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The possibility of obtaining material for fetal 

molecular analysis without the need of invasive 

procedures has been a goal of prenatal diagnosis 

for many years and now is becoming a reality by 

the demonstration of the presence of circulating 

cell-free fetal nucleic acids in maternal plasma. 

These signals are already been used in clinical 

practice, in the management of X-linked 

conditions by the determination of fetal sex or in 

Red cell all oimmunisation by prediction of fetal 

D status, where the sensitivity of this technique 

enables highly accurate results, therefore reducing 

the number of invasive procedures needed. This 

approach has also been used for diagnosis of 

genetic disorders or in obstetric complications 

where the level of free fetal DNA may be a 

marker for placental abnormalities. 

The possibility of non-invasive access to fetal 

genetic material has been a goal of fetal medicine 

for many years. 

The approaches used have been based mainly 

on  

• The detection of fetal nucleated cells in 

maternal blood. 

• Isolation of fetal trophoblastic cellular 

elements shed into the uterine cavity and 

the endocervical canal. 

• The analysis of fetal genetic material 

present in maternal plasma. 

In this review we attempted to summarise the 

current state of detection of fetal nucleated cells 

in maternal plasma, the use of trophoblastic 

cellular elements for prenatal diagnosis, and the 

use of free fetal nucleic acids in maternal 

plasma. The recent research and success in the 

use of free fetal DNA in the prediction of D 

blood grouping, fetal sexing, and identification 

of some single gene disorders are discussed in 

more detail, together with the current research 

into its use in obstetric complications and also 

the use of fetal mRNA for clinical applications. 

Fetal Cells in Maternal Blood 

The fact that fetal cells are present (albeit in 

low number) in maternal blood has been known 

for many years, but the many attempts and 

approaches used to isolate these cells in sufficient 

quantities from the maternal blood to make a fetal 

diagnosis have proven disappointing. One of the 

main reasons for the lack of success of this 

approach is the fact that fetal cells constitute a 

tiny proportion of the total maternal blood cell 

population and much work remains to be done 

before this could be a practical technology for 

consistent recovery and assay
1
. 

Trophoblastic Cells in Cervical 

Samples 

An alternative approach to the detection of 

nucleated fetal cells in maternal plasma is the 

detection of trophoblastic cells from the lower 

part of the uterus or cervical mucus by means of 

irrigation or aspiration. Using this approach, 

trophoblastic cellular elements retrieved in 

transcervical cell samples have been successfully 

used for prenatal diagnosis of fetal Rh (D) 

phenotypes and some single gene defects, such as 

those causing thalassemia and sickle cell anemia
2
. 

However there are some problems that remain to 

be solved before this technique could be used for 

prenatal diagnosis on a clinical basis. One is the 

marked variation in the proportion of cells 

retrieved from the endocervical canal which are 

of fetal origin as opposed to maternal origin, with 

the percentage varying in different reports 

between 4 to 80 percent. This difference depends 

mainly on the method used to retrieve the cells 

(transcervical irrigation or cervical mucus 

aspiration) and operator variability
3
. A second 

problem is that this technique is still at least 

minimally invasive. Nevertheless the patients that 

have had this procedure did not find it especially 

uncomfortable and reported that it was 

comparable to having a cervical smear taken
3
. 

However, if the same information can be obtained 

from maternal blood then that would obviously be 

preferable. On the other hand if the percentage of 

free fetal DNA needed for tests has to be higher 

than what can be achieved from maternal blood, 

then a transcervical washing approach may be 

useful. 
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Free Fetal Nucleic Acids 

In the last decade the presence of circulating 

cell-free fetal nucleic acids in maternal plasma 

has been demonstrated
4
, and this phenomenon has 

rapidly been applied to patient care. The origin of 

these molecules in maternal plasma is not a 

resolved issue but there is strong evidence 

supporting the idea that the placenta is the major 

source of free fetal DNA
3
 probably due to the 

release of trophoblastic cells nucleic acids after 

apoptosis into the maternal circulation.  

The prolonged persistence of fetal cells in 

maternal blood and bone marrow6 raised the 

concern that cell-free fetal DNA might persist in 

the maternal plasma from previous pregnancies. 

Nevertheless, the current evidence strongly 

suggests that the circulating fetal DNA is rapidly 

eliminated from the peripheral blood within hours 

of delivery7-11 and also that the half life of free 

DNA is very short and therefore there must be a 

continuous source of the material in pregnancy. 

Moreover, the absence of false-positive results 

related to persistent fetal DNA from a previous 

pregnancy in studies where free fetal DNA was 

used to assess fetal rhesus status and sex 

determination for clinical management is another 

strong evidence that previous pregnancy does not 

seem to be a problem
12,13

.  

Another recent step forward in the research on 

this field has been the detection of cell-free fetal 

mRNA in maternal plasma. As with DNA, the 

placenta seems to be the most important source of 

this material because of the correlation of the fetal 

mRNA and placental protein levels in maternal 

blood
14

. The detection of fetal nucleic acids in 

maternal plasma is not an easy technical task 

because of the relatively low percentage of these 

molecules compared with the maternally 

originated nucleic acids present in the maternal 

blood stream. Very sensitive real time PCR 

technology needs to be used to detect only a few 

copies of the target DNA or RNA in a sample.  

Prediction of Fetal Rhesus Phenotype 

in Maternal Plasma 

Prenatal determination of fetal D blood group in 

pregnancies at risk of haemolytic disease of the 

fetus and newborn (HDFN) is an important task
15

 

because of the fetal and neonatal morbidity and 

mortality caused by the maternal alloantibodies 

directed against paternally inherited antigens on 

fetal red cells
16

. The previous approach for the 

prediction of fetal blood group was the use of 

fetal material from amniotic fluid. However, the 

procedure-related risk of fetal loss
17

 and also the 

risk of feto-maternal haemorrhage
18

 which is in 

turn associated with increased incidence of 

maternal immunisation
19

 made this approach less 

than ideal. 

There is sufficient cell-free fetal DNA in the 

plasma of pregnant women for determination of 

fetal RhD genotype
20

 which allows fetal D typing 

using a non invasive approach. This is now 

available world-wide as a clinical service
13,2,1

 and 

we have recently demonstrated 100% accuracy 

with this technique in 137 pregnancies
15

. The 

recent developments of this technique have now 

significantly reduced the number of invasive 

procedures carried out for fetal D grouping in our 

unit
21

. We are confident that soon this will be 

used for fetal blood grouping in all rhesus 

negative pregnant women routinely at booking in 

order to administer anti-D only to those women 

with a D-positive fetus. Testing for other blood 

group antigens, such as Kell, Rhc, RhE, or other 

alloimmune conditions such as neonatal 

alloimmune thrombocytopenia, using the same 

technique, is already proving successful but still 

in experimental stages
22

. 

Prediction of Fetal Sex in Maternal 

Plasma 

The detection of Y-chromosome specific 

sequences in maternal cell-free DNA4, has been 

reproducible in many laboratories, and the 

identification of fetal gender has been successful 

as early as 14 days post conception (Soothill, 

unpublished data) and is nearly 100% accurate in 

the late first trimester
13,23,24

. These results clearly 

have a huge impact in clinical practice for the 

management of X-linked genetic disorders. It is 

also possible to determine the sex very early in 

pregnancy, well before CVS would be 

undertaken, to guide fetal therapy in cases at risk 

of 21-hydroxylase deficiency
24-26

. In case of X-

linked conditions, invasive tests such as CVS may 

now only be required to test whether a male fetus 

is affected by the disease or not, when the fetus is 

already shown to be male by free fetal DNA. This 

means CVS can be avoided when the fetus is 

known to be female at an early gestational age. 

New Clinical Applications 

Genetic Disorders 

Circulating nucleic acids are increasingly being 

used for non-invasive prenatal diagnosis of 

certain genetic disorders. The diagnoses of 

autosomal dominant disorders such as myotonic 

dystrophy
27

 and Huntington disease
28

, or single 

gene mutations such as achondroplasia
29

, are 

examples of the wide range of problems where 

this has been achieved. In cases of autosomal 
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recessive disorders, such as cystic fibrosis (CF), 

prenatal diagnosis currently requires a CVS. 

Since there are many different mutations that can 

cause this particular disease, the diagnosis of an 

unaffected fetus may be made by exclusion of the 

presence of the paternally inherited mutation 

signal in maternal plasma. In that way, invasive 

prenatal diagnosis could be limited to those 

pregnancies which have inherited the paternal 

mutation and so have a potentially affected 

fetus
30

. Another common autosomal recessive 

single-gene disorder is β-thalassaemia and this 

has been excluded by testing for the paternally 

transmitted mutation
31

. 

In cases of aneuploidy, one obvious goal is the 

non-invasive diagnosis of Down’s syndrome. 

However since chromosome 21 signals are always 

present in all pregnancies, this requires the much 

harder task of trying to test quantitatively for an 

increased volume of chromosome 21 signals 

compared to those of other chromosomes. That 

may be easily possible when there is pure or very 

high concentration of the fetal DNA (PCR rapid 

diagnosis test) but not in the proportion of fetal 

DNA actually present in maternal blood. Current 

research is aiming to increase the proportion of 

fetal to maternal DNA in vitro and both chemical 

and size separation approaches are being 

explored
32,33

. 

Obstetric Complications 

Pathological processes in the placenta, such as 

preeclampsia, fetal growth restriction or 

fetomaternal hemorrhage seem to increase 

apoptosis of trophoblast cells
34,35

. Therefore, 

higher levels of free fetal DNA are found in 

preeclamptic patients
36,37

 or in cases of fetal 

growth restriction
38

. This measurement may serve 

as a marker for placental abnormalities and it is 

even possible that quantification of fetal DNA 

might be helpful in predicting pre-eclampsia
39

 as 

its concentration was found to be increased before 

the disease onset
40

. The same concept may apply 

to cases of fetal growth restriction with a 

correlation between increasing fetal DNA values 

and the severity of the disease. 

Fetal RNA in Maternal Plasma 

The demonstration of fetal-derived, male-

specific mRNA in plasma of pregnant women 

with male fetuses has been the most recent step 

forward in this field
41

. As with DNA, the placenta 

seems to be the main source of fetal mRNA and 

this may be used as markers for the studying and 

monitoring of pregnancy disorders related to 

placental pathology
42,43

. The Circulating mRNA 

seems to provide information regarding gene 

expression patterns in the placenta that could be 

altered in some pathology. For example, the 

concentration of maternal plasma CRH mRNA is 

increased in pregnancies complicated with 

preeclampsia when compared to normal 

pregnancies
44

 and may also be correlated with the 

severity of the disease
45 

Conclusion 

A new phase of non-invasive prenatal diagnosis 

has just started. With surprising speed, the field 

moved from initial identification of free fetal 

DNA in maternal blood to clinical application in 

the NHS in less than 10 years. The implications 

for the future are being explored within an FP6 

European Network of Excellence grant 

(http://www2.warwick.ac.uk/fac/sci/bio/safe/) and 

we are confident this will have application both in 

routine obstetric care and specialised prenatal 

diagnosis as described in this text. 
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