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Background & objectives: Trisomy 21 is the most common chromosomal aneuploidy in live born infants.
Recently, the over expression of chromosome 21-derived microRNAs (miR-99a, let-7¢, miR-125b-2, miR-
155 and miR-802) in human fetal hippocampus and heart samples from individuals with Down syndrome
was observed. Therefore, concentrations and expression profile of extracellular chromosome 21-derived
microRNAs were studied to verify their ability to distinguish noninvasively between pregnancies bearing
euploid fetuses and those affected with Down syndrome.

Methods: RNA enriched for small RNAs was isolated from plasma samples of 12 pregnant women with
high risk of bearing Down syndrome foetuses (median gestation 18.5 wk), 12 women with normal course
of gestation and 10 non-pregnant women. MicroRNA transcribed into cDNA using specific stem-loop
primer was detected using real-time PCR assay. Simulation experiments using RNA pools of healthy
non-pregnant individuals and aneuploid amniotic fluid samples in descending dilution ratio ranging from
1:1 to 1000:1 were used to test the detection limit of the technique for overexpressed chromosome 21-
derived microRNAs specific for Down syndrome. The expression profile of the gene encoding microRNA
was studied through the relative gene expression using the comparative Ct (threshold cycle) method.
Concentrations of individual microRNAs were subtracted from the calibration curves in the course of
analyses and expressed as pg of total RNA per milliliter of plasma.

Results: Four of the five extracellular chromosome 21-derived microRNAs (miR-99a, let-7¢, miR-125b-2
and miR-155) were reliably detected in plasma samples. Simulation experiments revealed the detection
limit of aneuploidy at a ratio 100:1 for let-7¢, miR-125b-2 and miR-155, and a ratio of 1000:1 for miR-
99a. Overexpression of extracellular miR-99a, miR-125b-2 and miR-155 was observed in pregnant
women compared to non-pregnant women. Similarly, increased concentrations of extracellular miR-99a
and miR-125b-2 were detected in pregnant women than in non-pregnant women. The concentrations
and relative gene expression of extracellular chromosome 21-derived microRNAs did not differ between
the cohorts of pregnancies bearing euploid foetuses and those affected with Down syndrome.

Interpretation & conclusions: Analysis of extracellular chromosome 21-derived microRNAs has no benefit
for screening programmes and non-invasive diagnosis of Down syndrome.
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Down syndrome (DS) occurs with an incidence of
approximately 1 in 800 births in the general population’,
but this risk increases to 1 in 35 term births for women
45 yr of age’. Screening programmes to identify
women at increased risk of bearing a foetus with DS
are based on maternal age, ultrasound findings® and/or
biochemical markers*. First trimester screening for DS
is usually performed in gestational week 10-14 using
serum markers such as pregnancy associated plasma
protein A (PAPP-A) and the free p-form of human
chorionic gonadotrophin (B-hCG), combined with a
measurement of the nuchal translucency thickness’.
However, this approach still results in a high proportion
of false positives (2-4%) and false negatives (5-10%)°.
Screening during the second trimester based on the
examination of biochemical markers like a-foetoprotein
(AFP), unconjugated estriol-3 (uE3) and B-hCG detects
68-75 per cent of pregnancies complicated by foetal DS,
with a 5 per cent false-positive rate*. The involvement
of additional ultrasound markers (reduction or absence
of the nasal bone®; presence of tricuspid regurgitation)’
and biochemical markers®’® usually leads to improved
screening performance in the first and/or second
trimester of gestation.

Currently, the definitive diagnosis of DS is based on
an examination of the foetal genome after acquisition
of foetal cells directly from the uterus using invasive
procedures, such as chorionic villous sampling (CVS)
and/or amniocentesis. Unfortunately, these procedures
are still associated with a 1 per centrisk of miscarriage!®.
Therefore, much effort is devoted to the development
of reliable non-invasive methods for prenatal diagnosis
(NIPD) based on the detection of extracellular nucleic
acids (DNA!, mRNA'>!3 and microRNA!*1%) of foetal
and/or placental origin in maternal circulation. In
general, extracellular nucleic acids are those which are
present in various biological fluid samples, including
serum, plasma, saliva, urine, amniotic fluid, semen,
milk and bronchial lavage'®.

The discovery of cell-free foetal DNA!" and placental
mRNA'" in maternal plasma was swiftly followed by
non-invasive clinical applications for foetal gender!'?
and blood Rhesus factor status!’, exclusion and/or
confirmation of paternally inherited alleles for various
single gene disorders' and eventually assessment of
chromosomal aneuploidies using massively parallel
sequencing’. Extracellular pregnancy associated
microRNAs have been identified in maternal circulation
throughout gestation'*. Our group has?*?!' introduced a
profile of extracellular placental specific microRNAs

capable of reliably differentiating between pregnant
and non-pregnant women and the diagnostic potential
to predict placental insufficiency related pregnancy
complications.

Chromosome 21 harbours more than 500 annotated
genes??, of which, 170 are protein coding, and five
represent microRNA genes, including miR-99a, let-7c,
miR-125b-2, miR-155 and miR-802%. We hypothesized
that chromosome 21-derived miRNAs of foetal origin
may be detected in maternal circulation throughout
gestation, given that foetal cells are continuously
trafficking across the placenta* and the placenta
itself is actively releasing microvesicles, exosomes
and apoptotic bodies of placental trophoblasts which
contain extracellular nucleic acids of foetal origin®.
This hypothesis was partially built on the observation
of Elton et al?®, who demonstrated abundant expression
of miR-99a and miR-125b in human tissues inclusive
of placental tissue. Furthermore, we hypothesized that
the presence of redundant chromosome 21 and an
overexpression of chromosome 21-derived miRNAs
in the tissues of patients with Down syndrome might
enable differentiation between plasma samples derived
from pregnancies with euploid and aneuploid foetuses.
Initially, we performed Down syndrome simulation
experiments by testing artificial mixtures of RNA
isolated from plasma samples of healthy individuals
and RNA enriched from the foetus affected by Down
syndrome in a step-by-step descending representation
of aneuploid genetic material in a mixed sample. The
purpose of these initial experiments was to assess the
detection limit of aneuploidy for individual chromosome-
21 derived microRNAs using real-time PCR. Further,
we investigated concentrations and expression profile
of chromosome 21-derived microRNAs in maternal
plasma and the ability of this approach to distinguish
between euploid foetus pregnancies and those affected
with Down syndrome.

Material & Methods

The study was performed in retrospective manner
at the Department of Moelcular Biology and Cell
Pathology (Third Faculty of Medicine, Charles
University, Prague).

Amniotic fluids were collected at the Department
of Biology and Medical Genetics (University Hospital
Motol, Prague) from pregnant patients for whom
invasive procedures were indicated due to higher risks
(maternal age greater than 35 yr and positive results
from second trimester biochemical and ultrasound
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screenings). Five pregnancies with fetuses identified
as possessing the karyotype associated with Down
syndrome (47, XX, +21 and 47, XY, +21) were involved
in the study.

Individual plasma samples were collected at
cooperating gynaecological clinics (from September
2005 to June 2006, Clinic of Obstetrics and Gynaecology,
First Faculty of Medicine, Charles University, Prague;
from February 2008 to November 2010, Institute
for the Care of the Mother and Child, Prague) from
patients identified to be at a higher risk of bearing Down
syndrome fetuses, and these samples were kept frozen
at -80°C until further usage. Simultaneously, plasma
samples were also collected from normal pregnancies
and non-pregnant women (Clinic of Obstetrics and
Gynaecology, University Hospital Motol, Prague).
Plasma samples with approximately equal storage times
were selected for use in the study: normal pregnancies
(storage period: range 16-75 months; median storage
time 59.0 months); DS-affected pregnancies (storage
period: range 17-79 months; median storage time
65.5 months); non-pregnant individuals (storage
period: range 16-75 months; median storage time 59.0
months).

Finally, plasma samples from 12 pregnant
women aged 26-42 (mean 34.2 yr) with Down
syndrome foetuses were collected within 14-22 wk of
gestation (mean 18.2 wk; median 18.5 wk) before the
performance of any invasive diagnostic procedure. The
control group consisted of 12 maternal age-matched
and gestational age-matched plasma women with
uncomplicated singleton pregnancies, who gave birth
to healthy neonates. Plasma samples derived from 10
healthy age-matched non-pregnant women were also
included in the study. All women signed informed
consent and the study protocol was approved by the
University Ethics Committee of the Third Faculty of
Medicine, Charles University in Prague.

Processing of samples and RNA extraction and
enrichment for microRNAs: Peripheral blood samples
(9 ml) were collected into EDTA tubes and centrifuged
twice at 1200 g for 10 min at room temperature. Total
RNA from non-pregnant women, normal and DS-
affected pregnancies was extracted from 1 ml of plasma
and 25 mg of normal placental tissue preserved in
RNAlater (Ambion, Austin, TX, USA). An enrichment
procedure for small RNAs was performed using a
mirVana microRNA Isolation kit (Ambion, Austin,
TX, USA). Trizol LS reagent (Invitrogen, Carlsbad,
CA, USA) was used to isolate total RNA in plasma

samples. RNA from cultured amniotic fluid-derived
cells was isolated using QIAamp RNA Blood Mini
Kit (Qiagen, Hilden, Germany). DNase treatment,
with 5 pl of DNase I with a concentration of 1 unit/
ul (Fermentas International, Ontario, Canada) for 30
min at 37 °C, was carried out to remove contaminating
DNA.

Reverse transcription reaction using a stem-loop
primer: Chromosome 21-derived microRNAs (miR-
99a, let-7c, miR-125b-2, miR-155 and miR-802) and
selected reference microRNAs (miR-16 and let-7d)*'.
were reversely transcribed using microRNA-specific
stem-loop RT primers (TagMan MicroRNA Assays,
Applied Biosystems, USA) in a total reaction volume
of 20 ul using 7500 real-time PCR system (Applied
Biosystems, USA) with the following thermal cycling
parameters: 30 min at 16°C, 30 min at 42°C, 5 min
at 85°C, and then held at 4°C. The recovery of total
RNA enriched for small RNAs differed between
plasma samples (range 1.1-7.4 ng/ul). Finally, 6.7 pl
of the RNA template was used for each RT reaction.
The following TagMan MicroRNA assays were used
for the study: miR-99a assay ID: 000435; let-7c assay
ID: 000379; miR-125b-2 assay ID: 000449; miR-155
assay ID: 002623; miR-802 assay ID: 002004; miR-16
assay ID: 000391 and let-7d assay ID: 002283.

Absolute and relative quantification of extracellular
microRNAs: A volume of 4.4 ul of the RT product
was used as a template for each real-time PCR. cDNA
(complementary DNA), corresponding to the particular
microRNA was detected using TagMan MicroRNA
assay and the TagMan Universal PCR Master Mix
(Applied Biosystems, USA) in a total reaction volume
of 35 ul on a 7500 Real-Time PCR System. Analyses
were performed in three replicates. A sample was
considered positive if the amplification signal occurred
before the 40™ threshold cycle (Ct <40).

Randomly selected euploid placental tissue
derived from gestation with normal course was
used as a reference sample for absolute and relative
quantification. An RNA fraction highly enriched for
small RNAs was isolated from the foetal part of the
placenta. The calibration curves plotted the threshold
cycle (Ct) of individual microRNA against known
concentrations of serially diluted RNA samples.
Concentrations of individual microRNAs were
expressed as pg of total RNA enriched for small RNAs
per milliliter of plasma.

Comparative Ct method compares the Ct values of
the samples of interest with a reference sample such as
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RNA sample from normal tissue. The Ct values of both
the reference sample and the samples of interest are
normalized to an appropriate endogenous housekeeping
gene. The comparative Ct method is also known as the
2-[delta][delta]Ct method, where

[delta][delta]Ct = [delta] Ct, sample - [delta] Ct,
reference

Here, [delta] CT, sample is the Ct value for any
sample normalized to the endogenous housekeeping
gene and [delta] Ct, reference is the Ct value for the
reference sample also normalized to the endogenous
housekeeping gene.

The relative gene expression of particular
microRNA in plasma samples was determined using
the comparative Ct method?” (2°44) relative to
normalization factor (geometric mean of ubiquitous
miR-16andlet-7d)*'. Comparative Ct method compares
the Ct values of the samples of interest with a reference
sample such as RNA sample from normal placental
tissue that was used throughout the whole study.

Statistical analysis: Absolute and relative quantification
of particular microRNAs was compared between
individual groups using the Mann-Whitney U-test
(Statistica software, StatSoft, Inc., USA). Since
the Bonferroni correction was used to address the
problem of multiple comparisons, the significance
level was established at a P<0.025.

Correlation between variables including absolute
quantification of individual extracellular microRNAs
and storage life was calculated using the Spearman’s
rank correlation coefficient (p). Significant levels of
correlation were assumed at P<0.05.

Results

Failure of TagMan assay for miR-802: In RNA samples
isolated from placental tissues chromosome 21-derived
microRNAs (let-7c, miR-99a, miR-125b-2 and miR-
155) were amplified as expected, shortly afterwards
ubiquitous microRNAs (miR-16 and let-7d), within
the range of 16.8-24.0 threshold cycle (let-7¢c: range Ct
20.4-21.6; miR-99a: range Ct 17.4-18.1; miR-125b-2:
range Ct 16.8-17.4 and miR-155: range Ct 23.1-24.0,
respectively). However, miR-802 was amplified in
placental tissues much later (range Ct 32.1-32.6) than
other chromosome 21-derived microRNAs.

Plasma samples derived from normal pregnancies
produced amplification curves in let-7c, miR-99a,
miR-125b-2 and miR-155 within the Ct 26.5-33.4
(let-7c: range Ct 27.5-32.6; miR-99a: range Ct 26.9-

33.4; miR-125b-2: range Ct 26.5-32.5 and miR-155:
range Ct 29.2-33.4, respectively). In plasma samples
derived from normal pregnancies, miR-802 produced
amplification curves beyond Ct 40. Therefore, plasma
samples were considered negative for miR-802. All
consecutive attempts to optimize the conditions for
miR-802 commercial assay (increase of RNA input
and reaction volume, etc.) failed; as a result miR-802
was excluded from further testing.

Stability of extracellular microRNAs: Initially, the
stability of extracellular microRNAs was investigated.
The patients were subdivided into individual groups:
aneuploid (Down syndrom-affected) pregnancies,
euploid pregnancies and non pregnant women. No effect
of the long-term storage on the levels of extracellular
chromosome 21-derived and ubiquitous microRNAs
was indicated in any studied group except for miR-99a,
where a strong negative correlation between plasma
concentrations in the cohort of euploid and aneuploid
pregnancies and advancing storage time was observed
(Table). While the plasma levels of the five studied
microRNAs remained stable, a significant decline of
extracellular miR-99a associated with the long-term
storage of plasma samples was observed in the cohort
of euploid and aneuploid pregnancies. In the cohort
of non-pregnant individuals, similar results were also
obtained (data not shown).

Simulation  experiments of Down syndrome -
identification of redundant foetal derived chromosome
21 specific microRNAs in euploid maternal plasma
throughout gestation: The expression profile of
chromosome 21-derived microRNAs in genetic
material of foetuses affected with Down syndrome was
studied. Chromosome 21-derived microRNAs were

Table. Stability of extracellular microRNAs

microRNA  Normal pregnancies Down syndrome (DS)-
storage time: affected pregnancies
range 16-75 months, storage time: range
median 59.0 months 17-79 months,
median 65.5 months

p p p p
miR-16 0.274 0.363 -0.497 0.099
let-7d -0.422 0.126 -0.353 0.242
let-7¢c 0.141 0.641 -0.250 0.406
miR-99a -0.795 0.012 -0.716 0.017
miR-125b-2  -0.014 0.963 -0.435 0.077
miR-155 -0.011 0.972 -0.116 0.699

p, spearman’s rank correlation coefficient
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overexpressed in cultured amniotic fluid-derived cells
from foetuses affected with DS (miR-99a: range 1.34-
3.77 fold; let-7c: range 2.65-3.86 fold; miR-125b-2:
range: 1.22-2.5 fold; miR-155: range 76.9-274.3 fold)
when compared with the reference (euploid placental
tissue) used throughout the entire study to calculate
2-4AC relative gene expression. The expression of
chromosome 21-derived microRNAs in the amniotic
fluid of euploid foetuses was equal compared to the
reference euploid placental tissue in all examined
cases: the values of 24 were around 1.0.

Minimal expression of chromosome 21-derived
microRNAs was identified in plasma samples derived
from healthy non-pregnant individuals compared with
reference euploid sample (miR-99a: range 0.0001-
0.0007 fold; let-7c: range 0.02-0.07 fold; miR-125b-2:
range: 0.0005-0.0009 fold; miR-155: range 0.01-0.03
fold).

Artificial mixtures were prepared from RNA
samples isolated from plasma of healthy non-pregnant
women and cultured amniotic fluid-derived cells from
foetuses affected with DS. The RNA samples derived
from healthy non-pregnant women were always used
in invariant concentrations, while RNA samples of DS
foetuses were diluted stage-by-stage using the decimal
scale. The main aim of these experiments was to assess
the detection limit of the technique. The maximal
dilution of DS derived RNA samples that would
always produce reliable detection of trisomy 21 was
established.

Relative  quantification  approach  reliably
differentiated between plasma samples derived from
healthy non-pregnant women and mixed samples
containing cultured amniotic fluid-derived cells from
DS foetuses up to a ratio of 100:1 for let-7¢, miR-
125b-2 and miR-155, and up to 1000:1 for miR-99a.
In case of miR-155 significant overexpression was
observed in cultured amniotic fluid-derived cells from
foetus affected with DS (76.9 fold) when compared
with reference sample. On the other hand, no miR-155
expression was found in plasma samples derived from
non-pregnant women (0.01 fold) when compared with
reference sample. Artificial mixed samples containing
always the equal amount of euploid RNA sample
and the variable amount of aneuploid RNA sample
demonstrated overexpression of miR-155. Thus, 31.56-
fold expression of miR-155 was detected in a mixture
containing the equal amount of euploid and aneuploid
sample (ratio 1:1). Ten-fold dilution of aneuploid RNA
sample showed 3.28 fold of miR-155 expression (ratio
10:1). In case of 100-fold dilution of aneuploid RNA

sample (ratio 100:1) miR-155 expression value was
0.27. On the other hand, the ratio 1000:1 was not able
to detect redundant chromosome 21 specific microRNA
in artificial mixture. MiR-155 expression reached the
comparable value (0.018) as plasma sample derived
from non-pregnant individual (0.015).

Absolute and relative quantification of extracellular
microRNAs in non-pregnant individuals, normal
pregnancies and those bearing DS foetuses: The
concentrations and expression profiles of chromosome
21-derived microRNAs (miR-99a, let-7c, miR-125b-2,
miR-155) were determined in plasma samples derived
from non-pregnant women, normal pregnancies and
those bearing foetuses with DS.

The levels of extracellular miR-99a and
miR-125b-2 were significantly higher in pregnant
women than in non-pregnant individuals (Fig. 1).
Comparable levels of ubiquitous extracellular
microRNAs (miR-16 and let-7d) were found in all
plasma samples, regardless of the occurrence and
the course of gestation. Chromosome 21-derived
microRNAs (miR-99a and miR-125b-2) differentiated
between pregnant and non-pregnant women.
The overexpression of extracellular miR-99a, miR-
125b-2 and miR-155 was identified in the group
of pregnant women compared with non-pregnant
women (Fig. 2). MiR-99a, miR-125b-2 and miR-155
differentiated between pregnant and non-pregnant
women. The overexpression of extracellular miR-
99a, miR-125b-2 and miR-155 was identified in
pregnant women. No difference in chromosome 21-
derived microRNA expression profile was observed
between the women with DS-bearing pregnancies
and gestational-age-matched normal pregnancies
with euploid foetus. Unfortunately, both plasma
concentrations and expression profiles of chromosome
21-derived microRNAs were unable to differentiate
between DS-bearing pregnancies and gestational-age-
matched normal pregnancies with euploid foetuses.

Discussion

The number of pregnant women who are candidates
to undergo invasive testing for foetal chromosomal
abnormalities, including Down syndrome, has
increased with the advance of modern, more complex
screening algorithms. There remains the traditional risk
group of women who are >35 yr at term, and this group
has grown significantly during the last 20 years*’.
These women are faced with the decision to undergo
an invasive sampling of foetal genetic material, which
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Fig. 1. Absolute quantification of ubiquitous and chromosome 21-derived extracellular microRNAs in non-pregnant women, normal
pregnancies and those bearing DS foetuses. Concentrations of extracellular microRNAs in plasma samples were subtracted from the standard
curve and expressed in pg of total RNA enriched for small RNAs per millilitre of plasma. Absolute quantification of particular microRNAs
was compared between the individual groups using the Mann-Whitney U-test (P<0.25). *, extremes; o, outliers.
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still carries a risk of miscarriage!®. Therefore, to reduce
the risk of miscarriage and allow early testing for DS,
reliable and practical methods of non-invasive prenatal
diagnosis (NIPD) have been a continuous challenge.

Kuhn et al/*® demonstrated that mature miR-99a,
let-7c, miR-125b-2, miR-155 and miR-802, which
are encoded by genes harboured on chromosome 21,
were overexpressed in human foetal hippocampus
and heart samples in individuals with DS. Because
the final result of miRNA-mediated gene regulation is
a reduction in the total amount of target protein that
is produced, they speculated that trisomy 21-induced
overexpression of chromosome 21-derived miRNAs
might result in decreased expression of specific target
proteins and contribute, in part, to features of the DS
phenotype®. This hypothesis was later verified, by the
same group, in experiments that identified important

chromosome 21-derived microRNA/mRNA target
pairs and demonstrated that miR-155 and miR-802
could regulate the expression of methyl-CpG-binding
protein (MeCP2) that was underexpressed in DS brain
specimens. This repression may contribute to the
abnormality in the neurochemistry observed in the
brains of DS individuals®.

In this study, we investigated maternal plasma
concentrations and expression levels of chromosome
21-derived microRNAs (miR-99a, let-7c, miR-125b-2,
miR-155 and miR-802) in DS pregnancies to verify
their application for non-invasive DS diagnosis.
Initially, we confirmed the presence of all chromosome
21-derived microRNAs in placental tissues. Later,
we also demonstrated the occurrence of extracellular
chromosome 21-derived microRNAs like let-7¢, miR-
99a, miR-125b-2 and miR-155 in the circulation of
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pregnant and non-pregnant women. MiR-802, whose
amplification signals occurred in most plasma samples
beyond Ct 40.0, was considered negative. Elton et al*
reported abundant expression of let-7c, miR-99a and
miR-125b-2 in number of tissues including DS relevant
tissues, the brain and the heart. This group also reported
abundant expression of miR-99a and miR-125b-2 in
placental tissues. In contrast, miR-155 and miR-802
were observed to be expressed at much lower levels
with specific expression in the thymus, colon and small
intestine, respectively.

Kuhn et al® observed overexpression of
chromosome 21-derived microRNAs in human foetal
hippocampus and heart samples from individuals with
DS; we confirmed this when we found chromosome
21-derived microRNAs overexpression in DS derived
cultured amniotic fluid cells.

To establish the detection limit of real-time PCR
technique, simulation experiments were performed in
which RNA isolated from plasma samples of healthy
non-pregnant women was mixed with cultured
amniotic fluid-derived cells from DS foetuses in
various dilution ratios ranging from 1:1 to 1000:1. As
expected, this approach confirmed decreasing amounts
of the tested chromosome 21-derived microRNAs in
the artificial mixture with descending representation
of overexpressed aneuploid RNA. It was possible to
distinguish between plasma samples derived from
healthy non-pregnant women and the same samples
mixed with RNA from cultured amniotic fluid-derived
cells from DS foetuses at a ratio of 100:1 for let-7c,
miR-125b-2 and miR-155, and a ratio of 1000:1 for
miR-99a.

Our study showed that the plasma concentrations
of miR-99a and miR-125b-2 and expression levels
of miR-99a, miR-125b-2 and miR-155 were
significantly increased in pregnant women compared
with non-pregnant individuals. On the other hand, the
concentration and expression level of extracellular let-
7cremained unchanged signifying that the state of let-7¢
is probably pregnancy independent. These observations
were supported by several independent findings. Gilad
et al* reported that serum microRNAs might be used as
promising new biomarkers for differentiation between
pregnant and non-pregnant women. These biomarkers
primarily involved placental specific microRNAs levels
which usually rise as pregnancy progresses due to
placental growth'*?*?!_ The levels of some extracellular
ubiquitous microRNAs that are certainly not unique

to pregnancy, were also reported to have increased
in maternal circulation throughout gestation. For this
reason, these may differentiate between pregnant
and non-pregnant women as well'>?. Since Elton
et al*® reported abundant expression of miR-99a and
miR-125b-2 in a number of human tissues (including
placental tissues) we expected and finally confirmed
that their levels were higher in maternal circulation
compared to non-pregnant women. In concordance with
Gilad et al'**, we observed similar abundance of let-7d
(encoded by a gene located on chromosome 9) across
the tested pregnant and non-pregnant women and for
that reason let-7d was one of the microRNAs chosen
for normalization. However, consecutive analysis of
extracellular chromosome 21-derived microRNAs did
not distinguish between pregnancies with euploid and
aneuploid foetuses. It was found that the concentrations
and expression levels of chromosome 21-derived
microRNAs (miR-99a, let-7c, miR-125b-2, and miR-
155) were comparable between maternal plasma
samples regardless of the course of gestation and foetal
karyotype. We believe that pregnancy itselfis associated
with upregulation in extracellular chromosome 21-
derived microRNAs (miR-99a, miR-125b-2 and miR-
155). This phenomenon might cause the inability of
extracellular chromosome 21-derived microRNAs to
differentiate between pregnancies bearing euploid and
aneuploid foetuses solely on the basis of redundant
chromosome 21 being present in DS foetuses.

There have been no reports to demonstrate the
application of extracellular chromosome 21-derived
microRNAs for the purpose of non-invasive prenatal
diagnosis of Down syndrome in the foetus. Currently,
there are intense efforts to improve the current
screening programmes; however, further work needs
to be done to detect and diagnose DS non-invasively,
especially in the early stages of gestation. The ultimate
goal remains the introduction of NIPD tests that are
rapid, inexpensive, automated and accurate. Even if
extracellular chromosome 21-derived microRNAs
have no diagnostic value for the non-invasive prenatal
diagnosis of Down syndrome, these do represent
promising biomarkers for occult hepatitis B virus
infection screening*® and non-small cell lung cancer®'.
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