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Prenatal diagnosis of haemophilia: A preliminary report

S. SHETTY, R. COLAH, A. GORAKSHAKAR, A. BHIDE, K. GHOSH, A. PATHARE,
F. JIJINA, D. MOHANTY

ABSTRACT
Background. Haemophilia A is the most common congenital

bleeding disorder seen in man, affecting one in 5000 to 10 000
males. Because of the large size and heterogeneity of mutations
in the factor VIII gene, direct detection of mutations is not
practically feasible, except the recently detected intron 22 inver-
sions. Hence, the indirect method of gene tracking using various
polymorphic markers is the method of choice. Using this
approach, we have performed antenatal diagnosis In four haemo-
philia A families.

Methods. The four families Ineluded 21 subjects who were
used for gene-tracking analysis. Two families had a positive history
with more than one member affected, while the remaining two
families had a negative history with only one affected son. In all
four families, the propositi and their affected relatives had severe
haemophilia A with factor VIII:C lessthan 1%. All were negative
for inhibitors. The polymorphic markers used were IVS 18 Bell,
IVS 19 Hind III and the extragenic DXS 52 St 14 of the factor
VIII gene. Prior to polymorphism analysis, the sex of the foetus
was determined using Y chromosome-specific primers. All the
analyses were carried out by polymerase chain reaction.

Results. Antenatal diagnosis In the four families showed three
normal male foetuses and one normal female foetus. Two families
provided evidence with only IVS 18 Bell and St 14 markers. One
family provided information with only Intron 19 Hind III marker.
The fourth family provided Information with all three markers.
The coagulation parameters were almost In agreement with the
results of DNA analysis.

Conclusion. All three polymorphic markers yielded informa-
tion. This suggests that these three markers can be effectively used
In the antenatal diagnosis of haemophilla A In Indian families.
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INTRODUCTION
Haemophilia A is the commonest congenital bleeding disorder
seen in man. The disease is due to a defect in the gene encoding
for the factor VIII molecule which plays an important role in the
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blood coagulation cascade. Despite advances in therapy, the
disease remains potentially life-threatening. The patients are also
at risk of developing transfusion-induced complications such as
chronic hepatitis, inhibitor formation and infection with human
immunodeficiency virus (HIV).

Haemophilias are X-linked recessive disorders. The segregation
probabilities are thus 50% for a carrier female to transmit the
X-linked gene to each child, male or female, while haemophilic
males will have only normal sons and carrier daughters. The
identification of these silent carriers in haemophilia families for
subsequent antenatal diagnosis would be of major benefit to these
patients and their relatives.

Due to considerable overlap in levels of factor VIII in carriers
and normal women, it is usually not possible to establish carrier
status using laboratory parameters alone. The advent of molecular
biology techniques have now allowed a definite diagnosis to be
made with 100% accuracy in almost all the families with haemo-
philia A. The obvious drawbacks of mutation analysis in haemo-
philia A are that the factor VIII gene is very large (186 kb) and
complex and the mutations therein are extremely heterogeneous. 1,2

Thus, an indirect method of gene tracking using various poly-
morphic makers has been employed in tracking a mutant gene
within a pedigree.

Reports of antenatal diagnosis in haemophilia A families in
India is lacking. although a carrier analysis in the Indian population
has been published earlier. 3 This prompted us to report our
experience with antenatal diagnosis of haemophilia A in four
families.

PATIENTS AND METHODS
Family 1. There was a positive family history. One of the

brothers of the female who sought antenatal diagnosis had severe
haemophilia A (factor VIII:C < 1%). He was negative for inhibitors.
The carrier status of the female was not confirmed when she came
to us for counselling.

Family 2. There was a negative family history. The consultand
had only one son who was affected with severe haemophilia A
(factorVIII:C < 1%) and was negative for inhibitors.

Family 3. There was a positive family history. The consultand
had two maternal uncles who were affected with haemophilia A
(factor VIII:C < 1%) and were negative for inhibitors. She had no
living children. One child had died of haemophilia A at the age of
nine months.

Family 4. There was a negative family history. The female who
sought antenatal diagnosis had one affected son with factor VIII: C
being less than 1% of standard plasma. The patient was negative
for inhibitors.

Blood samples of the 21 family members were collected in
EDTA. DNA was extracted from peripheral blood leucocytes
after proteinase K digestion and phenol-chloroform extraction.'
Chorionic villus sampling was done transabdominally under
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ultrasound guidance at 9.5-12 weeks of gestation using a
20-gauge needle (89 mm long). Local anaesthesia (2%xylocaine)
was given before the procedure. The villi were collected in RPMI
(1640) medium and cleaned under a dissecting microscope (SMZ-
2B; Nikon, Japan) to prevent contamination by maternal decidual
tissue. DNA was extracted from the villi by the phenol-chloroform
procedure following proteinase K digestion.

The DNA samples were analysed by polymerase chain reaction
(PCR) and restriction enzyme digestion followed by agarose gel
electrophoresis, using the informative polymorphic markers, i.e.
IVS 18 Bel I, IVS 19 Hind III and DXS 52 St 14. The sex of the
foetus was also detected by PCR using Y chromosome-specific
primers. The coagulation parameters, i. e. factor VIII: C and factor
VIII R:Ag were analysed simultaneously and compared.'

RESULTS
Family 1. The consultand was heterozygous for the IVS 18

Bel I and the St 14 variable number of tandem repeat (VNTR)
markers. The foetus was a male and was unaffected. The ratio of
factor VIII:C and factor VIII R:Ag in the mother was 0.64 (factor
VIII:C, 59 %; factor VIII R:Ag 92 %). The normal range for both
factor VIII:C and factor VIII R:Ag is 50%-150% and the normal
ratiois >0.7.

Family 2. The female was heterozygous only for the intron 19
Hind III polymorphism. She provided no evidence with St 14
VNTR marker. The foetus was a normal female. However, since
this family had a negative family history it was reported that the
foetus does not have the same allele as that of the affected brother.
The ratio of factor VIII:C and factor R:Ag was 0.61 (factor VIII:C
56 %; factor VIII R:Ag 92%).

Family 3. The female provided evidence withlVS 18Bell and
St 14 markers. The foetus was a male and was unaffected. The
ratio offactor VIII:C and factor VIII R:Ag was 0.72.

Family 4. The consultand provided information with all three
markers studied. The foetus was a male and was unaffected. The
ratio of factor VIII: C and factor VIII R:Ag in the mother was 0.58.
Figure 1 illustrates the antenatal diagnosis ofhaemophilia A in the
families.

DISCUSSION
The heterozygosity frequency ofIVS 18Bel I and St 14 polymor-
phisms have been reported to be 47 % and 86%, respectively, in
the Indian population. 3 Though Hind III heterozygosity has been
shown to have a high heterozygosity frequency in various other
populations, there are no such reports for our population. 6Though
IVS 18 Bel I and IVS 19 Hind III polymorphisms show marked
linkage disequilibrium," in family 2, the female did not provide
evidence with the Bel I marker, but she could be analysed by Hind
III polymorphism. Thus, even if the cumulative heterozygosity
frequency of these two markers is not high (as compared to their
individual frequencies) since Hind III can be easily analysed by
PCR, it is worth checking for this marker in families not informative
with Bel I polymorphism.

An earlier analysis reported 8 alleles for St 14 polymorphism
by the Southern blot technique using a probe specific to this
region.' However, using PCR we now have about 14 alleles with
a maximum heterozygosity rating. 9 In the present study, we have
analysed this polymorphic marker by PCR.

The coagulation parameters, i.e. ratios of factor VIII:C and
factor VIII R:Ag, in the mothers of the three families (1, 2 and 4)
were much lower than the ideal cut-off value ofO.7 which we have
established in our laboratory. 10 However, in family 3, the ratio was
normal, though the female is an obligate carrier. Thus, using only
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FIGla. Detection of the sex of the foetus by Y chromosome-
specific peR amplification (from left to right)

Lane 1. Male foetus showing Y chromosome-specific 154 bp fragment
Lane 2. Affected male child
Lane 3. Mother showing absence of the 154 bp fragment
Lane 4. Father
Lane 5. Molecular weight marker V (Boehringer Mannheim)

b. Antenatal diagnosis by RFLP method using St 14 (VNTR)
marker

Lane 1. Female foetus (unaffected) Lane 2. Affected brother
Lane 3. Unaffected brother Lane 4. Carrier mother
Lane 5. Father

c. Antenatal diagnosis by RFLP method using IVS 18Bel I
marker

Lane 1. Male foetus (unaffected) Lane 2. Affected brother
Lane 3. Mother Lane 4. Father
Lane 5. PCR-amplified undigested DNA
Lane 6. Molecular weight marker V (Boehringer Mannheim)

conventional laboratory parameters, this would have been mis-
classified as normal. Nevertheless, the conventional laboratory
parameters (though not 100% accurate) should always be
performed along with the DNA analysis. This should be done
especially when females provide evidence with extragenic markers
alone.

ACKNOWLEDGEMENT
We are grateful to the Department of Biotechnology (DBT), Government of
India for financial support.

REFERENCES
Gitschier 1, Wood WI, Goralka TM, Wion KL, Chen EY, Eaton DH, et al.
Characterization of the human factor VllI gene. Nature 1984;312:326-30.

2 Higuchi M, Kochhan L, Schwaab R, Egli H, Brackmann HH, Horst 1, et al.
Molecular defects in hemophilia A: Identification and characterization ofmutations
in the factor VllI gene and family analysis. Blood 1989;74:1045-51.

3 Shelly S, Ghosh K, Pathare A, Colah R, Badakere S, Mohanty D. Factor VIll and
IX gene polymorphisms and carrier analysis in Indian population. Am J Hematol
1997;54:271-5.

4 Ellis R, Old LM. Proceedings ofthe WHO Training Course in Standard Techniques
and Advanced Methodologies/or the Control 0/ Hereditary Anemias. Herakleion:
Crete, 1987:5.

5 Dacie lV. Lewis SM (eds). Practical hematology. London:Churchill Livingstone,
1991.

6 Peake IR, Lillicrap DP, Boulyjenkov V. Briet E, Chan V, Ginter EK, et al. Report
ofajoint WHOfWFH meeting on the control ofhaemophilia: Carrier detection and
prenatal diagnosis. Blood CoaguJ Fibrinolysis 1993;4:313-44.

7 Graham lB, Kunkel GR, Fowlkes OM, Lord ST. The utility of a Hind III poly-
morphism offactor VllI examination by rapid DNA analysis. Br J HaematoII990;
76:75-9.

8 Oberle I, Camerino G, Heilig R, Grunebaum L, CazenavelP, Crapanzano C, et al.
Genetic screening for haemophilia A (classic haemophilia) with a polymorphic
DNA probe. N Eng/J Med 1985;312:682-6.

9 Richards B, Heilig R, Oberle I, Storjohann L, Horn GT. Rapid PCRanalysis of the
St 14 (DXS 52) VNTR. Nucleic Acids Res 1991;19:1944.

10 Mohanty 0, ShettyS, Ghosh K. Comparison of conventional coagulation parameters
with DNAanalysis in carrier detection in Indian hemophilia A families. Proceedings
0/ the Sixteenth Congress 0/ the International Society on Thrombosis and
Haemostasis; 1997:979.


