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Summary Accurate first-trimester prenatal diagnosis was achieved in 
a Japanese haemophilia A family by the use of a restriction fragment length 
polymorphism (RFLP) located within the F.VIII gene. Since the pregnant 
woman's heterozygosity for BclI polymorphism in F.VIII/intron 18 (FSA) 
probe was informative, chorionic villus sampling (CVS) was performed 
at 9 weeks of gestation. Restriction analysis showed that the fetus was 
heterozygous for the BclI site and had received a normal paternal X chromo- 
some (0.9 kb) and a normal maternal X (1.2 kb). Therefore, we concluded 
that the fetus was a non-carrier female. Pregnancy went to term and 
woman gave birth to an apparently healthy female. At one week after 
birth a coagulation study confirmed that the newborn infant is not a carrier. 
The first-trimester prenatal diagnosis of haemophilia A is possible by CVS 
due to a RFLP in the F.VIII gene. 
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INTRODUCTION 

Until recently prenatal diagnosis of haemophilia A has been carried out by 
conventional measurement of factor VIII procoagulant activity (F.ViII:C) as well 
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as antigen (F.VIII:Ag) of fetal plasma between the 18th and 21st weeks of gestation 
(Mibashan et al., 1979; Firshein et al., 1979). This type of prenatal diagnosis in 
the second trimester may associate with a risk of fetal mortality and lead to late 
termination of pregnancy in affected cases. 

A new technique for sampling fetal tissue by chorionic villus sampling (CVS) 
at 8-11 weeks' gestation has circumvented these problems (Williamson et al., 1981). 
In addition, the introduction of analysis of DNA polymorphic markers genetically 
linked to the haemophilic locus has greatly improved the accuracy of diagnosis 
(Gitschier et al., 1985a; Antonarakis et al., 1985). Here we describe the first case 
of prenatal diagnosis of Japanese haemophilia A by the use of a restriction frag- 
ment length polymorphism (RFLP) located within the factor VIII gene. 

MATERIALS AND METHODS 

Assays o f  Jactor VII I  (F. VIII) .  Factor VIII clotting activity (F.VIII:C) was 
assayed as kaolin-activated partial thromboplastin time (K-PTT) (Hardisty and 
MacPherson, 1962) in immuno-depleted F.VIII deficient plasma. A two-site solid 
phase immunoradiometric assay (IRMA) for F.VIII:Ag was performed using high- 
titre alloantibodies derived from a patient with haemophilia A (Yoshioka et aL, 
1983). Laurell's electroimmunoassay (EIA) for von Willebrand factor antigen 
(vWF:Ag) was performed using a rabbit antibody (Fukui et al., 1977). Normal 
pooled-plasma obtained from 10 donors was used as control material. One unit 
is the amount of F.VIII or vWF in l ml of normal pooled-plasma. 

Analysis o f  RFLPs .  High molecular weight genomic DNA was isolated from 
leukocytes in 10-20 ml of citrated peripheral blood as described previously (Nishino 
et al., 1986). 

Chorionic villus samples obtained by the transcervical route under ultrasound 
guidance. Aspiration biopsy was carried out with a Portex catheter. The sample 
was checked microscopically to exclude contamination by maternal decidua before 
incubation at 56~ for 3 hr in 250 ,~1 0.075 M sodium dodecylsulphate, and 10 /A 
proteinase K. This was followed by DNA extractions with phenol and chloroform. 
The genomic DNA isolated from both peripheral leukocytes and chorionic villi 
was digested with BclI restriction endonuclease (Toyobo, Japan) under conditions 
recommended by the supplier. The methods of precipitation of DNA, gel electro- 
phoresis, Southern blotting, hybridization of restriction fragments with the a~p. 
labeled F.VIII probe, washing of filters and autoradiography have been described 
previously (Mikami et al., 1987; Nishino et al., 1987). 

F. VIII  gene probe. The restriction enzyme BclI detects a common polymor- 
phism that lies 3' of exon 18 in the F.VIII gene. Using this enzyme and a 647 base 
pair (bp) StuI/ScaI  genomic probe, Factor VIII/intron 18 (FSA, provided by Dr. 
R.M. Lawn, Genentech Inc., Calif.) (Gitschier et aL, 1985b), a restriction fragment 
of variable length, 879 bp or l, 165 bp, can be detected (Fig. 1). 
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Fig.1. Position of BclI polymorphism within factor VIII gene (Gitschier et al., 1985b). 
B*, polymorphic site. 

Table i. Factor VIII/von Willebrand factor in the family members. 

F.VIII :C F.VIII :Ag vWF :Ag 
(u/dl) (u/dl) (u/dl) 

Propositus (Haemophilia A) <1 d0. l 80 

Father of the propositus N.D. N.D. N.D. 

Mother of the propositus at non-pregnant state 38 49 105 
Neonate at 1 week after birth 105 112 90 

N.D., not determined. Normal range of F.VIII:C~ F.VIII:Ag and vWF:Ag in normal subjects is 
50-200 u/dl. 

Fetal sexing. Fetal sexing was performed by karyotyping of the cultured cho- 
rionic villi according to standard protocols. 

Subjects. The propositus, a 6-year-old boy, had manifested easy bruising 
and joint bleeding since infancy. He had a recurrent ankle joint hemorrhage at 
the age of 1, when a diagnosis of  severe haemophilia A ( F . V I H : C <  1 u/dl, F.VIII :  
Ag<0.1  u/dl) was made at Osaka National Hospital. At the same time the 29- 
year-old mother of the propositus was considered to be a haemophilia A carrier 
on the basis of  low plasma levels of F .VIII :C (38 u/dl) and F.VIII :Ag (49 u/dl), 
and normal levels of vWF:Ag (105 u/dl) (Table 1). 

Unwilling to bear a second haemophilic son, she visited our Paediatric De- 
partment for prenatal diagnosis of the fetus of her second pregnancy. After ob- 
taining informed consent, we examined, using the F8A probe (Factor VlII/ intron 
18), the BclI RFLP of the F.VIII  gene in the pregnant woman, her husband and 
the propositus. Subsequently, chorionic villus sampling was performed at 9 weeks 
of gestation, followed by analysis of fetal DNA. 
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RESULTS 

No gross structural abnormalities such as a deletion directly detectable by 
BclI RFLP analysis in the F.VIII  gene were found in this family. 

Analysis of the D N A  from the pregnant woman (I-2) for heterozygosity at 
polymorphic sites within the F.VIII  gene showed that  she was heterozygous for 
the BclI site in intron 18, since BclI digestion produced 1.2 kb and 0.9 kb bands (Fig. 
2). Since this woman had been diagnosed as a carrier of a haemophilia A gene 
and her affected son (II-1) also manifested the BclI polymorphic site, we judged 
that the presence of the BclI site represented by 0.9 kb band, marked the maternal 
X chromosome which carries the haemophilic gene. The father had the BclI site 
associated with the non-haemophilic gene. The BclI restriction pattern from D N A  
isolated from the chorionic villus showed that the fetus was heterozygous for the 
BclI site having both the 1.2 kb band from the mother and the 0.9 kb band from 
the father. On the other hand, chromosomal analysis of the chorionic villus re- 
vealed a female karyotype, 46 XX. Therefore, we concluded that the fetus was 

a non-carrier female. 

Fig. 2. Southern blots using cloned F.VIII gene probe (Factor VIII/intron 18, F8A) on 
samples of DNA restricted with BclI. 

Jpn. J. Human Genet. 



EARLY PRENATAL DIAGNOSIS OF HAEMOPHILIA A 139 

The women decided to continue the pregnancy to term. At 36 weeks of gesta- 
tion she gave birth to an apparently healthy female weighing 2,536 g. At 1 week 
after birth, the plasma level of F.VIII :C, F.VIII :Ag and vWF :Ag in the baby were 
105 u/dl, 112 u/dl and 90 u/dl, respectively (Table 1) and it was confirmed that she 
did not manifest the carrier state. 

DISCUSSION 

The prenatal diagnosis of haemophilia A based on the measurement of F.VIII 
in fetal blood obtained by fetoscopy is made in the second trimester (Mibashan 
et aI., 1979; Firshein et al., 1979). Between 1985 and 1988, ten pregnancies were 
evaluated in our department using a new and safer procedure for fetal blood sampl- 
ing: ultrasound-guided fetal liver puncture (Koresawa et al., 1987). We have 
recorded no sampling 'failure or spontaneous abortion so far (unpublished data). 
However in two other studies, the risk of spontaneous abortion after fetoscopy 
for the second trimester prenatal diagnosis of haemophilia A or for other purposes 
was shown to be 5.8~ (3/52) (Hoyer et aL, 1985) and 6.8~ (128/1,875) (Koresawa, 
1985), respectively. In addition, it was often not possible to obtain a satisfactory 
sample using this method (12/92) (Hoyer et al., 1985). Moreover, a major draw- 
back of diagnosis by fetal blood sampling in the second trimester is the advanced 
age of the fetus at the time of diagnosis. 

A new technique, linkage analysis using DNA polymorphisms should make 
the prenatal diagnosis of haemophilia A safer and earlier. Highly informative 
RFLPs have been associated with several cloned DNA sequences which have been 
mapped within or very close to the F.VIII gene (Winter et al., 1985; Pecorara et 
al., 1987; Sampietro et al., 1987; Tuddenham et al., 1987). 

We have already studied RFLPs to detect carriers in Japanese haemophilia 
A families using three intragenic DNA probes (Factor VIII/intron 18, Factor VIII/ 
intron 22 and Factor VIII/3' flanking ) (Nishino et al., 1987; Mikami, 1988) and 
the extragenic DNA probe ST 14 (Nishino et al., 1987). Since the probability of 
recombination between the ST 14 and F.VIII gene is 4 ~  (Gitschier, t989), we have 
used the intragenic probe, Factor VIII/intron 18, in this case. Therefore, the pos- 
sibility of error due to recombination between the marker BcII  polymorphic site 
and the mutant F.VIII gene should be negligible. According to our previous data, 
about 27~  of Japanese females are heterozygous at this locus (Mikami, 1988). 
Fortunately, the pregnant woman's heterozygosity for the BclI  polymorphism was 
informative, and permitted prenatal diagnosis of subsequent offspring. 

Chorionic villi sampling was successful and the karyotype identified the fetus 
as female. Restriction analysis showed that the fetus was heterozygous for the 
Bcl I  site and had received a normal paternal X chromosome (0.9 kb) and a normal 
maternal X (1.2 kb). From these results, we concluded that the fetus was not a 
carrier. 

Vo|. 34, No. 2, 1989 



140 A. YOSHIOKA et al. 

The pregnancy  went  to te rm uneventfully.  A coagula t ion  s tudy conf i rmed 

tha t  the newborn  infant  is not  a carrier.  No  abnormal i t i es  o f  the body  surface 
or  congeni ta l  anomal ies  were seen. 

Prena ta l  d iagnosis  of  haemoph i l i a  A is possible  by chor ionic  villus sampl ing  

due to a R F L P  found  in the F . V I I I  gene. This is the first r epor t  on the first tri- 

mester  p rena ta l  d iagnosis  in a Japanese  haemophi l i a  A family.  
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