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Increased total cell-free DNA in the serum of pregnant
women carrying a fetus affected by trisomy 21
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Objective Analysis of the levels of cell-free fetal and total DNA in serum of women carrying a male fetus
affected by trisomy 21, and comparison of these levels with those in women carrying a normal male fetus.

Methods DNA was extracted from archived second-trimester maternal serum samples collected as part of a
prenatal screening program. A total of 10 cases with trisomy 21 male fetuses were compared with 10 controls
(male fetuses) with samples matched for duration of storage and gestational age. Real-time quantitative PCR
of the SRY and albumin genes was used to quantify fetal and total DNA respectively.

Results The median fetal DNA level in the group of 10 pregnancies with trisomy 21 was 31.98 cell-
equivalents per mL compared to 34.06 in the control group. The difference was not significant. The median
total DNA level in women with a trisomy 21 fetus was significantly higher (P = 0.029) than that in controls
(36 152.6 vs 5832.81 cell-equivalents per mL).

Conclusions Although we could not confirm previous studies of an increased amount of fetal DNA in
pregnancies affected by trisomy 21, we did find increased levels of total DNA. The possible reasons for these
observations are discussed with respect to previous findings. Larger studies are needed to elucidate the true
value, if any, of measurement of fetal and total DNA in maternal serum in the context of prenatal screening
for chromosomal abnormalities. Copyright  2003 John Wiley & Sons, Ltd.
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INTRODUCTION

Prenatal screening for chromosomal anomalies using
maternal serum biochemistry in the second trimester
can detect some 65 to 70% of cases of trisomy 21 for
a false-positive rate of around 5% (Wald et al., 1998;
Spencer, 1999). However, with couples increasingly
delaying starting a family, the median maternal age of
pregnant women in the United Kingdom has changed
from 26 in 1988 to 30 in 2000. Similarly, in the United
States, women over 34 contributed 12.6% of live births
in 1997 compared to 4.7% in 1974 (Egan et al., 2000).
One consequence of this changing age demographic is
that false-positive rates in prenatal screening programs
are now increasing well above 6%.

Recent developments in prenatal screening have
focussed on moving screening into the first trimester
using a combination of fetal nuchal translucency thick-
ness, maternal serum free β-hCG and pregnancy-
associated plasma protein-A (PAPP-A). This combina-
tion has been shown in retrospective and prospective
studies to identify 90% of cases with trisomy 21 at
a 5% false-positive rate (Spencer et al., 1999, 2000,
2003; Bindra et al., 2002). Further improvements in
screening efficiency are likely to focus on reducing the
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false-positive rate whilst maintaining the detection rate
above 90%.

A number of possible methods have been suggested
for decreasing the false-positive rate. One method
involves the isolation of fetal cells from the maternal cir-
culation, which may allow a halving of the false-positive
rate (Al-Mufti et al., 1999), although the practicalities
of fetal cell isolation are still a debatable issue. A sec-
ond possible method involves looking for the presence
or absence of the fetal nasal bone (Cicero et al., 2001)
on the 11th- to 14th-week scan. Used in combination
with fetal nuchal translucency (NT) and maternal serum
biochemistry, such techniques could reduce the false-
positive rate to 0.5% whilst still maintaining a 90%
detection rate (Cicero et al., 2003).

The practical issues of isolating fetal cells may be
overtaken by the recent finding of increased levels of
fetal DNA in the maternal circulation in pregnancies
affected by trisomy 21 (Lo et al., 1999). This may yet
provide an alternative method to reducing the false-
positive rate. In this study, we seek to confirm the
observation of increased levels of cell-free fetal and
total DNA in maternal serum in trisomy 21–affected
pregnancies.

METHODS

Samples from our second-trimester prenatal screening
program are stored in a sample bank at −20 ◦C. Blood
samples were collected into 7-mL vacutainer tubes
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containing no additive. After clotting, all samples were
centrifuged at 3000 g for 5 min and the serum was
removed to secondary glass containers for analysis and
storage. The department holds the Local Research Ethics
Committee’s approval for use of surplus serum samples
from routine testing for research into various aspects of
prenatal screening and diagnosis. From the sample bank,
serum samples from 10 pregnancies with male fetuses
affected by trisomy 21 (confirmed by amniocentesis
and karyotyping) were identified. In addition, 10 serum
samples (matched for gestational age and storage length)
from pregnancies with a normal live born male infant
were also identified.

DNA extraction from serum samples

After thawing, the samples were centrifuged for 10 min
at 16 000 g. DNA was then extracted from 400 µL of
serum using the QIAamp DNA Blood Mini Kit (Qiagen)
according to the manufacturer’s instructions. DNA was
eluted in 50-µL nuclease-free water.

Real-time quantitative PCR analysis

Copies of the SRY- and the albumin gene were quan-
tified with real-time polymerase chain reaction (PCR)
and transformed to cell-equivalents per mL (CE/mL),
as described previously (de Kok et al., 1998; Swinkels
et al., 2002).

Statistics

Statistical analysis was carried out using Analyse-It
(Smart Software, Leeds, UK), a software add-on for
Excel. Levels of fetal DNA in the control and affected
groups were compared using t-tests of unequal variance
and the Wilcoxon–Mann–Whitney U test, with a P of
<0.05 taken to be significant.

RESULTS

The control group and the trisomy 21 group had a
median gestation of 105 days (range 102–109) with
a median storage time of 42 months (range 36–48).
The median maternal age in the trisomy 21 group was
37 years (range 18–42), whilst that of the control group
was 30 years (range 20–40). Of the trisomy 21 group,
7 cases were identified as a result of second-trimester
maternal serum biochemical screening and they resulted
in termination of pregnancy, whilst 3 were live born
cases that were missed by the screening program. The
median alpha-fetoprotein (AFP) in the trisomy 21 group
was 0.715 multiples of median (MoM) and that for free
β-hCG was 2.14 MoM. In the control group, the median
AFP was 1.03 MoM, and for free β-hCG, it was 0.99
MoM. The median fetal DNA level in maternal serum
from pregnancies with a trisomy 21 fetus was 31.98
(range 11.25–130.21) cell-equivalents per mL compared
to 34.06 (range 0–91.67) cell-equivalents per mL in con-
trols with a normal karyotype (Figure 1). The difference
between the two groups was not significant (t-test, P =
0.49; Mann–Whitney U test, P = 0.60). The median
total DNA level in women carrying a fetus with trisomy
21 was 36 152.6 (range 3845–115 026) cell-equivalents
per mL compared to 5832.81 (range 2547–39 526) cell-
equivalents per mL in controls with a normal karyotype
(Figure 1). The difference between the two groups was
significant (t-test, P = 0.029; Mann–Whitney U test,
P = 0.034).

DISCUSSION

We found no significant differences in the concentration
of fetal DNA in maternal serum between pregnancies
with fetuses with trisomy 21 and fetuses of a normal
karyotype. However, the concentration of total free-
circulating DNA was significantly increased in the
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Figure 1—Concentrations of cell-free fetal (ž) and total DNA (�) in maternal serum from pregnancies with male fetuses affected by trisomy 21
and from pregnancies with a normal live born infant. Concentrations of circulating male fetal DNA are expressed in SRY cell-equivalents/mL.
Concentrations of total cell-free DNA are expressed in albumin cell-equivalents/mL
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maternal serum of pregnancies with a 21 trisomic
fetus compared to pregnancies with a fetus of normal
karyotype.

These findings show discrepancies with some studies
and similarities to others. Lo et al. (1999), reported that
the concentration of fetal DNA in maternal plasma in
pregnancies with trisomy 21 (n = 15) was 2 to 3 times
higher than that of euploid karyotype fetuses (n = 37).
These results were confirmed by Yan Zhong et al. in an
independent study in which 15 trisomy 21 pregnancies
were compared with 29 euploid pregnancies (Yan Zhong
et al., 2000). However, in both studies, there was a
considerable overlap between pregnancies with trisomy
21 and euploid fetuses, and the ranges of concentrations
in each group were broad. Both studies found no
difference (additive value) in total free-circulating DNA
between both groups of pregnancies.

The results of both Lo et al. (1999) and Yan Zhong
et al. (2000) differed from those of the groups of Ohashi
et al. (2001) and Hromadnikova et al. (2002). The latter
groups were not able to find differences in fetal DNA
between trisomy 21 and euploid pregnancies in their
studies on maternal serum and plasma using 5 cases/55
controls and 11 cases/13 controls respectively.

Of the four studies mentioned above, only Hromad-
nikova et al. (2002) separately presented results on total
and free DNA. Remarkably, the total median DNA lev-
els in patients bearing fetuses affected with Down syn-
drome were higher (10 165 vs 7330) than that of controls
carrying fetuses with normal karyotypes. However, in
contrast to our findings, these differences lacked signif-
icance.

There are several possible explanations for the differ-
ences between studies. One possible reason is the rather
small sample size among the various studies in combi-
nation with the broad ranges in both cell-free fetal and
total DNA concentrations in the blood of mothers with
trisomy 21 fetuses and also in the maternal blood in
euploid pregnancies. Another possibility is the blood-
processing protocols that may have different efficacies
in the generation of cell-free plasma and serum (Chiu
et al., 2001). In a recent study on plasma, we reported
(Swinkels et al., 2003) that irrespective of the protocol
used for collection, contaminating cells that remain in
the plasma after centrifugation at 800 g can be removed
by centrifugation at 16 000 g after storage of samples at
−20 ◦C. As we used this protocol in the present study on
serum, we consider the contaminating cells as the ori-
gin of total cell-free DNA as very unlikely. Differences
between studies may also be attributed to sample storage
effect on the fetal DNA concentration (Lee et al., 2002).
In the present study, samples of cases and controls were
matched for storage length. An additional possibility is
that we used maternal serum to measure fetal and total
DNA, whereas the other studies used maternal plasma.
Only Ohashi et al. (2001) also used serum, but in their
paper they only present their results on fetal DNA. Thus,
as far as we are aware, the present study is the first on
both fetal and total DNA in maternal serum.

Cell-free DNA in serum samples is generally higher
than that in plasma. This has been attributed to release
of cell-free DNA during the clotting process (Lee et al.,

2001; Thijssen et al., 2002). Therefore, our results of
higher levels of total DNA in the serum of mothers
with a trisomy 21 fetus may indicate that the cellular
fraction of the blood of mothers with aneuploid fetal
cells (leucocytes) release more DNA in vitro than the
cells of the blood of mothers with a fetus of a normal
karyotype. Probably, there are more fragile (apoptotic)
cells in the circulation of mothers with trisomy 21
fetuses than in the blood of mothers with normal fetuses

The mechanism whereby the concentration of fragile
cells in the maternal circulation of trisomy 21 pregnan-
cies may be increased is unclear. Possibly these fragile
cells have the same aetiology as the histological abnor-
malities in trisomy 21 placentae. Further support for this
hypothesis can be found in the parallels between Down
syndrome and pregnancy-related hypertensive disorders:
both diseases result in a high increase in circulating total
cell-free DNA, and for both diseases a similar aetiology
of oxidative stress has been postulated (Swinkels et al.,
2002; Banerjee et al., 2002).

A drawback of the current technology using SRY
sequences to quantify fetal DNA is that this is only
applicable to pregnancies with a male fetus. This deficit
can only be redressed by examining fetal paternally
inherited polymorphic sequences (Tang et al., 1999) or
by using fetal epigenetic DNA (Poon et al., 2002). These
more complicated assays might become unnecessary
when, as in the present study, total DNA appears to have
a higher predictive value for the presence of aneuploidy
than fetal DNA.

Thus far, from the studies on free-circulating DNA,
the added clinical value for the early identification of
trisomy 21 pregnancies is not yet clear. There are
considerable differences in findings between studies. So,
there is a need for validated blood-processing protocols
to obtain consistent results within and between labs
(Chiu et al., 2001; Swinkels et al., 2003, in press).
Moreover, there is a considerable overlap between the
values observed in trisomy 21 and euploid fetuses, and
all studies on cell-free DNA are relatively small. To
judge whether, in the prediction of trisomy 21, the
free DNA really adds to existing markers such as AFP
and free β-hCG in the second trimester and free β-
hCG/PAPP-A/nuchal translucency and nasal bone in the
first trimester, prospective studies of large sample size
need to be performed.
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