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ABSTRACT

Hemophilia is an X linked disorder which is caused by a deficiency of Factor VIII and Factor IX. The worldwide prevalence of this disorder is
approximately half a million. Hemophilia families are always under emotional and financial stress, as the treatment is very expensive. Genetic
studies of Hemophilia are an essential for the management of this disorder. Carrier detection and genetic counselling in affected families can
significantly help in reducing the incidence. This review article summarizes genetic aspects of Hemophilia with components of genetic evaluation

and management of Hemophilia.
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Introduction:

Hemophilia is an X-linked bleeding disorder which is caused by a
deficiency of blood coagulation factor VIII (F8) and factor IX (F9). F8
protein is essential for coagulation pathway. There are two types of
Hemophilia. A (deficiency of F8) which is more common and occurs in
about 1 in 5000 births. Hemophilia B (deficiency of F9) is less common
and occurs in approximately 1 in 20,000 births."* India is the second
highest number of patients with hemophilia A. According to an Annual
global survey conducted by the World Federation of hemophilia,
approximately 50 per cent of the world's hemophilia population lives
in India. There are an estimated 10,000 hemophilia in India and
currently only 15 per cent of the total hemophilia population has been
identified in India and the rest lay undiagnosed. The worldwide
prevalence of this syndrome is approximately half a million."”
Internal bleeding is serious concern in hemophilic patients and this
severity is correlated with the level of the coagulation protein in their
blood. Joints bleeding is more common in such patients caused by
injury. This review article summarizes genetic aspects of hemophilia
with components of genetic evaluation and management of
hemophilia.

Molecular basis of Hemophilia:

F8 and F9 are the only known gene which is associated with
hemophilia. Both F8 and F9 genes map to the distal end of the long arm
of the X chromosome at Xq28 and Xq27 respectively.” F8 gene has 26
exons spanning 186 KB. It encodes a 2351 amino acids precursor
polypeptide. The F9 gene is comparatively smaller (34 KB) and has 8
exons. Exon and intron sizes of F8 and F9 are given in table 2. The
mature F8 protein consists of different domains which are arranged in
the order A1-A2-B-A3-C1-C2 (Fig. 1). These domains are very
important for proper function of F8 protein and genetic defects can
cause hemophilia.””
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Fig. 1: Genomic organization of F8, and F9 genes.

A large number of mutations have been identified in F8 gene. The
intron 22 inversion and intron 1 inversion is most common mutations
of the F8 gene. Point mutation or small rearrangement is also
associated with severe hemophilia. Presently, more than 1209

mutations have been identified within the F8 coding and untranslated
region in the F§ gene."""

Severity of hemophilia A and B are based on in vitro clotting activity as
shown in Table 1. The approximate percentage of severe hemophilia is
70%.

[13]

Table 1: Severity of Hemophilia A and B with related symptoms.

Type|Severit| Clotting Symptoms Age of |Investigatio
y factor Diagnosis ns
activity (%)
(IU/ml)
Hem|Severe| <1% Spontaneous <I year APTT
ophil bleeding, (increased),
ia A predominantly in Factor VIII
joints and muscles activity
Moder| 1-5% Occasional Before | decreased,
ate spontaneous age 5-6 |VWF levels
bleeding. Severe | years | (normal)
bleeding with
trauma, surgery
Mild | >5-40% | Severe bleeding |Late onset|
with major trauma | of life
or surgery
Hem|Severe| <1% Frequent APTT
ophil spontaneous (increased),
iaB bleeding; excessive Factor IX
and/or prolonged activity
bleeding after <2 years decreased,
minor injuries, vWF levels
surgery, or tooth (normal)
extractions
Moder| 1%-5% Spontaneous
ate bleeding rare;
excessive and/qr <56
prolonged bleeding
after minor years
injuries, surgery, or
tooth extractions
Mild | >5%-40% | No spontaneous
bleeding; excessive
and/or prolonged | Often
bleeding after later in
major injuries, life
surgery, or tooth
extractions

Table 2: Exons and Introns in the gene for Human Factor IX"*"

Exon |Nucleotide| Nucleotide | Intron |Nucleotid| Nucleotide
Length (bp)|  position e Length position
(bp)
[Exon 1 117 1-117 Intron 1| 6,206 118-6,325
[Exon 2 164 6,326-6,489 |Intron 2 188 6,490-6,677
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Exon3| 25 6,078-6,702 |Intron 3| 3,689 | 6,703-10,391
Exon4| 114 ]10,392-10,505|Intron4| 7,163 |10,506-17668
Exon5| 129 [17,669-17,797|Intron 5| 2,565 [17,798-20,362
Exon 6| 203 [20,363-20,565|Intron 6| 9,473 [20,566-30,038
Exon 7| 115 ]30,039-30,153|Intron 7| 668 |30,154-30,821
Exon 8| 1935 [30,822-32,757

Inheritance of Hemophilia:

Hemophilia is the most common inherited bleeding disorder in India. It
is an X linked single gene disorder which is caused by heterogeneous
mutation in the blood coagulation factor 8 and factor 9. Inherited
bleeding disorder is a condition that may be passed from parents to
their offspring through their genes. Gene contains coded information
that determines the traits an individual will express. Genetic disorders
differ from other medical problems in that they tend to recur within
families. These single gene defects are the easiest type of genetic
abnormality to be identified by pedigree analysis. They are subdivided
into autosomal dominant, autosomal recessive and X linked (sex
linked) conditions. Each person has 2 genes for any trait and randomly
passes on one of them to each child. In the autosomal dominant type, a
person who has inherited one abnormal gene will express symptoms of
the disorder. In the autosomal recessive type, a person who has
inherited 2 abnormal genes will express the symptoms where as a
person with one abnormal and one normal gene will be a carrier."”
Hemophilia A and hemophilia B are single gene disorder which is an X
linked. The chance of transmitting the defective X linked gene from a
carrier mother to child will be 50%. Molecular genetic diagnosis is an
important and integral part for carrier detection and evaluation of
hemophilic population.""

Table 3: Genetics of rare clotting factors deficiencies."”””

Factor  |Inciden| Gene and |Inheritance|[Severity| Treatment
ce |chromosome| patterns of
location bleeding
Factor I 1in |[FGA, FGB, [Autosomal|Usually| Fibrinogen
(Fibrinogen) {100000| FGG recessive, | mild/ | concentrate
(4928) |Autosomal| Severe |Cryoprecipitate]
Fresh frozen
plasma
Factor IT 1 in F2 Autosomal| Usually | Prothrombin
(Prothrombin)|200000((11p11-q12)| recessive | mild complex
concentrate
Fresh frozen
plasma
Factor V lin F5 Autosomal| Usually | Fresh frozen
(Proaccelerin){100000| (1q24.2) | recessive | mild plasma
Combined | 1in | LMAN 1 [Autosomal|Usually| Fresh frozen
factor V and [100000| (18q21.3- | recessive | mild plasma
Factor VIII q22) Factor VIII
MCFD2 concentrate
(2p21- Desmopressin
pl6.3)
Factor VII lin F7 Autosomal| Severe | Recombinant
500000| (13q34) | recessive | (when | factor VIIa
factor | concentrate
levels | Factor VII
are low)| concentrate
Prothrombin
complex
concentrate
Fresh frozen
plasma
Factor X lin F10 Autosomal|Moderat| Prothrombin
100000| (13q34) | recessive | eto complex
severe | concentrate
Fresh frozen
plasma
Factor XI 1in F11 Autosomal| Mild to| Factor XI
100000| (4q35.2) |recessive, |moderat| concentrate
Autosomal e [|Antifibrinolytic
dominant drugs
Fibrin glue
Fresh frozen
plasma
Factor XIIT | 1in FI13A1 [Autosomal| Severe | Factor XIII
300000| (6p24-p25) | recessive concentrate
F13B Cryoprecipitate]
(1931- Fresh frozen
q32.1) plasma

Genetic diagnosis of Hemophilia

There are two different approaches to the genetic evaluation of an
individual with a suspected hemophilia disorder. Analysis of single
nucleotide polymorphism (SNPs) or microsatellite variable number
tandem repeats (VNTR) markers in the F8 or F9 gene to track the
abnormal X chromosome in the family. SNPs and VNTRs are
commonly detected by PCR amplification and conventional
polyacrylamide gel electrophoresis. Intron 1 or intron 22 inversions
are the most common mutations in the F8 gene.”"*” Direct mutation
detection has a near 100% accuracy and is informative in over 95% of
familial hemophilia. Various mutation detection techniques also be
used for hemophilia such as long distance polymerase chain reaction,
multiplex ligation dependent pure amplification, capillary
electrophoresis and direct sequencing. Multiplexing of amplification
and conformation sensitive gel electrophoresis (CSGE) has
significantly reduced the cost and time for direct mutation screening in
hemophilia and other hemostasis.”*”

Prenatal diagnosis for Hemophilia

Prenatal diagnosis and genetic counselling are very useful method for
prevention and control of the disease. Carrier detection for mutant
gene is another method of prevention. Prenatal diagnosis is generally
indicated in severe or moderate forms of hemophilic families.* It can
be done for carrier women by chorionic villus sampling (10-12 weeks'
gestation) or amniocentesis (approximately 15-18 weeks' gestation). If
the karyotype is normal (46,XY/46XX), DNA extracted from fetus
cells and analysed for the known disease causing mutation.””*”

Gene Therapy

Gene therapy is promising curative option for hemophilia because its
can prevent above 1% spontaneous bleeding and substantially enhance
the quality of life in patients with hemophilia.””

In vivo and ex vivo appearances have been proposed for gene therapy
for hemophilia. For in vivo delivery studies, viruses have been more
efficient as compared to other methods. “" Chuah et al. 2002 reported
that gene therapy has been successful in hemophilic dogs and in mice
with knockout mutations for the clotting factor genes.”” There are
physical and chemical methods have been developed for gene
integration into cells. In this purpose viruses have generally much
more efficient. Presently the adeno-associated virus bases gene
therapy is potentially safer as compared to retroviral and adenoviral
vectors.”™)

Adeno associated virus serotype 2 has become a more preferred
prototype vector for in vivo viral gene transfer due to its wide tissue
tropism. It has been tested in many monogenic disorders with
therapeutic success.”"

Conclusion:

Hemophiliac families are always under emotional and financial stress,
as the treatment is very expensive. Therefore, it is important that
potential carriers should have access to precise information on the
consequences of having children with an X-linked disorder.
Assessment of the carrier status is an important step as the carrier
females are responsible for the transmission of trait to the next
generation.

Genetic study of hemophilia is an essential for the management of this
disorder. Further research of hemophilia needs to be addressed on a
priority basis. In India, the burden of hemophilia is heavy because of
due to lack of social support and expensive treatments. In these
circumstances, carrier detection and genetic counselling in affected
families can significantly help in reducing the incidence. Due to the
high population density, large number of hemophilia cases are reported
in the country. Genetic studies of the mutation in intron 22 of factor
VIII gene in severely affected hemophilic patients are an essential part
for management of this condition. Causative mutation is still not
identified in the F8 gene in several cases with severe hemophilia A.
Newer strategies are needed for such patients for proper management
of this disorder. Further advancement in gene therapy vectors is also
needed for patients with hemophilia.
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