472

H&O

Combined Factor V and Factor VIII Deficiency:
A Report of a Case, Genetic Analysis,
and Response to Desmopressin Acetate
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Introduction

Combined factor V and factor VIII deficiency (F5F8D)
is a rare, autosomal recessive congenital bleeding disorder
with a prevalence of 1:1,000,000. Individuals present
with a variable clinical bleeding phenotype, elevated
prothrombin time (PT) and partial thromboplastin time
(PTT), and plasma levels of factor V and VIII of 5-30%.
Mutations in 2 proteins, LMAN1 and MCFD, required
for concurrent transport of FV and FVIII through the
Golgi apparatus and endoplasmic reticulum, have been
identified in these patients.

Case Presentation

A 24-year-old Middle Eastern man was referred for pro-
longed bleeding following tooth extraction. His history
was significant for prolonged bleeding after minor trauma;
he had required fresh frozen plasma infusions after expe-
riencing a tongue laceration as a child and after a lower
extremity laceration as an adolescent. He had no history of
hemarthroses, but had experienced gastrointestinal bleed-
ing in the setting of peptic ulcer disease. His prothrombin
time (PT) was 19 seconds, correcting to 11.5 seconds upon
mixing (control, 9.8-13.2 seconds). His activated partial
thromboplastin time (aPTT) was 70 seconds, correcting
to 34 seconds upon mixing (control, 22.5-31.3 seconds).
Platelet function assays based upon responses to collagen/
epinephrine and collagen/adenosine diphosphate were
within normal limits. Coagulation factor assays and a von
Willebrand factor (vWF) panel were obtained. Activity
levels of factors 11, VII, IX, and vWF ristocetin were nor-
mal; no factor inhibitors were present. Based on a factor V
activity of 5% and a factor VIII activity of 4% in the setting
of a normal vWF panel, a diagnosis of FSF8D was made.
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Figure 1. Pedigree of FSF8D patient. Gray
arrowhead=proband; black=clinical bleeding history;
red=congenital hearing loss.

Pedigree analysis revealed a sister with significant
postpartum bleeding attendant upon a vaginal delivery.
Both his sister and 1 brother had congenital hearing loss
(Figure 1). His sister’s PT, PTT, and factor V activity lev-
els were unknown. His parents were consanguineous (first
cousins; Figure 1). Genetic analysis uncovered a D81Y
missense mutation in the MCFD2 gene.

Because of his bleeding history and the unavailability
of purified factor V, a desmopressin acetate (DDAVD,
Sanofi-Aventis) test was performed to see if this interven-
tion might elevate factor VIII release, and perhaps influ-
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ence levels of the cotransported protein factor V. Factor V
and VIII levels were measured prior to intranasal admin-
istration of 300 pg of DDAVDE and again at 30 and 60
minutes postchallenge. The vWF ristocetin cofactor activ-
ity, vWF antigen, and aPTT were also measured. Factor
VIII activity increased after 30 minutes but declined to
about 60% of maximal activity by 60 minutes, while fac-
tor V activity was unchanged (Figure 2). In parallel, the
aPTT fell from 75.7 seconds to 70.1 seconds 60 minutes
postinfusion. vWF ristocetin activity and vWF antigen
levels both increased after the DDAVP infusion.

Discussion

FSF8D represents approximately 3% of all rare congeni-
tal bleeding disorders, with a prevalence of 1:1,000,000
in unselected populations.! Approximately 60-80% of
F5F8D patients present with prolonged bleeding following
injury or surgery. Gingival bleeding occurs in more than
50% of patients. Hemarthroses, typical of hemophilia A
and B, occur in less than a third of patients.' The majority
of patients are of Middle Eastern or Indian descent. The
inheritance pattern is autosomal recessive. Two distinct
mutations have been discovered: defects in the Lectin Man-
nose Binding Protein 1 (LMANT1), first identified in 1998;
and defects in the Multiple Coagulation Factor Deficiency
gene 2 (MCFD2), first identified in 2003.* The protein
products of these genes are involved in trafficking of factors
V and VIII from the endoplasmic reticulum to the Golgi
apparatus. MCFD2 and LMANT1 normally occur in 1:1
stoichiometry and allow for the folding and transport of
both coagulation factors. In the absence of one of these
proteins, neither factor can be transported outside the cell
and thus are not available to participate in hemostasis.

In our patient, an important diagnostic clue was
his family history of consanguineous parents from the
Middle East. An LMANI mutation is found in approxi-
mately 70% of FSF8D patients and leads to factor V and
VIII levels of 5-30%; most patients are eastern Jews.>
Of the remaining 30%, most have MCFD2 mutations,
which are more common in India and Europe. This
mutation can lead to lower factor levels compared to
the LMANI mutations, with accompanying higher
incidence of bleeding that is spontaneous or associated
with minor trauma. Our patient’s clinical bleeding pat-
tern is characteristic of symptomatic F5F8D. His history
of spontaneous bleeds and factor V and VIII levels cor-
responding to the lowest limits in previously described
F5E8D cases reflects the lower factor levels that typically
accompany the MCFD2 mutation. However, other dif-
ferences between patients with LMANI and MCFD2
mutations may also be involved, as distinct patterns of
bleeding were recently identified in F5F8D patients
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Figure 2. Factor V and factor VIII activity after intranasal
administration of desmopressin acetate.

from India as compared to patients from Iran and Israel
despite having similar mean factor levels.!

The particular MCFD2 mutation found in our
patient has previously been described in 2 Saudi Arabian
women.”® To our knowledge, this is the first case reported
in a man. A third mutation in factor transport proteins
has been hypothesized to account for F5F8D in the
absence of LMANI and MCFD?2 alterations, although
this mutation has not been identified to date. The pres-
ence of congenital hearing loss in our patient’s siblings
suggests a syndromic component in the setting of parents
who are first cousins, although congenital hearing loss has
not previously been reported in patients with FSF8D.

Various treatment strategies have been proposed,
including as-needed infusions with fresh frozen plasma,
DDAVP, and recombinant factor VIIL.” Previous reports
demonstrate a doubling of baseline factor VIII activ-
ity after DDAVP administration, as was observed in
our patient.*® A more sustained and robust response
to DDAVP in some cases has been documented in the
setting of higher baseline levels of factor VIIL.*® In our
patient, enhancing the intracellular release of factor VIII
by DDAVP clearly could not overcome the ER/Golgi
transport deficit, similar to other reports, and factor V
levels remained unchanged.®®

Summary

This case describes a very rare type of congenital bleed-
ing disorder, F5F8D, with an identified cellular transport
defect. He exhibited prolonged bleeding after minor
trauma and surgery and did not mount a significant
response to DDAVY in terms of factor V levels, nor did
he achieve a sustained response in terms of factor VIII.
Alternate methods to ensure hemostasis will be required
for this patient before any planned surgical procedures.
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Review
Combined Factor V and Factor VIII
Deficiency

Gerald A. Soff, MD
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Kettering Cancer Center, New York, New York

Chapin and colleagues describe an interesting case of a very
rare hereditary coagulation disorder.! A 24-year-old man
of Middle Eastern ancestry had moderate deficiencies of
factors V and VIII (5% and 4%, respectively) and excessive
bleeding since childhood following precipitating events.
He bled excessively after tongue and leg lacerations, gas-
trointestinal bleeding in the setting of peptic ulcer disease,
and, most recently, following tooth extraction. He was born
of consanguineous parents (first cousins), and one other
sibling also has had a bleeding diathesis, characteristic of
an autosomal recessive trait. This case represents a classic
description of a very rare bleeding disorder—combined
factor V and factor VIII deficiency (F5F8D).

Chapin and colleagues also provide results of a trial
of intranasal desmopressin (DDAVDP; Sanofi-Aventis).
DDAVP increased the factor VIII level, but not the fac-
tor V level, which was similar to the few cases previously
reported. The factor VIII level increased from 2% to 13%
with the single DDAVP treatment, with a clinically rel-
evant increase persisting through 60 minutes. The factor
V levels did not change after DDAVP.

There appeared to be a second, separate hereditary
defect in the family: congenital hearing loss. This defect has
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been described in no prior cases of FSF8D, and the clear
hereditary segregation of the trait suggests it was coincidental.

Multiple Factor Deficiency Syndromes

Hereditary combined coagulation factor deficiencies are
a group of very rare bleeding disorders in which a single
hereditary defect results in deficiencies of more than 1
coagulation factor.*® It is unlikely that an active clinician
would see more than 1 or 2 cases in an entire career, but an
understanding of these diseases is of particular interest for
the molecular biologic and protein biology lessons that can
be learned from them.

A number of multiple factor deficiency syndromes
have been described, but most are so rare that only a few
families have been identified. As an example, a total of
only 3 families have been reported with hereditary com-
bined deficiencies of factors IX and X1, and little is known
about this syndrome beyond its autosomal inheritance.*

Other multiple coagulation factor deficiencies have
been better characterized. Hereditary deficiency of the vita-
min K—dependent factors has been described in a number
of families.*” Probably the first case reported was in 1956,°
but at that time the diagnostic tools were quite limited.
The first definitive case of hereditary deficiency of the vita-
min K—dependent factors was in 1966.7 As the relationship
of the vitamin K—dependent factors has been recognized
for many years, it was no surprise that a hereditary com-
bined deficiency syndrome would be described. As the
understanding of vitamin K metabolism and the role of
gamma-carboxylation of the dependent coagulation factors
emerged, the specific defects causing hereditary combined
deficiency of the vitamin K—dependent factors was eluci-
dated. Recessive mutations of 2 genes, the gamma-gluta-
myl carboxylase gene (GGCX), and the vitamin K epoxide
reductase gene (VKOR), have now been recognized.’
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Combined factor V and factor VIII deficiency (F5F8D) is
also a very rare familial multiple coagulation factor defi-
ciency, first reported in 1954.% The estimated prevalence
is 1:1,000,000, although this must be understood in the
context that the majority of cases have been identified
in consanguineous families, or from small gene pools
in which recessive traits are much more likely to be
penetrant.” Most cases include Jews, Arabs, and Persians
from the Middle East, as well as India.”'* More recently,
cases have been identified more widely throughout the
world.*'® Within the higher risk populations, the disease
has been estimated to occur as frequently as 1:100,000."?

Until recently, there has not been consistent nomencla-
ture for the combined factor V and factor VIII deficiency
syndrome. It has been variously referred to as familial mul-
tiple factor coagulation factor deficiency I? and muldple
coagulation factor deficiency 1. The “Online Mendelian
Inheritance in Man” registration is OMIM #227300 (fac-
tor V and factor VIII, combined deficiency, and abbreviated
F5F8D1) and for this review, we will use the abbreviation
F5E8D.

Clinical Manifestations

In F5F8D, coagulant activity and antigen levels of factors
V and VIII are concomitantly low, usually between 5%
and 20%.%”!° Symptoms are typical of factor deficiency
disorders, and include easy bruising, epistaxis, and gin-
gival bleeding.?*!® Postoperative bleeding is also com-
mon.”!* Severe spontaneous bleeding episodes are rare,
but hemarthrosis has been observed.” The hemorrhagic
manifestations are usually mild to moderate, suggesting
that there is not an additive or synergistic hemorrhagic
risk related to the dual deficiencies.>!°

Molecular Biology

The defects causing rare bleeding disorders may teach us
interesting aspects of normal coagulation and biology. For
many years, the mechanism by which a single gene defect
could cause the deficiency of these 2 different coagulation
factors was unclear. Early on, it was recognized that the defect
could not involve the genes for the 2 coagulation factors
directly, since the factor V gene was autosomal whereas the
factor VIII gene was X-linked.? FSFD is clearly autosomal
recessive, as deduced by the fact that men and women are
equally affected, the syndrome does not cross generations,
and a high percentage of the cases are from consanguineous
parents.”” All homozygous individuals manifest the disease,
so there is complete penetrance. In 1981, Soff and Levin
hypothesized that “it is interesting that these 2 factors share

COMBINED FACTOR V AND FACTOR VIII DEFICIENCY

a common step in their metabolism which, when abnormal,
leads to the diathesis,” but the tools to elucidate this shared
process were not yet at hand. At one point, deficiency of
protein C inhibitor was proposed as the mechanism of the
disease,'* however, this theory was later disproved."

The seminal work revealing the molecular mechanism of
FSFD came from Nichols and colleagues.'"” Linkage of the
putative gene to chromosome 18q by homozygosity mapping
in 1997'¢ was followed by identification of specific mutations
of the ERGIC-53 gene, a component of the endoplasmic
reticulum (ER)-Golgi intermediate compartment, in 1998."
ERGIC-53 is now known as LMANI1 (lectin mannose bind-
ing protein).'® LMANI was previously identified in the inter-
mediate compartment between the ER and Golgi, but was of
unknown function."” Mapping FSF8D to LMANT indicated
that the F5F8D defect was in the post-transcriptional pro-
cessing of the 2 coagulation factors, by a shared pathway.”
LMANT functions as a molecular chaperone for the transport
of factors V and VIII from the ER to Golgi.”

As is often the case in research, a satisfying answer
subsequently appeared to be incomplete. In further stud-
ies, only approximately three fourths of cases of FSF8D
syndrome had mutations of the LMANI gene.”?' This
finding led to further genetic analysis in the remaining
patients and identification of a second defect, referred to
as MCFD2 (multiple coagulation factor deficiency 2).%
LMANI and MCFD2 form a complex that appears to
facilitate transport of specific secreted proteins, including
factors V and VIII.""** The characterization of the mecha-
nism of this rare disease has now helped to clarify this
important protein-processing pathway.

The D81Y mutation present in the MCFD2 gene
identified in the current patient has been previously
described by Zhang and colleagues.” This mutation abol-
ishes MCFD2 binding to LMAN1.%

The large majority of known LMANI mutations pre-
dict null alleles," yet there is always a modest basal level
or both factors V and VIII. This suggests that at least some
secretion of FV and FVIII may still occur in the absence

of the LMAN1:MCFD2 complex.
Treatment

Treatment of bleeding episodes or prophylaxis for surgery in
patients with FSF8D has most frequently been with plasma
infusion, which provides both factor V and VIIL? Only
modest elevations of factors V and VIII are achievable with
plasma, due to volume constraints, but this is usually suf-
ficient to control bleeding and for perioperative hemostasis.
Chapin and colleagues provide results of intranasal
desmopressin  (DDAVP) treatment in their patient.!
Limited data have been previously published describing
the use of DDAVP in F5F8D.?*? In those previous cases,
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as with the current case, the factor VIII coagulant activ-
ity rose at least two-fold, but the factor V levels did not
increase. The patients appeared to have derived clinical
benefit, despite the selective improvement of factor VIII
only. This outcome suggests that the factor VIII deficiency
may be more responsible for the bleeding manifestations
than the factor V deficiency, or alternatively, that DDAVP
provided an additional benefit that reduced bleeding,
independent of simply boosting the factor VIII levels.
The selective increase in factor VIII, but not factor V, in
response to DDAVP indicates that it does not treat the
underlying defect of the endoplasmic reticulum-Golgi
intermediate compartment, specifically the LMANI and
MCFD2 complex.

Conclusion

Chapin and colleagues describe a classic case of F5F8D
syndrome that illustrates the key clinical and genetic char-
acteristics of the disease. The case serves to remind us to
be mindful of rare and unanticipated coagulation disorders
when evaluating a patient with a bleeding history. Not all
factor VIII deficiency is von Willebrand disease or hemo-
philia A. Patient management as well as genetic counseling
necessitates a full understanding of the range of disorders.
The F5F8D disorder also illustrates the power of trans-
lational research. The systematic analysis of these rare families

1328 a5 well as others® allowed

by Seligsohn and colleagues
for the guided application of homozygosity mapping to
identify the gene locus, and ultimately to identify the specific
genes responsible for FSF8D. This allowed Chapin to send
a patient sample for LMANI and MCFD2 genetic analyses.

With the elucidation of the importance of the ER-
to-Golgi cargo receptor function of the LMANI1:MCFD2
complex, research is ongoing to further understand its
biologic importance. Zhang and colleagues have recently
reported on LMAN1-deficient mice.*® Mild deficiencies of
factors V and VIII were observed, as would be expected,
but accumulation of the ER chaperone protein GRP78
and alpha Il-antitrypsin in the liver was an unexpected
finding.%® Future clinical, basic science, and translational
studies of F5F8D and the LMAN1:MCFD2 complex may
continue to provide valuable insight into both the bleed-
ing disorder and other aspects of protein processing.
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