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INTRODUCTION

Most chromosomal anomalies with congenital defects at birth are trisomy 21, 18,
13 or monosomy X (1). As a composite and complete treatment of multiple
anomalies is virtually impossible, the best way to manage such defects is by a
prenatal diagnosis of the problem. However, conventional methods of obtaining fetal
tissues for genetic analysis, including amniocentesis, chorionic villus sampling and
cordocentesis, are invasive and all encompass a potential danger of fetal injury,
infection and pregnancy failure (2). Furthermore, culture and analysis of fetal cells is
time consuming (the results are available about two weeks after invasive testing) and
labour intensive (3).

The multiple marker combination with the highest screening performance
currently available is alpha-fetoprotein (AFP), unconjugated estriol (UE3), human
chorionic gonadotropin (hCG), and inhibin A, together with maternal age (so-called
quad marker test). With this combination, a detection rate of 80% at a 5% false
positive rate is achieved (4). For these reasons, there is a need for a non-invasive,
accurate, and fast method for a prenatal diagnosis, and the importance of a prenatal
diagnosis using fetal cells in the maternal peripheral blood has attracted a great deal
of attention(5).

It has been a long-sought goal in human genetics to develop methods of obtaining
fetal genetic materials for analysis. One approach that has been extensively
investigated over the past few decades is the isolation of fetal cells from maternal
blood (6). However, the rarity of such circulating fetal cells has limited the
development and practical use of this approach (7).

In 1997, Lo et al. discovered that cell-free fetal DNA is presentin the plasma and
serum of pregnant women (8). Fetal DNA is present in maternal plasma from the first
trimester onwards, with concentrations that increase with progressing gestational age
(9). After delivery, fetal DNA is cleared very rapidly from the maternal plasma (10).
Fetal DNA is present in maternal plasma in a much higher fractional concentration
than fetal DNA in the cellular fraction of maternal blood (9). This important feature
has made the robust detection of fetal DNA possible, even without special
enrichment procedures (11).

The first marker that was developed for fetal DNA detection in maternal plasma
was the Y chromosome, which is present in male fetuses. The robustness of Y
chromosomal markers has been reproduced by many workers in the field. This
approach constitutes a highly accurate method for the determination of fetal gender,
which is useful for the prenatal investigation of sex-linked diseases.

Maternal plasma DNA analysis is also useful for the noninvasive prenatal
determination of fetal RhD blood group status in RhD-negative pregnant women.
This approach has been shown by many groups to be highly accurate, and has been
introduced as a routine service by the British National Blood Service since 2001. The
latter development is important because this is the first routine use of noninvasive
DNA-based prenatal diagnosis.

More recently, maternal plasma DNA analysis has been shown to be useful for
the noninvasive prenatal exclusion of fetal 3-thalassemia major. A similar approach
has also been used for prenatal detection of the HbE gene.




Advances in molecular technology have led to the introduction of quantitative
fluorescent polymerase chain reaction (gf-PCR), which can provide diagnosis of the
common autosomal aneuploidies—trisomies 21, 18, and 13; all sex chromosome
aneuploidies; and triploidy within two days of sampling (12). Furthermore, one
technician can examine up to 5000 samples a year.

In Feb. 2006, Lyn S Chitty et. al., provided supportive evidence for the
recommendation of the UK National Screening Committee that, in newly established
screening programmes for trisomy 21, rapid aneuploidy diagnosis alone may be
offered (3). An advantage of replacing full karyotyping by gf-PCR is the substantially
lower economic cost (13). Additionally, such a policy can have considerable benefits
to women and their partners, as early availability of results reduces anxiety and
allows for earlier decision making in cases in which the fetus has a significant
abnormality (14).

Furthermore, the need for further investigations revealed by detecting
chromosomal rearrangements of little or no clinical significance can be avoided, as
can the anxiety this causes. In some of their cases the degree of anxiety was high
enough for the parents to elect to terminate the pregnancy without waiting for the
results of further investigations, which may have shown a normal karyotype. As
shown in one study, about 10% of cases with an abnormal chorionic villous sampling
karyotype result have no risk or only a small risk of a clinically significant fetal
abnormality (3).

The discovery of cell-free fetal DNA and RNA in maternal plasma has opened up
new possibilities for noninvasive prenatal diagnosis. Over the past 7 years significant
progress has been made in our understanding of the biology and diagnostic
implications of fetal nucleic acids in maternal plasma. It is hoped that further
developments over the next few years will enable obstetricians to move even closer
to the goal of widespread use of noninvasive nucleic acid-based prenatal diagnosis
(11).

Aim of Work:

To test the sensitivity and specificity of retrieved fetal DNA from maternal
circulation in the first and second trimester for future use in clinical practice as a safe
non-invasive prenatal diagnostic tool.




Materials & Methods:

Peripheral blood samples will be taken from 25 pregnant women in the first and
second trimester, Cell-free plasma samples are obtained by centrifugation of the
whole blood at 1600g for 10 min. The supernatant is collected and centrifuged at
16000g for 10 min to remove all remaining cells. Finally, the plasma, free of blood
cells, is removed from the micro-centrifuge tubes and stored at -80 °C.

DNA is extracted by use of the QIA-amp DNA Blood Kit (Qiagen) according to the
manufacturer’s “Blood and Body Fluid Spin Protocol”.

QF-PCR assays are set up using selected highly polymorphic STR markers (two on each
chromosome) for Chromosomes X, Y, 21, 18 and 13.

QF-PCR amplification is standardized for all reactions in a final volume of 25 ul
containing 4 ul of extracted DNA, 200 umol/l dNTP, 4-35 pmol of each primer, 2 mmol/l
MgCI2 in 1XTaq buffer and 1 U Taq Polymerase. PCR is performed on GeneAmp 9700
(ABI, Foster city, CA USA). After denaturation, capillary electrophoresis will be carried
out in denaturing conditions using ABI 310 Genetic analyzer (ABI, Foster city, CA USA).
Analysis of the results and calculation of peak areas are performed using GeneScan
Software 3.2 (ABI, Foster city, CA USA).
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