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Abstract
Purpose The objective of this study was to discover a panel of
microRNAs (miRNAs) as potential biomarkers for noninva-
sive prenatal testing (NIPT) of trisomy 21 (T21) and to predict
the biological functions of identified biomarkers using bioin-
formatics tools.
Methods Using microarray-based genome-wide expression
profiling, we compared the expression levels of miRNAs in
whole blood samples from non-pregnant women, whole blood
samples from pregnant women with euploid or T21 fetuses,
and placenta samples from euploid or T21 fetuses. We ana-
lyzed the differentially expressed miRNAs according to dis-
ease and tissue type (P value <0.05 and two-fold expression
change). To predict functions of target genes of miRNAs, the
functional annotation tools were used.
Results We identified 299 miRNAs which reasonably sepa-
rate the whole blood from the placenta. Among the identified
miRNAs, 150 miRNAs were up-regulated in the placenta, and
149 miRNAs were down-regulated. Most of the up-regulated
miRNAs in the placenta were members of the mir-498, mir-
379, and mir-127 clusters. Among the up-regulated miRNAs
in the placenta, mir-1973 and mir-3196 were expressed at
higher levels in the T21 placenta than in the euploid placenta.

The twomiRNAs potentially regulate 203 target genes that are
involved in development of brain, central nervous system, and
nervous system. The genes are significantly associated with
T21-related disorder such as congenital abnormalities, mental
disorders, and nervous system diseases.
Conclusions Our study indicates placenta-specific miRNAs
that may be potential biomarkers for NIPT of fetal T21 and
provides new insights into the molecular mechanisms of T21
via regulation of miRNAs.

Keywords Noninvasive test . microRNA . Trisomy 21 .

Placenta

Introduction

MicroRNAs (miRNAs) are short (19~25 nucleotides), single-
stranded, and non-coding RNAs [1]. The number of miRNAs
known in humans is approaching 1000 and continues to rise
(www.mirbase.org). They have emerged as key post-
transcriptional regulators that inhibit gene expression by per-
fect complementary binding to target mRNA degradation or
imperfect binding in the 3′ untranslated region (UTR) to
inhibit translation [2, 3]. Moreover, abnormal miRNA expres-
sion has been reported to be involved in the occurrence and
development of various diseases, such as cancer, cardiovas-
cular disease, mental retardation, fetal growth restriction, and
trisomy 21 (T21) [4–10].

Recently, the search for placenta-specific miRNAs in ma-
ternal blood has started. Approaches such as microarray, deep
sequencing, and quantitative RT-PCR have been used to de-
tect placenta-specific miRNAs inmaternal blood [11–14]. The
miRNAs originating in the trophoblast of the placenta are
released into maternal circulation via exosomes [15, 16] and
are more stable in maternal circulation compared to mRNA
[17, 18]. Therefore, miRNAs have been proposed as a
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promising class of molecular biomarkers for noninvasive pre-
natal tests (NIPT) of placenta-related diseases.

T21 is the most common aneuploidy, referred to as Down
syndrome. It has a high survival rate, affecting 1 in 800 to
1500 newborns [19] and is associated with a number of
deleterious phenotypes, including cognitive impairment, leu-
kemia, heart disease, and neurodegeneration [20]. Therefore,
prenatal detection of T21 is considered the most common and
important aspect of prenatal genetic testing in clinical
practices.

Up to date, expression changes of miRNAs in T21 has
primarily been investigated with miRNAs derived from hu-
man chromosome 21 (hsa21), because T21 is caused by an
extra copy of all or part of hsa21. In previous studies, hsa21-
derived miRNAs have been proven to be correlated with the
complex and variable phenotypes of T21 [6–8, 21–24]. How-
ever, changes in miRNA expression that affect phenotypes
can occur in the entire genome, i.e., an miRNA can potentially
regulate a large number of protein-coding genes, and multiple
miRNAs can regulate a single target gene [25]. Therefore, the
genome-wide expression patterns of miRNAs must be inves-
tigated to identify miRNAs that are differentially expressed in
T21. Moreover, miRNAs have disease specific characteristics
[4–10, 21] and exhibit different expression pattern according
to tissue type and the presence or absence of pregnancy [12,
26, 27]. Therefore, all of disease, tissue, and pregnancy-
specific characteristics having miRNAs should be considered
for identification ofmiRNAs as potential biomarkers for NIPT
of fetal diseases using maternal blood. However, until now,
placenta-specific miRNAs for NIPT have been identified
based on the tissue-specific characteristics between placenta
and maternal blood [11–14]. Moreover, the genome-wide
expression profiling of placenta-specific miRNAs presenting
in maternal blood for NIPT of fetal T21 has not yet been
reported.

The goal of this study was to discover a panel of genome-
wide placental miRNAs as potential biomarkers for the NIPT
of fetal T21 using microarray-based expression profiling. We
applied various bioinformatics tools to explore the biological
function of the identified candidate miRNAs.

Materials and methods

Study subjects

This study was conducted according to the principles
expressed in the Declaration of Helsinki. Pregnant women
with euploid or T21 fetuses and non-pregnant women who
attended the Department of Obstetrics and Gynecology, Cheil
General Hospital, Korea were recruited between March 2011
and December 2012. All women included in this study were
of Korean origin. Pregnant women were womenwho received

prenatal care at Cheil General Hospital and non-pregnant
women were women who had regular checkups. None of the
participants had a history of preexisting hypertension, diabetes
mellitus, liver disease, or chronic kidney disease. Institutional
review board approval for this study was obtained from the
Ethics Committee at Cheil General Hospital (#CGH-IRB-
2011-85). All patients provided written informed consent for
the collection of samples and subsequent analysis.

Sample processing and RNA isolation

First trimester maternal peripheral blood samples were col-
lected into PAXgene™ Blood RNATube just before obstetric
procedures such as chorionic villus sampling. All placenta
samples were obtained at chorionic villus sampling. All sam-
ples were stored in liquid nitrogen until analysis. Total RNA
was extracted using a mirVanamiRNA Isolation Kit (Ambion,
TX), and RNA concentrations were determined with a
NanoDrop ND-1000 spectrophotometer (NanoDrop Technol-
ogies Inc., DE). The integrity of the RNA was evaluated by
microfluidic electrophoresis using an RNA 6000 Nano kit
(Agilent Technologies, CA) and 2100 Bioanalyzer (Agilent
Technologies). RNA integrity numbers (RIN)≥7.0 were con-
sidered for microarray analysis.

Cytogenetic Analysis for detection of T21

Chromosomal analyses of fetal chorionic villus samples were
carried out using standard protocols [28]. Cells from chorionic
villus samples were cultured in the AmnioMAX-C100 culture
medium (Invitrogen, CA). Metaphase chromosomes were
stained using the GTG banding method, and 20 metaphases
per sample were analyzed.

MicroRNA quantification

Total RNA (100 ng) from each sample was labeled and
hybridized on Human miRNA array 8x60K v16.0 (Agilent
Technologies) according to the manufacturer’s recommenda-
tions. The raw intensity of the array was scanned and extracted
using BeadScan, with the data corrected by background sub-
traction in the Genome Studio module. Expression data were
extracted from the scanned images using Feature Extraction
software, version 10.7 (Agilent Technologies) and analyzed
using the R statistical environment [29]. The background was
adjusted by subtracting the median background values from
the median expression values obtained via the Feature Extrac-
tion software, followed by log base 2 transformations. Quar-
tile normalization was applied to the data using the aroma-
light R package (v. 2.2.0) (http://www.bioconductor.org/
packages/release/bioc/html/aroma.light.html). To detect
outlier samples, inter-array correlation (IAC) was performed
using the Cluster R package (v. 1.14.4). Subsequently, rank
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products statistical analysis was applied to the data, using the
RankProd R package (v. 2.38.0). To obtain a single expression
value for each probe set, the median expression value was
calculated for multiple probe sets corresponding to unique
miRNA.

Data analysis

The expression levels of miRNAs were considered statistical-
ly significant between the blood and placenta groups for P
values less than 0.05; miRNAs were checked for candidates
with at least two-fold expression changes. Among the candi-
dates, increased miRNAs in T21 placentas compared with
euploid placentas (P value <0.05 with two-fold expression
change) were selected as potential biomarkers for NIPT of
fetal T21. To examine the functions of the miRNAs identified
as potential biomarkers for NIPT of fetal T21, miRNA target
prediction was performed using miRBase (version 20, release
June 2013) [30], which integrates six established target pre-
diction tools: DIANA-MICROT [31], MICRORNA.ORG
[32], MIRDB [33], RNA22 [34], TARGET MINER [35],
and TARGETSCAN [36]. We analyzed miRNA-target gene
interactions simultaneously identified by at least three predic-
tion programs on the 3′ UTR of all known human genes for
further analysis. To investigate whether the predicted target
genes of candidate miRNAswere located on has21 and related
to T21, a total of 584 genes of hsa21 (NCBI Map Viewer,
Release 106) were analyzed using the VENNY tool [37]. To
investigate whether miRNAs selected as potential biomarkers
for NIPT of fetal T21 were possibly regulating genes for T21,
the functional annotation tools provided by the WebGestalt
database (http://bioinfo.vanderbilt.edu/webgestalt/) were
used. Gene ontology (GO) analysis and disease-associated
analysis of target genes were performed. The interactive net-
work of selected target genes was predicted using the Search
Tool for the Retrieval of Interacting Genes (STRING v. 9.05)
database. The target genes were considered as the seed mol-
ecules to obtain direct and indirect protein-protein interac-
tions. This database provides information on both experimen-
tal and predicted interactions from varied sources based on
their neighborhood, gene fusion, co-occurrence, co-expres-
sion, experiments, and literature mining. We constructed an
interactive network of target genes based on a high confidence
score of 0.7 and extracted interactions with high level of
confidence.

Statistical analysis

The clinical characteristics of the study population were ana-
lyzed using the Mann-WhitneyU-test and Kruskal-Wallis test
for continuous variables and the χ2-test for categorical vari-
ables. The accuracy for detecting fetal T21 placentas was
analyzed based on the miRNAs identified as potential

biomarkers for NIPT of fetal T21. Receiver operating charac-
teristic (ROC) curve analysis was performed to assess the
optimal cutoff value. The optimal cutoff was set at a specific-
ity of 100 %. Overall accuracy was estimated according to the
area under the ROC curve (AUC). In addition, the sensitivity,
positive predictive value (PPV), negative predictive value
(NPV), and odds ratio (OR) were calculated with 95 % con-
fidence intervals (CI) using the EpiMax Table Calculator. In
all tests, a threshold of P<0.05 was set for statistical signifi-
cance. Statistical analyses were performed using the Statistical
Package for Social Sciences 12.0 (SPSS Inc., IL).

Results

Clinical characterization of the study population

The clinical characteristics of the study groups are shown in
Table 1. In total, whole blood samples from non-pregnant
women (n=2), whole blood samples from pregnant women
(n=5), euploid fetal placenta samples from pregnant women
(n=5), and T21 fetal placenta samples from pregnant women
(n=4) were used for the genome-wide miRNA expression
profiling. Five whole blood samples from pregnant women
and five euploid fetal placenta samples were paired. At blood
sampling, age and body mass index were no different among
all study groups (P>0.05). Gestational age, gravidity,
nulliparity, and gender ratio of the fetuses were also not
different between pregnant women carrying T21 fetuses and
pregnant women carrying euploid fetuses (P>0.05).

Identification of miRNA clusters specific to placenta

In this study, a total of 1349 miRNAs including 1205 human
miRNAs and 144 human viral miRNAs were profiled. To
identify miRNA clusters specific to the placenta, we analyzed
miRNAs isolated from whole blood samples of non-pregnant
and pregnant women and placenta samples of euploid and T21
fetus. We identified 299 miRNAs that reasonably separated
the whole blood samples from the placenta samples. Among
the identified total miRNAs, 150 miRNAs were up-regulated
in the placenta samples (Table 2) and 149 miRNAs were
down-regulated (Table 3). Among the 150 up-regulated
miRNAs in the placenta samples, 48 miRNAs (32.0 %) and
27 miRNAs (18.0 %) were located on hsa19 and hsa14,
respectively, and accounted for half of the total miRNA up-
regulated in the placentas (Fig. 1). Among 48 miRNAs locat-
ed on hsa19, 39 miRNAs were members of the mir-498
cluster. Among 27 miRNAs located on hsa14, 19 and 7
miRNAs were members of the mir-379 cluster and mir-127
cluster, respectively (Table 2). However, miRNAs identified
as decreased in the placenta were distributed on a variety of
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chromosomes (Fig. 1). Among the miRNAs of hsa21 such as
cause chromosome of T21, only one miRNA (hsa-let-7c) was
more down-regulated in the placenta than in the maternal
blood (Table 3 and Fig. 1).

Identification of placental miRNAs for NIPT of fetal T21

The cutoff value for miRNAs for differentiating the T21
placenta from the euploid placenta was set at 100 % specific-
ity. Among 150 placental up-regulated miRNAs, mir-1973
and mir-3196 were significantly increased in the T21 placenta
as compared to the euploid placenta (P<0.05, Fig. 2). mir-
1973 was located on hsa4 (117220881-117220924 [+]) and
mir-3196 was located on hsa20 (61870131-61870194 [+]).
The twomiRNAs did not belong to anymiRNA clusters. Both
mir-1973 and mir-3196 had sensitivity of 75 %, PPV of
100 %, NPV of 83.3 %, and AUC of 0.900 (95 % CI:
0.732–0.998) with a SE of 0.068 (P<0.05). Therefore, these
two miRNAs were selected as potential biomarkers for NIPT
of fetal T21.

Exploratory in silico pathway analysis of placental miRNA
for NIPT of fetal T21

We used six established target prediction tools to obtain the list
of Entrez genes predicted to be targeted by mir-1973 and mir-
3196 identified as potential biomarkers for NIPT of fetal T21.
Target genes of the two miRNAs were simultaneously identi-
fied by at least three prediction programs. Genes predicted to
be targeted by mir-1973 and mir-3196 were 38 and 165,
respectively. There was no gene targeted by both miRNAs
(Fig. 3). Among the target genes, the KCNJ15 gene encoding
the potassium inwardly-rectifying channel, subfamily J, mem-
ber 15 was located on hsa21; the gene is predicted to be
regulated by mir-1973 (Fig. 3).

We performed GO analysis and disease association
analysis of total target genes of the two miRNAs. Target
genes of miRNAs were analyzed in categories of biolog-
ical process (BP), cellular component (CC), and molecular
function (MF) by GO analysis (Fig. 4). In the BP catego-
ry, the most statistically significant associations with tar-
get genes were found in brain development, central ner-
vous system development, and nervous system develop-
ment (adjP=0.0002 in all, Fig. 4). Sequence-specific
DNA binding transcription factor activity (adjP=5.11e-
07) in the MF category and neuron projection (adjP=
0.0001) in the CC category were the most significantly
associated with the target genes (Fig. 4). Disease associ-
ation of target genes is shown in Table 4, and the most
statistically significant association with target genes was
found in congenital abnormalities (adjP=6.38e-08). More
than 10 target genes were significantly associated with
various disorders such as mental disorders, schizophrenia,
Nelson syndrome, nervous system diseases, and human
immunodeficiency virus.

An interactive network of genes targeted by mir-1973
and mir-3196

Based on total 203 genes targeted by mir-1973 and mir-3196,
we constructed an interactive signaling network of target
genes (Fig. 5). The biological interaction network has biolog-
ical significance beyond statistical data, suggesting that 72 of
the target genes identified in this study were an integral part of
the dynamic complex of signaling under a high confidence
score of 0.7. These genes are involved in “neuron projection”
(GOTERM_CC P=0.0001, black circle), “nervous system
development” (GOTERM_BP P=0.0002; red circle), and
“sequence-specific DNA binding” (GOTERM_MF P=
5.11e-07, blue circle) (Fig. 5).

Table 1 Clinical characteristics
of the study population

Values are medians with
interquartile range in parentheses
a Kruskal-Wallis test
bMann-Whitney U test

Characteristics Pregnant women
carrying trisomy
21fetuses

Pregnant women
carrying euploid
fetuses

Non pregnant
women

P value

(n=4) (n=5) (n=2)

At blood sampling

Age (years) 32.0 35.0 29.0 0.185a

(30.0–35.5) (32.0–37.0) (28.0–30.0)

Body mass index (kg/m2) 21.3 21.0 21.5 0.492a

(19.3–24.0) (20.6–21.4) (21.0–22.0)

Gestational age (weeks) 12.5 12.5 – 0.902b

(11.9–12.9) (11.3–13.0)

Gravidity (n) 2.5 3.0 0.905b

(1.5–4.5) (2.0–4.0)

Nullipara (%) 25 20 0.858

Gender-ratio of fetus (male:female) 2:2 3:2 – 0.764
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Discussion

In this study, we profiled miRNAs from the whole blood of
non-pregnant and pregnant women and the placentas of nor-
mal and T21 fetuses. We found that 299 miRNAs were
significantly differentially expressed between blood and pla-
centa. Among the identified miRNAs, most miRNAs in-
creased specific to the placenta were members of mir-498
clusters, mir-379 clusters, and mir-127 clusters that are known
to be placenta-related miRNA clusters. In particular, we found
the expression pattern of the two miRNAs (mir-1973 and mir-
3196) in a list of candidate miRNAs for NIPTwas significant-
ly different in the placenta according to the presence or ab-
sence of T21, and both miRNAs were up-regulated in the
placentas of T21 fetuses. Therefore, we suggest that the two
miRNAs might serve as potential miRNA-based biomarkers

for NIPT of fetal T21. Target genes of the two miRNAs were
significantly associated with biological processes such as
brain development, central nervous system development,
and nervous system development. Moreover, they were asso-
ciated with T21-related disorders such as congenital abnor-
malities, mental disorders, and nervous system diseases. The-
se results suggest that T21-specific placental miRNAs might
affect important mechanisms of neurological dysfunction and
various complications associated with T21.

One of the most interesting features of circulating miRNAs
is their high stability, which enables them to resist enzymatic
degradation, freeze-thaw cycles and extreme pH conditions
[17, 18]. Due to these characteristics, miRNAs have been
proposed to be potential blood-based biomarkers for the non-
invasive detection of tumors [17]. Similarly, circulating pla-
cental miRNAs have been investigated as biomarkers for

Fig. 1 Chromosomal distribution of miRNAs differentially expressed in placenta

Fig. 2 Expression pattern of miRNA candidates for noninvasive prenatal
testing of fetal trisomy 21. miRNAs were clustered using the Pearson
uncentered distance metric with average linkage. Each column represents
an individual sample and each row represents an individual miRNA.

Expression levels of miRNAs are shown in red (up-regulated) and
green (down-regulated), with brighter shades indicating higher fold
differences. N: non-pregnant, P: pregnant, E: euploid fetus, T: trisomy
21 fetus
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NIPT. Recent studies have demonstrated a placenta-specific
miRNA profile including numerous miRNAs within the miR-
379 cluster on hsa14 and the miR-498 and miR-127 clusters
on hsa19 [27]. These miRNAs originating in the trophoblast
of the placenta are released into the maternal circulation via
exosomes [15, 16]. Therefore, they enable noninvasive detec-
tion in maternal plasma [11–14]. Up to date, various placenta-

specific miRNAs such as circulating biomarkers for NIPT
have been selected based on tissue-specific characteristics of
miRNAs that are differentially expressed in blood and placen-
ta. However, miRNAs are differentially expressed according
to tissue type and presence and absence of disease and preg-
nancy [12, 27, 38 ~]. Therefore, pregnancy and T21-specific
characteristics of miRNAs should be considered in the devel-
opment of miRNAs for NIPT of fetal T21. Therefore, non-
pregnant women, pregnant women carrying euploid fetus, and
pregnant women carrying T21 fetus were selected for this
study and whole blood samples from non-pregnant women,
whole blood samples from pregnant women, euploid fetal
placenta samples, and T21 fetal placenta samples were ob-
tained. In this study, we identified placenta-specific miRNAs
considering all the tissue-specific characteristics of blood and
placenta as well as the pregnancy and T21-specific character-
istics. Therefore, we suggest that the placenta-specific
miRNAs identified in this study might be useful as noninva-
sive biomarkers in the detection of fetal T21.

T21, referred to as Down syndrome, is the most frequent
survivable congenital chromosomal abnormality. Many stud-
ies of miRNAs in T21 have been reported [6–8, 22–24], with
most studies focused the correlation of hsa21-derived
miRNAs with T21 phenotypes. Recently, Kotlabova et al.
reported hsa21-derived miRNAs in plasma samples from

Fig. 3 Hsa21-derived target genes of mir-1973 and mir-3196

Fig. 4 Gene ontology (GO) analysis of target genes of mir-1973 and mir-3196. Significant processes in GO term are shown in red

834 J Assist Reprod Genet (2015) 32:827–837



pregnancies bearing euploid and T21 fetuses [24]. They in-
vestigated expression changes of hsa21-derived miRNAs in

maternal plasma and demonstrated that the concentrations and
relative gene expression levels of hsa21-derived miRNAs did

Table 4 Diseases association with target genes of mir-1973 and mir-3196

Disease Gene symbol rawP adjP

Congenital Abnormalities GDAP1, GLI3, ALX4, ADAMTS10, TBX1, BBS5, CYP4F22, COL5A1,
SOX3, PAX2, NR5A1, KCNJ15, KAL1, MAFB, HOXD13, DDB1, ZIC1

9.12E-09 6.38E-08

Mental Disorders SYNGAP1, GABRP, PER1, SNCB, VGF, GRIN1, ABCA2, GRIN2D,
CPLX1, NALCN, DLGAP3, NEUROD2, NRGN, NEUROG1, SLITRK1

6.5E-08 2.27E-07

Schizophrenia GABRP, TBX1, GRIN1, NRG2, GRIN2D, CPLX1, NALCN, NRGN,
MBNL2, SPTBN4, NEUROG1

1.02E-06 2.38E-06

Syndrome GLI3, ALX4, WIPF3, ADAMTS10, TBX1, BBS5, SLC29A3, COL5A1,
PAX2, KAL1, MEN1, SLITRK1

5.60E-05 9.80E-05

Nelson syndrome CDK5R2, C2orf16, WIPF3, BBS5, ABCF2, TMEM163, OTX1, BZW2,
ZMIZ2, CTNNA2, REPIN1

3.00E-04 4.00E-04

Nervous System Diseases GDAP1, DTNA, SNCB, SOX3, LRRK2, ABCA2, ARC, SLITRK1,
ATP1A3, ZIC1

1.50E-03 1.80E-03

Human immunodeficiency virus EIF4G1, IL8, PIK3R2, GRIN1, B3GALT2, MAN1C1, GRIN2D,
DDB1, KPNB1, TUBA4A

2.70E-03 2.70E-03

rawP: p value from hypergeometric test

adjP: p value adjusted by the multiple test adjustment (Benjamini and Hochberg test)

Fig. 5 Interaction networks of target genes of mir-1973 and mir-3196.
The list of the identified target genes was subjected to STRING (v. 9.05)
analysis to reveal functional interactions. Each node represents a protein,

and each edge represents an interaction. Black, red, and blue circles show
genes that are involved in neuron projection, nervous system
development, and sequence-specific DNA binding, respectively
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not differ between the two groups. Therefore, they suggested
that analysis of hsa21-derived miRNAs had no benefit for
screening programs and NIPT of T21. In our study, hsa21-
derived miRNAs did not increase in the placenta as compared
with the blood. Therefore, our results support the results previ-
ously reported by Kotlabova et al. [24]. These findings indicate
that hsa21-derived miRNAs in maternal blood could originate
from both the maternal blood and the placenta. Therefore, we
also suggested that hsa21-derived miRNAs might not be ap-
propriate for NIPT of fetal T21 using miRNAs in maternal
blood, as previously suggested by Kotlabova et al. [24].

miRNAs, as key post-transcriptional regulators of gene
expression, are processed from precursor molecules, which
are either transcribed from independent miRNA genes or are
portions of introns of protein coding RNA polymerase II
transcripts. Subsequently, mature miRNAs recognize their
target mRNAs by base pairing interactions between nucleo-
tides 2 and 8 of the miRNA and complementary nucleotides in
the 3′-UTR of mRNAs and inhibit gene expression by
targeting mRNAs for translational repression or destabiliza-
tion [2, 3]. These miRNAs have the distinctive gene expres-
sion regulation activity as follows: A miRNA can potentially
regulate a large number of protein-coding genes, while multi-
ple miRNAs can regulate a single gene. Therefore, analysis of
the genome-wide expression of miRNAs is indispensable to
understanding their molecular regulating mechanisms. Re-
cently, genome-wide miRNAs expression profiles of the T21
fetal cord blood mononuclear cells were reported, and found
six up-regulated and 143 down-regulated miRNAs to be dif-
ferentially expressed in T21 [8]. Among them, four hsa21-
derived miRNAs including mir-99a, let-7c, mir-125b-2, and
mir-155 were down-regulated in T21, while mir-802, mir-
3648, and mir-3687 were up-regulated in T21. However, these
miRNAs may be difficult to use as biomarkers for NIPT of
fetal T21 because expression levels of hsa21-derived miRNAs
do not differ in plasma samples from pregnancies bearing
euploid and T21 fetuses [24]. Moreover, changes in hsa21-
derived miRNAs between maternal blood and cord blood
have not yet been fully investigated. In this study, we inves-
tigated genome-wide placental miRNAs as potential bio-
markers for NIPT of fetal T21 and found mir-1973 and mir-
3196 with disease-specific characteristics. These miRNAs
were identified based on characteristics of miRNAs according
to tissue type and presence and absence of disease. Therefore,
our findings suggest that these miRNAs may be useful as
potential biomarkers for the non-invasive detection of fetal
T21. In particular, the target genes of the identified miRNAs
were significantly associated with biological processes and
pathogenesis of neurological abnormalities of T21, and these
results were confirmed by interactive network construction
and in silico pathway analysis. Hence, our findings suggest
that aberrant expression of these miRNAs may be involved in
various complications such as congenital abnormalities,

mental disorders, and nervous system diseases observed in
T21 patients. However, a lot of our results are based on
databases of bioinformatics tools. Therefore, there are limita-
tions as follows. First, some bias exists in bioinformatics tools
used to identify the function of any given miRNA. Second,
each miRNA has multiple functions, so some database may
categorize a miRNA as having function A, while another
database may assign it function B. Moreover, this study was
limited by its small sample size and the inclusion of only
Korean patients and was not supported by studying expression
variation on more placentas. Therefore, further study of ex-
pression differences for the target miRNAs in a larger scale
study within different ethnic populations will need to clarify
the findings. Additionally, further studies for NIPT using fetal
miRNA will need to consider genotypes of fetal miRNAs,
maternal miRNAs, and paternal miRNAs, because familial
genotype analysis could prove that increased miRNAs in
maternal blood are from the fetus.

In conclusion, in this study, we identified a set of 299
differentially expressed miRNAs between placenta and blood.
Among them, increased placenta-specific miRNAs may be
potential markers for NIPT. Notably, we found two miRNAs
to be biomarkers for NIPT of fetal T21, which clearly distin-
guished T21 placentas from euploid placenta. Furthermore,
predicted target genes of the twomiRNAs were associated with
biological processes and complications of neuronal degenera-
tion associated with T21. Our findings suggest that miRNA
profiling, considering all the characteristics of tissue type and
disease, may be a useful strategy in the development of NIPTof
fetal T21. Together, our data provided novel information that
might contribute to a better understanding of the molecular
mechanisms and biological pathways implicated in T21.
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