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Background and Objectives. The modulation of dis-
ease severity in hemophilia A (HA) patients may be
related to the co-inheritance of mutations in genes
with a known thrombotic effect such as factor V Lei-
den (FVL) and prothrombin. In the Spanish popu-
lation, the prothrombin 20210A (PT20210A) allele
is the most prevalent genetic risk factor for venous
thromboembolism.

Design and Methods. We investigated the presence
of both mutations in a cohort of 265 hemophiliac
patients divided into two groups: 1) 140 unrelated
patients with moderate and mild HA and Il) 125
unrelated patients with severe HA (83 carrying an
inversion of intron 22).

Results. In group |, 4 patients had the FVL (2.8%
vs. 2.98% controls) and 5 had the PT20210A
(3.6% vs. 6.46% controls). In group II, two patients
with inversion had the FVL (1.6%) and PT20210A
was found in 10 patients (8%), five of them with
inversion of intron 22 without inhibitors. One of
these patients had the FVL and PT20210A muta-
tions concomitantly. In the subgroup of patients
with inversion who were carriers of the PT20210A,
three parameters i.e. spontaneous bleeding
(p=0.008), factor VIII utilization (p=0.016) and
number of hemophilic arthropathies (p<0.0005)
were significantly lower than in a subgroup of 11
age-matched non-PT20210A severe HA patients
with inversion and without inhibitors.

Interpretation and Conclusions. These results indi-
cate that the inheritance of PT20210A could be a
protective factor that mitigates the clinical severity
of HA.
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characterized by a deficiency of coagulation
factor VIII (FcVIN) activity. Mild hemophilia

results as the consequence of FcVIII activity rang-
ing between 5-30% whereas in moderate cases
this activity varies from 2-5%. These cases are usu-
ally not diagnosed during infancy and the clinical
course is generally benign. On the other hand,
patients with severe hemophilia A (factor activity
less than 1%) experience frequent bleeding
episodes in joints or soft tissues.!2

However, there is considerable variation in the
extent and frequency of bleeding in such patients
and even in those sharing the same level of defi-
cient factor or the same molecular abnormality.
Apart from the molecular pathology of the FcVilI
gene, the final phenotype and evolution of the dis-
ease could also be influenced by genetic risk factors
for thrombosis which could modulate the severity
of HA by compensating for a defective FVIII. In fact,
the role of prothrombotic risk factors, especially the
factor V Leiden (FVL) mutation, in hemophilia has
been the subject of a number of studies.>-¢

The FVL mutation is a G to A substitution at
nucleotide 1691 in factor V replacing Arg by GIn at
position 509. Cleavage by activated protein C at
this Arg site is required for the efficient inactiva-
tion of activated factor V. FVL is the major cause
of activated protein C resistance and has been
identified as one of the most frequent inherited
risk factors for venous thrombosis.”®

The 20210 G to A mutation in the prothrombin
gene (PT20210A), occurs in the 3untranslated
region of the prothrombin gene. This variant, which
was first described in 1996,° was found to be
linked to elevated plasma prothrombin levels and
with a moderately increased risk for first venous

| Iemophilia A (HA) is an X-linked disorder
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thrombotic events. Moreover, in the Spanish pop-
ulation, the PT20210A allele is the most prevalent
genetic risk factor for venous thromboembolism.:2
We investigated the prevalence of both muta-
tions in a cohort of 265 Spanish HA patients in an
attempt to determine whether both mutations were
associated with decreased bleeding, less FcVIII uti-
lization and a reduced number of hemophilic
arthropathies. Based on these three parameters, we
found significant evidence that the PT20210A
mutation could mitigates the severity of the phe-
notype in HA patients with inversion of intron.2

Design and Methods

Patients

Study subjects consisted of consecutive regular
patients with HA attending clinics of different Span-
ish Hemophilia Units. We studied 265 Spanish HA
patients who were divided into two groups. Group
I: 140 patients with moderate and mild HA (defined
by FcVIII activity). The mutation in the Fc VIIl gene
was identified in 26 of these patients. Group Il: 125
patients with severe HA (defined by FcVIII coagula-
tion activity less than 1%). Eighty-three of these
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patients had intron 22 inversion; 25 had other
mutations and in 17 patients the identification of
the mutation was in progress. FVL and PT20210A
variant frequencies from 201 unrelated individuals
of the Spanish population were available.12

Assessment of clinical severity of bleeding

Markers of bleeding severity were defined a pri-
ori and retrospectively ascertained for each study
subject in a blind fashion. We determined three
parameters for comparison between carriers and
non-carriers of FVL and PT20210A:

1) average of total factor concentrate utilization
for the three-year period from January 1998 to
December 2000 expressed as Units/year. This infor-
mation was available for all patients with the
exception of cases 1-3, 6 and 7 (Table 1) who died
before or during these dates. In these cases the
information recorded was from the last three years
of life. Information on the use of prophylactic treat-
ment with FcVIII concentrate and on the presence
or absence of inhibitors was also available for each
patient. The criteria for administering FcVIII replace-
ment were similar for all patients;

Table 1. Clinical information on patients with severe HA with FVL and Zor PT20210A (PT). 1-5 and 6-11 correspond to cases
without and with inversion, respectively. C1-C11 correspond to the patients with severe HA with inversion without the FVL or

PT20210A allele.

Patient Age (years) FeVIll activity Mutation in FeVIIl gene Inhibitors MBF Fevill Hemophilic FVL/PT
1.D. HIV Utilization*  Arthropathy

1 t19 <1% us Yes >6 80,000 4 PT
2 t 14+ <1% del exon 23 No na na na PT
3 26 <1% us No <5 45,000 3 PT
4 2 <1% K1040X Yes >6 rFVila none PT
5 9 <1% W1567X No Prophylaxis Prophylaxis none PT
6 t 32+ <1% Inversion (D) No <5 20,000 2 PT
7 t 26+ <1% Inversion (D) No <5 6,000 2 PT
8 28 <1% Inversion (D) No 5 45,000 3 PT
9 27 <1% Inversion (D) No none none 1 PT
10 38 <1% Inversion (D) No <5 6,000 2 FVL/PT
11 22 <1% Inversion (D) No >6 64,200 1 FVL
C1 34 <1% Inversion (D) No >6 110,200 >4 No
C2 30 <1% Inversion (D) No >6 78,400 >4 No
C3 28 <1% Inversion (D) No >6 196,000 >4 No
C4 39 <1% Inversion (D) No 6 40,000 >4 No
C5 35 <1% Inversion (D) No <5 13,200 4 No
C6 40 <1% Inversion (D) No >6 72,600 >4 No
c7 39 <1% Inversion (D) No >6 95,800 >4 No
8 39 <1% Inversion (D) No >6 104,800 >4 No
9 23 <1% Inversion (D) No >6 145,000 4 No
C10 18 <1% Inversion (P) No 5 72,000 4 No
C11 21 <1% Inversion (P) No 5 69,000 4 No

Abbreviations: * = units/year; MBF = maximum bleeding frequency per year; us = under study; D = distal; P = proximal; tdeath from major trauma, except case #6 who died

of renal failure; t+ death from HIV complications; na=data not available.
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2) the number of bleeding episodes per year expe-
rienced by the patient over the last three years.
Bleeding episodes were defined as spontaneous or
traumatic bleeding events requiring treatment of
FeVIll concentrate. The precise number of bleeding
episodes was difficult to ascertain retrospectively in
some cases. Therefore, we determined the maxi-
mum bleeding frequency to categorize the patients
as those with either a low tendency (up to 5
episodes) or a high tendency (more than 6 episodes)
in their worst year;

3) data from severely affected subjects under
study included the presence and number of hemo-
philic arthropathies caused by hemophilic bleed-
ing, which interfered with the daily activities
because of pain or deformity.

Genotyping

DNA was extracted using a standard protocol.t3
The presence or absence of inversion of intron 22
was ascertained as previously described.* All oth-
er mutations were detected by SSCP analysis
according to David et al.2> with minor modifications
in the reaction conditions. Fragments with mobili-
ty shift were then purified with a QIAquick column
polymerase chain reaction (PCR) purification kit
(QIAGEN), and analyzed by direct forward and
reverse sequencing using a DNA sequencing kit
(Perkin Elmer-Applied Biosystems) on an ABI PRISM
310 DNA automatic sequencer. We genotyped the
FVL and the PT20210A variants using four previ-
ously described primers?® in a multiplex-PCR. Con-
trol DNA samples of wild type, heterozygous and
homozygous FVL and PT were included with each
PCR batch. Briefly, 50 uL of mixture containing 20
mM TRIS HCI pH 8.2, 2 mM MgCl, 0.2 mM of each
of the four dNTPs, 0.5 uM of each primer, 250 ng
of DNA and 1.5 U Tag-gold (Perkin-Elmer) was sub-
jected to 40 cycles of 10 min at 95°C, 1 min at 55°C
(for FVL-PT20210A) and 1 min at 72°C, with a final
extension step of 10 min at 72°C. In the FVL-
PT20210 multiplex PCR, the 175 bp and 118 bp PCR
products were digested with Tagl (Biolabs) and
electrophoresed on a 3% Nusieve GTG agarose gel
(FMC Bioproducts, Rockland, ME, USA).

Statistical analysis

We performed a y? test for group comparison of
frequencies and a t-test to compare the mean val-
ues of FcVIII utilization in the group with and with-
out FVL/PT20210A. A non-parametric approach
(Mann-Whitney test) was used to compare the vari-
ables of maximum bleeding frequencies and the
number of hemophilic arthropathies after replacing
less than or greater than by concrete values (i.e. <5

was replaced by 4; >6 was replaced by 7). In all the
tests, p values <0.05 were considered statistically
significant.

Results

Prevalence of FVL and PT20210A in
Spanish HA patients

In group |, including 140 patients with moderate
and mild HA, we found 4 unrelated FVL carriers
(2.8% vs. 2.9% controls) (Fisher’s exact test p=1)
and 5 unrelated PT20210A carriers (3.6% vs. 6.5%
controls) (p=0.32). In group I, including 125
patients with severe HA, two patients had the FVL
(1.6% vs. 2.9% controls) (Fisher’s exact test p=0.65)
whereas the PT20210A was found in 10 patients
(8% vs. 6.5%) (p=0.76). Nine of them had a known
molecular defect in the FcVIIl gene: two patients
with different stop mutations: K1040X (novel) and
W1567X, one patient with a deletion of exon 23
and six patients with inversion of intron 22. The
characteristics of patients with severe HA with FVL
or PT20210A variants are shown in Table 1. Patient
#10 carried both FVL and PT20210A alleles.

Bleeding episodes and FcVIII utilization

In group | no bleeding episodes requiring utiliza-
tion of FcVIII were recorded in patients with FVL or
PT20210A mutations. This situation was very simi-
lar to that in the moderate and mild cases without
FVL or PT20210A. In fact, these cases are generally
treated with desmopressin instead of FcVIII.

Patients with FVL or PT20210A mutations from
group Il were classified into two subgroups: those
without inversion and those with inversion. The sub-
group without inversion included 5 patients, three
of whom had died before the start of this study
(Table 1, patients #1-5). Patient #1 had a history of
inhibitors and died at the age of 19 in a road acci-
dent. Patient #2 was infected with HIV and died at
14 years old due to HIV complications. No reliable
data on bleeding episodes and factor VIII utiliza-
tion were available for this patient. Patient #3,
despite a history of few bleeding episodes, died at
the age of 26 in a road accident. Patient #4, who is
two years old, developed high response inhibitors
and is currently receiving rFVlla in bleeding epi-
sodes. Finally, patient #5, who is 9 years old, is
receiving prophylaxis with FcVIIl. The heterogene-
ity of the patients in this group in terms of age,
presence of inhibitors, prophylaxis, rVila factor
therapy and different genotype prevented an ade-
quate comparison of bleeding and factor VIII uti-
lization in patients #1, 4 and 5. Given that clinical
data were unavailable for patient #2, only case #3
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could be included in the group of PT20210A for
comparison (Table 1). The subgroup with inversion
and FVL or PT20210 mutations was more homoge-
neous in age (all were adults) although two of them
had died before the study. None of them had devel-
oped inhibitors prior to or during the period of the
study, despite the fact that inhibitors were present
in a proportion of the remaining inversion cases
(0/6 vs. 31/77) (Fisher’s exact test p=0.08). We
compared the bleeding episodes, FVIII utilization
and the number of hemophilic arthropathies in the
subgroup of patients with inversion of intron 22
and PT20210A and /or FVL with the same parame-
ters in a subgroup of patients with severe HA and
inversion but without PT20210A or FVL. Out of 77
patients with inversion without PT20210A/FVL, 31
had inhibitors, 30 were infants and adolescents
receiving prophylaxis and data were not available
for 5 patients. Information on the remaining 11
patients was used for comparison with the
PT20210A group and the cases with FVL (Table 1,
C1-C11). The average age in the subgroup with
PT20210 (patients #6-10) was 30 (ranging from 26
to 38) and that in the subgroup without PT20210A
was 32 (ranging from 20 to 40). The number of
bleeding episodes in the subgroup with PT20210A
was always less than or equal to 5 episodes per year
(median=4) and case #9 had not had bleeding
episodes during the previous three years. The aver-
age FcVIIl utilization in this subgroup was 15,400
Units per year (¥18105). The range was from no
required factor in recent years in patient #9 to
45,000 units of FcVIII utilization per year in patient
#8. The average bleeding tendency in the subgroup
without PT20210A was more than 6 episodes per
year (with the exception of case C5) (median=7)
and the average FcVIIl utilization was 90,636 Units
per year (+ 49,515). The difference between both
subgroups with respect to maximum bleeding fre-
quency (p=0.008) and FcVIII utilization (p=0.016)
reached statistical significance. The 95% confi-
dence interval for differences between groups in
FeVIIIl utilization was 10,212 to 131,959. Consider-
ing the subgroup with inversion and PT20210A (6-
10) together with the patient #3 (PT2010A without
inversion) and #11 (FVL with inversion) (Table 1),
the average FcVIII utilization was 26600 Units per
year (+ 24,802) (p=0.002). The difference with the
subgroup without prothrombotic risk factors was
still significant when considering maximum bleed-
ing frequency (p=0.009).

Hemophilic arthropathy
Data on hemophilic arthropathy indicated that
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patients with severe HA with FVL and/or PT20210A
tended to have less than 4 arthopathies (median=2)
interfering with daily activities whereas all the cas-
es without PT20210A had 4 or more arthropathies
(median=5) (p<0.0005)(Table 1). There were insuf-
ficient data to determine orthopedic joint scores.

Discussion

To the best of our knowledge, this is the first
report indicating the association of a thrombotic
risk factor, PT20210A, with a significant difference
in clinical outcome in patients with severe HA with
an identical defect in the FcVIII gene. Considering
all patients with HA and prothrombotic risk factors
(PT20210A and FVL), there was a significant differ-
ence in FcVII utilization, maximum bleeding fre-
quencies and the number of arthropathies. This
result was even more marked when considering the
subgroup with PT20210A and inversion. We found
that the co-inheritance of PT20210A in patients
with severe HA and inversion of intron 22 was inde-
pendently associated with fewer bleeding episodes,
with a reduced FcVIIl concentrate utilization and
with a tendency to have a reduced number of
hemophilic arthropathies when compared with a
similar subgroup of HA patients without the
PT20210A variant. These results evidence a possible
mitigating effect of the PT20210 mutation in severe
HA. The fact that only two patients with severe HA
were detected to have FVL (one of these concomi-
tantly with PT20210) precluded a separate adequate
comparison.

In hemophilia, bleeding tendency, FcVIII utiliza-
tion and joint damage are influenced by a number
of known factors such as the type of mutation in
FcVIIl and the development of inhibitors. Although
pediatric patients with severe HA experience fre-
quent bleeding episodes, this tendency declines
with age.r” There is also considerable variation in
the extent and frequency of bleeding in such
patients. A possible explanation for this variable
expression of hemophilia A could be the influence
of gene mutations at other loci. Given that the pro-
coagulant system is in equilibrium with anticoag-
ulant and fibrinolytic systems in normal homeosta-
sis, genetic factors such as FVL or PT20210A muta-
tions which increase the risk of thrombosis are
potential modifier loci for the clinical expression of
HA. Nichols et al., studying two HA patients, sug-
gested that co-inheritance of the FVL mutation
could influence the phenotype of patients with
severe HA sharing an identical FcVIII mutation.*
However, this observation has not been confirmed
by other reports. Arbini et al., studying 21 patients
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with severe HA who had milder bleeding, found only
one carrying the FVL mutation.® Arruda et al., in a
cohort of 113 patients with mild to severe HA,
reported 3 patients with severe HA and co-inheri-
tance of FVL with no difference in the frequency of
bleeding episodes or FcVIII utilization.s Lee et al.,
studying 137 patients with severe HA, found 6 car-
riers of FVL mutation who utilized less FcVIIl con-
centrates and tended to have fewer bleeding
episodes, suggesting a mitigating effect of the FVL
on HA. On the other hand, FVL has not been asso-
ciated with the absence of arthropathy.® These
authors acknowledged that their results require a
cautious interpretation given the small number of
patients with FVL, their different characteristics and
that the effect of other variables such as the FcVI-
[l molecular defect could not be ruled out in this
study. Finally in a recent report, Escuriola Etting-
hausen et al.18 observed that the onset of sympto-
matic bleeding in children with severe HA carrying
prothrombotic factors occurred later in life than in
non-carriers. In a cohort of 92 patients with severe
HA, they found 6 with FVL, 3 with the PT20210A
and one with protein C type | deficiency. Consider-
ing these ten cases as a group, they found a signif-
icantly earlier onset of symptoms (0.9 vs. 1.6 years).
However, the underlying molecular defect in the Fc
VIII gene in these patients was not considered.

The frequencies of FVL and PT20210A in the
Spanish hemophiliac population were fairly similar
to those in the general Spanish population.’? The
prevalence in mild, moderate and severe hemophil-
ia was roughly the same. The population of HA
patients in whom FVL and PT20210A mutations
were detected varied considerably in age, HIV infec-
tion, molecular defect in FcVIIl, inhibitor develop-
ment and type of treatment. In our group of
patients with moderate and mild HA it was not pos-
sible to obtain conclusive data about a protective
effect of these mutations since, in practice, such
patients do not need FcVIll replacement.

The results in the group with severe HA without
inversion were not conclusive because of the het-
erogeneity of the group. On the other hand, the
patients with inversion, severe HA and allele vari-
ants were all adults without a history of inhibitors,
immunotolerance or prophylactic FcVIIl adminis-
tration. Interestingly, none of the patients with
PT20210A and inversion developed high response
inhibitors although inhibitor development was pre-
sent in 37.5% of our Spanish patients with inver-
sion.’® Bleeding episodes, FcVIII utilization and the
number of arthropathies were significantly lower
in the inversion subgroup with PT20210A. Given

that all these patients have the same molecular
defect in FcVIII, a similar age and received a simi-
lar protocol of therapy, it may be concluded that the
presence or absence of PT20210A is the only known
demonstrable factor that could account for their
different clinical outcome. Moreover, neither bleed-
ing episodes nor FcVIII utilization were recorded for
case #9 during the period of the study even though
this patient had a normal daily activity. One case
from the subgroup of patients with inversion with-
out PT20210A had an average FcVIII utilization
within the range of the subgroup with PT20210A.
This patient, suffering from mental impairment, had
a very limited activity that may explain the few
bleeding episodes and the low FcVIII utilization
recorded. However, we cannot exclude the possi-
bility that case #9 in the first subgroup and patient
C5 in the second subgroup were carriers of addi-
tional unknown genetic risk factors for thrombosis,
which could influence their hemophilic phenotype.
Indeed, reduced activated protein C independently
of FVL mutation,® high factor XI levels and high
factor IX levels?? have been associated with a risk
of thrombosis. Furthermore, the importance of
genetic factors in determining variations in hemo-
stasis-related phenotypes has recently been high-
lighted.23.24

Patient #10 of our series was a carrier of both
defects, FVL and PT20210A. Double-heterozygosity
for these mutations is the most common combined
condition associated with thrombophilia.?>26
Although carriers of both genetic defects have a
higher risk of thrombosis than those with single
gene defects, we were unable to obtain evidence of
a synergistic effect of both prothrombotic factors.
This patient has not hitherto shown evidence of
thrombotic episodes. Thrombotic episodes consti-
tute a very rare complication in the treatment of
severe HA.2” Most of the cases have been reported
in patients with inhibitors receiving continuous
activated prothrombin complex or rFVIla adminis-
tration during severe bleeding episodes.?®-3* One
patient with severe HA who was a carrier of the
FVL, developed a portal vein thrombosis after con-
tinuous FcVIII infusion to treat a post-traumatic
intramural jejunal hematoma.32 Further investiga-
tions are necessary to determine the extent of the
invivo or in vitro effect of both mutations-FVL and
PT20210A- in hemophilic patients.

In conclusion, our results provide evidence that
the presence of PT20210A could modify different
biological parameters in patients with severe HA,
especially those with intron 22 inversion. There was
only one patient with severe HA and FVL alone, pre-
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venting a specific comparison. The study of other
additional genetic and acquired factors that influ-
ence the delicate balance between blood fluidity
and blood coagulation is warranted to understand
the phenotypic differences of severe hemophilia
patients and to yield new insights into the progno-
sis and treatment of FVIII deficiency.
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What is already known on this topic

It has been suggested that the clinical manifestations in
hemophilic patients may be related to the co-inheri-
tance of prothrombotic mutations.

What this study adds

This study investigates the clinical effect of the presence
of factor V Leiden and prothrombin 20210A allele in a
cohort of 265 hemophilic patients.

Potential implications for clinical practice

The data suggest that co-inheritance of prothrombin
20210A allele could be a protective factor for bleeding
manifestations in severe hemophilic patients.
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