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ABSTRACT

Hemophilia B (factor IX deficiency) is an X-linked
recessive disorder with a prevalence of 1:30,000
male births, which rarely affects females. A mis-
sense mutation T38R (6488C>G) of the factor IX
(FIX) gene was characterized in a young female with
moderate-to-severe hemophilia B. She is heterozy-
gous for this mutation, which she inherited from her
carrier mother. Analysis of the methyl-sensitive Hpall
sites in the first exon of the human androgen-recep-
tor locus indicated a de novo skewed X-chromoso-
mal inactivation. This indicates that the paternal X
chromosome carrying her normal FIX gene is the
inactive one, which has led to the phenotypic expres-
sion of hemophilia B in this patient.
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recessive disease caused by factor IX

(FIX) deficiency. The estimated preva-
lence is 1:30,000 males. Females are rarely
affected by this disease, although a few cases of
females with HB have been reported. The clin-
ical manifestation of hemophilia in females
could be due to homozygosity in the mutated
gene, structural abnormalities of the X chro-
mosomes, or skewed inactivation of the normal
X chromosome. In this study, we report the
results of genetic analyses in a young female
with HB who is the only affected member of her
family. The phenotypic expression of HB in this
patient has been shown to be due to a mutation
on the maternal FIX gene and an extreme inac-
tivation of the paternal X chromosome.

I I emophilia B (HB) is an X chromosome

Design and Methods

Case report
The patient was diagnosed in 1982, at the age
of 3 months, as having moderately severe hemo-
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philia B (factor IX between 1 and 5 1U/dL). She
had frequent bleeding episodes, mainly joint
bleeds and hematomas, which often required
replacement therapy with prothrombin complex
concentrates, and, more recently, with high puri-
ty FIX concentrates. She developed advanced
hemophilic arthritis in her right knee. In 1988,
she was diagnosed with pulmonary fibrosis
(chronic interstitial pneumonitis). She has
growth retardation, probably secondary to res-
piratory disease. In July 1999 a lung transplant
was carried out successfully. Tests for FIX
inhibitors have always been negative. She is anti-
HBs, anti-HBe, anti-HBc and anti-HCV positive,
but is not HIV infected. There is no history of
hemophilia on the maternal side of the family.
Her father, who died from alcoholic liver disease
(cirrhosis), did not have hemophilia.

Cytogenetic studies

Complete karyotype analysis was carried out
using peripheral blood white cells, cultured in
the presence of phytohemagglutinin for 72 h to
induce mitosis. Standard GTG banding tech-
nique was used. At least 20 metaphases from
the propositus were examined.

DNA samples and RFLP analysis

Genomic DNA from the patient and her rela-
tives was obtained by standard methods from
peripheral white blood cells.5 Four intragenic
RFLP Ddel (a 50 bp insertion polymorphism in
intron 1), Xmnl (in intron 3), Tagl (in intron 4)
and Malmo polymorphism (in exon 6), and one
extragenic RFLP (Cfol/Hhal) located 8Kb 3’ to
the FIX gene were analyzed as described previ-
ously.&8

Mutation screening

To study exon b of the FIX gene, DNA was
amplified by polymerase chain reaction (PCR)
using the primers FOBC1 and F9BR that corre-
spond to the nucleotides 6240 to 6274 and
6533 to 6514, respectively, according to the FIX
gene sequence of Yoshitake et al.° PCR condi-
tions were: a first step at 94°C for 5 min, 30
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PCR cycles (45 sec at 94°C, 30 sec at 55°C, and
50 sec at 72°C), and a final single step of exten-
sion at 72°C for 7 min. For single-strand con-
formation polymorphism(SSCP) analysis, 2.0 uL
of amplified DNA were mixed with 10.0 uL of
loading buffer containing 95% formamide, 10
mM NaOH, 0.05% bromophenol blue, and
0.05% xylene cyanol. The samples were heated at
94°C for 7 min and then cooled in ice. Six micro-
liters of the denatured DNA were applied to 10%
polyacrylamide (37.5:1) gel, which was run for
19 hat 700 V and 4°C. The bands were detect-
ed by silver staining, and the samples that
showed an anomalous pattern were sequenced.

Sequence analysis

The amplified DNA was purified using micro-
filtration (Centricon-100), and quantified by
electrophoresis vs. @X174. Then 30 ng of DNA
were sequenced by the fluorescent dideoxy ter-
minator method and analyzed in an ABIPRISM
DNA sequencer. The sequence analysis was per-
formed with the GCG program from the Wis-
consin Sequence Analysis Package.

Evaluation of the methylation status
X-inactivation was analyzed on peripheral
blood lymphocytes. The X chromosome inacti-
vation pattern (XIP) was determined by PCR
analysis of a polymorphic trinucleotide repeat
in the first exon of the androgen receptor (AR)
gene.0 For each DNA, two reactions were per-
formed. DNA samples (1.8 ng) were separately
digested with two restriction enzymes: Rsal as a
control, and Hpall a methylation sensitive
endonuclease, which only gives a PCR product
from the inactive X chromosome. All the reac-
tions performed were incubated in a total vol-
ume of 20 pL at 37°C overnight. The digested
samples (2.0 pL) were amplified using the
primers reported by Allen et al.2? PCR conditions
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were 10 cycles (each comprising 40 sec at 95°C,
and 1 min 30 sec at 65°C) and 20 cycles (each
comprising 40 sec at 95°C, 1 min 30 sec at
65°C, and 30 sec at 72°C), with an initial denat-
uration at 94°C for 4 min, and a final extension
at 72°C for 7 min. The PCR product was elec-
trophoresed in 10% non-denaturing polyacry-
lamide (29:1) gels, which were run at 500V for
15h, and stained with silver nitrate. Band inten-
sities were measured by densitometry using the
program 1D Manager V2.0 (T.D.l.) after digi-
talizing the image in a SNAPSCAN 1236 (Agfa).
The ratio of intensities of the two alleles after
Hpall digestion was compared with that
obtained in the control amplification (Rsal) as
described elsewhere.1°

Results

Mutation screening

A single base substitution, 6488C - G, corre-
sponding to a missense mutation T38R, at exon
b of the FIX gene was found in the patient
(ll1:11), her mother (11:7), and her younger sister
(111:12) in heterozygous state. To date, no other
mutation has been detected in these females. A
maternal aunt of the propositus (I:4) does not
carry the detected mutation. The propositus has
another maternal aunt (11:2), whose DNA was
unavailable for testing, although it is unlikely that
she is a carrier since she has three healthy sons
(Figure 1).

Evaluation of the methylation status

The results of X inactivation analysis are shown
in Figure 2. The mutated X-chromosome is
active in 97% and 15% of the cells in the patient
and her healthy sister, respectively. The DNA
amplified after digestion with Rsal gave two
equally strong bands for the three females stud-
ied. However, the lane of the PCR product

Oor—2o0 0—T29 O

PR R T e

1 1

5 & i H
1 1 X T
i ' i

Figure 1. The patient’s family tree. The mutation 38R was identified in 11:7, [l1l:11, and I11:12, but not in 11:4. Since DNA from female
11:2 was not available, it was not possible to determine whether she carries the 38R change, although this seems unlikely.
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obtained after digestion with Hpall showed evi-
dent differences in the degree of inactivation
between both chromosomes, except for the
mother, whose DNA presented a random XIP
for this digestion. The propositus’ sample only
showed the band inherited from the healthy
father, while in her sister the band inherited from
her mother was more intense (methylated). The
patient therefore has an extremely skewed XIP
towards the paternal X chromosome, while her
healthy sister shows preferential inactivation of
the maternal chromosome.

Cytogenetic analysis

Cytogenetic analysis of the propositus showed
a normal karyotype (46, XX, 21ps+), with no
deletion, inversion, or gross structural abnor-
mality of the X chromosomes. Her karyotype
shows a polymorphism that does not have any
pathologic implication as it is commonly found
in the general population.

Discussion

Both the propositus and her sister have a
defect (T38R) on FIX gene within their maternal
X chromosome that is associated with severe
cases of HB (http://www.umds.ac.uk/molgen/haem-
Bdatabase). The patient suffers clinically moder-
ate-to-severe disease, whereas her sister is
healthy. To date, no other mutation has been
detected. Therefore, the manifestation of the
disease in the propositus could be due to
extreme bias in favor of inactivity of the normal
paternal X chromosome observed in leukocytes.
Although the liver was not tested, the low level
of factor IX activity suggests a similar inactiva-
tion pattern in this organ. Moreover, her sister
presents the opposite: a significant inactivation
of the mutated chromosome inherited from her
mother. This fact agrees with her clinical phe-
notype, since she has no symptoms of HB (FIX:
C=75 Ul/dL). The propositus is the only affect-
ed member in her family. Both the family tree
and the haplotype analysis strongly suggest that
the mutation arose de novo in the patient’s moth-
er (11:7). Several reports of females with HB have
been previously published.*-4 Preferential inacti-
vation in all of these cases have been explained
by different mechanisms: cytogenetic aberra-
tions affecting the X chromosomes, negative
selection by mutations affecting the cellular
growth, familial skewed X inactivation, or just
by chance. A few cases of HB females have been
explained because of the presence of cytogenet-
ically detectable aberrations,'* which can be
excluded in our patient, since her karyotype is
normal.

The assessment of the XIP in relatives of HB
female patients has been studied in few cases. In
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Figure 2. X chromosome inactivation analysis at the andro-
gen receptor locus. R= Rsal digested DNA; H= Hhall digest-
ed DNA. The female members of this family show a random
XIP, except I1l:11 and II1:12 who showed evident differ-
ences in the degree of the activation for both chromosomes
for Hhall digested DNA. Ill:11 presents complete inactiva-
tion of the paternal band, and 111:12 shows a preferential
inactivation of the maternal chromosome.

all these instances the inactivation bias is a fea-
ture that is segregated in the family. They may
correspond to familial skewed X as described by
Naumova et al.?2 without being associated with
any disease. In the family studied, the patient’s
mother and aunt showed a balanced inactiva-
tion pattern. Since both sisters (111: 11 and I1I: 12)
presented dissimilar XIP, this trait cannot have
been inherited from their father. We can, there-
fore, conclude that the inactivation bias in this
patient is not a familial transmission feature. A
skewed inactivation may also be due to a chance
occurrence. But the extreme lyonization observed
in our propositus is rarely found in the general
population, so it is unlikely that in this case X
inactivation is due to chance. The event of a sec-
ond mutation in the patient’s paternal chromo-
some favoring the use of the maternal X chro-
mosome is likewise improbable. There is no
report of other genetic diseases or multiple abor-
tions in the family. Therefore, we conclude that
XIP in the present patient is probably due to a de
novo event affecting the X inactivation process
itself as previously reported,'314 or other gene/s
that play an essential role in cell viability.1> As far
as we know, this is the first case of a HB female
patient with a de novo skewed inactivation that
has been described. HB females are rarely report-
ed, and when they are, non-random XIP is given
as an explanation for most of these cases. How-
ever, it is not usual to study the remaining
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females from these families to assess the possi-
bility of a familial XIP. This kind of study should
be performed in order to predict new affected
females.
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