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Brief report

Severe coagulation factor V deficiency caused by 2 novel frameshift mutations:
2952delT in exon 13 and 5493insG in exon 16 of factor 5 gene
Éva Ajzner, István Balogh, Teréz Szabó, Anikó Marosi, Gizella Haramura, and László Muszbek

A male infant with severe bleeding tendency had undetectable factor V activity. Sequence analysis of the proband’s
DNA revealed one base deletion in exon
13 (2952delT) and one base insertion in
exon 16 (5493insG) in heterozygous
form. Both mutations introduced a
frameshift and a premature stop at
codons 930 and 1776, respectively. The
proband’s father and mother were heterozygous for 2952delT and for

5493insG, respectively. Both mutations
would result in the synthesis of truncated proteins lacking complete light
chain or its C-terminal part. In the patient’s plasma, no factor V light chain
was detected by enzyme-linked immunosorbent assay. The N-terminal portion of factor V containing the heavy
chain, and the connecting B domain
was severely reduced but detectable
(1.7%). A small amount of truncated

factor V–specific protein with a molecular weight ratio of 236 kd could be
immunoprecipitated from the plasma
and detected by Western blotting. This
protein, factor VDebrecen, corresponds to
the translated product of exon 16 mutant allele. (Blood. 2002;99:702-705)

© 2002 by The American Society of Hematology

Introduction
Blood coagulation factor V, a large (molecular weight ratio
[Mr] ⫽ 330 kd) single-chain glycoprotein, is composed of 3
homologous A-type domains, 2 smaller homologous C-type
domains, and a heavily glycosylated B domain that connects the
N-terminal A1-A2 region with the C-terminal A3-C1-C2 region.1,2 Its plasma concentration is approximately 10 g/mL,
and approximately 20% of factor V in the blood is compartmentalized in platelet ␣-granules. Thrombin, the physiological
activator of factor V, removes the internal B domain by limited
proteolysis and the remaining heavy chain (HC) (Mr ⫽ 105 kd)
and light chain (LC) (Mr ⫽ 73 kd) are associated via a calcium
ion.3 The active form of factor V enhances the activation of
prothrombin by several thousand-fold.4,5 The gene for human
factor V has been localized to chromosome 1q21-25; it spans
approximately 80 kilobases of DNA and consists of 25 exons
and 24 introns. Complete complementary DNA (cDNA) and
derived amino acid sequence of human factor V have been
determined.6
Congenital factor V deficiency (parahemophilia)7 is a rare
disorder with an incidence of about 1 in 106. It is inherited in an
autosomal recessive manner, and the patients suffer a moderate
to severe bleeding disorder. Most factor V–deficient patients
have low factor V activity and antigen level; however, discrepancy between functional and antigenic levels has also been
described.8,9 More than 200 factor V–deficient cases have been
reported in the literature, but the molecular basis for factor V
deficiency has been established in only a few cases.10-13
Additional molecular defects in the factor V gene have been

identified in patients with “pseudohomozygosity” for factor V
Leiden (the Leiden allele plus the null allele). These patients
may be identified on the basis of thrombotic problems (reviewed
in Kane1). Here, we describe 2 novel frameshift mutations in the
factor V gene that lead to severe factor V deficiency.
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Study design
Case history
A male infant presented at birth with subdural hematoma when his factor V
deficiency was diagnosed. He is now 2 years old and has been suffering
from easy bruising and severe hematoma following intramuscular injection.
Consanguinity in the family was excluded. No bleeding disorder was
detected in other members of the family.
Preparation of plasma and platelet specimens
Ethical approval was obtained from the Ethics Committee of the
Medical and Health Science Center, University of Debrecen (Hungary).
Following informed consent, blood samples from the patient and family
members were collected in a 1:10 volume of 0.105 M sodium citrate.
The patient did not receive substitution therapy for 2 months prior to
blood sampling for factor V antigen and activity measurement. Blood
samples used for Western blotting or immunoprecipitation were immediately treated with a cocktail of protease inhibitors including 10 g/mL
benzamidine; 0.1 mM 4-(2-aminoethyl)benzenesulfonyl fluoride; 10
g/mL leupeptin; and 2 g/mL aprotinin (Sigma, St Louis, MO). Plasma
was separated by centrifugation at 2000g for 20 minutes, and aliquots
were stored at ⫺70°C. The washed platelet suspension was prepared as
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as second antibody and was followed by peroxidase-labeled goat
antirabbit immunoglobulin (Ig)–G (Dako, Glostrup, Denmark). The
assays were calibrated against standard human plasma (Dade Behring),
and factor V antigen levels were expressed as a percentage of the
normal average.
Immunoprecipitation, sodium dodecyl sulfate–polyacrylamide
gel electrophoresis, and immunoblotting
Factor V was isolated from the plasma by immunoprecipitation with the
use of sheep polyclonal anti–factor V antibody (The Binding Site)
biotinylated at carbohydrate residues16 and streptavidin agarose (Amersham Pharmacia Biotech, Buckinghamshire, United Kingdom). Immunoprecipitates and whole plasma samples were analyzed by sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE)17 and
by Western blotting. The following antibodies were used as primary
antibody: biotinylated sheep polyclonal antibody against factor V

Figure 1. Molecular genetic analysis of factor V deficiency. (A) Pedigree of
factor V–deficient family. Values in parentheses represent plasma factor V activities.
Reference interval for factor V activity is 70% to 120%. Subjects with 2952delT and
5493insG mutations are demonstrated with shaded and solid areas, respectively.
There was no indication of the presence of heterozygous factor V deficiency in the
mother’s family. (B) Identification of causative mutations in the DNA sequence of the
proband. Exon 16 was sequenced on the reverse strand. Altered nucleotides are
shown in italics. Predicted amino acid sequences around mutations are shown below
the electropherograms. Amino acid residue numbering is based on the cDNA
sequence published by Jenny et al.6

described14 with a final platelet count of 1000 G/L (109 platelets per
liter), and lysed with 1% Triton X-100.
Factor V activity and antigen assays
Factor V coagulant activity in plasma was measured by a one-stage
assay based on prothrombin time. Standard human plasma (Dade
Behring, Marburg, Germany) was used for calibration. Factor V activity
in platelet lysate samples prepared as described above was determined
by the same assay system, but in this case the assay was calibrated
against pooled normal platelet lysate. Factor V, factor V HC, and factor
V LC antigen levels were determined by sandwich enzyme–linked
immunosorbent assay (ELISA). Sheep antihuman factor V polyclonal
antibody (The Binding Site, Birmingham, United Kingdom), monoclonal antibody directed to epitope on the 150-kd activation peptide in the
connecting B domain (clone B10) (Chemicon, Temecula, CA), and
monoclonal antibody directed to epitope on C2 domain of factor V LC
(clone HV1) (Sigma)15 were used as capture antibodies. Rabbit antihuman factor V antiserum (Diagnostica Stago, Asnières, France) was used

Figure 2. Factor V antigen in the plasma of the proband and family members.
(A) Measurement of factor V antigen by 3 different sandwich ELISAs. The following
capture antibodies were used: a polyclonal anti–factor V antibody (total factor V
antigen); a monoclonal antibody against an epitope on factor V B-domain that detects
the N-terminal portion of the molecule containing factor V HC plus the connecting
region (FVHC antigen); and a monoclonal antibody against an epitope on factor V
light chain (FVLC antigen). The reference interval obtained by Montefusco et al12 was
used for comparison. (B) The detection of factor V by Western blotting. SDS-PAGE
was carried out in 5% gel. The sample loaded onto the gel contained 0.625 L normal
(lane 1) and 12.5 L patient (lane 2) plasma or factor V immunoprecipated from 2.5
L normal plasma (lane 3) and 250 L patient’s (lane 4) plasma. Biotinylated
polyclonal antibody against factor V and Vectastain ABC kit were used for the
detection of factor V in plasma samples (lanes 1,2), while the blots of immunoprecipitates (lanes 3,4) were developed by monoclonal anti–factor V B-domain antibody and
peroxidase-labeled antimouse IgG. Arrows indicate the position of Mr marker
proteins; arrowheads point to intact factor V molecule; and double arrowhead points
to the faint band representing truncated factor V present in the patient’s sample. In
the immunoprecipitate from normal control plasma, some breakdown product of
factor V could also be seen.
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(see above); rabbit anti–factor V antiserum (Assera V, Diagnostica
Stago); and mouse monoclonal antibody against the B domain of factor
V (Chemicon). The immunoreaction with the biotinylated antibody was
visualized by avidin H and biotinylated peroxidase complex (Vectastain
ABC kit) (Vector, Burlingame, CA). Nonbiotinylated anti–factor V
rabbit antibody and anti–factor V B-domain mouse antibody were
followed by peroxidase-labeled goat antirabbit IgG and rabbit antimouse IgG (Dako), respectively. Bound peroxidase was detected by
ECL-Plus (Amersham) chemiluminescent reagent.
Polymerase chain reaction amplification and sequencing
Genomic DNA was isolated from buffy coats by QIAamp Blood Mini Kit
(QIAGEN, Hilden, Germany). The following oligonucleotides used in
polymerase chain reaction (PCR) amplification and sequencing were
designed from factor V gene sequence18: e1F, 5⬘-cccacagcctctagagctc-3⬘;
e1R, 5⬘-cccggactccacacct-3⬘; e2F, 5⬘-ttagtttttgtattttatttccag-3⬘; e2R, 5⬘gtttctataaattttcagtaaatgg-3⬘; e5F, 5⬘-ctgcagtgctactgaaaacat-3⬘; e5R, 5⬘tttccttcttgatagggagttg-3⬘; e7F, 5⬘-ttcttctcttgagttatttcattg-3⬘; e7R, 5⬘tttgcccagtggtatgaa-3⬘; e8F, 5⬘-atttgagaaagtggtttaatttt-3⬘; e8R, 5⬘catttgaatttaaaattatatgagc-3⬘; e17F 5⬘-ctgtgtcaacagattttaattgattt-3⬘; e17R, 5⬘aagaaatgagaaggagttacagatt-3⬘; e21F, 5⬘-gaatttaggcagtgtgtgacttgtt-3⬘; e21R,
5⬘-tctagagattcagatagaaatatgcacaca-3⬘; e22F 5⬘-taaactttcctcttttcttctag-3⬘;
e22R, 5⬘-tcccaaatcttgattcttt-3⬘; e24F, 5⬘-caaaggttttaacatcttccttatct-3⬘; e24R,
5⬘-gcacagtcttcagattgctttc-3⬘; e25F, 5⬘-tttctcttatttggctttcag-3⬘; e25R 5⬘attctaaatggtttgaggtctt-3⬘. Exon 13 was amplified in 4 overlapping fragments by means of the following primers: e13aF, 5⬘-gattattgtgttttcatgtct-3⬘;
e13aR, 5⬘-cttgggtcccttatgctta-3⬘; e13bF, 5⬘-atacgtctactttcacttg-3⬘; e13bR,
5⬘-tgggaagagatgtttcatt-3⬘; e13cdF, 5⬘-caacacattttcagaaagaag-3⬘, e13cdR,
5⬘-cattgagagtaggagatg-3⬘; e13eF, 5⬘-ttgatcagatattctacc-3⬘; e13eR, 5⬘tcagcagtaatggaaaaatg-3⬘. The remaining exons were amplified by the use of
published primer sequences.11 PCR products purified by ultrafiltration were
sequenced by ABI 310 Genetic Analyzer (Applied Biosystems, Foster
City, CA).

Results and discussion
The proband had highly prolonged prothrombin time (58.1
seconds; control, 8.7-11.5 seconds) and activated partial thromboplastin time (198.8 seconds; control, 29.5-42.7 seconds).
Plasma clotting factor activities were within the reference
(control) range with the exception of factor V. Factor V activity
was undetectable in the proband’s plasma (Figure 1A) and
platelet lysate. The mother, the father, and one grandmother had
moderately decreased factor V activity corresponding to a
heterozygous state. DNA sequence analysis revealed 2 causative
mutations in heterozygous form: one base deletion (thymine) in
exon 13 at nucleotide position 2952, and one base insertion
(guanine) in exon 16 at nucleotide position 5493 (Figure 1B).
The proband’s mother was heterozygous for 5493insG while his

father was heterozygous for 2952delT. In the proband’s DNA,
there were 2 further noncausative mutations: a homozygous
silent A3273G substitution in exon 2 and a heterozygous
A62503T substitution in exon 22.10
Both causative mutations introduced a frameshift and predicted novel stop codons at positions 930 and 1776, respectively, that would lead to the synthesis of truncated factor V
molecules. Factor V antigen level in the patient’s plasma was
severely reduced, but detectable (Figure 2A). In ELISA systems
using B-domain or LC-specific monoclonal antibodies, only the
N-terminal portion of factor V containing HC plus B domain
could be detected. The parents had antigen values around 50%.
No factor V was detected in the patient’s plasma by Western
blotting (Figure 2B, lane 2); however, when factor V antigen
was concentrated 100-fold by immunoprecipitation, a faint band
with an Mr of 236 kd reacted with monoclonal anti–factor V
B-domain antibody (Figure 2B, lane 4) or polyclonal anti–factor
V antibodies (results with the latter antibodies are not shown).
No intact factor V could be seen, and a further 4-fold increase in
the amount of immunoprecipitate obtained from the patient’s
plasma did not change the situation (not shown). The predicted
protein resulting from the exon 13 mutation would lack part of
the B domain and the complete LC. The exon 16 mutant protein
would lack a significant part of the LC, and this 1775 amino
acid–long polypeptide would have an Mr of 200 kd. Considering
that it contains the heavily glycosylated B domain, it is very
likely that the 236-kd protein that we now designate factor
VDebrecen represents this larger truncated protein. The absence of
smaller truncated protein and the highly reduced amount of
factor VDebrecen could be due to reduced synthesis of mutant
messenger RNAs,12 to the instability and intracellular degradation of mutant proteins, and to the accelerated plasma clearance
of truncated factor V.19
Complete factor V deficiency is lethal in knockout mice;
however, they can be rescued by a very low level (less than 0.1%)
of transgene factor V expression.20,21 Although we were unable to
detect intact factor V in the patient’s plasma, it cannot be excluded
that the patient expresses a very low level of factor V as a result of
ribosomal slippage or somatic reversion. Such a low level of factor
V might be undetectable on the Western blot, even by the highly
sensitive chemiluminescent technique. Alternatively, intact factor
V, owing to its extreme protease sensitivity, could have been
degraded during the immunoprecipitation procedure. A further
possibility is that the truncated protein possesses some residual
procoagulant activity22 that is sufficient to rescue the patient from
fatal consequences.
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3. Dahlbäck B. Human coagulation factor V purification and thrombin-catalyzed activation. J Clin Invest. 1980;66:583-591.
4. Nesheim ME, Taswell JB, Mann KG. The contribution of bovine factor V and factor Va to the activity of prothrombinase. J Biol Chem. 1979;254:
10952-10962.
5. Rosing J, Tans G, Govers-Riemslag JWP, Zwaal
RFA, Hemker HC. The role of phospholipids and

factor Va in the prothrombinase complex. J Biol
Chem. 1980;255:274-283.
6. Jenny R, Pittman D, Toole J, et al. Complete
cDNA and derived amino acid sequence of human FV. Proc Natl Acad Sci U S A. 1987;84:48464850.
7. Owren PA. Parahaemophilia, haemorrhagic diathesis due to absence of previously unknown
clotting factor. Lancet. 1947;i:446-448.
8. Tracy PB, Mann KG. Abnormal formation of the
prothrombinase complex: factor V deficiency
and related disorders. Hum Pathol. 1987;18:
162-169.
9. Chiu HC, Whitaker E, Colman RW. Heterogeneity
of human factor V deficiency: evidence for the

10.

11.

12.

13.

existence of antigen-positive variants. J Clin Invest. 1983;72:493-503.
Murray JM, Rand MD, Egan JO, Murphy S, Kim
HC, Mann KG. Factor VNew Brunswick: Ala221-to-Val
substitution results in reduced cofactor activity.
Blood. 1995;86:1820-1827.
Guasch JF, Cannegieter S, Reitsma PH, van’t
Veer-Korthof E, Bertina RM. Severe coagulation
factor V deficiency caused by a 4 bp deletion in
the factor V gene. Br J Haematol. 1998;101:3239.
Montefusco MC, Duga S, Asselta R, et al. A novel
two base pair deletion in the factor V gene associated with severe factor V deficiency. Br J
Haematol. 2000;111:1240-1246.
van Wijk R, Nieuwenhuis K, van den Berg M, et

From www.bloodjournal.org by guest on October 3, 2017. For personal use only.

BLOOD, 15 JANUARY 2002 䡠 VOLUME 99, NUMBER 2

al. Five novel mutations in the gene for human
blood coagulation factor V associated with
type I factor V deficiency. Blood. 2001;98:358367.
14. Muszbek L, Polgár J, Boda Z. Platelet factor XIII
becomes active without the release of activation
peptide during platelet activation. Thromb Haemost. 1993;69:282-285.
15. Ortel TL, Quinn-Allen MA, Keller FG, et al. Localization of functionally important epitopes within
the second C-type domain if coagulation factor V
using recombinant chimeras. J Biol Chem. 1994;
269:15898-15905.

FACTOR V DEFICIENCY DUE TO 2952delT AND 5493insG

16. O’Shannessy DJ. Antibodies biotinylated via
sugar moieties. Methods Enzymol. 1990;184:
162-166.
17. Laemmli UK. Cleavage of structural proteins during the assembly of the head of bacteriophage
T4. Nature. 1970;227:680-685.
18. Kane WH, Davie EW. Cloning of a cDNA coding
for human factor V, a blood coagulation factor
homologous to factor VIII and ceruloplasmin.
Proc Natl Acad Sci U S A. 1986;83:6800-6804.
19. Rand MD, Hanson SR, Mann KG. Factor V turnover in a primate model. Blood. 1995;86:26162623.

705

20. Cui J, O’Shea KS, Purkayastha A, Saunders TL,
Ginsburg D. Fatal haemorrhage and incomplete
block to embryogenesis in mice lacking coagulation factor V. Nature. 1996;384:66-68.
21. Yang TL, Cui J, Taylor JM, et al. Rescue of fatal
neonatal hemorrhage in factor V deficient mice by
low level transgene expression. Thromb Haemost. 2000;83:70-77.
22. Ortel TL, Devore-Carter D, Quinn-Allen MA, Kane
WH. Deletion analysis of recombinant human factor V. J Biol Chem. 1992;267:4189-4198.

From www.bloodjournal.org by guest on October 3, 2017. For personal use only.

2002 99: 702-705
doi:10.1182/blood.V99.2.702

Severe coagulation factor V deficiency caused by 2 novel frameshift
mutations: 2952delT in exon 13 and 5493insG in exon 16 of factor 5 gene
Éva Ajzner, István Balogh, Teréz Szabó, Anikó Marosi, Gizella Haramura and László Muszbek

Updated information and services can be found at:
http://www.bloodjournal.org/content/99/2/702.full.html
Articles on similar topics can be found in the following Blood collections
Brief Reports (1952 articles)
Hemostasis, Thrombosis, and Vascular Biology (2485 articles)
Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society of
Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.

