RT-PCR) products
{239 bp) using primers 12mus-UP and 12M-LW were digested with Apal, then electrophoresed on 4% NuSieve 3:1 agarose gel. Wild-type
RT-PCR product migrated as an uncleaved 239-bp band, while F$592X (1943insC’) RT-PCR product is represented by an Apal cleaved
221-bp band. lI-1, proband; C, control donor. Numbers in parentheses are relative amounts of signals measured by the quantitative
densitomertric analysis (wild type = 1.00). (b} RT-PCR products {177 bp) using primers 15M-UP and 15mut-LW were digested with Spel,
then electrophoresed on 4% NuSieve 3:1 agarose gel. Wild-type RT-PCR product migrated as Spel cleaved 139-bp band, whereas Y1702C
{A5279G) RT-PCR product is represented by an uncleaved 177-bp band. II-1, proband; C, control donor. Numbers in parentheses are
relative amounts of signals measured by the quantitative densitometric analysis (wild type = 1.00).

hand, both the FV antigen and activity in her plasma
were below the detectable limit, suggesting that the
mutant Y1702C-FV might be impaired during the
post-transcriptional process of protein synthesis and/
or in secretion. Indeed, it has also been previously
reported that the FV allele bearing the Y1702C
mutation was expressed normally at the mRNA
level, but not at the protein level in plasma {15].

Expression of wild type and mutant recombinant
FVs i COS-1 cells

It is tmportant to determine the patient’s phenotype
on Met1736Val polymorphism, as it will exert a
great influence on the expression ievel of the recom-
binant FV [19]. Sequence analysis revealed that the
patient was homozygous for 1736Met, which is the
same phenotype encoded in the pMT2-FV, and thus
its influence may not be revealed in expression
experiments for her Y1702C-FV.

We investigated the effects of the identified
mutants on FV secretion by conducting transient
transfection experiments in COS-1 cells, which do
not express endogenous FV. We observed that the
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wild type recombinant FV proteins were secreted
efficiently into culture media with an adequate
specific activity (0.94), but that the mutant
Y1702C-FV showed an impaired secretion {1.8%
of the wild type} and inadequate FV procoagulant
activity {0.56) (Fig. 4). These data tend to support
the conclusion that the Y1702C mutation could be
causative for the FV deficiency as reported previ-
ously {15]. Indeed, plasma levels of FV activity in
her mother and brother, who had oaly the Y1702C
mutation in heterozygous, were reduced to 65% of
normal. The 1702Y is a highly conserved amino
acid not only in FV molecules among various
species, but also in buman FVIH and ceruloplasmin
[15]. Moreover, an X-ray crystal structure analysis
of wild type FV has demonstrated that the FV
Y1702C mutation leads to the disappearance of
two hydrogen bonds with P1618, and that its
structure was significantly altered by a new hydro-
gen bond bridge formed between this cysteine and
one of the other free cysteines [15]. These data
suggest that 1702Y may play an important role in
maintaining the structure and function of the FV
molecule.

© 2006 Blackwell Publishing Ltd
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Fig. 4. Transient expression of wild-type factor V (FV) and 1702C mutant FV in COS-1 cells. Plasmids containing wild type (pMT2/FV) or
mutant (PMT2/FV-Y1702C) FV ¢DNA were transiently transfected in COS-1 cells using FuGene reagent. Antigen and activity levels of
recombinant FVs were measured in conditioned media 48 h after transfection (a, FV antigen; b, FV activity; ¢, FV-specific activity). Bars
represent mean values = SD of three independent experiments, each performed in duplicate. FV levels were expressed as percentage of

normal pooled plasma from 235 healthy individuals.

On the other hand, recombinant FS592X-FV
molecule was not detected in cultured media of the
transfected COS-1 cells {data not shown). The
transcripts of FS592X-FV were detected in the
patient’s platelets, but were found to be markedly
reduced compared with normal allele transcripts
{Fig. 3a). Moreover, as the FS592X-FV is a truncated
molecule in the A2 domain, it would not be
processed normally as reported for other mutant
coagulation factors {20,21].

Conclusion

In this study, we investigated the molecular basis of 2
severe coagulation FV deficiency in a Japanese
woman and identified two distinct mutations
{1943insC/FS592X and AS5279G/Y1702C) in her
FV gene. The dara indicated that both mutant FV
molecules would be impaired, at least in part, during
the post-transcriptional process of protein synthesis
and/or in secretion. Taken together with the above
observations, it seems to suggest that each mutation
could be separately responsible for severe FV defici-
ency, while this phenotype is due to the in-trans
combination of the two defects.
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Abstract

Intravenous immunoglobulin (IVIG) therapy has been used for autoimmune diseases and disorders involving autoanti-
bodies, including coagulation inhibitors. In this review, we have evaluated the efficacy and safety of IVIG therapy for acquired
coagulation inhibitors, including factor VIII inhibitor, and for acquired von Willebrand syndrome on the basis of 44 reports
published between 1965 and 2005. Among 35 patients with factor VIII inhibitor, we estimated the efficacy of IVIG therapy
alone (which includes complete remissions and partial responses with a clinical benefit) to be 30% (11 cases), whereas the
response to combination therapy with IVIG plus immunosuppressive agents (eg, corticosteroid, cyclophosphamide) seemed to
be better (approximately 70%, 33/45 cases) than with IVIG therapy alone. In acquired von Willebrand syndrome, the efficacy
of IVIG therapy was estimated to be 30%. The response to IVIG therapy appears to occur rapidly, and coagulation inhibitors
seem to be neutralized immediately. Moreover, severe complications or side effects rarely occur during IVIG treatment. IVIG

therapy thus may be considered one choice for treating acquired coagulation inhibitors, although its efficacy improves when

used in combination with immunosuppressive agents.
Int J Hematol. 2007;85:xxx-xxx. doi: 10.1532/1JH97.06222
© 2007 The Japanese Society of Hematology

Key words: Intravenous immunoglobulin therapy; Acquired coagulation inhibitors; Autoimmune disease; Factor VIII

inhibitor; von Willebrand syndrome

1. Introduction

Intravenous immunoglobulin {IVIG), a highly purified
immunoglobulin G {IgG) fraction derived from pooled
human plasma, is currently one of the most widely used
plasma components in the world [1,2]. It was originally intro-
duced as replacement therapy for patients with primary
immunedeficiency disorders. In 1981, Imbach et al reported a
serendipitous observation that a high-dose infusion of IVIG
(2 g/kg of body weight infused over 5 days) was able to tran-
siently increase the platelet count in children with idiopathic
thrombocytopenic purpura (ITP) [3]. With the encourage-
ment of this and other reports on I'TP {4], the clinical applica-
tions of IVIG have increased markedly over the past 25 years

Correspondence and reprint requests: Koji Yamamoto,
Department of Transfusion Medicine, Nagoya University
Hospital, Nagoya, Japan; fax: 81-052-744-2610 {e-mail:
kojty@med.nagoya-u.ac.ip).
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to include many autoimmune diseases. IVIG has been shown
to be efficacious in clinical trials for graft-versus-host disease
[5], myasthenia gravis [6], Guillain-Barré syndrome [7],
Kawasaki disease [8], and chronic inflammatory demyelinat-
ing polyneuropathy [9]. It has aiso been used to treat immune
neutropenia and for coagulation inhibitors [10-12}, but its effi-
cacy and safety have not been firmly established.
Coagulation inhibitors, antibodies against individual clot-
ting factors, interfere with blood coagulation. The most com-
mon coagulation inhibitor is factor VIII inhibitor, an antibody
against factor VIII that neutralizes the coagulant activity of
factor VIIL Factor VIl inhibitor develops in patients with
hemophilia A as an alloantibody after replacement therapy
or spontaneously as an autoantibody in nonhemophilic
patients [13], including postpartum patients and those with
autoimmune disease, malignancy, or diabetes [14]. Once
developed in such patients, factor VIII inhibitor poses a seri-
ous problem for the management of bleeding episodes,
because any infused factor VIII will be rapidly neutralized
and will not be available to induce hemostasis [15]. Although
IVIG therapy has been used as one of the immunotherapies
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for eradicating coagulation inhibitors, such an indication is
considered off label [2].

The aim of this review is to examine the efficacy and
safety of IVIG therapy in patients with acquired inhibitors
against factors VIIL, IX, or V, and in patients with acquired
von Willebrand disease. Cases with lupus anticoagulant were
not included in this review. An electronic search of the
Medline/PubMed database from 1965 to 2005 was performed
to identify relevant articles. This search yielded 108 citations,
72 of which were considered appropriate and reviewed.
The bibliography of each review paper was examined to

identify articles that may have been missed by our electronic
searches.

2. History

In 1983, Nilsson et al reported an interesting cbservation
{11j. A patient with severe hemophilia B and factor IX
inhibitor was treated with extracorporeal protein A-Sepharose
adsorption to remove the inhibitor, followed by the adminis-
tration of factor IX concentrate and cyclophosphamide. This
procedure produced a 15-fold increase in factor IX inhibitor on
one occasion but did not cause any increase of the inhibitor
titer on another occasion, when 5 g of IVIG was also given
to the patient to restore the reduced IgG level The investiga-
tors suggesied that the administration of IVIG appeared to
suppress antibody synthesis in hemophilia B patients with fac-
tor IX inhibitor.

Three groups of investigators reported the use of IVIG in
the management of factor VIII inhibitors in 1984 [12,16,17].
IVIG therapy combined with vincristine produced a tran-
sient disappearance of acquired factor VIII inhibitor along
with a slow rise of factor VIII activity in a 13-year-old boy
with autoimmune disease [16]. IVIG therapy was ineffective
in 2 patients with hemophilia A inhibitor {17]. Sultan et al
{12} reported that IVIG therapy (0.4 g/kg body weight per
day for 5 days) resulted in the rapid, marked, and prolonged
suppression of factor VIII inhibitor in 2 patients with
acquired factor VIII antibody (autoantibody) but that it had
little or no effect in 2 hemophilic patients with factor VIII
antibody (alioantibody). They showed by in vitro experi-
ments that IVIG preparations were able to neutralize the
anti—factor VIII activity of the patients’ plasma and the IgG
fraction of the patients’ sera. Many articles were subse-
guently published on the effect of IVIG on acquired factor
V111 inhibitors, as is discussed later.

3. Possible Mechanisms of Action

The rapid rise in the platelet count in ITP following IVIG
administration is thought to occur through binding to and
blocking Fey receptors on macrophages, thereby preventing
the removal of antibody-coated platelets by the reticuloen-
dothelial system in the spieen and liver [4]. This mechanism,
however, does not appear to explain the effect on coagula-
tion inhibitors.

Several hypotheses on the mechanisms of action of IVIG
on factor VIII inhibitor have been put forward. Sultan et al
and Kazatchkine and Kaveri postulated that anti-idiotypic
antibodies present in IVIG preparations neutralize factor
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VIIi autoantibodies [12,18]. F(ab’), fragments from IVIG
preparations inhibited anti-factor VIII activity in F(ab’),
fragments from the patient’s plasma. Anti—factor VIII F(ab),
fragments were specifically retained on an affinity column of
Sepharose-bound F(ab’), from IVIG, indicating that a direct
interaction occurred through the antibody-binding sites of
both immunoglobulins {19]. Anti-idiotypes against various
autoantibodies were shown to be present in pooled normal
human polyspecific immunoglobulin. In addition, IgG pre-
pared from elderly donors and muitiparous women was
reported to contain a higher frequency of neutralizing anti-
bodies against factor VIII autoantibodies [20]. It is puzzling
that such an in vitro antibody-neutralizing effect was not
always demonstrated, even though in vivo administration of
IVIG produced a marked reduction of the inhibitor titer
[21,22].

The fall in inhibitor titer following IVIG therapy without
simultaneous immunosuppressive treatment appears to be
rapid (within several days) in most cases [12,23,24] but is
slow (more than 10 days) in others {22,25]. There must be
stow effects of IVIG on autoantibody production. In addition
to its direct and immediate action on antibodies, IVIG has
been proposed to suppress antibody formation by B-cells, a
process mediated through the down-regulation of Fcy recep-
tors [26}. Furthermore, IVIG may induce T-cell suppressor
activity [27]. These observations taken together suggest that
IVIG exerts its effect on the inhibitor titer through more
than one mode of action.

4. Efficacy
4.1. Against Factor VIII Inhibitor

We extensively reviewed the internationat literature pub-
lished from 1965 to 2005. The typical IVIG dosage used for
treating factor VIII inhibitor was 0.4 g/kg per day for 5§ con-
secutive days.

The efficacy criteria (ie, the response to IVIG therapy)
were as follows [28]: Complete remission (CR) was defined
as the disappearance of the inhibitor, partial response (PR)
was defined as a decrease in the inhibitor titer by at least
25% of the baseline value, and failure was defined as other
than CR and PR.

In Table 1, we present all of the cases in which the efficacy
of IVIG treatment alone was evaluated {12,22-25,28-40].
The response to IVIG therapy alone was failure in 11 cases
{31.4%) and PR in 21 cases (60.0%}), but with a subsequent
clinical benefit in only 8 patients. Finally, 3 patients (8.6%)
achieved CR. The efficacy of IVIG therapy alone, which
includes CR and PR with a clinical benefit, among these 35
patients was estimated to be 31.4% (11 cases). In most cases
of CR or PR, the response to IVIG treatment was rapid, and
factor VIII inhibitor seemed to be neutralized immediately.

We summarize the responses to combined therapy with
IVIG plus immunosuppressive agents in Table 2 [21,25,
28,32,35,38-52]. The response to IVIG plus steroid and/or
cyclophosphamide therapy was better than to 1VIG treat-
ment alone. CR was achieved in 19 {(73%) of 26 patients
who were treated with IVIG plus steroid. In addition, 14
(74%) of 19 patients who received IVIG plus steroid and
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Tabie 1.

Evaluable Patients from the Literature with Acguired Factor Vili inhibitor Who Were Treated with intravenous immunoglobulin (VIG)*

Sex/Age, Associated

inhibitor Titer, Bethesda U

IVIG Dosage, Clinical
No. Reference y Disease g/kg perd Before Nadir (dt)  Response Outcome
1 Hudak et al [29] F/4G Postpartum 05x5d 16 <1 (105) CR Sustained remission
2 Schwartz et al [25] AM/68 CLi 1x2d 1 0 (14) CR Sustained remission
3 Schwartz et al [25] F/83 Diabetes ix2d 0.9 0 (61) CR Sustained remission
4 Sultan et al {12] M/62 idiopathic 04x5d 25,000 550 (3) PR No clinical benefith
5 Sultan et al [12] F/29 Postpartum 04x5d 10,500 1000 (3} PR No clinical benefit -
6 Zimmermann et al [301 F/64 idiopathic 05x8d 75 10 (25) PR Clinical benefit
7 Zimmermann et al {30} FI7G idiopathic 05x8d 51 38©) PR Clinical benefit
8 Newland et al [22] F/71 Diabetes G4x5d 50 20 (45) PR Clinical benefit
El Heyman et at [31] M/64 idiopathic 04x%x5d 47 28 (17) PR No clinical benefit
10 Nishida et al [23] F/3% Idiopathic 0.4 x 5d 115 17 (3) PR No dlinical benefit
11 Schwerdtfeger et al [32]  F/31 Postpartum 65x5d 420 104 (6) PR No dlinical benefit
12 Sultan et al [33] M/78 NA 04x5d 42 20 (30) PR No clinical benefit
13 Sultan et al {33] M/72 Carcinoma 04x54d 38 10 (5) PR Transient benefit
14 Schwartz et al [25} M/54 Aicoholism i1x2d 1228 208 (7; PR No dlinical benefit
15 Schwartz et al [25] F/72 idiopathic 1x2d 880 570 (48) PR No clinical benefit
16 Schwartz et al [25] F/25 idiopathic 1x2d 280 1.8 (57) PR Clinical benefit
17 Schwartz et al [25] F/38 Postpartum i1x2d 102 56 (22} PR Clinical benefit
18 Schwartz et al {25] M/77 Carcinoma C4x5d 39 24 (3) PR No clinical benefit
18 Schwartz et al [25] M/60 Griseofulvin 04x54d 29 18 (19} PR No clinical benefit
20 Crenier et al [28] M/€5 Cardiomyopathy 04x5d 420 72 (30) PR No clinical benefit
21 Crenier et al 28] M/74 Bronchitis 04x5d 24 12(7) PR No clinical benefit
22 Michiels et al [24] F/31 Postpartum 05x%x5d 12 10D PR Clinical benefit
23 Lafferty et al [34] F/42 SLE 04x5d 500 185 (NA) PR Clinical benefit
24 Waish et al [35] F/72 Cholecystitis 30gx1d 6 NA PR Clinical benefit
25 Hiller et al [36] M/57 Surgery 30gx5d 24 20 (2) F Transient benefit
26 Casas et ai [37] M/70 Lymphoma 04x7d 8.6 35 (NA) F Transient benefit
27 Suitan et al [33] M/45 Vasculitis 04x5d 25 28 (NA) F NA
28 Pignone et al [38] F/66 RA 04x6d 13 26(7) F NA
29 Hauser et al {39] F/29 Postpartum 04x5d 10 110 (NA) F NA
30 Mateo et al [40] F/82 CLL 04x5d 2.5 10 (30} F NA
31 Schwartz et al [25] /64 Diabetes 1x2d 452 340 (6) F No clinical benefit
32 Schwartz et al [25] F/83 LA 04x5d 102 96 (5) F No clinical benefit
33 Schwartz et al [25] F/48 idiopathic 1x2d 59 46 (2) F No clinical benefit
34 Schwartz et al [25] M/73 Carcinoma 04x5d 42 108 (5} F No clinical benefit
35 Schwartz et al [25] /62 idiopathic 1x2d 1.4 1.4 (11) F No dlinical benefit

*CR indicates complete remission; CLL, chronic lymphocytic leukemia; PR, partial response; NA, not available; SLE, systemic lupus erythematosus;

F, treatment failure; RA, rheumatoid arthritis; LA, lupus anticoagulant.
TNumber of days after starting IVIG treatment.
FSubjective evaluation by the doctors in charge.

cyclophosphamide reached CR. Only 2 cases of treatment
with IVIG plus cyclophosphamide were reported, and these
patients achieved CR [52]. Conversely, 18 (75%) of 24
patients treated with steroid plus cyclophosphamide instead
of IVIG achieved CR. This degree of efficacy is consistent
with the report by Green et al [45]. In these reports, however,
the evaluation of efficacy depended on the patients’ symp-
toms {ie, improvement of bleeding tendency), because the
disappearance of inhibitors was not followed up.

Thus, the overall efficacy of IVIG therapy alone is almost
30%, whereas that of a combination therapy with IVIG plus
steroid and/or cyclophosphamide is approximately 70%.

Recent reports have described patients with acquired
factor V11l inhibitors who rapidly responided to immunosup-
pressive regimens including rituximab, a monocional anti-
body against CD20" B-cells [53,54]. These data suggest that
immunosuppressive therapy using rituximab could become a
powerful tool against coaguiation inhibitors.
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4.2. Acquired von Willebrand Syndrome

Acquired von Willebrand syndrome is a rare bleeding dis-
order with laboratory findings similar to those of congenital
von Willebrand disease. According to an international reg-
istry, acquired von Willebrand syndrome is primarily associ-
ated with lymphoproliferative diseases, immunologic and
cardiovascular disorders, and solid tumors. The prevalence of
acquired von Willebrand syndrome in these underlying dis-
orders is still unknown.

IVIG was also effective in stopping bleeding in acquired
von Willebrand syndrome [55]. Several groups reported that
acquired von Willebrand syndrome associated with systemic
lupus erythematosus [56], monoclonal gammopathy [57-60],
malignant lymphoma [61], and prostatomegaly {62], and of
undefined origin [63,64] responded well to IVIG therapy.
Some patients were successfully treated with the combina-
tion of IVIG and desmopressin, but the effect was transient
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Tabie 2.

Responses of Patients with Acquired Factor Vil inhibitor to Immunosuppressive Agents with or without Intravenous

immunoglobulin (IVIG) Therapy

IVIG + Pr (26 Cases)

IVIG + Pr + Cy {19 Cases)

Pr + Cy {24 cases)

- Reference CR PR F CR

PR F CR PR F

Green et al [41] 1

Carreras et al 211 1

Heyman et al {31} 1t
QiSullivan et al [42]
Pirner et al [43]
Lionett et al [44]
Pignone et al [381
Green et al [45]
Hauser et al [39]
Mateo et al [40]
Schwartz et al {25}
Crenier et al [28]
Lafferty et al [34]
Sohnigen et al [46]
Bossi et al [47]
Gandini et al [48]
Dykes et al [49] 1 2

Grunewald et al {50} 2
Mazzucconi et al [51] 1

Delgado et al [52] 3
Total R 18 3 4 14
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4 1 18 6

*Pr indicates prednisolone or dexamethasone; Cy, cyclophosphamide; CR, complete remission; PR, partial response;

F, treatment failure.
HWVIG dosage: 0.4 g/kgperd for2 d.

in most cases. According to data from an international reg-
istry, the efficacy of IVIG therapy in acquired von Willebrand
syndrome was estimated to be 30% (21/63 patients) [65,66].
Of note, however, is that in most cases the efficacy of IVIG
was subjectively evaluated (ie, a good response means to stop
bleeding) by the doctors in charge. This efficacy is similar to
that for treatment with desmopressin (38/119) or with
immunosuppressive agents {23/66), but corticosteroids alone
were effective in only 19% of patients {12/63).

4.3. Other Coagulation Inhibitors (Factor V or IX
Inhibitor)

Patients with inhibitors against factor V or IX are
extremely rare. Only one report described acquired factor
IX inhibitor developing in a patient with autoimmune
polymyositis [67]. Single-agent therapy with IVIG was effec-
tive in suppressing inhibitor synthesis and in stopping bleed-
ing. Another report described acquired factor V inhibitor
developing in an 82-year-old female patient following abdom-
inal surgery [68]. Nine-day treatment with IVIG (0.4 g/kg per
day) was partially effective in suppressing the inbibitor titer
and improving the patient’s hemorrhagic diathesis.

5. Safety

Adverse reactions to [VIG therapy are usually mild and
self-limited: headache, back pain, low-grade fever, myalgia,
and chills. The IVIG preparations currently in clinical use
are also assumed to carry virtually no risk of transmitting
infectious agents, Rarely, however, serious complications can
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occur. In recent years, thromboembolic complications have
occasionally been reported in patients who received IVIG.
Stroke, acute myocardial infarction, and deep vein thrombo-
sis were estimated to occur at an incidence of 3% to 5% [69].
Thromboembolism appeared to develop mainly in patients
who had other risk factors, such as an advanced age, being
bedridden, and a history of thromboembolism. What triggers
thromboembolic complications? During 5 courses of treat-
ment with IVIG (24-54 g/day), the plasma IgG concentration
was noted to increase 4-fold, and plasma viscosity increased
to beyond the normal range [70]. It appears that increased
blood viscosity after high-dose IVIG infusion is responsible
for thromboembolism. Slow infusion of IVIG (a daily dose of
0.4 g/kg in not less than 8 hours) has been recommended to
prevent thromboembolism [71].

Interestingly, our own review of the literature revealed no
thromboembolic complications in 80 patients with acquired
factor VI inhibitor who had received IVIG. It is tempting to
speculate that the presence of a coagulation inhibitor may
counteract thrombosis formation.

6. Discussion

In general, treatments of acquired coagulation inhibitors
are divided into 2 approaches: One is to stop the present
bleeding events, and the other is to remove inhibitors by
immunomodulative therapy. In cases of acute bleeding in
patients with factor VIII inhibitors, conventional manage-
ment consists of human factor VIII concentrate or desmo-
pressin for low inhibitor levels (<5 Bethesda U) and porcine
factor VIII or bypass therapy (eg, recombinant activated





