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Summary

Introduction: Patients with severe hemophilia A often develop inhibitors (antibodies) against transfused
factor VIII.

Materials One hundred thirteen Polish patients with severe hemophilia A, who had been treated on
and Methods: demand with cryoprecipitate until 1992 and exclusively with factor VIII concentrates

after 1995, were examined for intron 22 inversion by Southern blotting and the presence
and magnitude of inhibitor activity in blood as determined by the Bethesda assay. The
patients’ ages ranged 4–67 years (mean: 33.7±12.4 years, median: 32 years).

Results: The number of patients with the inversion amounted to 57, while in 56 patients the muta-
tion types were unknown; 47 patients had a distal and 10 patients a proximal type of
inversion. Thirteen patients with inversions (22.8%) were found to have inhibitor in their
blood. Most patients (14 out of 15) who developed inhibitors in the course of cryoprecip-
itate therapy were high responders. Conversely, 4 of 5 patients treated between 1992 and
1995 with both cryoprecipitate and intermediate-purity factor VIII concentrates were low
responders. One multitransfused patient who had remained inhibitor-free on cryopre-
cipitate therapy developed inhibitor after receiving a large dose of factor VIII concentrate
during surgery. None of these 5 patients developed inhibitors during their 12–40 years
of treatment with cryoprecipitate, suggesting that it was less immunogenic than factor
VIII concentrates.

Conclusion: The prevalence of the intron 22 inversion mutation of the factor VIII gene in Polish
hemophiliacs is similar to that in other European countries. Treatment regimens with
either cryoprecipitate or virus-inactivated plasma-derived factor VIII concentrates may
affect inhibitor formation in hemophilia A patients.
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INTRODUCTION

Inversion mutations of intron 22 of the factor VIII
gene are responsible for up to half (34–50%) of all
cases of severe hemophilia A1, 8, 9, 14, 17, 19, 20. These
inversions are referred to as type 1 or type 2 depend-
ing on whether they are caused by homologous recom-
bination between intron 22 of the factor VIII gene and
its distal or proximal extragenic copy, respectively. The
third type of intron 22 inversion (3A or 3B) is mediat-
ed by a rare, third extragenic copy of factor VIII1, 24. Its
prevalence in severe hemophilia is about 0.5%1 and is
hence usually unreported. Another, more recently
described mutation is an inversion involving a 1041-bp
sequence inside intron 1 of the factor VIII gene and an
reversely oriented extragenic duplicon located 140 kb
upstream of the gene towards the telomeric side3, 5.
The prevalence of this type of mutation accounts for
about 5% of patients with severe hemophilia3, 30.

Intron 22 inversions, together with nonsense muta-
tions and large deletions (also assigned as null muta-
tions), are associated with a high risk of developing
inhibitors when such patients are treated with prepa-
rations containing factor VIII19, 20, 28. The inhibitor
prevalence in patients bearing an intron 22 inversion
is 7–10 times higher than in those with missense
mutations or small deletions18.

It is generally assumed that patients who develop
inhibitors either lack factor VIII or harbor it in a cur-
tailed form, with essential antigenic epitopes miss-
ing20, 25. Additional risk factors include genetic con-
stitution, in particular race and the presence or
absence of specific MHC class I and II genes, the reg-
imen of factor VIII therapy, and immunological chal-
lenges such as vaccination or viral infection18, 19, 20.
This suggests that environmental factors play a role
in inhibitor development. A discordant antibody
response to factor VIII in two pairs of monozygotic
hemophilic twins strengthens this opinion7. Inhibitor
prevalence ranges 21–88% of all severe hemophilia
A patients20, depending on the mutation type.

Poland is one of the few European countries in which
the prevalence of intron 22 inversion in hemophilia
was subjected to scrutiny, apart from a preliminary
report carried out in 10 patients26. The present study
included 113 patients with severe hemophilia treated
on demand only, and thus less exposed to factor VIII
than patients on a prophylactic regimen in other
countries. Taking into account a recent finding that
intensive exposure to factor VIII concentrates is
a risk factor for inhibitor development even in
patients with mild hemophilia29, we also report the
inhibitor prevalence in our sample of patients.

MATERIALS AND METHODS

The patient group consisted of 113 Polish hemophil-
iacs aged 4–67 years (mean: 33.7±12.4 years, median:
32 years). They were selected from a cohort of unre-
lated patients regularly attending the Institute of
Hematology and Blood Transfusion who suffered
from severe hemophilia A (factor VIII<1%), had
been under observation for a long time, and were
available at the time of the mutation study. Bleeding
episodes in the two youngest patients were treated
exclusively with lyophilized factor VIII concentrates.
Until 1992 the replacement therapy in the remaining
111 patients consisted of cryoprecipitate; from 1992
to 1995, both cryoprecipitate and lyophilized factor
VIII concentrates were administered, and since 1995
only lyophilized factor VIII concentrates have been
administered. Only plasma-derived factor VIII con-
centrate products of intermediate, high, and ultra-
high purity were used. The patients were treated
under an on-demand regimen and received many dif-
ferent factor VIII products, so switching from one
brand to another was rather frequent. Factor VIII
inhibitors were measured by the Bethesda assay10.
Patients were regarded as low-responding if their
peak titer was ≤5 Bethesda units (BU) and high-
responding if it was >5 BU. Determination of
inhibitors was carried out on the day of drawing
blood for the mutation study. Dates on which
inhibitors had appeared for the first time were taken
from the patients’ records. This part of the study was
retrospective in character.

Intron 22 inversion mutations were determined by
Southern’s method employing the EcoRI/SstI frag-
ment of the genomic DNA probe from intron 22,
p482.6 9, that we had obtained by courtesy of Prof. I.
R. Peake. All studies were performed in accordance
with Polish law and the Declaration of Helsinki.

RESULTS AND DISCUSSION

Table 1 shows the details of the inversion mutations
in our patients, including the presence of inhibitor
and the magnitude of the immune response to factor
VIII. The prevalence of patients with inversions,
including the ratio of the distal to proximal types, as
well as the prevalence of inversions with and without
inhibitors are quite similar to those reported by an
international consortium study of 2093 patients with
severe hemophilia from 22 different centers; 42% of
those patients had intron 22 inversions, with 35% and
7% being of the distal and proximal types, respec-
tively1. Twenty percent of the patients with inversions
also had inhibitor in their blood, whereas only 16% of
patients with other types of mutations had inhibitor.
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In our study, 22.8% of patients with inversions were
found to have inhibitor. Other researchers have
reported similar findings. Thus, intron 22 inversions
accounted for 33% of 533 patients with hemophilia
(severe and non-severe) and 21% patients with inver-
sions had inhibitor20. According to data obtained
from smaller samples of patients, the prevalence of
inhibitor in patients with intron 22 inversions was as
high as 27.3%, and even 42.4%28, but in a later report
the authors admitted that the prevalence might have
been overestimated because patients with the
inhibitor might have been tested for a causative
mutation with a higher priority18. The present study
shows that in Poland, as in other countries, intron 22
inversion is probably the most common mutation in
severe hemophilia A. Another conclusion is that the
on-demand therapy used in Poland, and prophylactic
therapy with factor VIII carried out in many
European countries, produce similar results with
respect to inhibitor development. However, Ghosh et
al.8 reported a much lower inhibitor prevalence of
8.2% in patients with severe hemophilia in India who,
like patients in the present study, were treated on
demand, though less frequently (about once a year)
than in Poland (about 20–30 times a year). Ghosh et
al.8 assumed that infrequently treated patients do not
develop the inhibitor. It is also possible, however,
that infrequent therapy may allow for the disappear-
ance of the inhibitor from the circulation between
treatment episodes, thus lowering the prevalence
estimate, especially for transient inhibitors. Another
difference between the Indian and Polish patients
was that the former received mainly cryoprecipitate,
blood plasma, and even whole blood, whereas the lat-
ter had been treated exclusively with factor VIII con-
centrates since 1995.

With respect to inhibitor development, the cryopre-
cipitate may be a safer product than the factor VIII
concentrate for two reasons: first, factor VIII in cry-
oprecipitate and in blood plasma is complexed with

the von Willebrand factor, which may shield the
immunogenic epitopes of factor VIII2, 12. This view is
supported by experimental evidence showing that
a purified human factor VIII protein is more
immunogenic to factor VIII knock-out mice than the
same protein infused in admixture with the von
Willebrand factor4. Furthermore, when cryoprecipi-
tate was still widely used the inhibitor prevalence in
hemophilia A was reported to be lower than today’s11,

27. A previously lower inhibitor incidence in hemo-
philia A was also reported in controlled studies on
patients treated exclusively with cryoprecipitate6, 22.
Secondly, the method of isolation of factor VIII may
also affect its immunogenicity. According to two
reports from the Netherlands and Belgium, the inci-
dence of inhibitor in hemophiliacs increased after the
introduction of intermediate-purity, fluid-phase
virus-inactivated factor VIII concentrates21, 23. The
inhibitor developed in a number of inhibitor-tolerant
patients who had been previously multitransfused
with either a dry-heat-inactivated lyophilized cryo-
precipitate or dry-heat-inactivated intermediate-
purity factor VIII concentrates. German researchers
reported similar experience with solvent-detergent or
solvent-detergent pasteurized factor VIII concen-
trates15. As stipulated in “Materials and Methods”,
our patients received only cryoprecipitate until 1992
and since 1995 exclusively factor VIII concentrates;
among the patients reported in the present study was
one high responder who had remained inhibitor-free
for 40 years of treatment with cryoprecipitate, but
who developed an inhibitor after the first massive
infusion of an intermediate-purity concentrate (sol-
vent detergent-treated) during surgery (see Table 2).
Four previously treated patients without inhibitor
development, multitransfused with cryoprecipitate
for 12–17 years, developed an inhibitor when their
treatment was switched from cryoprecipitate to fac-
tor VIII concentrates. Unfortunately, it was not pos-
sible to establish with certainty which of the two
preparations was the culprit. We assume, however,
that the factor VIII concentrate was the more likely
immunogen. Interestingly, almost all the patients
who developed inhibitor after treatment exclusively
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Table 1. Intron 22 inversions and inhibitors prevalence in patients
with severe hemophilia A

Number of patients
Inversions

with inhibitor without inhibitor
Total

No 8 (14.3%) 48 (85.7%) 56 (49.5%)
5HR, 3LR

Proximal 1 (10%) 9 (90%)
57 (50.5%)HR

Distal 12 (25.5%) 35 (74.5%)
10 HR; 2 LR

Total 21 (18.6%) 92 (81.4%) 113

HR – high responders, LR – low responders.





Table 2. Distribution of high and low responders among recipients of
cryoprecipitate and factor VIII concentrates

Number of patients

HR LR
Total

Cryoprecipitate 14 1 15
Factor VIII concentrate 1 – 1
Cryoprecipitate and factor VIII 1 4 5
concentrate 

HR – high responders, LR – low responders.



with cryoprecipitate or factor VIII concentrate were
high responders, whereas four out of the five patients
treated with cryoprecipitate and subsequently with
factor VIII concentrates were low responders. In all
four low-responding patients, inhibitors occasionally
disappeared and later reappeared. This suggests that
the patients responded weakly to the novel antigenic
epitopes not present or exposed in the cryoprecipi-
tate.

It is obvious that more studies are required before the
role of the treatment regimen and that of factor VIII
itself on inhibitor development can be established
with confidence. The recent introduction of recombi-
nant factor VIII into the therapy of hemophilia does
not alter this conclusion, as the recombinant and high-
ly purified plasma-derived products seem to carry a
similar risk of inhibitor development13, 16. Obviously,
recombinant factor VIII concentrates are, however,
superior to plasma-derived preparations with respect
to safety from viral contamination.
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