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Molecular characterization of hemophilia B in
North Indian families: identification of novel and
recurrent molecular events in the factor IX gene

A B S T R A C T

Background and Objectives. Hemophilia B is an X-linked recessive, bleeding disorder
caused by mutations in the factor IX gene. A wide range of mutations, showing large
molecular heterogeneity, has been described in hemophilia B patients. Our study was
aimed at characterizing mutations in the factor IX gene in a cohort of North Indian hemo-
philia B patients.

Design and Methods. Polymerase chain reaction (PCR) amplification and direct sequenc-
ing of all regions of likely functional significance- the coding regions, promoter, the 5'
UTR, the splice junctions and parts of the 3' UTR of the factor IX gene was done in 18
families carrying a severe form of hemophilia B.

Results. We identified 10 point mutations (including 2 novel ones); one novel deletion
and one donor splice site mutation. Recurrence of a nonsense and a missense mutation
was observed. The mutation in 3 families could not be characterized. None of the 14 poly-
morphic positions reported in the Haemophilia B Mutation database in the regions
sequenced were polymorphic; herein we report four novel synonymous single base mis-
matches. One mutation reported to be causative in the database was found to be more
likely a non-causal polymorphism.

Interpretation and Conclusions. Our data confirm the remarkable heterogeneity of the
mutational spectrum in hemophilia B among affected families. This is the first mutation
report on the disease in the Indo-Aryan population from the Indian subcontinent. Iden-
tification of a causative mutation leads to more precise carrier detection than does con-
ventional polymorphism-based linkage analysis. This can effectively be used to establish

genotype/ phenotype relationships.

Keywords: Factor IX, hemophilia B, molecular events, North Indian.

Functional Genomics Unit,
Institute of Genomics and
Integrative Biology, CSIR, Delhi,
India (AM, SC, DB); Genetics
Unit, Department of Pediatrics,
All India Institute of Medical
Sciences, New Delhi, India
(MK, MRC).

Correspondence:

Dr. Dwaipayan Bharadwaj,
Functional Genomics Unit, Insti-
tute of Genomics and Integrative
Biology (CSIR), Mall Road,

Delhi- 110 007 India.

E-mail: db@igib.res.in

@2004, Ferrata Storti Foundation

linked, recessive bleeding disorder

caused by mutations in the factor IX
gene (F9; GenBank accession number:
K02402.1). To date, a wide range of muta-
tions, showing large molecular hetero-
geneity, has been described in hemophilia B
patients, as can be seen from the Haemo-
philia B Mutation database." Mutation
analyses of F9 of hemophilia B patients
from different cohorts** emphasize this
heterogeneity. The level of factor IX in
hemophilia B varies among affected indi-
viduals and the disease is classified as
severe, moderately severe or mild based on
the normal factor IX activity assayed in the
patients' plasma (<1, 2-5%, 6-30%, respec-
tively). Factor IX is a trypsin-like serine pro-
tease functioning in the intrinsic pathway
of blood coagulation. It is activated by
either factor Vlla/ tissue factor complex or

I | emophilia B (MIM# 306900) is an X-
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factor Xla in a calcium-dependent reaction.
Once activated, factor [Xa with its co-fac-
tor, factor Vllla, in the presence of calcium
and phospholipid forms the tenase complex
and activates factor X. F9 is located at
Xg27.1 and consists of 8 exons coding for
6 functional domains, namely the prepro-
peptide, the Gla domain, epidermal growth
factor (EGF)-1 and EGF-2 domains, activa-
tion domain, and the catalytic domain.®
Factor IX circulates as a 415 amino acid
single chain zymogen with a molecular
mass of 55kDa and is present in normal
plasma at a concentration of approximate-
ly 5 ug/mL. Factor IX is synthesized in hepa-
tocytes as a precursor containing an amino
terminal signal sequence and a propeptide.
The signal sequence and propeptide are
cleaved off in separate reactions prior to
secretion and failure to remove these
sequences results in a non-functional pro-
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Table 1. Primers for mutation analysis of factor IX gene.

Factor IX mutations hemophilia B patients in North India

Functional region Sequence of the primer Product size (bp) Annealing
temperature in PCR (°C)

Promoter and Exon 1 5' GGGAGATGGACATTA 3 275 58

5' GTGAAGAAGACAGCATCAGAT 3!
Exon 2 & Exon 3 5" AAAACAAAGACTTTCTTAAGAGAT 3!

5' CATATG CATATATTAGCTAGAG 3! 506 55
Exon 4 5" ATCCCAATGAGTATCTACAGGG 3'

5' GTTTCAACTTGTTTCAGAGGG 3' 254 62
Exon 5 5' CCATGTACTT AGAAATGC 3!

5" GCTGAAG CAGATACAGA 3! 242 55
Exon 6 5' GCCAATGAGAAATATCAGG 3'

5' TCTTGCCAGCTGAGCTCCAG 3! 296 60
Exon 7 5' GCCTATTCCTGTAACCAGCACAC 3!

5' GAGCTAGTGGTGCTGCAGAT 3! 242 65
Exon 8 5' TTAGGTCAGTGGTCCCAAGTAG 3'

5' TCGGTCAACAAGTGGAACTCTAAGG 3! 385 65
Exon 8 5' CTTCCTCAAATTTGGATCTGGC 3!

5' AGTGATTAGTTAGTGAGAGGCCCTG 3! 425 65
Poly A 5' GAACCGTTCGTTTGCAATCTACAG3'

5' GCCACTGGGCCCAGCCAAGAA 3! 584 59

tein.° The signal sequence directs the protein to the
endoplasmic reticulum. Propeptide contains elements
which are important for recognition of factor IX by vita-
min K-dependent y-glutamyl carboxylase, which is asso-
ciated with the inner surface of endoplasmic reticulum.
The 38 residues amino terminal of the mature protein
comprise a functional region known as the Gla domain,
so named because its first 12 glutamate residues under-
go a posttranslational vitamin K-dependent carboxyla-
tion at the y-carbon. The Gla domain functions in cal-
cium-dependent lipid binding and in binding to
endothelial cells.® EGF-1 and EGF-2 act as calcium bind-
ing sites involved in platelet and activated factor VIII
binding to factor IXa to form tenase complex. Cleavage
of the activation peptide (residues 145-181) leads to
activation of factor IX. The catalytic domain harbors the
catalytic triad, His221, Asp269, Ser365, which is highly
conserved in all serine proteases. Investigations have
shown that hemophilia B can be caused by missense
mutations resulting in amino acid substitutions; non-
sense mutations leading to truncations; insertions or
deletions causing frameshifts and mutations in the
splice sites as well. Identification of the causative muta-
tion provides many advantages compared to conven-
tional polymorphism-based linkage analysis, leading to
precise carrier and prenatal diagnosis. Herein, we report
the molecular characterization of 18 unrelated patients
of North Indian origin with severe hemophilia B.
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Design and Methods

Patients of North Indian origin, affected by hemo-
philia B, were recruited from the All India Institute of
Medical Sciences, New Delhi. Informed consent was
obtained from each of the participants of this study.
The disease status of the patients was established by
clinical investigations which included the one stage-
clotting assay that determines the severity of the dis-
ease. Eghteen families (HBFI-18) with severe hemo-
philia B were analyzed. For each patient at least two
first or second degree relatives were also analyzed. In
every case the mother of the patient was analyzed to
establish the presence of the mutation in the het-
erozygous state.

Ten milliliters of blood were collected from each sub-
ject into tubes containing EDTA and leukocyte DNA was
isolated as described elsewhere.® All regions of likely
functional significance, including all the coding regions,
promoter, the 5' UTR, the splice junctions and parts of
the 3' UTR of the factor IX gene, were amplified by PCR
using the primer sequences given in Table 1. Sequenc-
ing was done using an ABI PRISM 377 Genetic Analyz-
er (Applied Biosystems, Foster City, CA, USA). The ampli-
fied products were purified from agarose gels using a
gel extraction kit (Biological Industries, Kibbutz Beit
Haemek, Israel). The purified products were then
sequenced using both forward and reverse primers for
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each amplified product, to ensure the presence of each
mutation.

Results

All the regions of likely functional significance of
the factor IX gene were sequenced in 18 hemophilia B
families of North Indian origin. Each patient had only
one amino acid altering sequence mismatch that was
considered a candidate for a disease-causing muta-
tion. These putative mutations were neither found as
second site changes on analysis of any other hemo-
philiacs nor as neutral polymorphisms in healthy indi-
viduals of the same ethnicity. Sequencing of a second
independent PCR product from each propositus and
the carrier females belonging to the same family was
always performed to validate mutations.

Screening for molecular events in the factor IX gene
in these 18 families led to the characterization of ten
point mutations, of which two were novel; one novel
deletion of ten nucleotides and one donor splice site
mutation (Table 2). Arg29Ter was observed in three
families and Asn92Asp in two families. Mutations in
the regions of the factor IX gene that we sequenced
could not be characterized in 3 families. Four novel
single base mismatches were detected in some sub-
jects we analyzed (Table 3).

Discussion

A novel A—C transversion in exon 7 at nucleotide
position 30105 (numbering as in Yoshitake S et al)®
was observed in HBF 2. This transversion leads to the
substitution of Thr (a polar residue), by Pro (an imino
acid) at position 218 in the catalytic domain. Thr218
is conserved in all species of factor IX and is part of a
conserved region harboring His221 of the active cen-
ter that is delimited by Cystine 206-222. Replacement
by Pro might introduce a kink, thus affecting the ori-
entation of His221 in the catalytic triad. Hence, this
missense mutation causes the disease.

Another novel point mutation observed was a T—A
transversion at nucleotide position 30829 in exon 8 of
the factor IX gene (HBF 9). As a result of this muta-
tion His236 of the catalytic domain is substituted by
GlIn. His236 is part of the loop that accommodates
Ca2*, which has been shown to be essential for the
maximal catalytic efficiency and factor Vllla binding
of factor [Xa." As we recently demonstrated (factor
[Xoen), this substitution probably affects the confor-
mation of the surface-loop of the catalytic domain
and may alter Ca** accommodation, thereby con-
tributing to the severity of the disease due to ham-
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pered post-activational activity of factor [Xa.? An
A—G transition at nucleotide position 17689 in exon
5 leading to the amino acid change Asn92 to Asp in
the EGF2 domain was observed in two cases (HBF 6
and HBF 8). Previously Nishimura H et al.”* reported
that substitution of Asn92 by His (factor IXeuwe) leads
to moderate disease whereas Chang et al.™ reported
that replacement of this residue by Ala reduces the
clotting activity of factor IX to less than 0.5%, thus
emphasizing the importance of this residue. It has also
been proposed that residues 89-94 in the EGF2
domain are involved in binding to factor Vllla." The
substitution of the uncharged polar Asn92 by the neg-
atively charged Asp would therefore have an unto-
ward effect on binding of factor IXa with factor Vllla
leading to severe disease. Indeed, one of these patients
(HBF 8) died of severe intracranial hemorrhage. Fur-
ther computational or experimental investigations are
needed to establish the importance of the replace-
ment of Asn92 by different residues (His, Ala, Asp),
leading to different effects on factor IX activity.

In three patients belonging to HBF 4, HBF 11, HBF
5, a G—A transition was observed at the nucleotide
positions 6428, 17786 and 31170 in exons 2, 5 and
8, respectively. In all three cases this transition led to
the substitution of Cys by Tyr, at residues 18, 124
and 350, respectively. As is known, all the Cys
residues in factor IX protein, except for two in the
leader sequence, are involved in disulfide bond for-
mation. These disulfide bridges establish the func-
tional conformation of factor IX protein and are con-
served in all vitamin K-dependent serine proteases.
Cys18 forms a disulfide bond with Cys23 in the Gla
domain. Loss of this bridge in the Gla domain is like-
ly to distort its 3-dimensional structure such that
surface presentation of Gla residues for calcium bind-
ing is no longer effective.” Similarly Cys124 is
involved in formation of a disulfide bridge with
Cys111 in the EGF2 domain and Cys350 with Cys336
in the catalytic domain. Disruption of these covalent
bonds disturbs the conformation of the respective
domains, resulting in a severe phenotype.

A C—T transition was observed in HBF 14, HBF 17,
HBF 18 at nucleotide position 6460 in exon 2 and in
HBF 13 at position 30863 in exon 8. These transitions
led to nonsense mutations at residues Arg29 and
Arg248, respectively. The outcome of a nonsense
mutation is expected to be a truncated protein mol-
ecule and hence these mutations are particularly
detrimental and are associated with severe disease.
Both these mutations were observed in CpG sites,
which are considered to be hypermutable. A C—T
transition at nucleotide position 6364 in exon 2 was
observed in HBF 12. This leads to the replacement of
Arg -4 to Trp in the pre-propeptide, such that this
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Table 2. Molecular events in the factor IX gene in North Indian families with hemophilia B.

Family
No.

HBF 1

HBF 2

HBF 3

HBF 4

HBF 5§

HBF 6

HBF 7

HBF 8

HBF 9

HBF 10

HBF 11

HBF 12

HBF 13

HBF 14

HBF 15

HBF 16

HBF 17

HBF 18

Individual*
Information

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother
Sister

Propositus
Mother

Propositus
Mother

Propositus
Mother
Maternal Aunt

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother

Propositus
Mother
Maternal Aunt
Sister

Propositus
Mother
Maternal
Grandmother

Genotype  Mutation At CpG
Nil
C 30105A—=C  No
AC
Nil
A 6428G—A No
GA
A 31170G—A No
GA
GA
G 17689A—G  No
AG
G 30925T—=G No
T
G 17689A—G  No
AG
AG
A 30829T—A  No
TA
Nil
A 17786G—A  No
GA
T 6364C—T Yes
cT
T 30863C—T  Yes
cT
T 6460C—T Yes
cT
A 17798G—A  No
GA
31042-31051 del
AAGTGGCTGG
T 6460C—T Yes
cT
)
cT
T 6460C—T Yes
cT
cT

Location

Exon 7
Catalytic
domain

Exon 2
Gla domain

Exon 8
Catalytic
domain

Exon 5
EGF-2
domain

Exon 8
Catalytic
domain

Exon 5
EGF-2
domain

Exon 8
Catalytic
domain

Exon §
EGF-2 domain

Exon 2
Pre-propeptide

Exon 8
Catalytic
domain

Exon 2
Gla domain

Intron 5
Exon 8

Catalytic
domain

Exon 2
Gla domain

Exon 2
Gla domain

Codon Evolutionary °
change Conservation
ACT—CCT P
Thr218Pro
TGT—TAT G
Cys18Tyr
TGT—TAT G
Cys350Tyr
AAT—GAT G
Asn92Asp
CAT—CAG P
His268GIn
AAT—GAT G
Asn92Asp
CAT—CAA N
His236GIn
TGT—TAT G
Cys124Tyr
CGG—>TGG P
Arg-4Trp
CGA—TGA
Arg248Ter
CGA—TGA
Arg29Ter

Donor splice site

Frame
shift;
Premature stop
in exon 8

CGA—TGA
Arg29Ter

CGA—TGA
Arg29Ter

Referred
(No. of times)

This study

Two

Seven

Two

Two

Two

This study

Four

Forty-five

Fifty-one

Fifty-two

Seven

This study

Fifty-two

Fifty-two

*All the patients suffer from severe hemophilia B (clotting activity <1%); °evolutionary conservation:° G: generically conserved; P: partially generic; N: non-conserved.
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Table 3. Polymorphisms observed in factor IX gene in North Indian hemophilia B patients.

Family Individual Genotype Polymorphism Location Amino acid
information variation

HBF 4 Propositus C 31231T—C Exon8 Val370Val
Mother TC Catalytic domain

HBF 8 Propositus C 30053T—C Exon 7 Gly200Gly
Mother cT Catalytic domain

HBF 11 Propositus C 31060C—A Exon 8 Val313Val
Mother CA Catalytic domain

HBF 14 Propositus A 17673A—G Exon 5 Val86Val
Mother GA EGF-2

missense mutation results in the secretion of factor
IX protein with the propeptide covalently attached.
Although y carboxylation appears to occur, the pres-
ence of intact propeptide inhibits the normal calci-
um-dependent conformation of the Gla domain,
explaining the severity of the hemophilia B.*®

A T—G transversion was observed in exon 8 at
nucleotide position 30925 in the propositus of HBF7.
This leads to the replacement of His268 by GlIn in the
catalytic domain. We confirmed the presence of this
mutation by sequencing a second independent PCR
product from the propositus. We were not able to
detect this mutation in the patient's family. Sequenc-
ing of the appropriate PCR product obtained from
mother's and also sister's DNA revealed only the nor-
mal factor IX sequence. This indicates that this T—G
transversion might have arisen as a result of mater-
nal somatic and/ or germline mosaicism or as a de
novo event in the patient. His268 lies in the vicinity
of Asp269, part of the catalytic triad. The introduc-
tion of an uncharged, polar GIn at 268 could perhaps
disturb the orientation of Asp269 in the catalytic tri-
ad thereby severely affecting the catalytic function
of this protease.

We identified a G—A transition at nucleotide posi-
tion 17798 in the obligatory GT sequence of the
donor splice site at the 5' end of intron 5 of the fac-
tor IX gene in HBF 15. This donor mutation is found
at the base that is a target for virtually complete loss
of normal splicing as predicted by Ketterling et al.”
thus leading to the disease. A novel deletion of ten
nucleotides (31042-31051 del AAGTGGCTGG in exon
8) leading to frame shift as well as deletion of three
residues Ser308, Gly309, Trp310 in the catalytic
domain was identified in HBF 16. This frame shift
leads to a premature stop in exon 8. The patient's
mother was heterozygous for this deletion. A deletion
of three residues followed by termination of the read-
ing frame would definitely be detrimental, causing
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the disease. In three families (HBF 1, HBF 3 and HBF
10) we could not detect any mutations in the exon-
ic regions or splice junctions. It was possible that the
change in the three remaining patients could have
been in either the promoter region at the 5' end of
the gene or in the Poly A addition site at the 3" end.
However, PCR amplification and sequencing of these
regions excluded this possibility in all three cases.
Having excluded all the regions of the gene it is like-
ly that the mutation in these three patients form
cryptic splice sites within an intron of the factor IX
gene, interfering with the normal splicing pattern,™
or that these families might have pathological
translocations, duplications or inversions in the fac-
tor IX gene leading to the disease. However, further
investigation is needed in these cases to explore
these possibilities.

We report that out of the 14 polymorphic positions
reported in the Haemophilia B Mutation database in
the regions of factor IX that we sequenced, none was
polymorphic in the 63 individuals we analyzed. In
addition to the mutations described above, four nov-
el single base mismatches (31231 T—C, 30053T—C,
31060C—A, 17673A—G) were detected in some of
the subjects we analyzed. All these mismatches led
to synonymous changes within the coding sequence
(Table 3). Another finding was that all our patients,
except HBF 2, have the Thr type of dimorphism (Mal-
mo polymorphism), i.e., they contained a Thr at
residue 148 of the activation peptide of factor IX.®
This agrees with previous findings that most of the
Asian population contains the Thr type of factor IX.”®
A T—C transition at nucleotide position 32847 is
reported to be a mutation causing the disease in the
Haemophilia B Mutation database, whereas we
detected the Cvariant in all samples, including those
from healthy subjects.

In conclusion, our data confirm the remarkable het-
erogeneity of the mutational spectrum giving rise to
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severe hemophilia B (although the clinical expres-
sion can also be heterogeneous. It seems possible to
establish genotype/phenotype relationships. Our
results indicate that point mutations tend to pre-
dominate in the as yet studied hemophilia B families.
This is probably the first report of mutations in the
factor IX gene in North Indian hemophilia B patients
of Indo-Aryan lineage. Since India is a land of vast
genetic resource, this study can be taken as a lead to
derive a complete spectrum of molecular events in

Factor IX mutations hemophilia B patients in North India
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