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Abstract

Background: Heterogeneous mutations in the human coagulation factor IX gene lead to an X-linked recessive
bleeding disorder known as hemophilia B. The disease is distributed worldwide with no ethnic or geographical
priority.

Materials and Methods: The aim of this study was to characterize the factor IX gene mutations in 28 unrelated
Iranian hemophilia B patients. Polymerase chain reaction (PCR) and direct sequencing was performed for all
functionally important regions of the gene. Haplotype analysis was performed using three markers.

Results: We identified 24 point mutations and four small deletions (one novel mutation). Overall, 20 different
mutations were found and patients with common mutations had identical haplotype.

Conclusion: These data confirm high molecular heterogeneity of the mutations causing hemophilia B and will enable
carrier testing and prenatal diagnosis for family members.
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Introduction

Hemophilia B, or Christmas disease, is an X-
linked coagulopathy due to the deficiency or
functional abnormality of clotting factor IX (FIX).!
However, up to 30% of cases have no prior history
of the disease that arises from new mutations.
The incidence of hemophilia B is approximately
one in 25000-30000 male live births with a nearly
similar prevalence all over the world.? The disease
is caused by different types of mutations in the
factor IX gene (F9). The F9 gene maps to Xq27.1,
spans about 34 kilo bases of genomic DNA and
contains eight exons (a-h) encoding a 2.8 kb
mRNA.? The gene encodes a glycoprotein of 415
amino acid residues, normally presents in plasma,
which is an essential component of the clotting
cascade.* This protein is a vitamin K-dependent
serine protease and contains six major domains:
signal peptide, propeptide, gla domain, two

epidermal growth factor-like (EGF-like) domains,
activation and catalytic domains.> Factor IX is
synthesized in the liver as a precursor molecule
and is secreted into the plasma® after further
modification.

Different types of mutations, mainly point
mutations, have been identified in all parts of the
F9 gene, mainly in the exon coding for the serine
protease domain.”® These mutations are listed in a
freely accessible database (http: // www. kcl. ac.
uk/ ip/ petergreen/ haemBdatabase. html). The
mutations are so heterogeneous that most
unrelated patients carry different mutations.’

In lIran, there are 900-1000 hemophilia B
patients. Many of these patients belong to large
families with more than one patient and many
more females are at risk of being a carrier.’®'* A
program has been started to genotype the
unrelated patients and construct a national
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database for providing carrier testing and prenatal
diagnosis for their families. A preliminary pilot
plan in the Ministry of Health is under
investigation for counselling of hemophilia A and B
with the help of genetic testing of potential
carriers in the families with one or more
hemophilia patients. Molecular diagnosis of
hemophilia B (HB) in Iran has been dependent on
linkage analysis rather than direct identification of
mutation. In this regard, and also to develop our
knowledge about molecular basis of hemophilia B
in lran, we analyzed 28 HB patients to find
genotype-phenotype correlations.

Materials and Methods

Subjects

This study included 28 unrelated hemophilia B
patients of Iranian origin referred from Hemophilia
Centre, Imam Khomeini hospital, Tehran, Iran. All
patients were male and had a prolonged activated
partial thromboplastin time (aPTT), low FIX activity
and normal FVIII activity. The severity of the
disease was classified by residual factor IX activity.
Twenty six patients were studied for the first time.
Two cases, included in our previous study with a
novel mutation at nt 31125 C to A, were further
investigated and all of their F9 gene was
sequenced to confirm previous data.'? None of the
patients had antibody against factor IX (inhibitor)
during the replacement therapy. Complete
pedigree data was not available for some patients
and the FIX activity had been performed at the
time of diagnosis. All patients included in the study
or their parents in case of underage patients gave
written informed consent. About 5-10 ml of
peripheral blood was collected into tubes
containing EDTA, and DNA was extracted by
standard methods.

Mutation Analysis

The eight exons of the F9 gene were amplified
in 7 amplicons as previously described.”® and
directly sequenced following treatment with
ExoSapIT ™ (GE Healthcare, Amersham, UK) using
BigDye v3.1 terminator chemistry (Applied
Biosystems, Warrington, UK). Products were run
on an ABI 3100 DNA sequencer and analyzed using
Mutation Surveyor™ (SoftGenetics). Sequence

variations were analyzed with reference to the
wild type sequence (GenBank accession No.
K02402.1). For the nomenclature of the mutations
identified, we wused VYoshitake et al. 1985
numbering system, that is, the first Met was
numbered-46 (based on mature protein without
prepropeptide)® . We referred to the Hemophilia B
mutation database to determine whether the
mutation was known or novel.

Polymorphic Markers Analysis

Haplotypes of the patients were constructed
using three intragenic polymorphic markers by
PCR and restriction fragment length polymorphism
(RFLP): Ddel in intron one, Mnll at exon six and
Hhal at the 3'-untranslated region of the F9 gene
as described by Peake et al.**

Results

Screening for mutation within the F9 gene in 28
Iranian hemophilia B patients by PCR and
sequencing of the entire coding sequence of F9
gene led to characterization of all responsible
mutations. The patients seem to be unrelated by
pedigree analysis and molecular analysis revealed
20 unique mutations in these cohorts. These
mutations included 24 point mutations®® missense
mutations, 5 nonsense mutations, and 3 in
promoters) and four small deletions (Tablel). No
large deletion/duplication was found. As expected,
the most common mutations responsible for the
disease were point mutations. This study revealed
20 different mutations and one of them (17693 —
ATT) has not been reported in the hemophilia B
mutation database previously. This mutation
causes an in-frame deletion of residue isoleucine
at position 90 and, as it is expected, causes the
severe form the disease (See Table 1).

Independent  recurrent  mutations  were
observed at the following positions: A13G,
C6460T, G6472A, A17690C, C31118T, and 31157 —
AAC. Aside from 31118 C to T, all the patients
sharing identical mutations had the same
haplotype, suggesting a common origin for the
mutation. The 31118 C to T (a transition in CpG
position) is a frequently reported mutation in the
database and is considered a hotspot for
mutation.
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Table 1: Summary of clinical and mutation data in the F9 in 28 Iranian patients with hemophilia B

Patient FIX activity Nucleotide change1 AT;:‘:‘::Id Haplotype (Ddel?, Mnll, Hhal)
1 2% T6A - +4-
2 7% A13G - +-+
3 4% A13G - +-+
4 <1% G6365A R-4Q ++-
5 2% C6460T R29X +--
6 1%’ C6460T R29X +--
7 12% G6461A R29Q +--
8 3% G6472A E33K +-+
9 2% G6472A E33K +-+
10 <1% 17683-AAT* 901 —+
11 <1% A17690C N92T ++
12 <1% A17690C N92T +-+
13 <1% C17700A C95X —+
14 <1% G17755A G114R ++-
15 3% G20378A G133E —+
16 <1% 20493-C f/s S171 ++-
17 10% T30089A N212K ++-
18 12% G30150A A233T +--
19 <1% T30939G L273R —+-
20 <1% A31092T Q324L +--
21 <1% C31118T R333X +-+
22 <1% C31118T R333X +++
23 7% C31125A T335K +--
24 9% C31125A T335K +--
25 1% 31157-AAC 346—-N +-+
26 3% —AAC -N +-+
27 <1% G31278A G386D +--
28 <1% G31289A A390T —+

1. Nucleotide numbering is from Yoshitake et al. 1985.

2. For Ddel, the 369 and 319 bp alleles are shown by — and +, respectively.
* Novel change, not previously reported in the International Hemophilia B database.

Discussion

The molecular analysis of F9 gene in this cohort
of hemophilia B patients with Iranian origin in all
subjects with promoter, stop codons and deletions
confirmed a correlation between genotype and
the severity of disease. Among 16 missense
mutations, seven (R-4Q, N92T, G114R, L273R,
Q324L, G386D and A390T) were responsible for
the severe form of the disease. R-4Q and N92T
mutations in the database have caused variable
severities in registered patients from moderate to
severe. G386 D mutation has been reported in two
patients in the database with 2% FIX activity.

However, discrepancy has been reported for many
missense mutations in the database.

Among the patients, three had two well-known
substitutions in promoter region (T6A and A13G)
which are reported in the HB mutation database
as responsible for the Leiden phenotype. This
phenotype is characterized by a very low level of
FIX protein in plasma during childhood and a
gradual rise after puberty. These two mutations
disrupt the binding site for CAAT/Enhancer Binding
Protein (C/EBP) transcription factor.

In our previous study on 52 Iranian hemophilia
B patients (12), we found a novel missense
mutation (C31125A) in four unrelated cases by
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SSCP and sequencing. In this study, the whole F9
gene of two of these patients was sequenced and
no other mutation was found. These patients, with
a clinically mild disease and a common haplotype,
probably represent a founder effect.

Carrier testing for hemophilia B is still
performed in most of the developing countries by
linkage analysis using Restriction Fragment Length
Polymorphism. This indirect technique has well
known limitations especially in sporadic cases.
Hence, identification of mutations greatly
improves carrier testing and genetic counselling
for obligate and probable carriers, estimation of
the risk for autoantibody formation in the
patients, antenatal diagnosis,”> and pre-
implantation genetic selection'® and genotype-
phenotype correlation. Similar to other
countries,’*®° the underlying mutations causing
hemophilia B in Iranian patients include base
substitutions and small nucleotide deletions or
insertions. The Genetics Office at Center for
Disease Control in the Iranian ministry of Health
plans to start a preventive nationwide program for
hemophilia A and B. In this regard, a central
province (Isfahan) has been chosen for a pilot
study. There are about 6500 hemophilia A and B
patients in Iran (Iran Hemophilia Society, personal
communication) and the cost of imported
coagulation factors reaches about 60 million US
dollars per year, as quoted by the Deputy of the
Minister of Health. For establishing genetic
counseling for the females at risk of being carriers
and antenatal diagnosis, finding the disease-
causing mutations and establishing haplotypes
would be essential. In addition, these mutations
could be used to construct a national database of
mutations causing the disease.
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